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Preface to ”Talent Identification and Development in
Youth Sports”

How do talented children achieve expertise at adulthood? The identification of young athletes

with the potential to develop and then subsequently excel as senior professionals in their specialist

sport remains one of the major contemporary challenges for national governing bodies, sports

clubs, coaches, and practitioners. As such, talent identification and development strategies have

become pivotal to sporting organisations. The complexity of the process of nurturing youth

through development trajectories towards adulthood has enhanced over recent years, with the

implementation of modern multidisciplinary paradigms becoming increasingly prevalent in youth

sport settings.

As part of this Special Issue, we sought to collaborate with researchers within the disciplines of

talent identification and development in youth sports. More specifically, the overarching aim was

to explore how youth’s personal engagement in activities (i.e., the what), quality social dynamics

(i.e., the who), and appropriate settings and organisational structures (i.e., the where) can foster

immediate, short- and long-term developmental outcomes (see the Personal Assets Framework by

Côté et al., 2014, 2016). In doing so, it was hoped that contributing research can inform evidence-based

youth sport policies and athlete development programmes. Submissions were encouraged from a

diverse range of qualitative and quantitative data collection procedures to explore the current context

of talent identification and development in youth sports. In addition, commentaries, conceptual

papers, and reviews were welcome to synthesise expert knowledge within this discipline.

In total, 34 articles (31 empirical studies and three reviews) were included from 128 authors,

many of whom are internationally recognised scholars and emerging researchers in this field.

These authors represent universities or sport institutions (i.e., professional sport teams or national

governing bodies) from across 20 countries. Owing to our approach, it is not surprising that 17

sports are studied within this Special Issue, which includes 13 studies comprising female participants.

Overall, we believe our initial aims of progressing the talent identification and development literature

have been achieved, and now hope that the research presented can be utilised by key stakeholders

(e.g., administrators, coaches, parents, practitioners) and organisational structures (e.g., national

governing bodies, professional clubs, recreational teams, youth sport associations) to create more

appropriate youth sport settings.

Adam Leigh Kelly, Sergio L. Jiménez Sáiz, Sara Santos, and Alberto Lorenzo Calvo

Editors
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Special Issue “Talent Identification and Development in
Youth Sports”
Adam Leigh Kelly 1,* , Alberto Lorenzo Calvo 2 , Sara Diana Leal dos Santos 3
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Trás-os-Montes and Alto Douro, 5000-801 Vila Real, Portugal
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* Correspondence: adam.kelly@bcu.ac.uk

1. Introduction

We are delighted to share our Special Issue on Talent Identification and Development in
Youth Sports. In 2020, the editorial team had several informal discussions about the growing
interest from researchers and practitioners in these disciplines and subsequently wanted
to create a platform to help advance this field of literature. Following these conversations,
we decided to use the Personal Assets Framework [1–3] to outline our objectives and the
potential research topics for our Special Issue. The overarching aim was to explore how
youth’s personal engagement in activities (i.e., the what), quality social dynamics (i.e., the
who), and appropriate settings and organisational structures (i.e., the where) can foster
immediate, short-term, and long-term developmental outcomes in sport. In doing so, it
was hoped that the studies included can inform evidence-based youth sport policies and
athlete development programmes. Submissions were encouraged from a diverse range
of quantitative and qualitative research methods to examine the current context of talent
identification and development in youth sport, as well as reviews to synthesise knowledge
within these disciplines.

In light of the articles that have been included within our special issue, we believe our
initial aims of progressing the talent identification and development literature have been
achieved. We now hope that the research presented can be utilised by key stakeholders
(e.g., administrators, coaches, parents, practitioners) and organisational structures (e.g.,
national governing bodies, professional clubs, recreational teams, youth sport associations)
to create more appropriate youth sport settings. To summarise the key messages of the
studies in our special issue, this editorial focusses on two fundamental considerations:
(a) contextual, and (b) methodological.

2. Contextual Considerations

Our Special Issue has supplemented the existing literature to show that contextual
factors (e.g., age, gender, nationality, sport popularity, sport type) play an important role in
talent identification and development. In particular, the role of birthday and birthplace have
been strongly associated with a greater likelihood of being selected into talent pathways
and achieving professional status. In relation to ‘relative age effects’, relatively older
athletes (i.e., those born near the start of the selection cut-off date) are generally considered
to have greater potential and likelihood of being selected. This provides them with more
exposure to organised activities (e.g., practice, competition) and resources (e.g., facilities,
specialist support), which can facilitate their long-term performance towards adulthood [4].
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Conversely, relatively younger athletes (i.e., those born near the end of the selection cut-
off date) are less likely to access the same opportunities, which could lead to a negative
impact on participation and personal development in the long-term [5,6]. Relative age
effects appeared to be the most popular topic in our Special Issue, encompassing twelve
studies [7]. For instance, Kelly and colleagues [8] showed relatively older athletes (i.e., those
born in the first three months of the year) were up to ten times more likely to be selected
into the Basketball England Talent Pathway compared to relatively younger athletes (i.e.,
those born in the last three months of the selection year); however, findings were more
significant in males compared to females. Moreover, McCarthy and colleagues [9] explained
the possible mechanisms of relative age effects in rugby union, proposing how challenge
was an ever-present feature of all players journeys, especially at the point of transition
to senior rugby, whilst psycho-behavioural factors seemed to be a primary mediator of
the response to challenge. In addition, Romann and colleagues [10] suggested relative
age effects led to inefficient talent selection and an accompanying waste of money when
exploring male professional football players’ market values.

Another contextual factor studied that can influence the probability of an athlete
participating in high-performance sport is their birthplace (i.e., where the athlete is born
and raised). A range of quantitative studies have concluded that athletes born in small
cities (<500,000 inhabitants) are more likely to play in professional leagues compared with
athletes born in larger cities (>500,000 inhabitants). These ‘birthplace effects’ are likely due
to smaller cities being associated with greater development opportunities, effortlessness in
the mobility of the athlete, and safety conditions for practice and competition. Within our
Special Issue, Maayan and colleagues [11] used a qualitative approach to explore athlete
and coach perceptions of birthplace effects from a range of sports, revealing that growing up
in cities of small and medium sizes was more beneficial than growing up in towns or cities
of other sizes. Most of the coaches they interviewed believed that certain characteristics
of the place or city where the athlete grew up (e.g., proximity to sport facilities, access to
organised activities) is a significant contributing factor towards talent development.

It is important that the impact of relative age and/or birthplace is not considered
to be homogenous. Moving forward, it will be worthwhile to increase the studies of
relative age and birthplace to better understand the appropriate climate to develop young
athletes in a variety of contexts. Practitioners should be cautious of these influences during
talent identification and development, whilst researchers should focus on advancing our
understanding of the potential barriers and relationships. This should be conducted both
across and within different countries, as the interaction between contextual factors can
help explain the trajectory and performance of athletes [12]. Moreover, understanding the
connection between relative age and birthplace effects will support researchers and policy
makers to design sports systems and policies that help nurture talent more accurately and
equitably. However, we already know that producing favourable environments for talent
identification and development are highly complex tasks due to the multidimensional
nature of development coupled with the continued evolution of sport performance. Thus,
researchers are encouraged to design more longitudinal, multidimensional, and prospective
studies in order to capture the trajectories of youth athletes in diverse youth sports settings.

Another approach that has received growing attention, as highlighted by Sæther and
colleagues [13], is the ‘talent transfer’. This refers to the intention of a talented athlete
choosing to invest in other sports, such as transferring athletes from donor sports into target
sports or the transition from summer (e.g., kayaking or rowing) to winter (e.g., cross-country
skiing) sports. Thus, it is important to deepen our knowledge to understand: (a) the range
of elements (e.g., technical, tactical, physical, psychological, social) that act as facilitators to
help athletes successfully transfer from one sport to another, (b) whether there are donor
sports that are more suitable for recruitment into other sports, and (c) the effectiveness of
existing talent transfer programmes. Considering this, practitioners should be aware that
there are many critical determinants to talent identification and development; therefore, the

2
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incorporation of multi-method research approaches across and within different sporting
and sociocultural contexts could be an avenue for future research.

3. Methodological Considerations

The editorial team made a concerted effort to recruit diverse authors who could
support this research topic, and we are incredibly grateful to all the researchers for their
strong contributions. We also aimed to capture varied methodological approaches to ensure
the Special Issue offered a unique contribution to the field of talent identification and
development in youth sport. The 34 articles (31 empirical studies and 3 reviews) that
appear were penned by 128 authors (several whom appear more than once), many of which
are internationally recognised scholars in this field. These authors represent universities or
sport institutions (i.e., professional sport teams or national governing bodies) from across
20 countries. Owing to our approach, it is not surprising that 17 sports are studied within
this Special Issue, which includes 13 studies comprising female participants. While soccer
remains at the fore of the evidence-base with twelve articles, it is pleasing to see more
under-researched talent development contexts also being considered (e.g., [14]). Ultimately,
we believe that the diverse authorship, contexts, and samples have resulted in a unique
Special Issue, which has significantly advanced the field through its various approaches
that should facilitate thoughtful discussion about talent identification and development.

A range of quantitative (e.g., Bayesian machine learning, chi-square, coding, discrimi-
nant analyses, mixed multilevel logistic models) and qualitative (e.g., abductive hierarchical
content analysis, ethnography, inductive approach, realist evaluation approach, reflexive
thematic analysis) data collection and analysis methods were used throughout this Special
Issue. Not only do these approaches provide novel insights into talent identification and
development, but they also offer researchers the opportunity to replicate studies in different
settings. One rapidly emerging quantitative analysis approach that was used twice in this
Special Issue [15,16] is machine learning. For instance, Owen and colleagues [16] used
Bayesian machine learning to create predictive models for selected and non-selected Welsh
male U16 and U18 rugby players. Whilst they showed their physiological and psychosocial
models correctly classified 67.5% and 62.3% of all players, respectively, they also provided
a unique method to explore selection into talent pathways that may be replicable to other
researchers in the future.

From a qualitative perspective, Lara-Bercial and McKenna [17,18] produced a two-
paper series using a season long ethnography of a youth performance sport club based
on a novel realist evaluation approach. In the first study [17], the authors detailed the
perceptions of club stakeholders to build a set of programme theories, with the resulting
network of outcomes (i.e., self, emotional, social, moral, and cognitive) and generative
mechanisms (i.e., the attention factory, the greenhouse for growth, the personal boost,
and the real-life simulator) providing a nuanced understanding of stakeholders’ views
and experiences. In the second study [18], the lead author spent a full season in the club,
whereby the collection of context–mechanism–outcome networks (CMONs) described in the
first study was used to guide the researcher during their immersive period. Such qualitative
approaches offer a different lens to those typically incorporated in talent identification
and development, which may shed light on findings that may not be captured during
traditional approaches.

It is also important to consider how articles can be grounded or discussed through
relevant models or theories (e.g., [19,20]). As a novel example, Kelly and colleagues [21]
used the Personal Assets Framework to explain the immediate, short-term, and long-term
developmental outcomes due to relative age effects in English male cricket. Indeed, using
such an approach helps give the study a well-defined and proven basis of argument or
phenomena, offers an explanation of the study’s significance and validity, and shows
where the researcher intends to fill in gaps of knowledge and practice. Moving forward,
we lend our guidance using Barraclough and colleagues’ [22] narrative review, which
summarised methodological approaches to talent identification in team sports. The authors

3
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highlight the benefits of longitudinal, multidisciplinary, and ecologically valid research
designs. Specifically, they outline three key areas for consideration for future research:
(a) the timespan of the research design, (b) the use of monodisciplinary or multidisciplinary
variables, and (c) the fidelity of the methodological approaches to the assessment of talent.
One final methodological consideration, as highlighted by Mosher and colleagues [23], is
the growing issue of the language that is used in sport science literature. Following their
investigation into early specialisers, the authors underscored that the main rationale related
to their study was the lack of terminological and conceptual concreteness related to this
topic. As such, it is necessary to improve and develop new methodologies and concrete
definitions that allow us to access much more reliable and externally valid data.

4. Future Directions

Grounded on contemporary talent identification and development knowledge, this
Special Issue provides useful insights to drive future advances in research and practice.
Currently, gaps arise when considering the limitations of unidimensional assessment mod-
els (i.e., static and isolated variables) to identify talent and capture the dynamic nature
of sports. Thus, it is necessary that future studies conduct more valid, reliable, and mul-
tidisciplinary assessment procedures in an effort to more accurately and resourcefully
identify and develop talented youth athletes (e.g., [24,25]). Furthermore, several studies
included in our Special Issue suggest that future directions should consider longitudinal
tracking of interacting factors [26], such as the quantity, quality, and type of practice dur-
ing sport participation [27], as well as monitoring biological maturation [28,29], physical
performance [30,31], technical skills [32], and psychological profiles [33,34]. Evaluating
how stakeholders communicate and implement these theoretical findings into applied
settings will also be important for future research to ensure they are adequately deployed
(e.g., [35–37]). Finally, it is vital for future research to consider the contextual and method-
ological implications of COVID-19 in youth sport (see [38] for an overview), since the
immediate, short-term, and the long-term impact of a global pandemic on the identification
and development of young athletes remains relatively unknown and could have enduring
consequences [39].

5. Summary

The main purpose of research is to enhance real-life settings by advancing knowledge
through the development of scientific theories, concepts, and ideas. In relation to this
Special Issue, it is hoped that the articles presented can be utilised by key stakeholders and
organisational structures to create more appropriate youth sport settings. It was a pleasure
to assemble this resource and is hoped the contextual and methodological considerations
presented throughout this editorial provide researchers and practitioners with a range of
thought-provoking concepts for their respective agendas. Thank you to all the contributing
authors and reviewers, without whom, this research topic would not be possible.
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Abstract: The talent development processes in youth football are both complex and multidimensional.
The purpose of this two-fold study was to apply a multidisciplinary, machine learning approach
to examine: (a) the developmental characteristics of under-9 to under-16 academy players (n = 98;
Study 1), and (b) the characteristics of selected and deselected under-18 academy players (n = 18;
Study 2). A combined total of 53 factors cumulated from eight data collection methods across two
seasons were analysed. A cross-validated Lasso regression was implemented, using the glmnet
package in R, to analyse the factors that contributed to: (a) player review ratings (Study 1), and
(b) achieving a professional contract (Study 2). Results showed non-zero coefficients for improvement
in subjective performance in 15 out of the 53 analysed features, with key findings revealing advanced
percentage of predicted adult height (0.196), greater lob pass (0.160) and average dribble completion
percentage (0.124), more total match-play hours (0.145), and an older relative age (BQ1 vs. BQ2:
−0.133; BQ1 vs. BQ4: −0.060) were the most important features that contributed towards player
review ratings. Moreover, PCDEQ Factor 3 and an ability to organise and engage in quality practice
(PCDEQ Factor 4) were important contributing factors towards achieving a professional contract.
Overall, it appears the key factors associated with positive developmental outcomes are not always
technical and tactical in nature, where coaches often have their expertise. Indeed, the relative
importance of these factors is likely to change over time, and with age, although psychological
attributes appear to be key to reaching potential across the academy journey. The methodological
techniques used here also serve as an impetus for researchers to adopt a machine learning approach
when analysing multidimensional databases.

Keywords: talent identification; expertise; psychological characteristics; physical characteristics;
technical and tactical; elite youth soccer

1. Introduction

It is widely acknowledged that the talent development processes in youth football are
both complex and multidimensional [1]. Although various factors have been identified to
influence the talent development processes in youth football, only a few multidisciplinary
studies exist. As an example, Huijgen and colleagues [2] applied a battery of objective
field tests and questionnaires within the four domains of technical, tactical, physiological,
and psychological characteristics to players aged 16 to 18 years. It was revealed that
selected players outperformed their deselected counterparts, whereby performance in
the technical skill of dribbling, the tactical characteristics of positioning and deciding,
and the physiological attribute of sprinting correctly classified 69% of talented players.
Moreover, Forsman and colleagues [3] examined multiple factors of youth football players
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at aged 15 years that eventually contributed to successful football performance at aged
19 years. Performance at aged 19 years was associated with technical (i.e., passing), tactical
(i.e., centering), physiological (i.e., agility), and psychological (i.e., motivation) attributes
that were displayed at aged 15 years. In addition, Zuber and colleagues [4] observed
holistic patterns as an instrument for predicting the performance in promising young
football players over a three-year period. They revealed that highly skilled players scored
above average on all technical, physiological, and psychological factors. Collectively, this
research reinforces the importance of providing a multidimensional research methodology
in youth football when exploring the talent development processes.

The multidisciplinary nature of the talent development process is also reflected in
several theoretical (e.g., Personal Assets Framework [5,6]) and practical (e.g., Locking Wheel
Nut Model [7]) frameworks. One practically based model that is particularly relevant to
the talent development processes in youth football is The Football Association’s Four
Corner Model (FCM) [8]. The FCM is often adopted in professional football clubs and
organisations in England (amongst other countries), which advocates the assessment and
development of players according to: (a) technical/tactical, (b) physical, (c) psychological,
and (d) social attributes. Towlson and colleagues [9] applied the FCM to their qualitative
methodology whilst examining the perceived importance that practitioners placed on
the four sub-components during player selection in academy football. It was discovered
that the psychological sub-component was rated significantly higher than the other three
sub-components. Likewise, Kelly and colleagues [10] adopted the FCM in a quantitative
analysis of factors differentiating those who ‘play-up’ an age-group compared to those who
do not based on age phase (i.e., Foundation Development Phase [FDP]: under-9 to under-11;
Youth Development Phase [YDP]: under-12 to under-16). Technical/tactical and social
characteristics appeared to differentiate those who play-up compared to those who do not
at ages 8 to 11 years, whereas there were measures representing all four sub-components
from the FCM for those aged 11 to 16 years. Since the FCM is a tool that is perceived to
be relevant and useful for football coaches and practitioners [11,12], it provides a salient
framework for understanding the factors associated with talent development and thus may
facilitate important knowledge translation.

With talent development being inherently multifactorial, explorative studies must
employ analysis techniques that can handle multiple competing, and possible correlated,
features. Traditional regression techniques inherently struggle to estimate model coeffi-
cients when the number of independent variables (IVs) is comparable to the number of
observations, though the emerging family of feature selection algorithms from the machine
learning discipline offer possible solutions. In the case of regression, feature selection is
often achieved by including a penalization term during the model fit, such as the Lasso
first proposed by Tibshirani [13], creating a scenario whereby the optimal model is that
which explains the most of the data with the fewest parameters. These penalized regression
routines present themselves as a potential tool for rapidly summarising observational retro-
spective data, as well as generating new insights and testable hypotheses. The advantage of
such approaches is that they can effectively process large amounts of data for key features
in a cost effective and timely manner. Within the remit of talent development, the machine
learning approaches here do not aim to answer the deep questions of what leads to optimal
performance, but instead seek to demonstrate a method to leverage some of the quantities
of available data to generate new hypotheses and insights [14].

Although the use of machine learning as a statistical analysis method in sport science
research is very much in its infancy, there is an increasing amount of literature that has
applied such methods, including competition outcome predictions [15], human move-
ment [16], practice history [17], and injury risk [18]. From a talent development perspective,
preliminary studies in cricket have used non-linear machine learning (pattern recognition)
techniques to examine various factors that contribute to ‘super-elite’ status [19,20]. As an
example, Jones and colleagues [19] showed how a subset of 18 features (from 658 collected)
differentiated ‘super-elite’ (i.e., high-profile international) and ‘elite’ (domestic professional)
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senior batsmen with excellent classification accuracy (96%). Moreover, Musa and col-
leagues [21] classified and predicted ‘high-potential’ archers from a set of variables trained
on a variation of k-NN algorithms and logistic regression. Weighted k-NN outperformed
all the tested models with reasonably good accuracy (83%) for the prediction of ‘high-
potential’ (i.e., top of group) and ‘low-potential’ (i.e., bottom of group) developmental level
(aged 13 to 20 years) archers. Most recently, Owen and colleagues [22] used a Bayesian
machine learning approach to identify the physiological and psychosocial models that
predict selection to a regional age-grade rugby union team. They showed their physiolog-
ical models correctly classified 67.55% of all players, whereas their psychosocial models
correctly classified 62.26% of all players.

It is also important to consider the intra- and inter-contextual factors when design-
ing and evaluating talent development processes, since predictive features (i.e., tech-
nical/tactical, physical, psychological, social) in youth football can differ compared to
other sports (e.g., cricket, archery, rugby union) and within football-specific environments
(e.g., soccer, beach soccer, sepak takraw [23]), respectively. Thus, this current study aims
to add to the growing body of literature that has applied machine learning techniques in
sport to better understand talent development processes in youth football. The purpose
of this two-fold study was to use machine learning algorithms to: (a) explore the multidi-
mensional developmental characteristics of under-9 to under-16 football academy players
based on coaches review ratings, and (b) examine the multidimensional characteristics
that differentiated selected and deselected under-18 football academy players based on
achieving a professional contract.

2. Exploring the Developmental Characteristics of under-9 to under-16 Football
Academy Players

Professional football academies and governing bodies aim to foster player develop-
ment pathways towards expertise through adopting evidence-based philosophies (see the
Elite Player Performance Plan via The Premier League [24]). In England, young players
join an academy on schoolboy terms between the ages of 8 and 16 years (i.e., part-time
attendance). At aged 16 years, those players who show continued progress are selected to
undertake a two year, full-time youth training scheme known as an academy scholarship.
Upon completion of their scholarship, players either sign a professional contract or are
released. These developmental stages have been divided into three phases to capture
the possible age-specific requirements: (a) FDP (under-9 to under-11), (b) YDP (under-12
to under-16), and (c) Professional Development Phase (PDP; under-17 to under-21). In
the pursuit of developing male players towards their respective senior team, professional
clubs and organisations continue to invest a significant monetary outlay towards human
(e.g., coaches, specialist support staff) and physical (e.g., facilities, specialist equipment)
resources [25]. In order to better understand the talent development processes in youth
football, it is important to identify factors that may influence the progression of school-
boy players (i.e., FDP and YDP). By doing so, it will also help inform key stakeholders
(e.g., coaches, practitioners, policy makers) to create evidence-based policies that will offer
each individual the most suitable opportunity to achieve a scholarship and professional
contract (i.e., PDP).

The purpose of this study was to examine a range of factors based on the FCM (i.e.,
technical/tactical, physical, psychological, social) that may have contributed to under-9
to under-16 academy football players’ review ratings across two seasons using a machine
learning approach.

2.1. Methods
2.1.1. Sample

Ninety-eight male participants were recruited from under-9 to under-16 age groups.
All the participants were from the same tier four English professional football club and
their category three academy. The average weekly training and match-play time was
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9–10.5 training hours/week with one match-play hour/week for the FDP players, and
10–14.5 training hours/week with one match-play hour/week for the YDP players. Goal-
keepers were not included in this study due to their contrasting position-specific require-
ments [26]. Parental consent and player assent were collected prior to the study commenc-
ing. The study was approved by the Ethics Committee of Sport and Health Sciences at the
University of Exeter.

2.1.2. Measures and Procedures

The dataset comprised of eight data collection methods that were collected twice
during two football seasons (2014–2015 and 2015–2016) to test year-on-year developmental
outcomes (see Figure 1 for a timeline of the data collection). These measures were then
allocated into the four sub-components in-line with the FCM: (1) Technical/Tactical; (a) tech-
nical tests [27,28], (b) match analysis statistics [28], and (c) perceptual-cognitive expertise
(PCE) video simulation tests [29]. (2) Physical; (a) anthropometric measures, and (b) fitness
tests [29]. (3) Psychological; (a) the Psychological Characteristics for Developing Excellence
Questionnaire (PCDEQ) [30–32]. And, (4) Social; (a) Participation History Questionnaire
(PHQ) [33], and (b) postcode data [30].
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A combined total of 53 characteristics were cumulated from the eight methods [34]:
(1) Four football-specific technical tests; (a) ball juggling, (b) slalom dribble, (c) shooting
accuracy, and (d) lob pass. (2) Eight match analysis statistics from across the entire season;
(a) reliability in possession, (b) pass completion, (c) tackle completion, (d) block completion,
(e) loose balls retrieved, (f) dribble completion, (g) total touches, and (h) goals scored.
(3) Three PCE video simulation tests; (a) ‘pre’ execution occlusion, (b) ‘during’ execution
occlusion, and (c) ‘post’ execution occlusion. (4) Eight anthropometric measures; (a) height,
(b) body mass, (c) body mass index, (d) body fat percentage, (e) estimated adult height,
(f) percentage of estimated adult height attained, (g) maturity status, and (h) birth quartile.
(5) Eight fitness tests; (a) 0–10 m sprint test, (b) 0–30 m sprint test, (c) 10–30 m sprint test,
(d) L-agility left test, (e) L-agility right test, (f) L-agility test combined, (g) countermovement
jump height, and (h) countermovement jump flight time. (6) Six factors from the 59-item
PCDEQ; (a) Factor 1 (support for long-term success), (b) Factor 2 (imagery use during
practice and competition), (c) Factor 3 (coping with performance and developmental
pressures), (d) Factor 4 (ability to organise and engage in quality), (e) Factor 5 (evaluating
performances and working on weaknesses), and (f) Factor 6 (support from others to compete
to my potential). (7) Ten items from the PHQ; (a) age started playing football, (b) age started
playing academy football, (c) total match-play hours, (d) total coach-led practice hours,
(e) total peer-led play hours, (f) total individual practice hours, (g) total football hours,
(h) total sports played, (i) total multisport hours, and (j) total football and multisport hours.
Finally, (8) six measures from postcode data; (a) home area code, (b) home financial risk,
(c) home social classification, (d) school area code, (e) school financial risk, and (f) school
social classification. The procedures for each of these methods have been outlined in our
previously published work [27–34], which have been added below (Section 2.1.2) for the
convenience of the reader.
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Four Football-Specific Technical Tests

Four football-specific technical tests were used to measure technical ability: (a) ball
juggling, (b) slalom dribble, (c) shooting accuracy, and (d) lob pass. First, the slalom dribble
test required the player to control the ball through nine cones (2 m apart) from the start to
the end line and return. The timings were recorded using timing gates (Brower TC Timing
System, Draper, Utah, USA), with each player completing two trials and the quicker of the
two recorded for analysis. Second, the lob pass test required the player to kick the football
from a distance of 20 m into a target area divided into three concentric circles (3 m, 6 m, and
9.15 m in diameter). Each kick was scored by the circle in which the ball initially landed
(3, 2, and 1 point, respectively). Ten attempts (five with each foot) were executed with a
maximum of 30 points available. Third, the shooting accuracy test required the player
to kick the ball at a 16 m wide goal target from a shooting distance of 20 m and central
to the goal. The goal was divided into five parallel zones, whereby the centre was, 2 m
wide (3 points), with two areas 3 m on each side of the centre (2 points), and two areas
4 m wide at each extreme (1 point). Ten attempts (five with each foot) were executed with
a maximum of 30 points available. Fourth, the ball juggling test required the player to
keep a football off the ground with the total number of touches recorded. Two trials were
completed, with a maximum of 100 touches per attempt permitted, allowing a maximum
number of 200 touches. Each player completed these tests in an indoor sports hall with a
hard-wood floor, with generic training kit being worn. In addition, age group-specific balls
were used for the tests in-line with the Football Association regulations, with size three for
under-9, size four for under-10 to under-13, and size five for under-14 to under-16 [27,28].

Eight Match Analysis Statistics from across the Entire Season

Video footage examined each player during competitive match-play as they performed
each skill behaviour. An average score of each skill behaviour was computed from across an
entire football season, including: (a) reliability in possession percentage, (b) pass completion
percentage, (c) number of tackles, (d) number of blocks, (e) number of loose balls retrieved,
(f) successful dribble completion, (g) total touches, and (h) goals scored. As a standard
pro-forma of match analysis statistics within each academy varies based on its philosophy,
this current study applied the academy’s existing protocol for its data collection. The
specialist software Gamebreaker© was used to perform participant analysis for each game
and trained, club-appointed Performance Analysts (who were not part of the research
team and were blind to the grouping of the study participants) adopted technical expert
definitions to code behaviours (n = 10). Twenty matches (25% of the data) of the matches
that were included in the current study were used to calculate the Performance Analysts’
reliability (15-day test–retest analysis). One match per team was randomly selected to carry
out the intra- and inter-reliability analysis. An intra-class correlation coefficient test was
executed to analyse the reliability levels (poor, <0.50; moderate, 0.50 to 0.75; good, 0.76 to
0.90; excellent, 0.91 to 1.00). Results showed the intra-observer reliability ranged from
0.76 to 1.00 and the inter-observer reliability ranged from 0.71 to 1.00 [28].

Three Perceptual-Cognitive Expertise Video Simulation Tests

Film-based simulation tests were applied to examine the players’ decision-making
skill. Action sequences were selected from live football match footage of academy players
aged 18 to 19 years engaging in a competitive game, filmed from an elevated angle above
and behind the goal. Following general build-up play of five to ten seconds in duration, the
clips unexpectedly occlude immediately prior to a critical decision moment. At this point,
an occlusion display appears that shows the pitch lines (i.e., boundaries, eighteen yard box,
and half way line) and the location of the ball on a white screen. This screen was frozen for
7-s whereby the participant had to select their answer on the response sheet before the next
clip automatically begins. Forty-five clips were created for three different phases that were
used for analysis: (a) ‘pre’, (b) ‘at’, and (c) ‘post’ execution. Thus, 135 clips were viewed by
the players in total. ‘Pre’ clips are considered more difficult as the occlusion happens 0.5 s
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prior to the action that is executed, whereas the ‘at’ clips occlude during the moment the
action is executed, as opposed to the ‘post’ clips that are considered the easiest as they are
occluded after the execution with a duration 0.5 s longer. Consequently, clips are viewed in
this order, with a response sheet completed separately and collected before the next batch
of clips begin, to prevent players changing their answer when they see the longer clips. The
45 film-based simulations are distributed into three decision-making skills, including ‘select
action’, ‘select direction’, and ‘select pass recipient’, thus creating 15 clips for each [29].

Eight Anthropometric Measures

The physiological measures included: (a) height, (b) body mass, (c) body mass index
(BMI), and (d) body fat percentage. Height measures were recorded to the nearest 0.1 cm
(Seca 213 Leicester Height Measure). Body mass measures were recorded to the nearest
0.1 kg (Tanita BF-350 Body Composition Monitor). Body mass index was calculated through
dividing weight (kg) by height (m) and dividing that number by height (kg/m2). Body
fat percentage was also estimated (Tanita BF-350 Body Composition Monitor). Players
completed these procedures bare footed with their training shorts and t-shirt on. Moreover,
the Khamis-Roche method was used to analyse: (a) predicted adult height, (b) percentage
of predicted adult height attained, and (c) PHV status. The Khamis-Roche method is
based on a mathematical calculation using the child’s gender, current height and body
mass, and the height of both parents. The formula applied to predicted height in inches
is: =((age factor) * (age in years)) + ((height factor) * (height in inches)) + ((body mass factor)
* (body mass in pounds)) + ((parental height factor) * (parental height in inches)) + (beta
coefficient) [35]. The participants predicted adult height then identifies the percentage
of predicted adult height attained. Additionally, the growth curve attained from this
data identifies the participants PHV status: (a) pre-, (b) circa-, and (c) post-PHV. Lastly,
birth quartile was measured by dividing the twelve months of the year into four quarters,
conforming to the strategy applied to distribute chronological age groups. Due to the start
of the section year beginning in September in England, this is recognised as ‘month 1’ while
August is ‘month 12’.

Eight Fitness Tests

Fitness tests were conducted with the participants to measure specific physical param-
eters, including acceleration, sprint, agility, and jump abilities. These tests were executed by
the first author and have been proved valid and reliable measures for talent development
research in youth football. Players were already familiarised with these testing procedures
since they were already part of the academy fitness testing protocol. The 0–30 m sprint
test started 1 m behind the first set of timing gates (Brower TC Timing System, Draper, UT,
USA). Participants sprinted until passing the final set of timing gates. Timings for 0–10 m,
0–30 m, and 10–30 m were taken to observe acceleration and sprint speed, respectively.
The L-agility test required the participants to start 1 m behind the first set of timing gates
(Brower TC Timing System, Draper, UT, USA), then run forwards 5 m around the tall
centre cone, run 5 m to the left hand cones and place one foot between the two marker
cones, and then turn and follow the same path back to the start. In the second trial, players
performed the same test, but this instance running 5 m to the cones on the right-hand side.
Timings were recorded for the right, left, and combined. During the CMJ test (Just Jump
system, Probotics Inc. 8602 Esslinger CT, Huntsville, AL, USA), players were instructed
on the importance of using a countermovement and the need to take-off and land with
straight legs, with the jump height (cm) and time (s) recorded for analysis. Three trials
were completed for each test with the best result taken for investigation. Players conducted
these fitness tests in a sports hall, whilst players completed a familiarity session prior to
the data collection to counteract any earning effects.
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Six Factors from the 59-Item Psychological Characteristics for Developing Excellence
Questionnaire

The 59-item PCDEQ was used to assess psychological characteristics across six di-
mensions. Each of the questionnaire’s items is placed on a six-point Likert scale with a
similarity response method from ‘1’ (very unlike me) to ‘6’ (very like me). This ensured
participants were not allowed to remain neutral and therefore encouraged them to think
more carefully about whether they agree or disagree with the statement leading to greater
accuracy. Additionally, a mixture of positively and negatively worded items is included
to minimise the danger of acquiescent bias. The PCDEQ is designed for youth athletes,
thus offers user-friendly language that is applicable to this cohort (see MacNamara and
Collins [31] for the psychometric properties of the PCDEQ). The participants completed
the PCDEQ in a classroom setting. They were allocated 45-min to complete it and the
researcher was available to help answer any questions if the participants were unsure.

Ten Items from the Participation History Questionnaire

The PHQ is a retrospective recall questionnaire, which is used to elicit information
regarding the activities in which players have engaged in during their development. The
test–retest reliability and the concurrent validity of the PHQ have been previously estab-
lished by Ford and colleagues [33]. The PHQ contains three sections including milestones
within football, engagement within football activities, and engagement in other sport ac-
tivities. Initially, the football-specific milestones include both: (a) the age at which the
player first engaged in football, and (b) the age they began participation in a professional
football academy. The second section of the PHQ is designed to elicit information from four
football-specific activities: (a) match-play, (b) coach-led practice, (c) individual practice,
and (d) peer-led play. The hours per week and months per year in each of these football
activities, as well as the accumulation of time spent engaged in all of these activities, were
recorded in the PHQ for each year from the current season back to the year the partici-
pant stared playing football. Finally, the third section of the PHQ is designed to produce
information concerning engagement in other sport activities, including: (a) total sports
played, and (b) total multi-sports hours. It contains a list of sports from which players were
required to indicate those in which they have participated in regularly for at least a total
minimum period of three months. Players were not required to record other sport activities
engaged in during Physical Education (PE) classes in school. Total football and multi-sport
hours were also included as a measure. The participants completed the PHQ in a classroom
setting. Each participant was given one hour to complete the PHQ under supervision from
the lead author, while allowing questions to facilitate individual understanding.

Six Measures from Postcode Data

Social classification and credit score are proxy indicators of socioeconomic status. In
the UK, postcodes are associated with data pertaining to the locale to which they correspond.
These data include income, employment, education, health, and crime levels, which can be
accessed in multiple ways. For this study, the UK General Registrar Classification system
was adopted that uses the average credit rating applying the Cameo™ geodemographic
database. This provided a social classification (A, B, C1, C2, D, and E) determined by the
UK’s Office for National Statistics and an average credit score (out of 999) for where each
participant lives and goes to school. The social classification was scored numerically, with
a higher score relating to a lower social classification (i.e., A = 1, B = 2, C1 = 3, C2 = 3, D = 4,
and E = 5). The credit score denotes those with a higher score to have lower financial risk
from ‘0’ (low) to ‘999’ (high). The participants area code was also included to test outline
whether they are from urban and rural settings.

2.1.3. Player Review Ratings

Player profiling is a widely used tool that is utilised within professional football
academies [36]. Indeed, coach opinion is central to the subjective nature of youth football,
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with modern objective information readily available to professional coaches to support
their judgement [37,38]. This study applied a unique progress assessment to measure each
individual’s development. This tool, named the 43 Progression Steps, applies a holistic
approach during the player review process. This includes capturing the club’s pre-existing
philosophy of developing core skills within mental, physical, technical, and tactical variables.
These four sub-components grade specific characteristics that are considered necessary
for development and progress towards senior professional status within this particular
football club. The scoring system for the player profiling reports has a continual and
progressive pattern rather than identical Likert scales. For example, the under-9 rating
scale ranges from 1 (below average) to 4 (excellent), while the under-16 rating scale ranges
from 26 (significantly below the required standard) to 33 (pushing towards the under-18 s).
Throughout the development process, these specific grades are not prescribed within age
groups, with players able to move through the tool seamlessly if they are developing or
playing in certain areas above or below their chronological age.

The player review ratings were initially completed by the players who give their
perception of themselves, and then the coaches subsequently provided their ratings along-
side specific individual learning objectives. These reports were completed three times
(i.e., pre-season, mid-season, and end of season), with each coach having completed the
participants’ review ratings throughout the two seasons included in this study across the
under-9 to under-16 age groups. Only the accumulated scores for all the components
within each participant’s 43 Progression Steps rating were recorded at the start of season
one and the end of season two in order to create two time points and analyse year-on-year
developmental outcomes. Comparing the differences between the overall scores from
the two player review ratings illustrated each player’s total development over two years,
which was the score used for the data analysis in this current study. Two coaches from
each age group (n = 16), who were deemed suitably qualified assessors (UEFA Pro, ‘A’,
or ‘B’ Licenced alongside either the FA Advanced Youth Award or the FA Youth Award),
graded each participant’s player review ratings for each of the specific characteristics. See
Kelly’s doctoral thesis [34] for a comprehensive overview of the 43 Progression Steps player
review tool.

2.1.4. Data Analysis

The dataset was analysed via Lasso linear regression using cross-validated Lasso
regression as implemented in the glmnet package in R [39]. Analysis of the improvement
in player score across the two seasons used a coach assessed outcome measure, with the
scores standardized at an age group aggregate:

yi, t =
xi,t − µt

σt

where yi,t is the corrected scores for the ith member of age group t, xi,t is the uncorrected
scores for the ith member of age group t, µt is the mean of the xi,t scores and σt is the
standard deviation of the xi,t scores. The independent variables (IVs) were divided into
categorical (“Home Postcode Social Grade”, “School Postcode Social Grade”, “PHV Status”,
and “Birth Quarter”) and numeric (see SI for full list). Each numeric IV was standardized for
mean at standard deviation at an age group aggregate, and the categorical IVs underwent
a one-hot vector encoding [40]. Hence, coefficient estimates for numeric IVs reflect the
change in DV per standard deviation from the average, while categorical IVs reflect the
change in DV where the variable possess the relative value. The cross-validation technique
first learned a model penalisation parameter, λ, by optimising the model performance
characteristic (mean squared error) under 10-fold cross validation. The results for the
optimal value of λ were then extracted to identify key contributing factors towards player
review ratings.
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2.2. Results

The summary of the Lasso regression techniques is outlined in Table 1. Results
showed non-zero coefficients for improvement in subjective performance in 15 out of
the 53 analysed features. Key findings revealed advanced percentage of predicted adult
height (0.196), greater lob pass (0.160) and average dribble completion percentage (0.124),
more total match-play hours (0.145), and an older relative age (BQ1 vs. BQ2: −0.133;
BQ1 vs. BQ4: −0.060) were the most important features that contributed towards player
review ratings.

Table 1. Summary of non-zero coefficients for improvement in subjective performance.

Feature Coefficient/SD of Feature

Ball juggling 0.083
Lob pass 0.160

Average dribble competition percentage 0.124
PCE ‘at’ 0.091

PCE ‘post’ 0.062
PCDEQ Factor 3 0.062

Total match-play hours 0.145
Total individual practice hours −0.027

0–30 m sprint −0.041
CMJ height 0.053

Percentage of predicted adult height attained 0.196
Birth quarter 2 (reduced relative to birth quarter 1) −0.133
Birth quarter 4 (reduced relative to birth quarter 1) −0.060

Home postcode social grade 2
(reduced in comparison to social grade 1 or 4) −0.082

School postcode social grade 3
(reduced relative to social grade 1 or 4) −0.045

2.3. Discussion

The purpose of this exploratory study was to examine the multidimensional factors
that contributed to player review ratings across two seasons by applying a machine learn-
ing approach. Results showed a total of 15 of the 53 analysed features were important
contributors towards player review ratings, which were representative of all four sub-
components from the FCM (i.e., technical/tactical, physical, psychological, and social).
Most notably, advanced percentage of predicted adult height, greater lob pass and average
dribble completion percentage, more total match-play hours, and an older relative age were
the largest features. Taken together, these findings underscore the holistic nature of the
talent development processes in youth football.

Advanced percentage of predicted adult height had the greatest influence on player
review ratings. The variation of maturation status (i.e., early, on-time, and late) between
players within a single chronological age group can lead to up to 5-years difference in
biological age [41]. The trainability and performance of physical competencies are closely
aligned with maturity status [42]. Male players who experience their adolescent growth
spurt mature earlier than their peers are invariably taller and heavier from late childhood
and possess greater absolute and relative lean mass [43–45]. As a result of their advanced
maturity, early maturing players also tend to outperform their less mature peers on tests
of strength, power, speed, agility, and endurance [45,46]. However, from a psychological
perspective, Cumming and colleagues [47] showed how later maturing players are more
likely to possess and/or develop more adaptive self-regulation skills in the long-term, in
particular self-evaluation and reflection. Moving forward, coaches should reflect on how an
advanced maturity status can influence football-specific developmental outcomes from a
holistic perspective (e.g., technical/tactical, physical, psychological, social). Since maturity
status can significantly influence football-specific skills (e.g., physical competencies, self-
regulation), coaches should observe and/or review players based on their maturity status
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(e.g., bio-banding [48]), rather than just their chronological age. This would support the
long-term development of a wider pool of potential talent and focus on retaining later
maturing players, whilst move the focus on short-term performance results that largely
benefit early maturing players [25].

Greater lob pass and average dribble completion percentage (technical), as well as
PCE ‘at’ and PCE ‘post’ (tactical), were important contributing features towards player
review ratings. Coaches are the decision-makers in the player review rating process
and often have a greater understanding of technical/tactical features compared to the
other subcomponents of the FCM. Thus, it is not surprising that technical/tactical skills
featured within these current results, as it is possible that greater value may be placed on
these characteristics compared to the other subcomponents. This is emphasised by the
traditional coach education and sport-specific qualifications that often focus on athlete
competence compared to other developmental factors (e.g., confidence, connection, and
character [6]) [49]. As such, although further evidence is needed, it is suggested coaches
and organisations involve other stakeholders (e.g., Sport Scientists, Sport Psychologists,
Strength and Conditioning Coaches) as part of a broader, holistic decision-making strategy
when reviewing young players development [50].

There has been an ongoing search for the most appropriate activities that facilitate
long-term player development in youth football (see Ford & Williams [51] for an overview).
Findings from this current study found more total match-play hours had the largest contri-
bution towards player review ratings. This may be explained through the coaches who are
providing the players with their review rating being the same coaches who are selecting the
players for the matches, and thus may be offering the players they perceive as better with
more game time. However, it’s important to note that these coaches would have only been
responsible for selecting these players in the recent years, whereas the total match-play
hours accumulate the numbers the player has engaged in since they began playing football.
Thus, another possible explanation is the benefits of engaging in match-play that may have
contributed to player development. For instance, small-sided games have been shown to
develop and refine young players’ skills and movements [52–54]. As such, coaches should
consider how to offer a rich games programme to their players, through both competitive
match-play and small-sided games, which could contribute to the holistic development of
young players.

Birth quarter played an important role in influencing player review ratings, which
favoured those born in the first three month of the year. This aligns with a wealth of
relative age literature in youth soccer. As an example, initial research from Barnsley and
colleagues [55] showed 45% of players selected for the 1989 U17 World Cup were born in
the first three months of the annual selection year, whereas only 7.7% were born in the
last three months of the annual selection year, with similar results shown across the U20
team squads. Since this preliminary research, the last three decades has generated various
studies that shows how those born earlier in the selection year are overrepresented in
talent pathways [56], accrue more league points [57], and win more games [58]. However,
these benefits at youth level do not necessarily translate into success at adulthood in
professional football [59–61]. As such, it is plausible to suggest that coaches perceive
greater development in those who are relatively older largely due to their advanced age.
As such, it is important for future research to explore the mechanisms of relative age effects
and how they impact coaches perceived potential. Practitioners and researchers should also
work collaboratively to design, implement, and evaluate a range of relative age solutions
to help mitigate against these effects.

3. The Junior-to-Senior Transition from Youth Academy to Professional Level:
Exploring the Characteristics of Selected and Deselected under-18 Players

Becoming a professional footballer is the aspiration of many academy prospects.
However, it is well documented that only a small proportion of young players successfully
graduate into senior professional levels. As an example, Dugdale and colleagues [62]

16



Sports 2022, 10, 159

showed how only 10% of 537 male players made the successful transition to professional
level across a twelve-year period at a Scottish professional football club. Similarly, spanning
an eleven-year period at an English professional football club, Kelly and colleagues [63]
revealed how only 7.4% of 364 male players who entered the academy from under-9 to
under-18 achieved a professional contract at aged 18 years. To better understand the junior-
to-senior level transition, it is important to consider the characteristics that differentiate
those academy players who achieve professional status and those who do not. By doing
so, it will enable key stakeholders (e.g., coaches, practitioners, policy makers) employed in
talent development programmes to allocate resources more efficiently, as well as facilitate a
science-based support system [25].

The purpose of this study was to examine a range of factors based on the FCM (i.e.,
technical/tactical, physical, psychological, social) that may have contributed to under-18
academy football players achieving a professional contract.

3.1. Methods
3.1.1. Sample

Eighteen under-18 male participants were recruited from the same tier four English
professional football club and their category three academy. Their average weekly train-
ing and match-play time was 15 training hours/week and 1.5 match-play hours/week.
Goalkeepers were not included in this study due to their contrasting position-specific
requirements [26]. Parental consent and player assent were collected prior to the study
commencing. The study was approved by the Ethics Committee of Sport and Health
Sciences at the University of Exeter.

3.1.2. Measures and Procedures

The same 53 factors from the eight measures outlined in Study 1 were collected for
this study across two seasons (2014–2015 and 2015–2016). Player review ratings were
also added since they were not used as an outcome measure. This dataset was then used
to compare selected (i.e., offered a professional contract; n = 8) and deselected (i.e., not
offered a professional contract; n = 10) players as they reached the end of their academy
scholarship.

3.1.3. Data Analysis

The dataset was analysed via Lasso regression techniques using cross-validated Lasso
regression as implemented in the glmnet package in R. Analysis of the ‘Selection’ for
professional play was performed using binomial Lasso regression, coding the outcome as
1 for ‘Selected‘ and 0 for ‘Deselected’. The cross-validation technique first learned a model
penalisation parameter, λ, by optimising the model performance characteristic (binomial
deviance) under 10-fold cross validation. The results for the optimal value of λ were then
extracted to identify key contributing factors. In reporting the results of the binomial Lasso
regression, the exponential of the coefficients was included. In the case of a logistic binomial
mode, the exponential of the coefficients is equivalent to the change in odds ratio for each
increase of the dependent variable by 1, one standard deviation in this case [13,40].

3.2. Results

The summary of the Lasso regression techniques are outlined in Table 2. The relatively
small parameter space of importance in Table 2 is not indicative that few features matter,
but instead due to the limited quantity of data available. The size of the effect of the
psychological factor, while arising from a limited quantity of data, should be noted. Having
included the possibility for multiple confounding factors, the strongest marker for signing
was the psychological outcomes of the player. What is not clear, given the observational
nature of the study, is if improvements in psychological factors would lead to a greater
chance of signing a professional contract or if it is in fact a proxy variable marking out
players with a range of sought after factors.
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Table 2. Summary of non-zero coefficients for likelihood of signing a professional contract.

Feature Coefficient/SD of Feature Odds Ratio/SD of Feature

43 progression steps rating 0.64 1.89

Slalom dribble 0.01 1.01

PCDEQ Factor 3 0.44 1.55

Home postcode social grade 2 −0.12 0.89

The prominence of Factor 3 (coping with performance and developmental pressures)
with regard to both end points posed a key question: is this factor more prominent than the
other five factors, or are all the six closely correlated in the dataset and the Lasso is selecting
the most informative? To quantify the relative associations of the six PCDEQ factors, the
correlation matrix was calculated for the progression data set. Of the PCDEQ factors,
Factor 3 only shows a reasonably strong correlation with Factor 4 (ability to organise and
engage in quality practice), with only weak links to the other terms. Hence, we conclude
that PCDEQ Factor 3 and Factor 4 are the strongest discriminatory variables relating to
signing a professional contract. Hence, it appears valid to suggest Factors 1, 2, 5, and 6 may
pose no contribution to signing a professional contract.

3.3. Discussion

The junior-to-senior transition is arguably the most defining moment in a promising
young player’s career. Indeed, by achieving their first professional contract, a player moves
one-step closer to fulfilling their aspirations of competing for their respective senior first
team. To the author’s knowledge, this was the first study to explore the characteristics of
selected and deselected under-18 academy players using machine learning techniques. Key
findings revealed how PCDEQ Factor 3 and Factor 4 were important contributing factors to-
wards achieving a professional contract. Moreover, player review ratings (i.e., higher coach
scores), slalom dribble (i.e., quicker dribble times), and a lower home social classification
(i.e., derived from more deprived areas) also provided a small contribution.

PCDEQ Factor 3 and Factor 4 were important contributing factors within this current
study. Indeed, psychological factors have been previously identified as important attributes
that are required during the junior-to-senior transition. As an example, the current findings
are consistent with previous studies that found ‘good developers’ within team sports had
a significantly greater perceived ability to cope with performance and developmental
pressures (e.g., such as overcoming struggles, set-backs, injury, or a decline in performance)
compared to ‘poor developers’ [32]. These current findings also compliment the opinions
of coaches as derived from qualitative studies. First, Mills and colleagues’ [64] analysis of
ten expert coaches revealed six factors, including resilience, that were perceived to either
positively or negatively influence player development. Second, Cook and colleagues [65]
reported four general dimensions of mental toughness, including competitiveness with self
and others, mind-set, resilience, and personal responsibility, that are associated with the
ability to cope with the pressures inherent in the academy environment. Similarly, Holt and
Mitchell [66] identified a deficiency in coping behaviours of professional football players
near to being released, whereas Holt and Dunn [67] revealed how discipline, commitment,
resilience, and social support were associated with becoming a professional football player.
While it is plausible to suggest that these psychological characteristics are generally ac-
cepted as crucial factors for positive developmental outcomes, further investigation is
required to design, implement, and evaluate effective psychological development strategies
within academy environments [68]

When compared to other specialist support staff in youth soccer environments
(i.e., Sport Scientists, Strength and Conditioning Coaches, Performance Analysts), Sport
Psychologists appear to be less common (particularly in a full-time capacity) [68]. Since
the development of psychological characteristics appears to be an important contributing
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factor towards both coaches perceived development outcomes (i.e., Study 1) as well as
achieving a professional contract (i.e., Study 2), professional clubs and governing bodies
should consider how they can formalise their psychological support and invest in qualified
practitioners. By doing so, it will enable young players the opportunity to access psycho-
logical support when required, as well as help with coach development to ensure effective
strategies are consistently implemented throughout coaching provision [69].

Unsurprisingly, player review ratings contributed to selection. This is likely due to
the fact that those coaches who are rating the players are the same stakeholders who are
part of the professional contract decisions. More unexpectedly, dribbling ability and social
classification also made a small contribution towards selection. First, dribbling has been
previously identified as an important technical attribute as part of a multidisciplinary study
when comparing selected and deselected players [2]. Thus, these current findings further
support the significance of possessing ball dribbling skills, which could be incorporated into
developmental programmes to ensure players are adequately prepared as they navigate
their ways towards senior levels. Second, the results of a lower home social classification
contributing to achieving a professional contract reflect the stereotype of football being a
sport participated by individuals with a lower socioeconomic status [70]. This might imply
that football retains a traditional divide between socioeconomic status and participation [71],
which may have implications on opportunities to achieve a professional contract [72].
However, it is important to consider the exploratory nature of these findings, as well as the
limited number of participants included in this current study. Therefore, future research is
encouraged to further explore the significance of possessing ball dribbling skills and the
role of socioeconomic status in developing expertise in football.

4. Limitations

The key limitations of this study are the role of retrospective analysis and predictive
models. The techniques used here are best viewed as exploratory and hypothesis generating,
rather than confirmatory, as they do not seek to provide evidence for or against any pre-
existing mechanisms but generate new insight and an optimal predictive model given
the available data. In the case of the ‘Selection’ analysis, the inherently small dataset
does provide limitations to the analysis, whereby machine learning approaches with
small datasets inherently run the risk of memorising the sample rather than generating
transferable lessons [73]. In general, the subset selection algorithms demonstrated here
could provide stakeholders within the football development community with insight
into the operational data currently held. Data collection and storage mechanisms have
increasingly become cheaper over the past two decades (e.g., the rise of wearable technology
and cloud storage). Moving forward, an important question is how to leverage such data
to aid decision making. Techniques such as those shown here are invaluable in being able
to quickly and easily reduce data to interpretable models and highlight key signals.

5. Conclusions

It appears the key factors associated with positive developmental outcomes in youth
soccer are not always technical and tactical in nature, which is where youth coaches often
have their expertise and/or focus their attention on talent development. Indeed, the
relative importance of these factors is likely to change over time, and with age, although
psychological attributes appear to be influential to reaching potential across the academy
journey. Therefore, coaches are encouraged to focus on long-term potential as opposed to
short-term performance. The techniques used here also serves as an impetus for researchers
to adopt machine learning approaches when analysing multidimensional databases for
talent development purposes.
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Abstract: A wealth of literature examines the role of challenge from an individual psychological
perspective, but research investigating how a talent development system can proactively support
athletes to successfully meet the ever-increasing demands of top-level professional sport is less
prevalent. This study takes advantage of a naturally occurring but highly atypical developmental
challenge as a result of COVID-19 to examine factors influencing the efficacy and effectiveness of
the talent development pathway at Munster Rugby. Players and staff (n = 12) took part in semi-
structured interviews exploring their experiences of the build-up to the event, the game itself, and
the impact post-event. The data were subsequently analysed using Reflexive Thematic Analysis.
Players and coaches highlight the groundwork undertaken to establish alignment and coherence,
both horizontally and vertically across the talent development environment, and how this contributed
to navigating the challenge successfully. The findings support the necessity of both the player and
the talent development system being prepared to enable players to perform at the highest level. The
findings point to an overlap between the development and performance phases of a player’s journey
and the need to integrate short- and long-term objectives within a talent development system.

Keywords: challenge; development; coherence; talent development

1. Introduction

Over the last 30 years, considerable attention has been paid to the broad area of talent
development in sport, with research focused on the principles underpinning effective talent
development environments [1] incorporating a holistic environmental approach [2], factors
impacting the development of high potential young players [3], the talent development
system [4], talent development coaching [5], and talent development coaches [6]. Much
of the research has been positioned against a pragmatic framework [7], motivated by the
desire to generate effective answers to talent development problems directly applicable
in the ‘real world’. Collins and Kamin [8] refer to this as science for sport as opposed to
science of or through sport; an approach underpinned by a motivation to generate practically
meaningful knowledge.

Reflecting the need for coherence as an integral part of the talent development path-
way [9], there is increasing consideration of how best to design and operationalise the
talent development system. Although there is a well-established positive correlation be-
tween financial investment and performance outcomes in sport [10], some successful sports
systems benefit from significant financial investment (e.g., in excess of GBP 100 million
investment by UK Sport, 2015), while others still succeed with significantly less resources.
In the latter case, appropriate talent development pathways are critical to this success,
and must be carefully resourced and structured to optimise the efficacy and output of
their pathway. In professional sports such as rugby, the talent development pathway is
frequently structured as an academy that is structurally and systematically linked to the
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club’s performance pathway. The objective of an academy in these settings is primarily
the development and nurturing of high-potential players to facilitate their progression to
first-team performance status [1]. To achieve this outcome, it is important that there is a
coherence between what is happening at different stages of the talent development path-
way [5], along with a shared understanding of processes and behaviours [11], at different
phases to facilitate this movement.

Coherence in Talent Development Systems

It is widely accepted that talent development is a complex, dynamic, and non-linear
process [9], with effective talent development environments characterised as offering in-
dividualised development, deploying long-term aims and methods, and focusing on a
breadth of psycho-behavioural and psycho-social skills with coherence across stakehold-
ers [12]. As such, effective talent development systems are characterised by inputs that are
complementary, framed, and structured against long-term agendas. A strategic strength
of an effective talent development system is a cohesive philosophy between stakeholders
operating both horizontally (i.e., within a particular stage of development; e.g., a profes-
sional sports academy) and vertically (i.e., between stages of development; e.g., across the
development system) [13], where shared values, expectations, and behaviours support the
development of high-potential players [14]. In reality, however, there is often a diverse
range of philosophies, beliefs, and methodologies being applied to many aspects of talent
development, with what is best described as a lack of joined-up thinking. A lack of hor-
izontal and vertical coherence, along with a lack of shared mental models [15], has been
identified as a barrier to optimising the TD experience [5], especially where relationships
are suboptimal between stakeholders, [16].

In this regard, a lack of organisational proximity and communication within a talent
development system has been suggested to hinder player development [9]. Navigating
coherence becomes even more complicated when players co-inhabit multiple pathways
(e.g., club, academy, senior team), unless there is clarity in the message and support received
at each level. Of course, coaches and players operating within a performance setting and
a development environment will, by necessity, have different aims and objectives; the
former focused primarily on outcome success, and the latter on longer-term development.
Although the talent development system is conceptualised as a pathway, in reality, academy,
club, and performance coaching and development often happen independently [17], with
coaches and players operating in a siloed manner without shared goals and visions [4]. This
is further complicated by the fact that high-potential young players rarely reside exclusively
in either the performance or development worlds, but instead regularly move between
these environments. Reflecting this, there have been calls to consider how the talent
development system is designed to optimise the methods, structures, and opportunities
afforded to high-potential athletes to allow them to navigate in-career transitions [1].

The coherence and effectiveness of the talent development system may be especially
tested when young players are presented with non-normative transitions that stretch their
skills and capabilities. In fact, the role of challenge in talent development has drawn
considerable attention (and challenge!) since seminal work in 2012, which identified that,
‘talent needs trauma’ [18]. Traditional talent development approaches were often based on
optimising the support offered to high-potential young athletes and minimising challenges
for an athlete in order to smooth their development pathway. However, despite the face
validity of such an approach, there is a growing research base suggesting that experiencing
challenges on the development pathway, and then debriefing and learning from that expe-
rience, supports the development of talent, and therefore, young athletes benefit from a
variety of challenges/bumps that they encounter on the ‘rocky road’. Although some tran-
sitions are well flagged e.g., normative transition from youth to senior teams, transition into
and out of academy settings [19]; high-potential young players often encounter a range of
non-normative and unexpected transitions as part of their development journey. Wylleman
& Lavelle [20] proposed a developmental model on transitions faced by athletes that takes
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a linear perspective from beginning to end, reflecting the nature of normative transitions at
athletic, psychosocial, academic, and vocational levels. Stambulova’s [21] Athletic Career
Transition model focuses on the importance of an effective coping response for an athlete
to make a successful transition from one developmental stage to another. These transitions
can be challenging if the athlete does not have a well-developed skillset (physical, technical,
tactical, and psycho-behavioural) and support system. In this respect, the importance of
psycho-behavioural skills as the mechanism that supports the navigation of the challenge,
and as the foundation for further learning and development as a result of the challenge,
has been well explored [22,23]. Critically, the importance of identifying developmental
challenges that can be optimally deployed to develop this skillset and maximise growth is
recognised [5]. Although some attention has focused on the purposeful operationalisation
of artificial ‘speedbumps’ on the pathway [23] as a means of ensuring the skills are tested,
taught, practised and embedded, it is also apparent that high-potential young players will
encounter a range of naturally occurring challenges as part of their trajectory. Athletes’ and
coaches’ experiences of navigating and learning from such naturally occurring challenges
represent a naturalistic lab to test the efficacy of the talent development system, and the
ability of young athletes to navigate and grow from challenges. Once such, a naturalistic
lab opportunity arose when Munster Rugby lost 48 players and staff from their senior
team for a European Cup match in 2021, with young academy and National Talent Squad
(NTS) players from the Munster pathway required to ‘step into the breech’. The purpose
of this current study, therefore, was to provide an in-depth and rich understanding of key
stakeholders’ experiences of navigating this naturally occurring challenge on the talent
development pathway.

2. Materials and Methods

In this paper, we present a case study of a talent development system within a profes-
sional rugby club (Munster Rugby), with a particular focus on how one particular challenge
was navigated; namely, the loss of 48 players and staff from the senior team for a European
Cup match in 2021. The case study approach allowed us to explore this phenomenon in con-
text, using a variety of data sources [24]. An ethnographic approach enabled us to capture
the phenomenon from the viewpoint of the coaches and players involved in the match by
using fieldwork, observation, and informal interviews to gain a rich understanding of the
experiences within Munster Rugby and examine the complexities of the interactions and
experiences in the group. The prolonged and in-depth engagement required by an ethno-
graphic approach was facilitated by the first author, who was employed as the academy
manager at the club throughout this period.

2.1. Context

Munster Rugby was founded in 1879 and is one of four provincial professional rugby
teams in Ireland. Munster has a proud history in the European cup, reaching or surpassing
the semi-finals 14 times since the tournament’s inception in 1995. The most successful
era in the club’s history resulted in the club lifting the trophy on two occasions, in 2006
and 2008. It has a strong tradition of competing against international touring sides, with
the most famous victory being against the touring All Blacks in 1978. In December 2021,
during the worldwide COVID-19 pandemic, Munster Rugby travelled to South Africa on a
two-game tour as part of the United Rugby Championship. Immediately on their return,
they were scheduled to play Wasps in the first round of the Heineken European Champions
Cup. Following Covid -19 testing, 14 players and staff were forced to remain in quarantine
in South Africa, while a further 34 members of the squad were required to be isolated in
Ireland for ten days upon their return. This resulted in all members of the squad who
travelled to South Africa, both players and staff, being unavailable for preparation (and
selection) for the game against Wasps. A small number of senior contracted players (n = 10)
had not travelled with the squad to South Africa (seven staying due to participation in
an Irish Rugby series of matches, while three were returning from injury). To fulfil the
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Wasps fixture, Munster were forced to select a squad comprising of those ten senior players,
along with young academy and NTS players chosen from the Munster pathway. Fourteen
players were selected to make their European debut in this game, with twelve of those
representing Munster at senior level for the first time. In addition, the senior coaching
staff were unavailable due to COVID-19 protocols meaning that the academy staff led
preparations for the game, and coached and managed the team on game day itself.

2.2. An Insider Perspective

In July 2021, six months prior to the game in question, I (first author) had been
appointed as Munster Academy Manager, after returning from coaching professionally in
the UK for five seasons. I had previously held positions in Munster Rugby including as a
senior team assistant coach from 2010–2016 and as academy coach from 2008–2010. Prior to
this, I had coached at each stage of the Munster pathway from youths and schools level
through to All-Ireland League club level. With all Munster senior coaches forced to isolate
as described above, I became the defacto head coach for the Wasps game in December 2021.
Coincidentally, my last three years coaching in the UK, immediately prior to my return to
Munster, were spent working as an Assistant coach with Wasps Rugby, at which time I had
also enrolled on a Professional Doctorate exploring talent development practices in rugby.
Without doubt this added extra spice to what was already an intriguing mixture.

The challenges of this unprecedented situation provided a test of Munster Rugby’s
talent development pathway, and an opportunity to explore key stakeholders’ experiences
and perceptions of a unique developmental challenge. It also provided a real-life case-study
to examine the efficacy of the principles underpinning the Munster pathway; principles
that the academy staff had spent the previous six months aiming to instil and embed across
Munster’s talent environment. These principles are outlined in the following section.

2.3. Principles Underpinning the Munster Pathway

Starting in my role as Munster Rugby Academy Manager, I prioritised a number of
principles that I felt were essential to developing an effective TDE at Munster Rugby. These
principles were based on a combination of my experiences in my coaching career to date,
intimate knowledge of the Munster Rugby landscape, and knowledge acquired from TD
research I had carried out up to that point on my Professional Doctorate journey. The build-
up to, and the Munster versus Wasps match itself, also provided a unique opportunity for a
‘temperature check’ on the efficacy and impact of these principles in terms of preparing staff
and players to embrace (and successfully navigate) many of the challenges encountered
during this period. These principles were:

• Understanding and aligning the multiple stakeholders [4,25];
• Vertical and horizontal coherence, and shared mental models [5];
• Supportive but challenging environment, with players moving quickly through differ-

ent stages of the pathway [18,26];
• Emphasis on developing skills, players, and staff [12,14].

Munster, a Complex Landscape

Munster Rugby is a particularly complex landscape with many challenges to creat-
ing an effective, coherent TD pathway. Taylor & Collins [5] described the high-pressure
milieu of professional sport as being a significant barrier to coherence, with cultural and
socio-political realities often having a negative impact on the long-term success of a Tal-
ent Development Environment (TDE). In Munster there are long standing historical and
political considerations that impact decision making at all levels of the organisation. The
province consists of a vast geographical region and incorporates multiple stakeholders
across the entire TDE.

Vertically, the academy is completely aligned with the senior team, follows the senior
programme, and operates out of the same training base in the Munster High Performance
Centre under the remit of the Academy Manager. Below this level, the National Talent
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Squad (NTS) comprises of a group of players that have been identified as potential academy
entrants, with a different training base, a separate training schedule, and an entirely
different group of coaches (partly due to Covid -19 ‘bubbles’). The management of this
programme also falls under the remit of the Academy Manager.

Horizontally, the clubs and schools are key stakeholders in the TDE and are the primary
feeders of the Munster pathway. The majority of academy and NTS players play club rugby
in the amateur All-Ireland League each week. The European Champions Cup represents
the highest standard of club rugby in Europe, and it is incredibly rare that a player who
is not a contracted senior team player would be selected to play in the competition. On
the occasion examined in this paper, 13 non-senior players (i.e., players from the Munster
pathway) were selected in the match day 23 for the European Champions Cup match
against Wasps, presenting a challenge of unprecedented magnitude.

2.4. Data Sources

Data for this study was collected by the first author using a combination of field
notes and informal interviews. Ethical approval for the study was granted by the authors’
institutional Research Ethics Committee DCUREC/2022/015.

2.4.1. Field Notes

The first author recorded daily observations and reflections of coaching and strate-
gic decisions within his environment from July 2021 to February 2022. These consisted
of oral and written records of incidents, events, documents, unusual occurrences, meet-
ings, decisions, and observations. Reflecting the importance of prolonged engagement in
ethnographic research, this study was completed over thirty-two weeks of daily contact.

2.4.2. Informal Interviews

The first author carried out a series of internal group and individual interviews with
players (n = 11) and coaching staff (n = 4) involved in the Wasps-Munster match preparation
and game day. These interviews were conducted informally at the Munster Rugby training
base at times that were convenient for the participants. All participants were involved
in the preparation for the Wasps-Munster match either as NTS players, academy players,
first team players or coaching staff. The interviews lasted between forty-five and sixty
minutes, with the first author also following up with individuals post-hoc for clarifications
and further probing as part of a member reflection process [27]. During the interview,
participants were asked questions about the preparation for the game, the environment
during the two weeks’ preparation, their experience of the game, how groundwork in the
previous six months supported them during the event, and if they had experienced any
post-event impact.

2.5. Data Analysis

Firstly, it must be acknowledged that data analysis in ethnographic research is com-
plicated, and therefore no single method is universally accepted as a strategy for data
analysis [28]. As such, an iterative process of theme building was undertaken [29] using
the dataset as a whole. As a first step, text from field notes, observations and interview
transcripts were labelled and then categorised and sorted according to a theme using a
constant comparative method of analysis [30,31]. This step involved multiple reviews of
the data and then coding for similarities, differences, groupings, patterns, and items of
particular significance [32].

2.6. Trustworthiness and Integrity

This study was underpinned by a pragmatic approach to research, and therefore
decisions about methodology and data analysis were chosen with these philosophical
underpinnings in mind. Of course, given the nature of this study, it was important to
consider and implement steps to ensure the trustworthiness and integrity of the data
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collection and data analysis. Reflecting Bradshaw et al.’s [33] suggestion, a number of
quality markers were implemented:

1. Firstly, reflecting the importance of in-depth and prolonged engagement and to ensure
the credibility of the findings, data were collected over 32 weeks by the first author,
who held a thorough and rich understanding of the context;

2. Triangulation of data was employed using a range of data sources, including obser-
vations, interviews, focus groups, and reflections, in order to increase the rigour of
the data;

3. Throughout the study, from conception through to write-up, critical friends were
employed to address the trustworthiness and credibility of the findings;

4. Rich and in-depth accounts of each theme are offered using contextualised data
to offer the reader an opportunity to consider the transferability of the findings to
other contexts.

As described earlier, the first author was appointed academy manager at the start of
the data collection process, thus bringing an insider perspective, deeper knowledge, and
interactions to the research [34]. Of course, this also presented some potential challenges to
the rigour of the research. To counter this, reflectivity was employed to enhance rigour [35],
with the first author keeping a reflective diary to record their thoughts, behaviours, and ac-
tions during the data collection. This process supported the development of self-awareness,
criticality, and flexible thinking during the data collection and data analysis phases of
the research.

3. Results and Discussion

The results derived from the multiple sources in this ethnographic study provide an
in-depth and rich understanding of key stakeholders’ experiences of navigating a naturally
occurring challenge on the talent development pathway at Munster Rugby. The three key
themes, as highlighted in Table 1, were:

• Groundwork to establish alignment and coherence on the pathway;
• Preparation for the Munster-Wasps game;
• Impact post challenge.

Table 1. Thematic Analysis.

Higher Order Themes Lower Order Themes Raw Data Themes

Groundwork to establish
alignment and coherence

on the pathway

Integration/alignment of academy and
senior team

(players and staff)

Training programme alignment

Senior and academy coaches alignment

Social integration between academy and first team

Connections and communications with
senior coaches

Connecting the pathway

Coaching up and down the pathway

Shared mental models/common
coaching framework

Relationships between academy coaches and
pathway players

Creating a high performing environment
High challenge support environment

Clear purpose and vision guiding
behaviours/practices

Horizontal alignment with key stakeholders
in the TDE

Links to clubs and mutual support

Practices to inform player selection

Increased visibility of Munster coaches at club games
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Table 1. Cont.

Higher Order Themes Lower Order Themes Raw Data Themes

Preparation for the
Munster-Wasps game

Dual management—
Player empowerment and responsibility

Empowering senior players

Building trust between coaches and players

Shared ownership of game preparation

Player led sessions and meetings

Squad integration, building trust
and connections

Getting on the same page quickly

Connecting the squad

Creating a positive task focused environment

Creating balance between work and enjoyment

Managing information flow

Managing pressure and challenge

Excitement to embrace the challenge

Role models and mentoring

Buddy system

Inspired by role models

Support from senior players

Playing with a cause and a deep sense
of purpose

Creating a legacy, a Munster moment

Clear sense of identity and history

Representing the whole club

Impact post challenge

Inspired and highly motivated players
Motivation from first cap

Inspired and hungry for more

Increased vertical alignment and
interpersonal relationships between staff

and players

Acceptance as a Munster senior player

Established trust between senior and academy staff

Increased engagement and inclusivity in the HPC

Stronger relationships across the club

Connection through shared experiences

Newfound confidence and belief to play at
this level

Confidence in own ability

Belief that opportunity is within touching distance

Post event anti-climax

Disappointment with limited playing opportunities
post Wasps game

Academy staff experienced an anti-climax slump

Confidence that the future is bright
Confidence in players coming through pathway

Belief in young players ability

Each theme is supported using vignettes to capture the participants’ voices in portray-
ing events.

3.1. Groundwork to Establish Alignment and Coherence on the Pathway

As outlined previously, prior to the Munster-Wasps game, a number of key principles
were prioritised, many of which were based around establishing alignment and coherence
on the pathway. The groundwork undertaken in the six months prior to the Munster
vs. Wasps games certainly appears to have been an influential factor in how players and
coaches successfully navigated the challenge. The complete integration and alignment of
the senior and academy training programmes meant that academy players trained on a
full-time basis with the senior team, and in addition, the academy coaches had full access
to all senior meetings and sessions. An academy player who played in the match talked
about how seamless the transition was as a result:
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“We train the exact same as the seniors. If we hadn’t been training week in week out with
the seniors we wouldn’t have been aligned, we wouldn’t have known all the roles and
every single call, all as one group the whole time, it was seamless really”.

This vertical alignment within the club [9] enabled the academy players and coaches to
get on the same page quickly when preparing for the game. The groundwork that had been
carried out in relation to establishing shared mental models [5] (e.g., game plan, playing
details, coaching practices) proved to be invaluable when presented with so many potential
challenges during the build-up to the game.

Recent improvements to connections and communications that had been made be-
tween senior and academy coaches were considered a positive factor in alignment between
the groups [13], and proved important when it came to making informed selection decisions
in assembling a squad that included so many players outside the traditional senior squad.
An academy coach highlighted the following:

“We started the practice of having regular pathway meetings with the senior coaches
(every 6 weeks) so that they were familiar with the players coming through but also so we
have a shared understanding of what we were looking for in players”.

Another academy player referenced the fact that, unlike in the past, academy players
were now included in senior social functions, which “really helped us all to work together”
in challenging circumstances during the build-up to the game when a group of players
who had never played together needed to come together as a team, connect and build
relationships quickly.

Connecting the pathway was a critical part of the groundwork in establishing align-
ment and coherence from top to bottom [36]. The academy coaches consistently work
at all stages up and down the pathway, and had spent eight weeks the previous sum-
mer coaching the NTS players. This particular group of players were pivotal during the
two-week preparation leading into the game, and in fact, two NTS players (sub-academy)
were named in the match-day squad. This regular contact between academy coaches and
pathway players enabled coaches to develop strong relationships with these players and
exposed these pathway players to the training methods and practises employed at academy
and senior level. An academy coach talked about the value of this:

“The sessions we did in the summer (with the NTS players) was very similar to what
they experienced during the two weeks. They had trained that type of format and they
were familiar with the academy coaching staff. Coaching up and down the pathway stood
to us in the prep”.

The deliberate practice of academy coaches and pathway coaches regularly working
together meant that, in relation to both coaching philosophies and coaching practices,
there was a shared mental model and a common coaching framework [6], which allowed
everyone to get on the same page quickly.

“Academy coaches and the NTS and Talent coaches worked closely together for the 6
months leading into game, so when all the players and staff came together to prepare for
the Wasps game we were on the same page”.

Striving to create a high-performing environment in the academy, based on high chal-
lenge and support, was recognised as an important piece of the groundwork undertaken
in the previous six months that enabled the coaches to operate effectively and cohesively
under unusually demanding circumstances in the build-up to the Wasps game [37]:

“Our coaching environment (academy) is very open and honest and based on challenge
and support, we have each other’s backs but we challenge each other to be operating at the
highest standards”.

A process facilitated by the academy’s performance psychologist, began six months
prior to establish a clear purpose for the academy with an agreed set of values to guide
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behaviours. At the core of the purpose was a focus on raising standards across the pathway
and a commitment to long-term development versus a short-term performance focus.

“As a newly formed academy team (Multi-disciplinary Team, MDT) we had a focus
on raising the standards right across the board in the whole Pathway. This began with
establishing a clear purpose and an agreed set of values and this was brought to life
through our behaviours. We aligned to a key message of the whole Munster organisation
‘we rise by lifting each other’”.

As described earlier, Munster is a complex landscape, and the local schools and All-
Ireland League (AIL) clubs are key stakeholders in the TDE. Horizontal alignment between
Munster and these important stakeholders was a specific focus upon coming into the
Academy Manager role six months earlier, with the aim of establishing strong relationships
and building on them throughout the season [38]. The majority of players that are in the
senior squad have come through the academy and from local clubs and schools. Most
academy players will play their rugby each week in the AIL league, and the importance of
aligning that experience to the academy was stressed by one of the coaches:

“We communicated with each AIL Head coach twice per week regarding Academy players
and we offered the coaching support to all the clubs. This was vital when we needed club
players to prepare for the Wasps game, we had incredible support with releasing players
to train etc.”.

One academy coach spoke about the process of mapping out more regular visits to
AIL matches to scout academy and pathway players and to build relationships with club
coaches; “Each month we mapped out a schedule so that coaches rotated regularly to watch different
club games”. This process proved invaluable when it came to making informed selections
for the Wasps game and also getting cooperation from club coaches to release their players
to train for the game, with another academy coach noting: “Increased visibility of all the
academy coaches at club games helped to get to know coaches and players which helped with selection
for Wasps”.

3.2. Preparation for the Wasps Versus Munster Game

As the COVID-19 situation unfolded and it became apparent that 45 senior players and
staff would be unavailable for the Munster-Wasps game, a number of alignment meetings
with coaching staff and players were organised to navigate the unique challenges that were
presented. The coaching staff made a number of decisions to employ specific strategies
based on bringing an unfamiliar squad together, building connections and integrating
the group to get them on the same page as quickly as possible, to optimise the two-week
preparation for and performance in the Wasps game.

One of the first decisions made by the coaching staff was to organise a meeting with
the senior players that had not travelled to South Africa, with the purpose of outlining a
‘dual management’ model (shared ownership) between the coaches and senior players on
all aspects of game preparation [39]. This involved empowering senior players and giving
them the responsibility to lead the group and provide input across both the on-pitch and
off-pitch components of preparation. An academy coach recalled that “Seniors players had
input into game plan design and session content and they presented throughout the two weeks in
training reviews and opposition previews”. The senior players bought in to this approach and
invested heavily in preparing the squad for the game. An academy player observed the
impact this had on the wider group:

“The coaches gave the senior players a licence to help take the sessions as well, there was
an emphasis that they would lead from the front. It gave us confidence that they trusted
us and the coaches trusted us. There was real sense of trust around and that brought
a closeness”.

This approach is based on an approach employed by the All Blacks (New Zealand
rugby team) as documented by Hodge et al. [39], and is consistent with the coaching
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philosophy of the academy coaches at Munster. Many of the principles associated with
dual-management are consistent with autonomy-supportive coaching [40], and emotional
leadership coaching [41]. One of the senior players who was part of this leadership group
captured the impact that it made during the preparation:

“If you empower players it creates a different type of trust and bond in the group, coaching
each other, not you (coaches) deciding what we are doing but coming up with it together”.

Following on from the theme of player empowerment, the participants noted the
impact of a buddy system [42], between each senior player and a younger academy or
pathway player that was implemented during the preparation phase. This provided a
mechanism for connecting players that were either new to the group, or had never played
at European Cup level before, with senior and established players. An academy coach
noted that:

“Every senior player was partnered with a young player, took him under their wing and
supported him throughout the two weeks right up to presenting the jersey to their ‘mentee’
the night before the game”.

The influence of role models is well documented [43,44], with proximity and access to
role models documented as one of the key Environmental Success Factors (ESF) in talent
development environments.

The buddy system concept was deployed to optimise the resources available to help
all the new players get up to speed with Munster game principles and specific details in the
game plan. This was particularly important as key coaching staff were also absent from the
preparation phase. This dual-management approach complemented the role of the senior
players by giving them more responsibility in preparation for the Wasps game while also
serving to build connections between players that had never played together. In addition
to the technical and tactical benefits in relation to match preparation, an academy player
talked about how he was inspired by working so closely with his role models [12]:

“It was kind of inspiring as well because you’re having intimate conversations about your
game with players who you grew up watching that you really respect and admire”.

It is worth noting that, in addition to the short-term benefits observed from this
mentoring approach, the relationships forged between the players remained long after the
Wasps game; this is described in a later section as part of the third higher order theme.

From the outset, there was a general acceptance from all participants that there were
going to be aspects of preparation that would be far from perfect (in fact, it became a
bit of an inside joke), and to this end, both players and coaches accepted that they were
in a highly untypical situation and, as described by one coach, embraced a theme of
‘improvise, adapt, overcome’ for the two weeks prior to and during the match. For example,
the coaches observed the mentoring role the senior players played in relation to creating an
environment that accepted that mistakes would be made in these circumstances; “the senior
lads were great at helping the younger players move past mistakes, it happens, learn, move on”. This
approach to the game appeared to be supported by the steps taken to integrate the squad
and build trust and connections as quickly as possible, which was a primary focus of initial
preparation. An academy coach pointed out the importance of this; “Every meeting and
session always included an element of connecting players, building relationships, we had to bring
the squad together, get on the same page quickly”. The team psychologist played a major role in
connecting the squad early in the preparation phase. For both the inexperienced players
and senior internationals alike, this match represented one of the biggest challenges of their
rugby careers to date, but steps were taken to ensure it was presented as an opportunity to
write their own history rather than as an insurmountable challenge. As one example, the
team psychologist organised formal team meetings centred on developing team culture
to augment the technical and tactical preparation. Developing this vision through formal
meetings and facilitation by team staff was identified as a critical moment in the team’s
preparation, as highlighted by a senior player; “The psychologist’s meeting had a big role to
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play in that, the connection and vulnerability piece settled everyone as a group. We left that meeting
feeling like a real team”.

Central to preparation for the Wasps game was creating a positive, task-focused
environment [45]. Due to the unusual circumstances surrounding the game, there was
plenty of distraction, media, etc., that had the potential to affect the preparation of the young
squad. There was ongoing discussion within the group to stay in the present, concentrate
on the current task at hand, and continuously reinforce the importance of ‘winning the
next moment’. As stated above, there was a genuine acceptance that preparation would be
disrupted and that mistakes would be expected. In what was potentially a high-pressured
situation, there was a deliberate focus on creating a balance between working hard but also
embracing and enjoying the novelty of the situation. A senior player remarked that, “there
was a good balance of work and enjoyment, the days just flowed better. It was enjoyable to work”.

As is well-documented, team cohesion is a trait associated with successful teams in
sport [46]. Lack of cohesion represented a potential significant challenge with this particular
group of players, most of whom had never played together, and many of whom had never
played a professional game of rugby. To counterbalance a potential lack of cohesion, the
coach’s and senior players’ focus (reflecting the implementation of a dual-management
approach) was on creating a task-focused environment by managing the information flow
and stripping back the level of detail in the game plan to give (especially the younger)
players a freedom to play. One of the coaches mentioned how the game plan had been
simplified, “We gave the players a little bit less detail, were very concise, gave them freedom to
play”. As part of creating a positive, task-focused environment, the coaches’ intention was
to manage the level of challenge and the pressure on the players, which less experienced
players in particular responded positively to:

“You had freedom to show what you could do, show your skills, what you had learned up
until now, don’t get bogged down on errors and go out and enjoy it. An example of that
was a coach saying ‘I just can’t wait to see you play’ gave me great confidence anyway”.

There was a tangible sense of playing for a cause and playing with a deep sense of
purpose among the playing group and the staff. There are numerous examples of successful
teams in many different sports that try to connect to a deep sense of purpose or a cause
that allows them to elevate their performance by being part of something greater than
themselves [47]. It was clear that these steps were built around the identity of Munster,
and the coaches deliberately tapped into this fact by positioning the game, “as a legacy,
something special to be a part of, another special Munster moment”. A senior player who had
been involved in many of what would be considered famous games from Munster’s past,
felt that it was “a sense of the old Munster when we were in a corner fighting our way out. It was
another chance to add to the Munster history, which it has”.

As outlined earlier, throughout the entire preparation, there were players and staff
that remained in South Africa, others in quarantine at home in Ireland, and the staff and
players fortunate enough to be involved in preparing for the game embraced the privilege
and responsibility of representing the entire club and its proud history. An academy player
captured the sense of responsibility by saying that everyone was, “representing the players
that weren’t there, you were doing a job for them”.

3.3. Impact Post Challenge

In the period following the Munster vs. Wasps game, it was clear that there were both
positive and negative impacts on the team. Following the match, there seemed to be an
increased vertical alignment along the pathway and an articulation of how interpersonal
relationships were significantly enhanced since the game. Some players reported that they
were inspired and highly motivated by playing in the game, with others sensing that they
were within touching distance of playing in top-level games. Some of the academy and
pathway players described how their involvement in the match instilled confidence and
belief in their ability to play at senior level. Senior players reported more confidence in
the young players coming through the pathway and their ability to make the step into a
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senior performance environment. Academy staff reported an enhanced level of trust from
the senior players and staff, which all contributed to increased vertical alignment between
both groups:

“Positive things that have come from the situation are that we [academy staff] are
trusted a lot more now by senior staff and by players due to the feedback from the senior
players that were here”.

Both players and staff reported improved interpersonal relationships in the High
Performance Centre creating a sense of being one big squad:

“The dynamic between the younger and senior players is different now, it’s like they are
one squad now. The senior players are far more inclusive and engaged with the academy
players, any previous divisions are gone”.

Previous authors [18,48] cited a lack of alignment on the talent development pathway
as a barrier to creating an effective, coherent environment. Enhanced trust and improved
interpersonal relationships between the academy and senior squad at Munster potentially
eliminate, or at least reduce, that barrier and should facilitate greater alignment and
coherence on the clubs’ pathway in the future if maintained.

For several academy players, the Munster-Wasps match acted as a catalyst for their
development, with many describing how their experience left them inspired, hungry for
more and with a renewed confidence in their ability to progress. One academy player
reflected that, “It was my first taste, my first cap, it will probably be my motivation for quite a
while”. While another academy player’s account was that, “It left you wanting more. It was
so much more enjoyable to be centrally involved in the team. I wish it was the same every week”.
An academy coach, in relation to the players that were involved in the game, felt that,

“Some of them definitely have grown a lot, the confidence that experience has given them,
being able play at a level above what they thought they were capable”.

For those players who helped the team prepare but didn’t make match day 23 there
was also a benefit, with the realisation that they were within touching distance,

“Looking at player A, player B and player C playing, who you train with all the time,
you’re thinking that if they are able to do that there’s no reason why I can’t do that as
well, it gave you belief, that it’s there for you”.

In addition, these findings point to the importance of proximal role models on the
talent pathway, along with the need to support players prior to and during challenges and
transitions to optimise progression [18].

In contrast to the post-event bounce experienced by many players, a small number
of players and staff experienced a post-event slump, or anti-climax, after the success of
the Wasps game. This is not uncommon with sportspeople who have been involved in
what they consider to be major sports events [49]. In the two weeks following the game,
the majority of the regular squad members returned from quarantine and were selected in
subsequent matchday squads. Many of the young players that had experienced the high of
a European Cup game now found themselves with limited opportunities and a return to
lower levels of competition, “There was definitely an anti-climax, I feel like I’m at this level and
you’re not playing for the next few weeks, the disappointment because you have a taste of it”. This
feeling wasn’t reserved solely for the players, however, as academy staff also reported the
same sense of anti-climax after being centrally involved in preparation for such a big game,
“People were almost disappointed to go back into normal weeks, a come down, after an occasion as
special as this. It was different energy”.

As mentioned earlier, the benefits of the mentoring system employed during the two-
week preparation were evident as the season continued, suggesting that there was longevity
in the impact of the match, and the match preparations, on systems and behaviours. Many
inter-player relationships that have been forged during the build-up to and during the
Wasps game have continued to develop since then. One of the senior players talked about,
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“texting player A & player B during the U20 six nations, you wouldn’t normally have a relationship
with them but now I do and I’ve a genuine interest in how they are getting on”. Another senior
player talked about academy players “coming up to me looking for advice and if we didn’t go
through that experience together that wouldn’t be happening”. Providing developing players
with access to role models in their environment is a factor strongly associated with success-
ful TD environments [2], and the ongoing interpersonal relationships between academy
and senior players, arguably a fortuitous spin off from the buddy system employed during
game preparation, is a very welcome and positive one.

Finally, senior players noted a renewed confidence in the quality of players that are
coming through the Munster system. One senior player stated that we, “have a different
calibre of player coming through now” and a second senior player addressed the fact that he was
previously concerned with the throughput of players from within our pathway, but after
this experience he believes the future is bright, “My biggest thing now is that I’m not worried
what’s coming through, I had a big worry but not anymore”. While the perceived ‘security’ of the
club is without doubt of benefit, there are also unseen, and perhaps unexpected, additional
advantages to this, in that senior players will be aware of very genuine competition for
places in the starting team. It has been well documented that this genuine competition for
places amongst a squad is an essential part of a successful TD ecosystem, which can have a
direct impact on enhanced levels of performance within teams [50].

3.4. General Discussion

The goal of a talent development pathway in sport is to efficiently develop athletes
with the ability to perform at the senior level. With this in mind, it is important that talent
development environments such as professional sports academies are fit for purpose and
promote talent through the pipeline. This study took advantage of a naturally occurring
(but highly atypical) challenge (i.e., Munster Rugby’s loss of 48 players and staff due to
COVID-19 restrictions for a vital European Rugby Cup fixture) to pressure test the efficacy
and effectiveness of a professional rugby club’s talent pathway.

This scenario provided a real-life case study from which to examine the groundwork,
principles, and practices that underpinned the talent development environment and how
navigating a significant challenge provided opportunities for growth and development
of both players and staff following the experience [51] Findings from this study clearly
demonstrate the importance of an effective talent pathway in supporting performance
objectives at senior level [9] and the need for coherent and aligned systems on the pathway
that support players to be ready for the next step in their journey. Arguably, this may be
even more important in (relatively) less resourced sports such as rugby union clubs, where
squad size and depth is constrained by budget limitations [1].

At a system’s level, the results point to the importance of vertical and horizontal
coherence in the TDE, with development and performance clearly overlapping on the
talent pathway [5]. In these particular circumstances, the academy (development) players
performed and the senior (performance) players developed. This raises an interesting
question in terms of ‘where does performance begin and development end?’. Given the
dynamic environment of elite sport, and the need for high potential young players to
optimise development opportunities when they arise, it would seem that the performance-
development dichotomy is more an academic delineation rather than an applied reality.
Given the performance pressures and competitive characteristics that are inevitable features
of high performance, the need for a TD pathway to be both efficient (getting players there
as quickly as possible) and effective (getting players there as ‘ready’ as possible), points to
the importance of a TD pathway having both short-term and longterm objectives [12].

Preparing for and learning from challenges is central to the talent systems approach [23].
The role of challenge as a development catalyst is well established [52], provided the TD
system supports its players to proactively prepare for challenge and, just as importantly,
players are managed post challenge to ensure learning and growth are facilitated moving
forward [51]. There exists an abundance of literature examining the role of challenge in
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TD from an individual psychological perspective [22], but the findings of this current
study highlight the importance of both the player being prepared and the TD system
being prepared to proactively support its athletes. Our findings support that the steps
taken to connect the pathway by (a) aligning the key stakeholders from top to bottom, and
(b) increasing coherence between different groups at various stages, were influential in
navigating the significant challenges that were encountered. The importance of empow-
ering players [39], creating a high-performing, positive, task-focused environment [37],
utilising role models [53], and establishing trust, connections, and a deep purpose in a
playing group, were all considered influential in achieving a successful outcome in the
Wasps-Munster match at the centre of this study.

Given the considerable discussion about the role of TD in sport, from a system per-
spective, examining the effectiveness and efficiency of the pathway holds both academic
and applied interest moving forward. Effective TDEs are characterised as deploying long-
term aims and methods and being structured against long-term agendas [4]. In his study
involving the Ajax soccer academy, Larsen [54], highlighted several environmental success
factors, including the focus on long-term development rather than winning the next match.
Ajax provided opportunities for individual long-term development in preference to short-
term success. To reinforce this philosophy, the academy complex is very aptly named ‘De
Toekomst’, which translates to ‘The Future’.

In this current study, the findings point to an obvious overlap in the pathway between
development and performance phases. This creates potential conflict between a ‘win later’
development approach and a ‘win now’ performance philosophy, usually associated with
a much shorter-term agenda. Often, development coaching is not clearly conceptualised,
and again, as explored above, it can be difficult to identify where development coaching
ends and performance coaching begins. There is a lack of research into the nuances of
development coaching versus performance coaching, and more research is needed to inves-
tigate the in situ contextual practice of coaches working in successful TDE’s. Such research
would serve to inform and develop coaching practice for the coach, rather than the coach,
in the TD space. With increasing pressure in professional sport to get more players ready to
perform at the top level, even earlier in their development, continuing to explore how we
optimise the design and operation of effective TD pathways is critical, along with further
research investigating, informing, and developing practices of (development) coaches.

Finally, although the insider perspective provided by the first author’s position added
richness to the data, it must be acknowledged that there are some limitations to this
approach. Such a scenario can lead to cultural bias, and due to the first author’s position
as academy manager, there may also be a degree of ‘impression management’ among the
participants during the interviews. In addition, this was one event, in one season, on one
specific pathway, so it is important that practitioners question why this practice works in
this context with this particular group, rather than assuming to generalise. As such, caution
needs to be exercised when interpreting findings and applying them to other contexts
and environments.
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Abstract: The developmental pathways of athletes with a physical disability into world-class paras-
port are much less researched and understood compared to able-bodied athletes’ participation
histories. The purpose of this study was to investigate the developmental pathways of para-athletes
toward elite performance. Data from eight athletes with physical disabilities ranked among the top
performers in Paralympics, World Championships, and/or European Championships were gathered.
Thematic analysis of retrospective semi-structured interviews led to the identification of four themes.
The findings showed the importance of early childhood sport-related encounters in a family envi-
ronment followed by sampling of various organized and coach-led sports throughout the childhood
period. The youth sport period was highly heterogenous, albeit with important transitions towards
elite-level practice environments, competition, coaching, equipment adaptability and the first inten-
tions of becoming an elite-level athlete. Throughout, significant contributions are attributed towards
parents, friends, coaches, athletes, and others, towards fostering a sustained motivational climate
focused on improvement and further progress. These findings could provide useful information to
tailor developmental models towards elite-level performance in parasport.

Keywords: para-athletes development; sport expertise; deliberate play; deliberate practice; developmental
model of sport participation (DMSP)

1. Introduction

The developmental pathways towards expertise and peak performance in sport has
been investigated in abundance the past three decades, highlighting the individual and
sport-specific interplay between factors such as deliberate practice or play, specialization
or diversification, participation in organized vs. unorganized activities, and coach-led vs.
self-initiated practice in training and competition [1,2]. In contrast, the developmental
pathways of elite-level athletes with a disability have not been subjected to similar empir-
ical investigations in order to disentangle important aspects of their pathways towards
elite level performance. Parasport is increasingly becoming recognized as a legitimate
component of international sport, although in some instances the elite-level athletes with
disabilities are still not taken as seriously as elite-level able-bodied athletes [3].

Parasport is simultaneously used as a synonym for Paralympic sport, which addresses
athletes who compete in the Paralympic Games [4]. The term captures practice and compe-
tition for persons with a physical or intellectual disability, in which the type of disability
determines types of competitive categories in order to ensure fair competition amongst
athletes with similar disabilities [5]. To be eligible for parasport, a person must have an
impairment type according to the minimum disability criteria outlined in the World Para
Athletics Classification Rules and Regulations [6]. Illustrating the substantial individuality
and diversification amongst athletes with a disability in general, World Para Athletics
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describes eight eligible physical impairment types which apply to various competitive
events, creating around ~100 different competitive classes. The main aim of the current
study was to investigate the developmental pathways towards elite performance (as de-
fined by top-level performance in Paralympics and/or World/European championships)
among athletes with a physical disability. As parasport clearly contains a substantial
heterogenous sport population due to individual differences related to (amongst other
factors) type and degree of disability, the developmental pathways towards elite-level
performance might potentially be more diversified in athletes with a disability compared
to able-bodied athletes who typically demonstrate at least some degree of homogeneity in
physical characteristics according to sport-specific demands. Thus, data on developmental
pathways towards elite-level performance obtained from able-bodied athletes might not
necessarily be applicable toward elite-level parasport.

Apart from the potential differences in physical characteristics between able-bodied
and athletes with a disability that might implicate differences in developmental pathways,
young participants in parasport typically have far less opportunities in terms of organized
club-sports, local, regional and national developmental/talent programmes/teams, highly
experienced and educated coaches, overall funding, as well as other organizational factors
that exist for able-bodied athletes [4]. Many nations worldwide still lack appropriate
systems from local up to national level that address parasport in general, and particularly
when it comes to high-level parasport [7]. Thus, athletes with a disability might already
experience substantial barriers towards sport participation (in general) at a local level,
which might impact upon their developmental pathways towards elite performance levels.

Existing research on key determinants in development of elite sporting performance
amongst athletes with a physical disability is relatively scarce. In a systematic review
from 2017, Denghansai et al. [8] noted that few studies had examined issues relating to
trajectories, training modifications, competition, or recovery processes throughout the
sporting careers of athletes with a disability, from their introduction to sport-related ac-
tivities through all phases on the path to competing at the highest level of international
competition in their particular sport. Some authors have claimed that athletes with a dis-
ability pass through the same sport-related developmental stages as able-bodied athletes,
only with some modest differences in rate of progress depending on the degree of disabil-
ity [9]. Results from two studies on elite Canadian wheelchair basketball players, however,
indicate that factors such as athletes’ disability classification and acquired vs. congenital
disabilities introduce inter-individual variability in terms of reaching performance-related
milestones, and impacts upon developmental pathways in training and competition his-
tory [10–12]. Further, Denghansai et al. [13] compared developmental trajectories between
elite able bodies, and para-athletes with both congenital disability and acquired disability,
and the results showed both similarities and differences between the three groups, but more
interestingly, it was shown that congenital disability Para-athletes had more developmental
similarities to able-bodied athletes.

Developmental pathways toward elite-level sport performance, from the first experi-
ences with sport up to top performances in major international tournaments, are typically
examined by referring to athlete development models. In the current study, we examine
developmental pathways towards elite-level parasport through the lens of the Develop-
mental Model of Sport Participation (DMSP) as a theoretical framework [14]. Albeit caution
needs to be exercised in applying a model of athlete development initially designed for
able-bodied athletes, the DMSP postulates three broad stages in which high-performance
athletes move through on their way to expertise through childhood and adolescence, involv-
ing sampling, specialization, and investment. Sport specialization is defined as year-round
training greater than 8 months, choosing and focusing on a single primary sport [4], while
sampling involves sustained participation in several sports. The key element in sport
sampling is that children experience and develop a number of different motor skills and
cognitive skills that are crucial to optimize skills in the main sport, and sports specialization
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is aimed to develop sport-specific motor coordination patterns through a high amount of
specific training [1,15].

Thus, the DMSP outlines two possible developmental trajectories towards elite-level
in sport: (1) elite performance might emerge from a combination of primary sampling in
the childhood years and later specialization in adolescence, or (2) elite-level performance
emerges through early and sustained specialization in childhood and adolescence. The
DMSP predicts that elite performance through sampling consists of specializing years
around the ages of 13–15 succeeded by primary sampling years in childhood. In this
pathway, high amounts of deliberate play are suggested as a significant factor towards
staying motivated with sustained enjoyment. In comparison, the second developmental
trajectory toward elite-level performance in sport contains early specialization and focus
on one sport and performing high amounts of sport-specific and individualized coach-led
deliberate practice [1]. The past two decades of work associated with the DMSP framework
on elite athletes has generated seven postulates that have received sufficient support from
research [16,17]. Despite the general consistency of trends leading up to postulates in
elite able-bodied athletes, their relevance for understanding the development pathways
of elite-level athletes with disabilities is relatively unknown. The first three postulates
address early diversification (sampling of various sport-related experiences) as favorable
for long-term sport involvement, positive youth development, and development of high-
level performance. Regarding athletes with disabilities, they might in principle not have the
opportunity to ‘sample’ several sports in childhood due to a lack of organized practice and
competitions from local clubs and sport organizations. Taking part in several sports has
been suggested to optimize the development of motor skills to athletes’ main sport [15,18],
although in regard to parasport some studies could not draw a similar conclusion [19].

Two other postulates originating from the DMSP highlight the importance of high
amounts of deliberate play in the sampling years to build strong intrinsic motivation and
establish a range of motor and cognitive competencies that children can ultimately bring to
a main sport [16]. Deliberate play concerns the involvement in youth-led informal sports-
play with peers (such as playing, leisure time, backyard soccer, street hockey, basketball in
the driveway, ice-hockey on a frozen lake, etc.) without adult/coach supervision [15,20].
These activities are for the purpose of maximizing enjoyment, freely chosen, and are
regulated intrinsically by the children/adolescents themselves where rules are typically
adapted from original formal sports. However, athletes with a disability might experience
similar barriers for participating in such informal physical activities, as for participation
in organized sport. One typical recurring theme when it comes to sport participation for
athletes with a disability concerns the important role of individualized equipment [21].
Thus, lack of resources and/or availability of equipment might be just as consequential for
athletes with a disability towards participating in deliberate play-related activities as for
their entrance and participation in organized sport.

The last two postulates from DMSP address the adolescence period and stress the
opportunity for athletes to choose to specialize in their favorite sport in this developmental
period [16]. Especially in late adolescence, the physical, cognitive, social, emotional, and
motor skills are considered developed at necessary levels for youth athletes to invest effort
in highly specialized training in one sport [1,22]. However, this might not necessarily apply
to all parasport athletes, because selecting a sport implies that there is a pool of sports to
select from. Furthermore, the necessary levels of elite-sport readiness in terms of biological
and psychological characteristics might not be similar in athletes with a disability compared
to able-bodied athletes.

Based on the presented considerations, the main aim of the current study was to further
examine the developmental pathways towards elite-level performance, through childhood
and adolescence, amongst athletes with a physical disability that can be defined as experts
in their fields. Thus, athletes included in the current study are competing at the highest
level and are ranked amongst the top performers in Paralympics, World Championships,
and/or European Championships. By conducting retrospective qualitative interviews,
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the purpose was to examine the developmental histories and experiences of elite athletes
with a physical disability, including exploring their perspectives and reflections in terms of
the proposed pathways in the DMSP. The goal was to further understand aspects of the
various developmental periods and milestones involved in pathways toward world-class
performance in parasport, in an attempt to shed light on and address some of the proposed
problems with applying non-disability athlete development models such as the DMSP
towards understanding athletes with a physical disability. Further understanding of the
developmental process by recognizing the experiences of these athletes could potentially
inform the training and development of elite parasport.

2. Materials and Methods

A strategic sample of eight elite-level world-class athletes with a physical disability
were recruited by contacting sport federations and through personal contacts. To capture
some of the variations in elite parasport, five male and three female athletes were included,
and they were recruited from both winter and summer sports as well as individual or
team sports. Furthermore, the sample contained five athletes with acquired disabilities
in the lower extremities (progressive neurological disease, amputation, and/or paralysis)
and three athletes with congenital disabilities in the lower extremities (paralysis and/or
spinal hernia). To be included, they had to compete and perform at the top level in
Paralympics, The World Championships, The European Champions, or several of these.
In the recruited sample, the average age of the participants at the time of data collection
was 27 years (SD = 7.5 years). As a testimony of the elite level of the athletes with a
physical disability in the current study, six of them had won medals (1st, 2nd or 3rd place)
in one or several of the mentioned competitions, and the two remaining participants had
competed in the Paralympics and/or World Championship with results among the top 5.
All participants provided written informed consent before completing the interview, and
the project was approved by The Norwegian Centre for Research Data. Because of the
Norwegian law regulated through the Norwegian Personal Data Act and The General
Data Protection Regulation from the EU (GDPR), we are prohibited from providing more
personal information about the participants in order to preserve their anonymity. Truly
elite-level world-class athletes with a physical disability are not a substantial population,
and connecting information through, e.g., reporting gender, type of sport, type of disability,
age, etc., together could easily lead to readers potentially identifying a specific participant.

2.1. Philosophical Assumptions

The study adopted a qualitative approach as it provides an analytical framework that
potentially generates deep insight into parasport athletes lives during their developmental
pathway toward world-class performance. Informed by a post-positivistic epistemological
and ontological position that stresses the potential bias in considering the researcher
as an independent and completely objective observer [23], the authors acknowledged
the close connection between researchers and the research participants. The research is
thus not conducted on the elite parasport athletes, rather, the research unfolds to learn
from the athletes. This calls for a strive to engage in social construction of a narrative
regarding the developmental pathway of individual participants, in an attempt to activate
the respondent’s knowledge and experiences.

To gain insight into athlete’s developmental pathways toward elite-level performance,
there needs to be reflections made by the research team toward how one’s values, beliefs
and experiences influence especially the analytical process. The researchers involved in
the project had a mixture of experiences from various practical fields such as physical
activity, sport, and physical education, with scientific approaches derived from the fields of
psychology, human movement science and sport science and with a diversity of research
methodology. All members of the team also had experience in working within sport and
physical recreation with able-bodied children, adolescents and adults, and the first author
has experience with coaching athletes with a disability. When the study was conducted,
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however, none of the researchers were directly involved with parasport. Thus, the diver-
sification of the research group helped strike a balance between taking a distanced view
and being sensitive to contextual features. By acknowledging that valid knowledge claims
might emerge through differences in understanding [24], interpretational possibilities of
interwoven ideas from issues raised during the interviews, the participants’ reactions, and
our interpretations of these, were discussed and negotiated among the members of the re-
search group. Research in this mode thus required an ability to ‘see the whole picture’ while
avoiding simply aggregating data in order to arrive at an overall conceptualization [25].

2.2. Retrospective Interviews

The athletes participated in an interview based on retrospective recall methodology,
designed to examine their sport practice and developmental histories. All interviews
were collected individually by telephone and the audio was recorded by a SONY IC
recorder ICD-PX370 (Tokyo, Japan). The interview was conducted in the mother tongue
of both interviewer and participants and lasted approximately 40 min, and all were con-
ducted by the same interviewer (the first author). The final part of each interview was a
member-checking procedure [26], in which participants were provided a summary from
the interviewer’s notes and asked to provide input on whether it accurately reflected their
developmental experiences.

Retrospective semi-structured interviews are considered as one of the superior ap-
proaches to collect historical practice data in sport as they allow for additional probing to
obtain as rich information as possible [27]. They provide an opportunity for minimizing
misunderstandings, and openings for additional clarification [28]. Thus, they have been
used extensively in previous research on athletes’ development toward elite (expert) lev-
els [1,27,29]. In the current study, structured and habitual sport activities were addressed
in athletes that are currently engaged in sport participation, which provides for shorter
recall periods with salient events, that has been shown to provide accuracy in retrospective
recall data [30]. Furthermore, elite athletes also typically produce training dairies at an
early age and follow individually tailored training schedules developed by their coaches
which enhance memory of previous practice schedules. It should be noted however, that
elements of bias necessarily apply to all types of retrospective recall data [30], albeit studies
have demonstrated that athletes can reliably report details of physical activity patterns up
to 25 years retrospectively [31–33].

2.3. Structure and Topics of the Semi-Structured Interview

According to the developmental model of sport participation (DMSP), the semi-
structured interview was portioned into four main developmental periods: childhood
(up to 12 years of age), youth (from age 13 up to 16), junior (age 17–19), and senior level
(age 19+). Across all periods, they were asked to reflect upon participation in organized
competitive sports (practice and competition), transitions between periods, time spent in
organized practice (with a coach) and unorganized self-monitored practice. The organized
training was characterized by coach-led training sessions with instructions and feedback
while unorganized training was defined as individual or self-led activities [28]. Further-
more, the athletes were also asked to reflect upon the development of relevant equipment
(as this is a recurring theme in parasport), training schedules, and their contact with local,
regional and national sport federations.

Explicitly for the developmental period defined as childhood, the athletes were asked
to recall their first sporting experiences, i.e., when they first tried a sport-related activity
(organized or unorganized). In youth, transitions from childhood were considered in
terms of changes in type of sport, unorganized/organized activities, competitions, and
whether they began reflecting upon becoming a high-performance athlete. In junior age, the
transition from primary school to high school was investigated, and how sport participation
affected everyday life. According to DMSP, many athletes develop a strong motivation for
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becoming a world-class athlete in their sport, and they were thus asked to reflect upon
important factors for becoming elite performers especially in this period.

2.4. Thematic Analysis

Recorded audio was transcribed and analyzed by a six-step thematic analysis [34]. This
included a reflective approach in which we systematically and iteratively worked forward
and backward through the steps of (I) familiarization with the data, including transcribing
and noting down initial reflections, (II) generating initial codes for each participant’s
transcripts (across the entire dataset), (III) development and searching for themes across
participant’s individual codes, (IV) reviewing themes according to initial codes and the
entire dataset, (V) defining and naming themes and (VI) writing up results. As a thematic
analysis emerges in the interaction between research data in relation to the researcher’s
theoretical assumptions, knowledge, skills, and experience [34], the approach in the current
study can be defined as a more explicitly analyst-driven theoretical thematic analysis driven
by the current study’s approach rooted in the developmental model of sport participation
(DMSP). Albeit this form of thematic analysis might risk a somewhat reduced description
of the overall data in exchange for a detailed deductive analysis of some aspect of the
data, the data analysis was still data-driven and guided by the above systematic thematic
analysis phases advocated by Braun et al. [34,35].

2.5. Study Rigor

All three authors were involved in the data analysis and contributed to the analytical
rigor. Data were managed using NVivo 11 (QSR International, Chadstone, Australia).
Throughout the analysis, actions were undertaken to ensure rigor, including archiving indi-
vidual data analysis files and decisions from critical discussions [26]. First, the researchers
operated in isolation from each other to independently code data without negotiation,
before further critical discussions between three authors were undertaken and maintained
throughout the six-step thematic analysis. These discussions focused on the importance
of exploring how athlete development towards elite levels was understood and described
by elite athletes with a physical disability, as opposed to previous studies that focused on
the developmental pathways of able-bodied athletes. The discussions were also vital in
ensuring and maintaining reflexive examination of assumptions and the authors’ own prior
views throughout each stage of data analysis.

3. Results

The overarching theme of the current study was the developmental pathways of
elite athletes with a physical disability, viewed through the lens of the developmental
model of sport participation (DMSP). Although each athlete’s developmental pathway
into elite parasport was unique, strong commonalities across their experiences were also
apparent and were captured in the following four themes: (a) initiation of sport-related
activity, (b) sport sampling in childhood, (c) youth sport transitions, and (d) significant
others. The theme names were selected in keeping with the athlete’s descriptions and the
DMSP terminology.

3.1. Initiation of Sport-Related Activity

A recurrent theme among the interviewed elite athletes with a physical disability,
was the relatively early introduction to sport-related activities in their childhood, in which
several described experiences already in the preschool age (2–4 years old). This activity was
typically in leisure time with their families, and many had vivid memories of these events:

I was 4 years old when I got a ski-sledge . . . I wanted to ski on my own, so this
was one of the best winter seasons [at this age] as I could move around on snow
on my own without any help . . .

Around the age of entering the first grade at school (5–7 years old), all athletes were
introduced to what might be defined as organized sport (typically by a local sport club).
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Many athletes in the current sample report this as an important part of participating on the
same level as their peers and looking for sport opportunities rather than seeing the activity
limitations of their disability:

It has always been very important for me to do the same as my friends. So, I
played multiple sports. It has always been important to see opportunities instead
of limitations . . .

3.2. Sport ‘Sampling’ in Childhood

There are several instances in the transcripts that can be defined as sampling according
to the developmental model of sport participation. Altogether the athletes report a total of
16 different team- and individual sports, in which none reported sustained activity in less
than 3 of these throughout their childhood years (6–12 years old). As one athlete noted:

I tried and practiced handball, athletics, swimming, football, alpine skiing, table
tennis, tennis, badminton and sit-skiing. I have tried most sports, although in
some it was initially difficult to participate, but with a little adjustment, it went
very well! . . .

Besides the overall multi-sport approach as an indication of sampling, the participation
rates also indicate substantial time and involvement in the various sports. All participated
in organized sport training several times a week and reported an average rate of 118 yearly
practice sessions in childhood, as well as some local club-initiated competitions, in addition
to unorganized sports-related training/activity in leisure time typically with their friends.
Still, the playful approach is clearly visible across all their activities:

It was mostly training for fun when we were little. It was some organized training
with the team, but since we were so small it was not serious . . .

3.3. Youth Sport Transitions

The youth sport period seemed to overall represent the developmental period of
greatest diversity among the athletes in terms of their sport practice and competition. This
is captured by the many transitional experiences laid out by the participants. First, albeit
all report a mixture of organized and unorganized (self-initiated) sport activities and an
increase in overall sustained activity levels, some increase their involvement in organized
sport while yet others spend more time in self-initiated sport activities before eventually
changing back to organized sport:

I practiced with coaches [organized] in soccer and handball, but unorganized on
skateboards and snowboards. I also practiced some organized floorball . . .

All of the elite athletes in the current study also reflected upon their transitions towards
more organized and professional training and competition environments. This shift in
environment was due to change of schools (sometimes involving moving to another place
in country) and/or being approached (or seeking out on their own) organized parasport
typically in bigger sport clubs in terms of memberships. Amongst other things, these
transitions involved the introduction of training schedules, albeit most of the athletes
did not get a professional schedule developed in collaboration with a coach until late
adolescence. The initial schedules were typically described as very general and contained
very little individual adaptions:

It was a very general training schedule, some physical things such as strength
and endurance, but very different training methods I should try out. Getting a
feel of the different heart rate zones . . .

The youth sport period also seems to represent a significant shift towards participation
in competition:

Initially, I participated mostly in regional competitions. I had not yet been intro-
duced to parasports, so I competed mostly against the able-bodied. From the
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time I was 14–15 years old, I was classified as a para-athlete and got to partic-
ipate in the National Championships and joined the national team for young
upcoming athletes.

Thus, many athletes experienced their first transition towards both practicing with,
and competing against, other athletes with a disability at a relatively high level. As the
transcript indicates, some had their first experiences altogether with parasport competitions
in the youth sport period.

Individual adaptations in equipment represent a reoccurring theme in relation to
parasport at all levels. In the current study, the participants also mention the role of
equipment as a significant developmental factor. As they typically start out with limited
access due to expensive (and sometimes non-existent) equipment and may have to rely
on custom-made equipment made by their families, the youth sport period is where
most experience transitions towards lighter and more individualized equipment. This
is especially important as the athletes also pass through puberty with a possibility for
substantial variations in growth and maturation that might amplify the need for specially
adapted equipment:

The [available] equipment has been fine, however too expensive. . . . I know
several athletes who have had problems getting their own equipment. I went to
buy my own equipment because they had not brought that type to my country
yet . . .

A fifth transitional factor occurring in the youth sport period amongst the athletes in
the current study concerned a shift towards intentions of becoming an elite performer:

My first international competition was at the age of 14, and I did not perform at a
high level. It was around that time I realized that this was something for me if I
put in a lot of training . . .

Thus, the competitive spirit and desire for further improvement typically emerges
around their first experiences with high-level sport or around other transitional factors
such as changing team/club or sport:

When I moved to a bigger city, there was an opportunity to practice with the very
best players. In fact, there were several players so you could play and practice as
a team . . .

3.4. Significant Others in a Sport Context

A recurring theme amongst the athletes in the current study, was the role of significant
others throughout their developmental pathways, and their contribution toward initia-
tion and sustained involvement and investment in sport. In childhood, parents play a
particularly important role:

Parents are important supporters. They do not hold back, instead they push
forward for further development . . .

Parents, coaches, peers, and family are all assigned the crucial role of helping to see
beyond the functional limitations associated with various disabilities and focusing on
possibilities. In the youth sport transitions especially, training and practicing with qualified
and experienced coaches across an extended period of time are highlighted as a key factor
towards further development:

I had a good coach who was very experienced and who knew how to push me to
get even better . . . He has followed me all the way from early years and is the
national team’s head coach today . . .

However, coaches had also been situated in clubs with a community and culture of
sharing, where athletes show interest in each other’s development:
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To get into an environment and training group have been extremely good for me.
It is an enormous sharing culture, which has given me access to the world’s best
athletes training journals . . .

Many of the elite athletes in the current study also address the possibility for training
and practice with athletes without disabilities:

I have gained a lot in terms of technique and training methods when I have
pushed myself with able-bodied athletes. To participate with them, you get into a
culture that is very professional, and it does not get much better . . .

National-level sport federations working with the development of elite athletes both
with and without disabilities have an important role in this regard, and are often mentioned
as a key for individual development from sub-elite towards elite sport performance:

[the national federation] . . . has been there from an early age, and we received
training schedules and got feedback . . . when you have such resources it is
important to use them . . .

4. Discussion

The findings of the present study offer support for some of the propositions in the
developmental model of sport participation (DMSP) applied to elite athletes with a physical
disability. Specifically, there seems to be an important role for sampling organized sport in
childhood, i.e., trying out and participating in several sports. Also consistent to a degree
with the DMSP, is the opportunity for athletes with a disability to choose to specialize
in their favorite sport during the period of adolescence [16]. This includes sustained
investment and effort and increased specialized training in one sport. The reflections of
elite-level athletes with a physical disability on the various developmental periods, however,
offer important nuances of the DMSP framework applied to elite parasport and highlight
important factors involved in determining the opportunities for pursuing high-performance
and elite-level parasport. It needs to be acknowledged that any developmental history of
sport participation is in essence highly individualized. As so in the current sample of elite-
level athletes with a physical disability, the youth sport period was especially heterogenous,
in which the common factor was in principle that it was highly transitional in many aspects.

4.1. Initiation of Sport-Related Activity

The DMSP framework initiates with ‘entry into sport’, and further describes either
sampling or specialization through sport participation in childhood [14]. There is, however,
no substantiation of what constitutes the entry-phase and what might be crucial determi-
nants in terms of getting children into sport or whether some factors might be important in
terms of long-term participation towards elite-level performance.

As our study shows, all para-athletes started with sport-related activities at relatively
young ages. However, this is in contrast to studies on Brazilian para-athletes with both
congenital disabilities and acquired disabilities, where it was shown that para-athletes
tend to start with sport in older ages compared with able-bodied athletes, and indicate
that early starting age in parasport is not crucial to achieve expert level [12]. Respectively,
this underpins that para-athletes can still be successful and maintain long-lasting careers
in sport, even though they started with sport in older ages [12]. These, to some extent,
conflicting results might be explained since both studies include different respondents and
subsequently indicate that starting age is highly individual in parasport. However, a novel
aspect of the current study was when the elite athletes were asked to reflect upon their
entry into sport, they did not initially talk about their first introduction to organized and
coach-led sport in local club, rather, they reflected about their early childhood experiences
in leisure time with their families trying out different sport-related activities typically before
the age of 5–6 years old. In this period, they had important experiences with physical
activities that might have initially ‘shaped’ their personal understanding as a possible sport
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participant, including first experiences with personalized equipment that allowed them to
move around freely during all seasons.

These early family experiences thus seem to be an integrated part of the entry into
sport for the elite athletes in the current sample. Indeed, an emerging body of research
strongly suggests that socialization in the family and ‘family culture’ is one of the strongest
influences on children’s propensities to take up sport [20,36] and can have profound and
lasting effects on individuals’ sports participation across the life course [37]. Thus, parents
are thought to be the most influential socializing agents for children’s early sport-related
learning experiences and certainly the first point of socialization into sport and other
leisure activities [38]. The family culture might therefore be especially important for
athletes with a disability, as parents in particular can facilitate the introduction of many
different sport-related activities and broaden their horizon towards seeing physical activity
possibilities, rather than negotiating their disability. This also includes addressing the need
for, and application of, individualized equipment as a part of the demonstration of sport
opportunities and thus perhaps ‘setting the stage’ for identifying themselves as a possible
athlete and sport participant.

As an integrated part of the entry into sport, the current sample of elite athletes
with a physical disability also stressed the importance of the desire to do the same as
their friends and being allowed to participate with their able-bodied peers. As peer
environments may vary considerably because of demographic and socioeconomic factors,
athletes with disabilities might be introduced to a vast continuum of social environments.
These might range from dedicated peer groups where peers share similar disabilities and
even experiences, reverse-integrated or inclusive groups where peers vary regarding ability
and may include able-bodied participants, up to being the single minority in an otherwise
able-bodied peer group [39,40]. At the time of entry into sport, all elite athletes in the
current study experienced the latter scenario, and thus were integrated into an otherwise
able-bodied peer group in the local sport club situated in a relatively small community.
This clearly illustrates that early on in the developmental pathway towards elite parasport,
it might be just as (or perhaps more) important to participate with able-bodied friends and
peers in sport, as there is a need for dedicated peer groups/clubs exclusively for young
people with disabilities. Participating with able-bodied peers might be empowering, and
important for building the long-term motivation needed for pursuing a pathway toward
elite parasport [41]. The potential role of integrated sport environments in long-term
development towards elite performance in athletes with a disability seems thus to be an
important avenue for further research. Furthermore, these empirical findings lend to the
premise that an age-related athlete development model may not be an optimal approach in
parasports, but need rather to focus on allowed people with disabilities participating in
activity together with peers and able-bodied friends.

4.2. Sport ‘Sampling’ in Childhood

Multiple studies have shown that elite able-bodied athletes have participated in several
sports through childhood [22,29,42,43]. The principle of sport sampling in accordance with
the DMPS framework is built on the concept that children experience several different
sports with a focus on deliberate play and with a low focus on deliberate practice [44]. Sport
sampling allows children to experience and develop different motor skills and cognitive
skills that are required when specializing in one sport [1,45]. The elite-level para-athletes in
the current sample did indeed reflect upon participating and trying out multiple sports
throughout childhood, thus adhering to the notion of sport sampling as an important aspect
of the developmental trajectory towards world-class performance.

A distinction emerges, however, between the transcripts in the current study and
that of the DMSP, when considering the relative contribution of deliberate practice and
deliberate play in sport sampling. The sport participation in childhood appeared to be
highly coach-led, organized, and focused on sport-specific skills, which are typical indica-
tors of deliberate practice [1,45]. Thus, albeit the athletes in the current study participated
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in various sports several times a week (a multi-sport approach), there seemed to be less
opportunity for sport-related activities that can be less adult-organized and more self-
regulated/peer-regulated, in which the athletes themselves are discovering and exploring
activities in deliberate play [1,15,45].

Typically, deliberate play with an unorganized approach to skill acquisition is often de-
signed to maximize enjoyment in contrast to deliberate practice where the specific purpose
of the organized training sessions is to increase performance (e.g., not for enjoyment or
external rewards) [45]. There are, however, examples of studies supporting that deliberate
practice activities can result in enjoyable effects [46], and the athletes in the current study
indeed reported to experience enjoyment when participating in coach-led and organized
sport. Importantly, this sport participation facilitated social contact with their typically
developing and able-bodied peers. This illustrates that some postulates generated from
the DMPS are not directly transferable to developmental pathways towards elite-level
parasport. Participating in organized sport activities with peers might lead athletes with a
disability to discover sport possibilities and become a part of a group where teammates can
contribute to the development of sport expertise by sharing experiences and knowledge
about the sport and help match their training exercises towards their current skill level [47].

4.3. Youth Sport Transitions

The youth developmental period seemed to contain the greatest inter-individual
differences between the athletes in the current study. Indeed, there are examples of athletes
who have reached the high-performance levels without any specific organized training
during adolescence, but rather have similarities with the developmental trajectory in the
DMSP which contains a high amount of deliberate play and activities that focus on fitness
and health [14]. This clearly demonstrates that any developmental history of sport is
highly individualized, and that athletes report a mixture of the pathways indicated in the
DMSP. Indeed, multiple studies [14,22,43,44,48] indicate that expert able-bodied athletes
did not follow a particular trajectory in the youth sport period, but rather changed between
different trajectories when developing toward expert performance.

The findings in the current sample of expert athletes with a physical disability are
that they initiated their focus on a main sport relatively late in adolescence and are in line
with other studies, where Huxley et al. [49] showed that the most para-athletes did not
focus on their main sport in both training and competition before at least the age of 16. As
captured by the DMPS model, para-athletes are not physically or psychosocially ready to
invest in specialized training before the late adolescent period. While able-bodied athletes
often engage considerably in their primary sport also during childhood [50], it seems
as though athletes in the current sample had an extended sampling period before they
followed a more specializing trajectory. As a consequence of these findings, it might be that
para-athletes must be recommended to sample a variety of sport before specialization in
late adolescence. Furthermore, these transitions in youth sport seem to be highly influenced
by sometimes random encounters with, e.g., elite sport federations, teams and/or coaches
that can assist in developing individualized training schedules tailored for athletes with
disabilities. It thus appears that across sport for both able-bodied athletes and athletes
with a disability, that in order to reach elite-level sport at the international level, young
athletes need to initiate highly structured and organized training no later than during their
mid-adolescence years [49,51,52]. Similarly, transitions also need to take place in terms
of competition levels during youth sport. As a part of the specializing pathway, most of
the athletes in the current study first entered international level competitions at this age,
and four of the athletes also reported achieving their first international medal at a junior
age (17–19).

The important role of individualized equipment is a recurring theme in sport for
athletes with a disability and analyses of transcripts from the current study also clearly
indicated that in order to transit to specialized and high-level practice and competition,
participation often requires costly equipment that might be difficult to find altogether.
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In Kean et al. [21] investigation of wheelchair basketball players, financial barriers were
also reported due to expensive equipment. These barriers have in some instances led the
athletes in the current sample to buy their own equipment, which follows from the transi-
tions towards developing strong intentions and motivations towards becoming elite-level
performers. These motivations and intentions seem to emerge alongside the increased
involvement in a particular organized sport and shift towards more organized and pro-
fessional training and competition environments. The need for better equipment thus
follows from these changes, and the transitional youth sport period might thus contain
several biopsychosocial challenges to overcome if one is to pursue a pathway towards
elite-level parasport.

4.4. Significant Others in a Sport Context

As mentioned previously, parents, peers and family are influential socializing agents [38]
for early sport-related learning experiences for the current sample of elite athletes. Similarly,
coaches, sport organizations and other athletes are deemed especially important in youth
sport transitions towards the development of elite-level performance. It is beyond the scope
of models such as the DMSP to pinpoint such key aspects of elite-level pathways, albeit
it was a recuring theme amongst the individual retrospective reflections provided in the
current study. Altogether, the significant others as jointly termed in the current study (e.g.,
parents, family, peers, friends, coaches, sport organizations, etc.) seemed to have created
a sport environment around the young developing athletes with disabilities that shared
two interlocked traits: (i) Focus on further development, not necessarily performance
and (ii) seeing beyond the limitations that might reside with the disabilities. The various
person’s influence on the athlete might have different contributions at different times, but
need to focus on what can be done instead of what cannot be done in training and practice.
It seems to be of vital importance that people are knowledgeable of the interaction between
technical and tactical sport-specific skills and the different individual disabilities. Coaches,
especially, need to go beyond the knowledge required for able-bodied practice to provide
athletes with disability-relevant and sport-specific input [53,54]. Altogether, it seems highly
important for athletes with a disability that influential persons in a sport context foster a
motivational climate that focuses on skill improvement and individual progress.

4.5. Limitations and Future Directions

Several limitations exist with this study, that will motivate further examination. Typical
for an exploratory and qualitative study, the focus was on a modest sample of athletes with
a physical disability. The athletes had sustained performance at the highest levels, however,
and such top-ranked athletes do not typically exist in high numbers. Hence, they were not
just competing at the highest levels, they were also among the very best in the world in their
specific sport. Still, the study obtained insights from a small group of participants, and their
responses may have differed from a quantitative study gathering data from larger samples
of athletes with a physical disability. Furthermore, although no systematic differences
seemed to emerge in the current study’s thematic analysis between those with congenital
and acquired disabilities, important insights might still be gained if developmental stories
are collected from these specific sub-samples. The current study was also explicitly viewed
through the lens of the developmental model of sport participation, and it seems clear
that additional in-depth interviews should focus on specific developmental periods in
order to further elucidate facilitating factors and barriers. Cultural differences might
also have substantial impact upon the perceptions of disability, thus limiting the current
study findings to European and industrial societies with high levels of welfare. As the
understanding of elite sport development in parasport is further increased, it should
be possible to develop specific models that can be addressed by various methods, e.g.,
developing a survey instrument based upon the qualitative research.
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5. Conclusions

The study examined developmental pathways towards elite-level performance, through
childhood and adolescence, amongst athletes with a physical disability that can be defined
as top-performers in their sports. The retrospective interviews and thematic analysis were
viewed through the lens of the developmental model of sport participation and explored
their perspectives and reflections in terms of the proposed pathways in the DMSP. The find-
ings of the present study offer support for some of the propositions in the model, although
also addressing some of the problems with applying non-disability athlete development
models towards understanding athletes with a disability. It appears that early sport-related
encounters typically in a family environment have been important for the athletes in the
current sample, shaping their further interest in sport, and beginning the journey of seeing
past their disability. This is typically followed by childhood experiences with a substantial
amount of sport sampling through participating in a number of different organized and
coach-led sports. This sampling facilitates contact with their able-bodied peers and seems in
some instances to work as a substitute for the substantial amount of peer-led unorganized
activities typically found in the developmental histories of able-bodied high-level athletes.
The youth sport period seems to be particular transitional, in which further adaptation
of equipment follows from the transition to more organized and structured practice and
higher levels of competition in their main sport. The intention of becoming a high-level
athlete emerges in the youth period, and family, coaches, friends and athletes all seem to
play a role in sustaining motivation towards improvement and further progress. These
findings, and those of others, might be applied in creating developmental models tailored
towards parasport, in which they can inform policymakers and organizations, on how to
best tailor the parasport experience.
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Abstract: The aim of this cross-sectional study was to determine the differences in the morphological
characteristics and situational precision among younger and older groups of handball players. The
sample of participants consisted of 30 handball players, members of the younger category of the
Al-Ahli handball club (Bahrein), divided into two groups: older (U16, n = 18) and younger (U15,
n = 12). To evaluate their morphological characteristics, eight variables were measured, while two
standardized tests were used to evaluate their situational precision. The results indicate that a
statistically significant difference between the groups was noticeable for nine variables in total, seven
in morphology (body height, p = 0.010; body mass index, p = 0.049; arm length, p = 0.009; upper
arm length, p = 0.016; lower arm length, p = 0.040; the planimetric parameter of the hand, p = 0.005;
hand length p = 0.004) and two in situational precision (the standing shot, p = 0.003; the jump shot,
p = 0.17), and that the achieved difference ranges from a medium to a large effect. For only one
variable (body mass, p = 0.734), significant difference was not determined between the groups. It was
also determined (by Cohen’s criterion) that handball players with higher longitudinal dimensionality
achieve better results for specific precision. Therefore, when selecting young handball players, the
aforementioned dimensions should be taken into consideration as predictors of success.

Keywords: handball; specific precision; anthropometry; longitudinal dimensionality

1. Introduction

Current research indicates that the morphological characteristics of athletes are signifi-
cantly associated with success in sport [1–5]. In relation to the demands of a certain sport,
every athlete should possess optimal morphological characteristics [4,6–8], and therefore
Milanovic et al. [9] cite that their determination represents one of the three most frequently
tested dimensions of athletes. Insight into the morphological characteristics of athletes has
practical significance when adapting the training process to the individual characteristics
of an athlete, as well as during the evaluation of their ultimate abilities [10]. When it
comes to young athletes, Masanovic and Vukasevic [5] point out that they too must have
optimal morphological characteristics and motor skills so as to meet the requirements of a
certain sport. It should be added that morphological characteristics of young athletes are
susceptible to change and can to a significant extent be improved [11].

Handball is a demanding contact sport which in its structure contains elements of
movement such as running, jumping, sprinting, swinging, hitting, blocking and push-
ing an opponent [12]. Consequently, the performance of handball players is affected by
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morphological characteristics, technical and tactical skills, and physical abilities which
develop with age [13]. Among young handball players of various ages, the determination
of morphological measurements represents an important part of the effective modelling of
the training process and selection [14].

Current research carried out on handball players of various age categories and levels
of competition indicates that handball requires higher values of body height and body
mass [15]. Even though authors have dealt with the morphological differences between
young handball players and other athletes such as soccer players, basketball players, and
volleyball players [8], there are still not enough studies which have analyzed differences in
the morphological features among young handball players in relation to age categories.

Moreover, one of the most important skills for success in handball is the ability to
throw [16] and for that reason numerous studies have focused on the throwing tech-
nique [16–19]. It was determined that success in throwing is affected by precision [17–19]
and speed of the ball [16,19]. Precision and the speed of the throw are increasingly gaining
in importance in the end results of a game and represent two basic factors, both of which are
important for the effectiveness of the throw in handball [20]. Despite this, certain authors
point out that precision is more important, and that if athletes focus on precision, speed
decreases [21]. Still, insufficient data are available regarding the precision of handball
players, especially handball players in younger categories.

Therefore, this study aim to determine the differences in the morphological characteris-
tics and situational precision between older and younger male groups of handball players.

2. Methods
2.1. The Sample of Participants

The sample of participants consisted of 30 handball players, all members of younger
categories of the Al-Ahli club (Bahrein), divided into two groups: an older group of
boys born in 2002 (n = 18, 15.60 ± 0.30 yrs.) and a younger group of boys born in 2003
(n = 12, 14.69 ± 0.32 yrs.). The sample included participants who were psychologically
and physically healthy, who had no pronounced aberrations concerning the locomotor
apparatus. In addition, the inclusion criteria for the participants were that they have actively
been taking part in handball for at least a period of 3 years, that they train at least 4 times
a week, and that are competing in the appropriate age category. All of the participants, as
well as their parents, were well acquainted with the procedure and purpose of the testing,
and the parents gave their consent on the condition that they could withdraw their children
from the study at any point (which none of them did). All procedures performed in studies
involving human participants were in accordance with the 1964 Helsinki Declaration and
its later amendments or comparable ethical standards.

Skinfold thicknesses (mm) were measured at six sites: triceps skinfold, forearm skin-
fold, thigh skinfold, calf skinfold, chest skinfold, and abdominal skinfold thickness (using
a skinfold caliper).

2.2. The Sample of Measuring Instruments

Standardized anthropometric instruments were used to measure the morphological
characteristics. The measurements were taken according to a predetermined International
Biological Program (IBP) [22]. To evaluate the morphological characteristics, eight variables
were measured: body height, body mass, body mass index, arm length, upper arm length,
lower arm length, the planimetric parameter of the hand, and hand length [23]. Height
was measured to the nearest 0.1 cm using a fixed stadiometer (Seca, Leicester, UK) and
weight was measured to the nearest 0.1 kg with an electronic weighing machine (HD-351,
Tanita, Illinois, USA). The body mass index was calculated using the standard formula:
BMI = body mass (kg) ÷ body height2 (meters). Length measures were measured to the
nearest 0.1 cm, and taken with the Martin anthropometer (GPM, Bachenbülach, Switzer-
land). At the same time, to evaluate the situational precision of the handball players, two
standardized situational-motor tasks of a composite type were used, selected on the basis
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of existing studies: precision of the throw from a standing position on both legs from 7 m,
and precision of the throw from a jump at 9 m [24–27]. The protocol is the same for both
tests, and the target is a unilateral triangle whose sides are 50 cm in length, while the
hypotenuse is an elastic band 5 cm wide (Figure 1). Each test consists of seven attempts
of four shots each into every corner of the goal (the participant makes the shots in the
following sequence: the upper left-hand corner, the upper right-hand corner, the lower
left-hand corner, the lower right-hand corner). Every shot that landed within the triangle
carried two points, the ones that landed on the frame of the triangle one point, and a miss
carried zero points. The result represents the sum of all the points from all seven attempts.

Figure 1. Marked targets on the goal.

2.3. Statistical Analysis

The data analysis was carried out using the IBM SPSS Statistics 26 software (Chicago,
IL, USA). The means and standard deviation were calculated for each variable. To evaluate
the normality of the distribution, the Shapiro-Wilk’s test was used. Differences in the mor-
phological characteristics and situational precision between the groups were determined
using a univariate analysis of variance (ANOVA), while the level of significance was set
at p < 0.05. What was then calculated was Eta squared (η2), as an indicator of effect size.
Cohen’s classification indicates the size of the effect whereby 0.01 is a small effect, 0.06 is a
medium effect and 0.14 is a large effect [28].

3. Results

The normal distribution of the data was confirmed by the Shapiro-Wilk test (Table 1).
One variable indicated a deviation from normal distribution (Lower arm length, p = 0.021),
while the remaining variables have normal distribution (p > 0.05) and, along with a visual
overview of the histogram and Q-Q plot, it was determined that the data were normal, and
that a parametric technique could be used.

Table 1. The Shapiro-Wilk test of normality.

Shapiro-Wilk

Statistic Sig.

Body height (cm) 0.961 0.326
Body mass (kg) 0.969 0.512

BMI (score) 0.974 0.650
Arm length (cm) 0.954 0.216

Upper arm length (cm) 0.953 0.203
Lower arm length (cm) 0.916 0.021

Planimetry of the hand(cm) 0.950 0.166
Hand length (cm) 0.948 0.154

The standing shot (score) 0.965 0.420
The jump shot (score) 0.951 0.184

Legend: BMI = body mass index.

When we view the average values (Mean) between the younger and older group of
handball players (Table 2), it can be noted that the older group achieved greater values for
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all the variables which pertain to morphological measurements and situational precision,
except for the body mass index for which higher values were noted for the younger group.

Table 2. Descriptive data and the differences between younger and older groups handball
players (ANOVA).

Older (n = 18) Younger (n = 12) ANOVA

Variables Mean ± SD F p η2

Body height (cm) 174.28 ± 4.57 168.00 ± 7.90 7.628 0.010 * 0.211
Body mass (kg) 56.67 ± 4.98 56.03 ± 5.05 0.118 0.734 ˆ 0.004

BMI (score) 18.66 ± 1.53 19.88 ± 1.69 4.219 0.049 * 0.131
Arm length (cm) 78.01 ± 1.65 76.06 ± 2.14 7.963 0.009 * 0.221

Upper arm length (cm) 31.31 ± 1.33 29.78 ± 1.92 6.611 0.016 * 0.191
Lower arm length (cm) 29.49 ± 1.00 28.30 ± 2.02 4.637 0.040 * 0.142

Planimetry of the hand (cm) 22.23 ± 1.39 20.87 ± 0.88 9.120 0.005 * 0.246
Hand length (cm) 19.13 ± 0.95 17.88 ± 1.25 9.652 0.004 * 0.256

The standing shot (score) 30.44 ± 3.59 26.17 ± 3.43 10.598 0.003 * 0.275
The jump shot (score) 22.06 ± 5.39 16.58 ± 6.30 6.492 0.017 * 0.188

Legend: Mean = Arithmetic mean; SD = Standard deviation; F = ANOVA test value; p = Statistical significance;
η2 = Eta square; ˆ = Non-significant; * = Significant difference.

The ANOVA determined that only the values of body mass did not show a significant
difference (p > 0.05) between the older and younger group of handball players, while
a significant difference between the groups was noted for the remaining nine variables
(p = 0.003–0.049), which also goes for the seven morphological variables (p = 0.004–0.49),
and two variables of situational precision, the standing shot (p = 0.003) and the jump shot
(p = 0.17).

Based on Eta squared and Cohen’s criterion [28], we can note that the actual difference
between the means for the given nine variables has a medium to large effect, of which the
variable for the body mass index has medium effect size (η2 = 0.131), while all the other
variables have a large effect size (η2 = 0.142–0.275).

4. Discussion

This study showed that there are differences between the morphological characteristics
of the two studied groups of young handball players, members of the Al-Ahli handball
club, and also between their results for situational precision. Statistically significant dif-
ferences with greater values for the older boys were noted for all the variables which
refer to the longitudinal dimensionality of the skeleton, which is congruent with the re-
sults of Vuleta et al. [14], who also noted higher values for the variables of longitudinal
dimensionality for older boys. Considering the difference in chronological age and that the
participants are in a period of turbulent growth and development, which is still enabling the
growth of various dimensions of the body [29], it could be said that these differences were
expected. Contrary to this, a statistically significant difference for the BMI variable, with
higher values for the young group of boys, was not expected. Even though the intensity and
scope of training were identical for both groups of handball players, greater values of BMI
were noted for the group of younger players, which can be ascribed to an inappropriate
diet, biological age, and genetic conditioning. Based on the descriptive data which refer
to body height and body mass, we can see that the data for young handball players from
Al-Ahlija do not deviate much from the results of similar studies which were carried out
locally [30,31]. If we were to compare the morphological characteristics of Bahraini young
handball players to those of their peers from Croatia and Serbia [14,32], who have been at
the top of European sports for years, we could say that, despite the decreased population
from which young handball players are extracted [33], Bahraini coaches do carry out proper
talent identification.
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When we look at the results of tests which measured the specific precision of young
handball players (the standing shot, and the jump shot) we can see that there were statisti-
cally significant differences on both tests with better results scored by the older group of
boys. Šibila and Pori [34] point out that handball at an elite level requires certain morpho-
logical characteristics which are reflected in the longitudinal dimensionality of the skeleton,
while Taborsky [35] states that greater dimensionality of the hand leads to better control
of the ball. According to their claims and the analysis of the results of anthropometric
measurements which refer to the size of the hand and the results on specific tests of preci-
sion, our results suggested that handball players with greater longitudinal dimensionality
of the skeleton scored better results. This observation is also congruent with previous
research which dealt with the same topic [26,27]. The mentioned differences can also be
conditioned by preforming a throw in situational conditions with increased speed. During
fast movements, the possibility of visual and kinesthetic monitoring is significantly reduced,
which ultimately reflects on the technique and precision of performance [36]. Given that
older handball players have many years of practice and greater handball experience, and
therefore significantly better and more consistent sports technique, it was to be expected
that they would achieve better results in situational precision.

In order to compare the precision of young Bahraini handball players, which along
with the strength of the throw is the most important component of an effective throw in
handball [19], there is a need for such studies to be carried out on larger samples and
on handball players who compete in environments where elite handball is played. Such
studies could be used to evaluate the quality of the training process itself, that is, the level
of technical skills of young Bahraini handball players compared to European ones. In
addition, the players should also be classified based on their position on the team, since
satisfactory knowledge of the morphological characteristics of players for each position is of
key importance for coaches when it comes to the orientation of players in certain positions.
Accordingly, when selecting young handball players, the aforementioned dimensions
should be taken into consideration as predictors of success.
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Abstract: This study examined affordance perception for soccer dribbling using a mixed-methods
approach in male grassroots soccer players. We examined how children construct and perceive skills
practices for dribbling in soccer. Fourteen boys aged 10–11 years (Mean ± SD = 10.8 ± 0.4 years) who
were regularly engaged in grassroots soccer participated in the present study. Children were provided
with ten soccer cones and asked to create their own soccer dribbling pattern that would enable them
to maximise the number of touches with a football and then dribble the ball in the pattern they had
created for a 1 min period. Children were interviewed to explore their perception of affordances for
soccer dribbling. The test of gross motor development-3 was used to assess fundamental movement
skills (FMS), and the UGent soccer dribbling test was used to assess soccer dribbling skills. Children
self-rated their own ability for soccer dribbling, as did their coaches. Pearson’s correlations were
employed to examine the associations between quantitative variables, and thematic analysis was
used to explore qualitative data. Results of the present study suggest that those children who created
patterns with less space between cones accrued more touches of the football in their dribbling task
(r = −0.671, p = 0.03). Children with a higher perception of their own dribbling ability had higher
scores for FMS (r = 0.604, p = 0.049). Those children who scored better in actual soccer dribbling
had higher scores for FMS (r = −0.746, p = 0.012) and were rated as better dribblers by their coaches
(r = −0.67, p = 0.03). Interview data suggest a feedback loop between perception of ability and
actual ability, which influenced the dribbling patterns that were created. This suggests that dribbling
performance is scaled to the (perceived) action capabilities of the children, and children can act as
architects in their own skill development.

Keywords: motor competence; motor skill; youth; grassroots; talent development; mixed methods

1. Introduction

The concept of affordances is well established in the sport and exercise science and
sports coaching literature [1,2]. Affordances refer to opportunities for action that are
available to a given individual in a given environment [2]. There is considerable research,
which demonstrates human sensitivity to affordances [1]. Such research is varied, focusing
on a range of different movements from sitting on a chair [3], crossing the street [4], using
playgrounds [5], scoring in soccer [6], as well as kicking for distance and precision [7].
Through development, a child’s varied movement contexts provide different opportunities
or affordances for action that are fundamental to promoting motor competence and sport
skills [8]. In the context of sport, perception of affordances and opportunities to develop
such perceptions are useful for talent development [9,10].

In soccer, there is good evidence that manipulation of constraints can promote per-
ception of affordances, and subsequently, more effective skill development, as a player’s
ability to adapt their perception and action to continuous changes in spatial and temporal
information in a game underpins successful performance [11,12]. Soccer performance and
the execution of motor skills within soccer are complex, comprising technical, tactical,
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physical and psychological aspects, which collectively contribute to decision making to
execute motor skills at an opportune time to result in a successful outcome. Dribbling,
passing and shooting are recognised as the most important motor skills in soccer [13]
and are consequently a focus for coaches working with children at grassroots levels. The
ability to dribble the ball and go past the opposing players is a particularly fundamental
aspect to the game of soccer [14] and is a complex skill where players must apply cognitive,
perceptual and motor skills to rapidly changing situations when dribbling with the ball to
maximise their performance during the game [15]. However, while studies have specifically
examined affordances for passing in soccer [16,17], shooting [6] and kicking for distance
and/or precision [7], few studies have examined affordances for dribbling in soccer. In
the context of assessment, the assessment of dribbling skill has been criticised [14], as the
majority of the methods available are based on travelling with a ball around cones placed
2–4 m away from each other in a figure-of-eight movement pattern or similar [18–20]. Such
a process also translates to how dribbling skill is trained in a blocked and constant manner,
where there is repetition of dribbling around cones placed a set distance apart [21,22].

This standardisation of approach does not necessarily translate to an optimal way
to coach, assess and improve sport-specific motor skills. Motor skills primarily develop
when skills are performed in different ways [23]; perceptual sensitivity to affordances
also changes when an individual acquires better motor skills [24]; and standardisation,
where distances between cones tend to be equal, does not facilitate variability of prac-
tice [5]. Instead, the standardised approach invites the child to continuously replicate a
movement pattern. Crucially, affordances exist by virtue of the relationship between the
physical properties of the world and the action capabilities of the individual [2]. Whether
a space affords the development of soccer dribbling depends on the size of the space, the
cones/obstacles/other performers in that space and the rules for use of that space, relative
to the skill capabilities of the performer themselves. This means that the same space and
constraints can afford different behaviour to children with different action capabilities.
Understanding how children may use the same space differently in relation to soccer
skill development, and the extent to which other factors, such as perception of their own
competence or technical skill, might impact how they use such space, have not been fully
examined. Likewise, to date, research has not examined how effective children are as
architects of their own soccer skill development. Such information and understanding
are useful for coaches in better structuring practices to maximise skill development. The
current study sought to explore this issue by examining affordance perception for soccer
dribbling using a mixed-methods approach in boys who play grassroots soccer. Using an
experimental paradigm, followed by a qualitative contextualisation, we sought to uncover
a more in-depth understanding of perception of affordances for dribbling in soccer. We
hypothesised that children who perceived themselves as better dribblers would create more
challenging dribbling patterns and would also accrue a greater number of touches on the
ball in the dribbling pattern they created.

2. Materials and Methods
2.1. Participants

Fourteen boys aged 10–11 years (Mean ± SD = 10.8 ± 0.4 years, 145.7 ± 3.7 cm,
37.0 ± 4.1 kg) who regularly played organised grassroots soccer for clubs in England
participated in the study following institutional ethics approval (protocol code 131207),
informed parental consent and child assent. We employed the Fédération Internationale de
Football Association (FIFA) [25] definition of grassroots soccer in the present study. To be
eligible for participation, children had to be registered/playing with a grassroots soccer
club, including participation in training and fixtures against other teams within England’s
County FA structure. Participants also had to have at least 1 year of playing experience
prior to taking part (Mean ± SD playing experience was 4.2 ± 1.0 years).
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2.2. Design and Procedure

An exploratory mixed-methods approach was employed. All assessments took place
over two days and were conducted on an artificial football pitch surface. On the first day,
anthropometric assessment was conducted, followed by child self-rating of dribbling skill,
as was technical skill and general motor competence assessment. This was followed on the
second day by the dribbling affordances task and qualitative interview. All assessments
were conducted by trained researchers, and the participants’ soccer club coaches were not
involved in any way.

2.3. Anthropometry

Stature (cm) and body mass (kg) were assessed to the nearest 0.1 cm and 0.1 kg
using a SECA anthropometer and weighing scales (SECA Instruments Ltd., Hamburg,
Germany), respectively.

2.4. Child Perception of Dribbling Ability

Children’s perception of dribbling ability was determined by asking each child in-
dividually to rate, on a visual analogue scale, how good they considered their football
dribbling ability to be. Each child was asked to score themselves from 0 to 10, with 0 being
not able to dribble at all and 10 being able to dribble confidently in a diversity of situations.
Each child completed their perception of dribbling ability on an individual basis, prior
to any assessment of movement competence or dribbling ability, and followed processes
previously employed in the assessment of perceived soccer competence [18] and affordance
in gap-crossing in children [5].

2.5. Motor Competence Assessment

Motor competence was assessed using selected skills from the test of gross motor
development-3 (TGMD-3) [26]. To provide a balance of both locomotor and object control
skills, children were assessed on the run, jump, hop, overhand throw, underarm throw
and catch skills. The kick skill was excluded to avoid confounding the assessment of
motor competence and technical soccer skills. Skill mastery on the TGMD-3 requires each
component of each skill to be demonstrated, and each skill comprises 3–5 components.
Trials of each skill were video recorded (Sony Handicam CX405b, Sony, Tokyo, Japan).
Skills were subsequently edited into individual movie clips using the Quintic Biomechanics
software v21 (Quintic Consultancy Ltd., Birmingham, UK). As per TGMD-3 guidelines [26],
scores from the two trials were summed (scored 0–50) to create an overall score reflecting
total FMS.

2.6. Technical Skills

Soccer dribbling skill was assessed using the Ghent University (UGent) dribbling test
as previously described by Vandendriessche et al. [27]. All testing was completed with a
size 4 football (the official ball size for age band U10–12) as recommended by the Football
Association. Testing was completed individually by the participants to minimise any peer
pressure to perform.

Participants completed a set circuit with four left and four right turns at different
angles, with a distance between cones ranging between 1 and 2.2 m [27]. Following
familiarisation and a practice trial, each participant undertook two attempts at the test.
Each test was performed as quickly as possible in two steps per test; the first step was
performed without the ball and the second step with the ball. The time of each attempt
was measured to the nearest 0.01 s with a handheld stopwatch. The time taken to complete
the dribbling course without the ball was deducted from the time with the ball to give a
skill differential reflecting the dribbling skill. This test has a good reliability, shown by
an intra-class correlation coefficient (ICC) of 0.81 [28] and an ICC of 0.82 in a subsample
(n = 30) of the current sample [28].

65



Sports 2022, 10, 99

2.7. Affordances for Dribbling Task

The affordances for dribbling task was designed based on procedures previously
employed in assessing affordances for playground play in children by Jongneel et al. [5]
and Sporrell et al. [29]. The affordances for the dribbling task took part in two phases. In
the first phase, each child was asked to create a space/formation to maximise their own
soccer dribbling. To this end, each child was provided with 10 cones and a space measuring
9 m length by 5 m width. The cones were standard mini soccer cones that were circular,
12 cm in diameter and 4 cm high. Each child was instructed to create their own space that
would allow them to have the most touches on the ball within a 1 min period. The child
could place the cones wherever they wanted in the space and could use a maximum of
10 cones. To experience whether the constructed space was in line with their desires, the
child could move in and around the space as they wished during this phase. Following
this, the children were allowed to adapt the course during this phase. Three of the children
adapted their course following the trial, making minor changes to placement of a cone.
After the child completed the first phase, the formation of cones, trial and adaption of the
cones, the distances between cones were measured with a measuring tape. In the second
phase of the task, each child was asked to dribble the soccer ball in the space they had
created for a period of 1 min. The child’s playing behaviour was video recorded (Sony
Handicam CX405b, Sony, UK) and, based upon this, we determined how many touches of
the ball were made, with what foot and what patterns of movement occurred in the space.

2.8. Qualitative Interviews

Once each child had completed the affordances task one to one, interviews were held
with each child in a comfortable room that the child was familiar with. The interview
used a structured guide with open questions, images and videos of their and other players’
drills created to use the probe memory. The interview asked 4 main questions and was
based on recommendations for conducting qualitative research and validation of interview
scheduling [30]: 1. (show their pattern) Why did you create this patten to get the most
touches?; 2. How do you feel about the drill you created versus the drill created by
your coaches to get the most touches they created versus ones created by their coaches?;
3. (show player’s drills). How do you feel about this drill and the number of touches
you would be able to complete doing this drill?; 4. Perceptions of their dribbling ability.
Prior to all interviews, the interviewer followed the eight-stage interview preparation stage
identified by McNamara [30], which included: 1. Choosing a setting to minimise distraction;
2. Explaining the purpose of the interview; 3. Addressing confidentiality; 4. Explaining
interview format; 5. Stating the length of interview duration; 6. Providing researcher contact
information; 7. Asking if participants had any questions before starting; and 8. Asking
for permission to record their views during the interview. The interview was led by one
facilitator. Probing was used throughout the interview to gain further understanding.

2.9. Analysis

Descriptive statistics (mean ± SD) were calculated for touches/min, child perception
of dribbling ability, UGent dribbling test score, total FMS score, coach rating of dribbling
ability and the average distance between cones in the pattern the child had created. Pear-
son’s product moment correlations were then used to explore relationships between these
aforementioned variables. The Statistical Package for Social Sciences (SPSS V25) was used
for all analyses.

2.10. Interview Analysis

Interviews were transcribed verbatim during the interviews. Each participant was
anonymised and given a code from 1 to 11. Transcripts were analysed using inductive
analysis following the steps proposed by Braun and Clarke [31], such as familiarisation of
data, reading and re reading the data, code generation, categorisation, search and reviewing
themes and defining and naming themes. This process resulted in themes, sub themes
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and their associated quotes. This enabled a broad flexible approach for the analysis of the
data collected to produce an enriched and detailed account of the findings [31]. Analyst
triangulation was conducted to increase the quality and credibility of the findings [32,33]
using a second independent analyst who conducted a thematic analysis, which was then
compared with the primary researcher, assessing the potential selective perception and
blind interpretive bias [32,33]. Frequent de-briefing sessions between authors facilitated
the discussion, debate and re-definition of the themes. Following completion of the coding
process, pen profiles were created to help present the emergent themes via diagrams with
the number of times the themes were mentioned [34].

3. Results

Mean ± SD of touches/min, child perception of dribbling ability, time taken on the
UGent dribbling test and total FMS score are presented in Table 1.

Table 1. Mean ± SD of touches/min, child perception of dribbling ability, time taken on the UGent
dribbling test, total FMS score, coach rating of dribbling ability and the average distance between
cones in each participant-created dribbling pattern.

Touches
(No/Min)

Perceived
Dribbling Ability

(0–10)

UGent Dribbling
Test (Secs) Total FMS (0–54)

Coach Rating of
Dribbling Ability

(0–10)

Average Distance
between Cones

(cm)

M SD M SD M SD M SD M SD M SD
66.5 26.1 7.1 1.4 25.9 3.3 35.1 5.2 6.0 1.6 99.7 38.7

The number of touches undertaken by children in the 1 min period was spread,
ranging from 32 to 118. Pearson’s product moment correlations also revealed significant
associations between the number of touches/min and average distance between cones
(r = −0.671, p = 0.03), with a greater number of touches being associated with a smaller
average distance between cones. There were also significant negative relationships between
UGent dribbling test time and coach rating of dribbling ability (r = −0.67, p = 0.03) and
total FMS (r = −0.746, p = 0.012), as well as between child perception of dribbling ability
and total FMS score (r = 0.604, p = 0.049). All other relationships between the variables
were non-significant (p > 0.05). Figure 1 presents the different patterns created by children
as architects of the dribbling task.
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compared with the primary researcher, assessing the potential selective perception and 

blind interpretive bias [32,33]. Frequent de-briefing sessions between authors facilitated 

the discussion, debate and re-definition of the themes. Following completion of the coding 

process, pen profiles were created to help present the emergent themes via diagrams with 

the number of times the themes were mentioned [34].  

3. Results 

Mean ± SD of touches/min, child perception of dribbling ability, time taken on the 

UGent dribbling test and total FMS score are presented in Table 1. 

Table 1. Mean ± SD of touches/min, child perception of dribbling ability, time taken on the UGent 

dribbling test, total FMS score, coach rating of dribbling ability and the average distance between 

cones in each participant-created dribbling pattern. 

Touches 

(No/Min) 

Perceived Drib-

bling Ability (0–

10) 

UGent Dribbling 

Test (Secs) 
Total FMS (0–54) 

Coach Rating of 

Dribbling Ability 

(0–10) 

Average Distance 

between Cones 

(cm) 

M SD M SD M SD M SD M SD M SD 

66.5 26.1 7.1 1.4 25.9 3.3 35.1 5.2 6.0 1.6 99.7 38.7 

The number of touches undertaken by children in the 1 min period was spread, rang-

ing from 32 to 118. Pearson’s product moment correlations also revealed significant asso-

ciations between the number of touches/min and average distance between cones (r = 

−0.671, p = 0.03), with a greater number of touches being associated with a smaller average 

distance between cones. There were also significant negative relationships between UGent 

dribbling test time and coach rating of dribbling ability (r = −0.67, p = 0.03) and total FMS 

(r = −0.746, p = 0.012), as well as between child perception of dribbling ability and total 

FMS score (r = 0.604, p = 0.049). All other relationships between the variables were non-

significant (p > 0.05). Figure 1 presents the different patterns created by children as archi-

tects of the dribbling task. 

 

Participant 1 Participant 2 Participant 3 Participant 4 Participant 5 

     

Figure 1. Cont.
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do with the ball’ (P11). 

Figure 1. Individual dribbling patterns created by the participants.

With regard to the thematic analysis, three emergent but interconnected themes arose,
focusing on: perception of ability and actual ability, and challenge and autonomy. Those
children who perceived themselves as ‘good dribblers’ tended to create patterns where the
cones were more closely spaced, while those who perceived themselves as poorer dribblers
created patterns where the cones were more widely spaced (See Figure 2). The patterns of
cones, which were more closely spaced, were created by the children to get more touches
and make it more challenging as a task on the basis that this increased challenge resulted
in better progress or development of the dribbling skill itself. Conversely, children who
perceived themselves to be poor or average dribblers created patterns of cones with larger
gaps to ensure they could ‘get a lot more touches’ while staying in control of the ball. When
children were asked about their preference for developing dribbling skills using their own
patterns or those provided by the coaches, there was a relatively even split between those
who preferred the coach (n = 5) to create drills or those who would prefer autonomy to
create the drills themselves (n = 6). Those whose preference was for self-created drills
seemed to explicitly relate to challenge, for example: ‘because coaches have a lot of space
between cones usually—these do not put the pressure on my dribbling and I would like to
create challenge’ (P9) and: ‘I feel more comfortable because I designed it so I could do it and it
isn’t too hard for me’ (P2). Comments from the participants also related to having autonomy
in practice, for example: ‘If I need to work on something, I can do it as how I need to work on
something’ (P10), and: ‘Because it allows you to do what you would like to do with the ball, instead
of [the coach], saying this is what you’re going to do with the ball’ (P11).
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Figure 2. Pen profile diagram of children’s perceptions of the affordances for dribbling task.

4. Discussion

The current study examined how children afford spaces for soccer dribbling using
a constraints led approach. We uniquely examined children as architects of their soccer
skill development in exploring how their perception of affordances for soccer dribbling
influenced the number of touches on the ball in a soccer dribbling task. Understanding
this process is important in developing practices to maximise soccer skill development
for children and to inform coach practice related to player development. The results
of the current study are congruent with the perspective that the environment consists
of possibilities for action and is perceived as such, and in different ways by different
children [2]. The present study suggests that those children who created patterns with
less space between the cones accrued more touches of the football in their dribbling task.
According to the affordances perspective, when asked to create a task, such as that used in
the present study, a child would perceive the distance between two cones not in terms of
a set distance but in terms of whether the gap between cones is sufficient for him/her to
dribble through [2]. Thus, the current study suggests that affordances are not only primary
in the children’s perception of the environment but also in the design of learning spaces and,
if children can modify their environment, they do so in accordance with their perceived
action capabilities for their physical ability and body [1].

The qualitative data suggest there is a feedback loop between a child’s perception
of ability and their actual ability, which influences the types of dribbling patterns they
create, which in turn relates to considerations by the children of challenge and autonomy.
Those children who perceived themselves to be better dribblers created dribbling patterns
that were more closely spaced, which, in turn, resulted in a greater number of touches on
the ball. The creation of such patterns was anchored in the children wanting to challenge
themselves in terms of their skill development and having the autonomy to create dribbling
patterns to either challenge themselves, support themselves in gaining as many touches of
the football as possible or to make the drill easier to ensure success. In this context, greater
challenge via less space between cones ensured less time was afforded to move the ball
between cones and thus required better performance of the motor skills to successfully
do so.

Collectively, the results from this small-scale study suggest that engaging children as
active participants in the creation of the dribbling drill appeared to reveal a discrepancy
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between the types of soccer dribbling typically employed in soccer coaching [18] and
the patterns created by the children themselves. Such an observation is congruent with
prior research investigating children’s active involvement in play space design [5] and is
suggestive that historical design processes for movement, typically using standardisation
of spaces [35], may be different when a child creates movement opportunities based on
their (perceived) action capabilities [5]. Whether children engaging in soccer practice
using practices they have wholly designed themselves results in greater skill development
compared to practices prescribed by coaches would be an interesting next step arising
from this exploratory study. Although we demonstrate that self-organisation of the cones
by children increased the number of touches accrued in conditions of greater proximity,
we did not examine whether this process might influence game performance. There is
evidence, from a study of 15 male youth players, that team composition (e.g., fielding
midfielders versus attackers) in small-sided games can influence the players’ capability
of action that emerges during performance [36]. Whether self-organisation of practice in
the way we operationalised in the present study translates into game performance is a
natural progression from the findings of the present study. It is also important to note that
different types of practice may be more or less important as a focus depending on the stage
of development. While a blocked and constant approach to developing motor skill has
been criticised [15], it may be useful in the first stages of fundamental development, while
using a child-centred approach, such as that demonstrated in the current study, may be
more beneficial once children have gone beyond the early development of soccer-specific
motor skills.

No study to date has examined how children’s perceptions of affordances affect the
development of soccer skill, and, although exploratory, the current study’s approach, by
using a mixed-methods design, represents an original contribution to the field. Using an ex-
perimental paradigm followed by a qualitative contextualisation of the affordance activity
enables a richer understanding to be uncovered. The combination of quantitative and qual-
itative approaches in the present study is a novel contribution to the literature examining
affordances for skill development in children’s soccer and in understanding how children
structure space and work with constraints as architects of their own skill development.

We are cognisant that the results of the present study are based on a relatively small
sample of grassroots footballers, all of whom were male. These should be considered
limitations of the current study. Future work examining this process in girls and across
different developmental stages of football skill is also needed to understand if involving
children at earlier, or later, stages of skill development changes the way in which children
afford dribbling in soccer. In addition, we did not assess biological maturation of the
participants. It is possible that some of the sample participants were starting onset of growth
spurt, given this is typically at around 12 years of age in boys [37], and our sample were
aged 10–11 years. As biological maturation can change performance parameters, future
research should consider the measurement of maturation when examining how children
interact with the environment in sports-related circumstances. A key focus of the current
study was in exploring whether the mixed-methods approach, employing an experimental
design followed by qualitative exploration, adds value to scientific understanding of
children’s soccer skill development. Additional research, using the approach employed in
the current study, would therefore be useful in establishing the effectiveness of children as
architects of their own skill development. The present study has some practical applications;
notably, we demonstrate that coaches could empower children themselves to construct
their own skill development practices for soccer, and, if they do, the children themselves
are likely to scale their practices to their actual ability. This would suggest the co-creation of
soccer practices between children and coaches could be an effective strategy for soccer skill
development at grassroots level. Despite this, and to conclude, the current mixed-methods
study demonstrates that children can create their own opportunities for skill development
and that, when they do, these opportunities are related to their actual dribbling ability,
reinforcing the affordances construct in practice. Dribbling performance is therefore scaled
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to the (perceived) action capabilities of the children, and children can act as architects in
their own skill development.
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Abstract: Despite their prevalence, the longitudinal impacts of relative age effects (RAEs) on sport
and other forms of physical activity (PA) are understudied. This study examined longitudinal partici-
pation patterns in organized sport (team and individual), unorganized PA, and non-participation
with respect to RAEs in a prospective cohort of adolescents. Data from the first 24 cycles of the
MATCH study were used for analyses. Elementary students (n = 929) were recruited from 17 schools
in Atlantic Canada. Respondents self-reported PA three times/year. Mixed multilevel logistic models
compared the likelihood of participating in each context across birth quarter. Chronological age
and gender were considered, along with the interaction between chronological and relative age.
Individuals born in Quarter 1/Quarter 2 were more likely to report participation in organized team
sport but not individual sports. Relatively older participants born in Quarter 2 were more likely to
report participation in unorganized PA. Increasing chronological age was associated with decreased
participation in organized sport (particularly team-based) and increased non-participation. Gender
was not associated with organized sport participation, but girls were under-represented in unorga-
nized PA and more likely to report non-participation. The interaction parameters suggested that
RAEs were consistent throughout adolescence in each context. Longitudinal analyses suggest RAEs
are context dependent.

Keywords: relative age effects; participation trends; longitudinal; sport context; physical activity

1. Introduction

Despite efforts to communicate the importance of regular physical activity, high levels
of physical inactivity remain a global concern [1]. Adolescence is a particularly concerning
period as it is often marked by significant declines in physical activity participation [2–4].
“Physical activity” encompasses a variety of activities such as competitive sport, leisure
walking, and occupational and domestic activities, among others [5,6]. Consequently, con-
text is an important consideration when evaluating physical activity patterns [7]. Likewise,
recommendations for increasing physical activity can incorporate different domains such
as active transport (e.g., walking to school), participation in unorganized sport or active
play [8], and even breaking up sedentary time with light intensity activity [9]. While partic-
ipation in organized sport has been associated with a diverse range of positive outcomes
among youth (e.g., enhanced resilience, character development, social skills [10,11]), the
health benefits of physical activity (e.g., cardiorespiratory fitness, improved posture) might
also be obtained in an unorganized context [12,13]. Thus, both organized and unorganized
activity provide beneficial opportunities to increase participation. While the work to date
by Bengoechea et al. [14] and Hardy et al. [15] present equivocal findings with respect
to whether participation is higher in organized or unorganized activities, it is clear that

73



Sports 2022, 10, 97

through adolescence, both categories of participation are important contributors to overall
activity level [16].

One determinant that has been associated with participation in the physical activity
context of organized sport is relative age. Relative age refers to the difference in age
between individuals in a cohort [17,18], such as those grouped within the same grade in
the school system. These age groupings are intended to help promote developmentally
appropriate instruction and competition [19,20]. However, a one- or two-year age difference
can result in significant physical, psychological, and experiential differences, particularly
at young ages when a few months can represent a considerable proportion of a child’s
lived experience. In addition to experiential differences, age differences within a given
age grouping can include considerable variability in biological maturity from childhood
through to adolescence [18,21].

The term relative age effects (RAEs) refers to the (dis)advantages commonly associated
with the aforementioned age groupings [22], providing a benefit to those who are relatively
older (meaning that they were born closer to but following an arbitrary cut-off date) and
disadvantaging those who are relatively younger in the same age group or cohort. With
respect to sport, the advantage conveyed to those who are relatively older is assumed to be
present when an over-representation of relatively older players is observed among sport
participants (e.g., on a specific team), particularly at elite levels. While RAEs have predomi-
nantly been studied in team sports such as ice hockey, soccer, volleyball, and basketball (see
Cobley et al. [23] for a review), individual sports, where success is predicted by strength
or endurance capabilities, such as tennis [24], cross-country and alpine skiing [25], and
sprinting [26,27], may also be affected. Potential consequences of RAEs include relatively
younger players dropping out of organized sport at an earlier age [28–30] or adapting by
taking up forms of activity that are less structured [31] or less competitive [32] in nature.
To date, RAEs have primarily been found in male sport contexts ([23]), but a meta-analysis
of RAEs in female sport shows a pervasive effect there as well (see Smith et al. [33]). Sex is
nevertheless believed to be a significant moderator of the effect (Baker et al., 2010), with
previous findings suggesting RAEs in females are more variable and weaker in magnitude
when compared to males [23,34].

Several explanations and theoretical models of RAEs have been presented over the
years. For instance, many relative age studies published to date have focused on maturation
and selection (e.g., [20,23,35]). Being relatively older is often associated with greater
physical and anthropometric maturity (e.g., height, weight, strength) [36]. During the
maturational period, up to and including puberty, relatively older individuals may be
viewed as more talented on the basis of their more advanced physical and anthropometric
development. As a result, relatively older sport participants may benefit from a higher
likelihood of being selected to elite teams, providing enhanced access to coaching and
facilities, thereby facilitating greater skill development than their relatively younger peers.

Hancock et al. [37] argue that RAEs are largely tied to social influences. Specifically,
RAEs are attributed to early experiences of success and the manner by which expectations
of coaches and parents influence athletes’ behaviors and self-perceptions, which ultimately
impacts their level of achievement. Finally, a model proposed by Wattie et al. [38] sug-
gests that the impact of relative age comes at the intersection of individual (e.g., gender,
relative age), task (e.g., team or individual sport, organized vs. unorganized activity),
and environmental constraints (e.g., age grouping policies) within developmental systems
theory. Relative age can be viewed as one of many factors influencing the probability of
sport participation, and there is opportunity for change throughout development. This
developmental perspective is adopted within the current longitudinal study.

Relative age research has largely been cross-sectional in nature and focused on per-
formance, examining the athlete population of a specific sport (e.g., basketball [39]) or
sporting event (e.g., Olympic Games [40]). While this strategy has provided useful de-
scriptions of the prevalence of RAEs, it does not inform about the potential longer-term
effects of relative age advantages and/or disadvantages on sport and/or physical activity
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participation for children and adolescents. Furthermore, evidence pertaining to RAEs
in sport predominantly emerges from studies in organized sport and competitive con-
texts and is less commonly studied in recreational sport [23]. Observations from the few
studies published to date suggest that RAEs may be highly variable within recreational
contexts and influenced by a variety of factors and/or constraints [41–43]. Furthermore,
published studies concerning the role of RAEs on outcomes associated with participation
in unorganized sport and/or physical activity in children and adolescents are virtually
non-existent.

Relative age effects have also been observed in a variety of areas within the school sys-
tem such as physical education [44], high school leadership activities [45], standardized test
scores (math and science [46]), university attendance [46], and emotional regulation [47].
These findings suggest that comparisons with peers occur in other contexts and could
potentially impact the overall course of development for youth [48]. If relatively younger
youth are habitually disadvantaged in organized activities and have fewer opportunities to
benefit from sport system development, they could suffer from reduced perceptions of com-
petence and eventually disengage from a physically active lifestyle. For example, perceived
competence in a physical education setting has been positively associated with leisure-time
physical activity (e.g., [49,50]). The impact of relative age may be evidenced in children’s
degrees of involvement not only in organized activities but also in unorganized activities
or in a lack of participation altogether; these possibilities deserve further consideration.

To address the aforementioned gaps in the literature, the primary purpose of the
current study is to examine the longitudinal patterns of participation in organized sport,
unorganized physical activity, and non-participation with respect to relative age, in a
prospective study of adolescents. The impact of gender and chronological age are consid-
ered, along with the interaction between chronological age and relative age within each
participation/non-participation context. We hypothesize that a greater proportion of those
who are relatively older participate in organized sport (both team and individual), while
those who are relatively younger gravitate toward unorganized physical activities (where
talent selection activities that favor the relatively oldest are notably absent), or a lack of
participation altogether. Furthermore, it is expected that the hypothesized trends will
become more pronounced with increasing chronological age for boys as they enter adoles-
cence and become less pronounced for girls in alignment with previous meta-analytical
findings [23,33].

2. Materials and Methods
2.1. Respondents and Data Collection

To accomplish the research objectives, the database for the Monitoring Activities of
Teenagers to Comprehend their Habits (MATCH) study was queried to examine the same
respondents in multiple activities rather than a single sport in isolation, which is a noted
limitation of previous work. The MATCH study is an ongoing longitudinal prospective
study in the province of New Brunswick, Canada. The complete study protocol is provided
in Bélanger et al. [51]. Briefly, a convenience sample of 19 schools were recruited, and
it included both French- and English-speaking students from a range of socioeconomic
neighborhoods located in both rural and urban areas. Two of the 19 schools were excluded
due to a low return rate of consent forms (below 50%). All grade five and six students
from the remaining 17 schools were invited to participate in the study. Respondents ranged
from 10 to 12 years of age at the time of recruitment, representing a critical timeframe when
physical activity levels are often found to attain a peak before typically experiencing a decline
as the transition from childhood to adolescence occurs [2,52]. Initial recruitment in the fall
of 2011 included 802 of 1545 eligible students (response proportion of 52%), and other
students from the participating schools were allowed to join the study in subsequent cycles
(total number of respondents = 929). Please note within this study, the term ‘respondent’
refers to any individual who participated in the MATCH study, ‘survey response’ indicates
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participation in a single MATCH data collection cycle, and ‘participant’ indicates reported
participation in sport and/or physical activity (outlined further below).

The same respondents were asked to complete self-report questionnaires three times
per year (fall, winter, and spring) at four-month intervals, which were combined to cap-
ture seasonal variations in one year of physical activity participation [6,51,53]. The first
eight years of the MATCH study were used for the current analysis (n = 24 cycles). The
questionnaires were completed under the supervision of a trained research assistant in a
classroom setting, which was scheduled at a time that was convenient for the teacher. The
initial session was 45–60 min in duration, and subsequent questionnaires were completed
in 20–30 min. Respondents answered questionnaires in the first language of instruction at
the school.

2.2. Measures

Respondents reported all forms of leisure time physical activity over the preceding
four months from a list of 36 activities commonly practiced by youth in Atlantic Canada [54],
which was similar to other validated physical activity checklists [55–57]. Respondents could
also report additional activities under “other”. The students were specifically instructed to
disregard physical activity taking place during physical education classes because youth
do not have control over the content of these classes [58]. The frequency of participation in
each activity was collected using the response options “never”, “once per month or less”,
“two to three times per month”, “once per week”, “two to three times per week”, “four
to five times per week”, and “almost every day”. Respondents were also asked to report
“with whom” they had most often engaged in each activity by selecting from “by myself”,
“organized group or team”, “sibling(s)”, “friend(s)”, or “parent(s)”. The answer to this
question was considered to be an indicator of the context in which each activity was most
often practiced [59]. Respondents were described as ‘participants’ in the physical activity
context being examined if they reported participating in any activity pertaining to each
category “once per week” or more, similar to previous studies [14,60,61], thereby creating a
binary measure (participant/non-participant).

For each of the cycles in the longitudinal sample, the classification of “relatively older”
versus “relatively younger” must be made with reference to the cut-off date used to group
individuals within the specific sporting activities. The dates used for activities recognized as
“sports”, defined by the existence of a recognized, provincial organization registered with
Sport New Brunswick (SportNB), were obtained by contacting each respective organization
listed in SportNB’s online directory. If no response was received from the provincial
organization, the national organization was contacted through the Sport Canada website.
The majority of sports employed a 31 December cut-off date to group athletes. Other
organized activities use cut-off dates as well, including the education system, which utilizes
31 December in the province of New Brunswick [62]. Therefore, the decision was made
to code all respondents using this date because it is the most commonly encountered
age grouping experienced by the respondents in this study. The coding of birth quarter
proceeded as follows: Quarter 1—January to March; Quarter 2—April to June; Quarter
3—July to September; Quarter 4—October to December. Thus, the relatively oldest were
identified as ‘Quarter 1’ subsequently followed by Quarter 2, Quarter 3, and Quarter 4
(i.e., the relatively youngest). This method of coding is consistent with previous studies
(e.g., [63–65]).

Similar to other studies employing the MATCH sample, respondents were classified
as “organized sport participants” if they reported participation with an “organized group
or team” [61] in one of the recognized sports in New Brunswick. Organized sports were
further categorized as “organized team sports” if the sport is most often practiced or played
with more than one participant competing at the same time or multiple participants are
a necessary element for competition. Alternatively, organized sports were classified as
“organized individual sports” if participation most often occurs with only a single com-
petitor competing at any given time. These definitions were consistent with previous
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research [58,61]. Organized team sports that met the criteria outlined above included: ice
hockey, ringette, baseball/softball, basketball, soccer, volleyball, and handball. Organized
individual sports that met these criteria included: bicycling, track and field, jogging or run-
ning, badminton, tennis, downhill skiing or snowboarding, and cross-country skiing. The
specific activity identified by the respondent was not important but rather the classification
of “participant” in a particular context (i.e., organized team and/or individual sport).

To ensure accurate representation of each activity, sports that used a cut-off date other
than 31 December were excluded to prevent bias from the use of an alternative date (i.e.,
1 July for ice skating and 1 August for golf). Gymnastics was omitted because a reversal
of the classic relative age pattern would be expected in this context. Late maturation is
valued in aesthetic sports with peak performance occurring prior to the completion of
maturation [38,66]. Accordingly, an over-representation of relatively younger participants
and an under-representation of relatively older participants might be expected (i.e., reversal
of the typical RAE pattern). This expectation was supported in the current data and
therefore, gymnastics was removed from the organized sport analysis for this study to
prevent an underestimation of the typical RAE present in this sample. Swimming was
excluded because participants are categorized based on their chronological age on the
day of competition. Other activities were excluded because the cut-off was unknown (i.e.,
football, boxing/wrestling), or multiple activities were grouped together (i.e., canoe/kayak
and karate/judo/tai chi/taekwondo) in the questionnaire and could not be categorized
consistently as an organized sport due to the absence of a provincial governing body for
one or more of the activities.

Using the classification system derived by Ward et al. [61] and validated by MacKenzie
and colleagues [67], five of the 36 activities were categorized as “unorganized physical
activity”, regardless of the context in which they were most often practiced, including
trampoline, jump rope/skipping, games (e.g., chase, tag, hide and seek), home exercise, and
weight training. Indoor chores and outdoor chores were excluded given the non-volitional
and low intensity nature of these activities. Participation in the remaining activities was
also considered to be unorganized if the individual reported to most often practice it alone,
with friends, with siblings, or with a parent. A respondent who did not participate in any
activity within a classification category was considered a “non-participant”. A summary of
the classifications is available in Appendix A.

2.3. Data Analysis

Prior to analyses, missing data for birth date (0.002%) was reviewed and corrected
across all 24 cycles. A total of 12,061 survey responses were available for examination.
Respondents (n = 929) participated in an average of 13 survey cycles each. Three objectives
guided statistical analyses. First, the relative age trends in each of the five participation/non-
participation contexts were assessed (i.e., any organized sport, organized team sport, or-
ganized individual sport, unorganized physical activity, and non-participation). Second,
the impact of gender and chronological age were considered for each of the five con-
texts. Gender was self-reported by respondents in the MATCH study. In seven survey
responses, (<0.01%) the respondent selected “other” as their gender category. These in-
stances could not be included in the analyses due to insufficient sample size. Third, the
longitudinal interaction between chronological age and relative age was considered within
each participation/non-participation condition. To accomplish these objectives, a mixed
multilevel logistic model was conducted for each of the five participation/non-participation
contexts. The potential for intra-class correlation because of repeated measures among
respondents and school-level clustering was accounted for by including random intercepts
for these variables. Birth quarter (representing relative age), chronological age (by year –
included as a continuous variable), and gender were included as independent variables,
along with the interaction between chronological age and relative age. The fourth quarter
(Quarter 4) was used as the comparison group. The interaction did not meet the criteria
for statistical significance (p > 0.05) in any of the participation/non-participation contexts.
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Thus, the models presented in this paper do not include estimates for interaction parameters
in the interest of parsimony.

3. Results

Our primary findings with respect to relative age trends, as indicated by the represen-
tation of participants in each birth quarter, are outlined below. Results are presented for
organized sport (overall, team, and individual), unorganized physical activity, and non-
participation, and they include findings for gender, chronological age, and the interaction
between chronological age and relative age in each respective context. Of the participation
contexts examined, unorganized PA had the most participants, and organized individual
sport had the lowest number of participants throughout adolescence (Table 1). In general,
there were more boys than girls reporting participation in all types of sport/PA.

Table 1. Average proportion of respondents in each context across the 24 survey cycles included in
the analyses.

Context 1 Girls (n = 511, 55%) Boy (n = 418, 45%) Total (n = 929)

Organized sport 2 37.2% 45.8% 41.9%
Team sport 31.8% 40.1% 35.6%
Individual sport 11.3% 13.6% 12.3%
Unorganized PA 79.0% 82.6% 80.6%
Non-participant 14.3% 12.0% 13.3%

1 Respondents could be included in organized sport and unorganized physical activity (PA) simultaneously, but
the non-participant category is exclusive. 2 Participants included in organized sport overall may have reported
team and/or individual sport participation.

3.1. Organized Sport

In comparison to those born in Quarter 4, those born in Quarter 3 were less likely to
report participation in any organized sport overall, t (976) = −2.205, p < 0.05 (Table 2a).
However, when team and individual sport were analyzed separately, Quarter 1- and Quarter
2-born participants (i.e., the relatively oldest) were more likely to report participation in organized
team sports when compared to Quarter 4 (i.e., the relatively youngest), t (1093) = 1.995, p < 0.05
and t (1003) = 2.138, p < 0.05, respectively (Table 2b). No statistical differences based
on relative age were noted for organized individual sport participation suggesting equal
representation of participants from each birth quarter (Table 2c).

Gender was not observed to be an important variable for any of the organized sport
participation contexts (overall, team, or individual). Negative estimates for chronological
age indicated that as participants became older, their participation in organized sports
overall, t (915) = 1.356, p < 0.05, and organized team sports, t (3643) = −2.801, p < 0.01,
declined but their reported participation in organized individual sport was maintained.
The lack of statistical significance for any of the interaction parameters suggest that RAEs
observed for organized sport participation overall, as well as for team and individual sport
were consistent throughout adolescence (i.e., the same patterns of over-representation by
birth quarter were observed across the years examined).

3.2. Unorganized Physical Activity

Participants born in the second quarter (i.e., relatively older) were found to be sta-
tistically over-represented compared to the fourth quarter (i.e., relatively younger) in
unorganized physical activity participation, t (1544) = 2.731, p < 0.01 (Table 3).
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Table 2. Odds ratios of participation in organized sport across relative age, (a) overall; (b) team;
(c) individual.

Fixed Effects Odds Ratios 1 95% Confidence Intervals

Lower Upper

(a) Organized Sport (Overall)

Relative age (Q1 vs. Q4) 2 1.03 0.98 1.08
Relative age (Q2 vs. Q4) 1.04 0.99 1.09
Relative age (Q3 vs. Q4) 0.95 0.90 0.99
Gender (Girl vs. Boy) 1.02 0.99 1.06
Chronological age 0.98 0.96 1.00

(b) Organized Sport (Team)

Relative age (Q1 vs. Q4) 1.06 1.00 1.13
Relative age (Q2 vs. Q4) 1.06 1.01 1.12
Relative age (Q3 vs. Q4) 0.95 0.90 1.01
Gender (Girl vs. Boy) 1.00 0.97 1.05
Chronological age 0.97 * 0.94 0.99

(c) Organized Sport (Individual)

Relative age (Q1 vs. Q4) 1.02 0.98 1.07
Relative age (Q2 vs. Q4) 1.03 0.99 1.07
Relative age (Q3 vs. Q4) 0.97 0.93 1.01
Gender (Girl vs. Boy) 1.01 0.99 1.04
Chronological age 1.01 0.99 1.03

1 Statistically significant values are indicated with bold text (p < 0.05) and * (p < 0.01). 2 Birth quarter is identified
by the following: Quarter 1 (Q1), Quarter 2 (Q2), Quarter 3 (Q3), and Quarter 4 (Q4).

Table 3. Odds ratios of participation in unorganized physical activity across relative age.

Fixed Effects Odds Ratios 1 95% Confidence Intervals

Lower Upper

Relative age (Q1 vs. Q4) 2 1.02 0.98 1.05
Relative age (Q2 vs. Q4) 1.04 * 1.01 1.08
Relative age (Q3 vs. Q4) 1.03 1.00 1.06
Gender (Girl vs. Boy) 0.97 * 0.95 0.99
Chronological age 0.99 0.97 1.00

1 Statistically significant values are indicated with bold text (p < 0.05) and * (p < 0.01). 2 Birth quarter is identified
by the following: Quarter 1 (Q1), Quarter 2 (Q2), Quarter 3 (Q3), and Quarter 4 (Q4).

Participation in unorganized physical activity did not change with chronological age,
but we noted that girls were less likely than boys to report participation in an unorganized
context, t (1473) = −2.850, p < 0.01. The test of the interaction suggested that relative age
trends (by year) were invariant in unorganized physical activity participation across the
years examined.

3.3. Non-Participation

With respect to non-participation (i.e., individuals who did not report participation in
an organized and/or unorganized context), Quarter 2-born individuals were found to be
significantly under-represented compared to those born in Quarter 4, t (1556) = −3.374,
p < 0.01 (Table 4).
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Table 4. Odds ratios of non-participation across relative age.

Fixed Effects Odds Ratios 1 95% Confidence Intervals

Lower Upper

Relative age (Q1 vs. Q4) 2 0.98 0.95 1.01
Relative age (Q2 vs. Q4) 0.95 * 0.93 0.98
Relative age (Q3 vs. Q4) 0.98 0.95 1.01
Gender (Girl vs. Boy) 1.02 1.00 1.04
Chronological age 1.02 * 1.00 1.03

1 Statistically significant values are indicated with bold text (p < 0.05) and * (p < 0.01). 2 Birth quarter is identified
by the following: Quarter 1 (Q1), Quarter 2 (Q2), Quarter 3 (Q3), and Quarter 4 (Q4).

Non-participation increased with chronological age, t (5216) = 2.657, p < 0.01, and there
was an increased likelihood of non-participation among girls versus boys, t (1482) = 2.012,
p < 0.05. The longitudinal trends (by year) with respect to relative age were stable in the
non-participation category, as indicated by the lack of statistical significance in the test of
the interaction.

4. Discussion

The longitudinal analyses undertaken in this study were based on eight years of
data spanning late childhood to late adolescence. The primary purpose was to examine
participation with respect to relative age in five participation/non-participation contexts.
Secondary objectives included consideration of gender and chronological age as well as
the interaction between chronological age and relative age. We found that relatively older
(Quarter 1 and Quarter 2) respondents were more likely to report participation in organized
team sport when compared to the relatively youngest (Quarter 4). This finding is consistent
with past research and supports our hypotheses for the organized team sport context.
However, in contrast to previous findings (e.g., [24–27,33]) and our hypotheses, no relative
age trends were observed for organized individual sport participation. Furthermore,
RAEs appeared to be associated with participation in unorganized physical activities,
with Quarter 2-born participants over-represented. Notably, gender did not play a role in
organized sport participation, but girls were under-represented in unorganized physical
activities and more likely to report non-participation. Increasing chronological age was
associated with decreased participation in organized sports overall and specifically in
team-based contexts (but not individual sports); it was also associated with increased non-
participation in this sample. Relative age effects appeared to be consistent throughout the
developmental years examined in this study (i.e., the interaction did not meet the criteria
for statistical significance (p > 0.05) in any of the participation/non-participation contexts).

An over-representation of relatively older participants in team-based sports supports
the role of talent selection processes in perpetuating RAEs [23]. “Tryouts”, whereby coaches
and scouts scrutinize athletes’ skills for the purpose of identifying the most talented
individuals, are often required to gain membership on an organized team. These activities
are believed to favor those who are relatively older, as they are likely to be taller/stronger
and have acquired more life experience as a result of being chronologically older [18]. Once
membership is gained, these selected individuals continue to benefit from being relatively
older by having access to higher levels of training, coaching, and competition [20], resulting
in an accumulated advantage from initial (albeit subtle) differences in growth, development,
and experience [23,68].

Evidence for RAEs in individual sports has been less consistent in comparison to team
sports [25]. Previous reports of RAEs have emerged from studies of individual sports for
which physical attributes might provide an advantage such as tennis [24], cross-country
and alpine skiing [25], and sprinting [26,27]. However, the examination of sport contexts
that rely more predominantly on technical skills (vs. physical prowess) have not produced
equivalent findings (e.g., golf [69], shooting sports [70]). It has been theorized that RAEs
may be less prominent in individual sports due to comparisons between peers occurring
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after performance, and they are often informed by more objective scores such as race time
or a deductive rating system administered by a group of judges. In contrast, the peer-to-
peer comparisons associated with team selection processes are often made in the midst of
competition or scrimmages where physical differences might be more apparent on the field
of competition or during practice [25]. While “individual sport” in this study included
several activities associated with physical demands, the lack of evidence for biased birth
distributions suggests this type of sport context may be more likely to provide equitable
opportunities for success. However, the compiled sample included a variety of sports, and
each respective sport would need to be examined in detail to identify exact trends along
with sport-specific factors contributing to the existence of RAEs or lack thereof. It is also
important to note that several individual sport contexts were not available for examination,
and competition/skill level was not considered in these analyses (i.e., a stronger risk of
RAEs would be expected at elite levels of performance and may be somewhat diminished
in a heterogenous sample) [23,33].

Gender (or sex, as reported in some relative age studies) has been identified as a
significant moderator of RAEs in previous research, with male RAEs reported to be greater
in magnitude versus the female effect [23], even when participation numbers are similar [34].
However, reported gender did not appear to modify trends observed in this longitudinal
sample. This is not completely unexpected or incongruent with previous findings, given
that RAEs were primarily associated with team-based sport in these analyses and likewise
have been consistently identified in cross-sectional samples of both boys and girls in
other team-based contexts (e.g., [23,33]). Furthermore, while the pattern of risk varies
when samples are compared, RAEs are almost always present and expected to be present
during the adolescent transition years, when variability in maturational differences is
greatest [18,21].

An over-representation of Quarter 2-born participants (versus Quarter 4) was ob-
served for unorganized physical activity participation. This finding may suggest that the
impact of RAEs extends beyond the commonly examined context of organized sport, as
talent selection processes would not be required to gain membership in these activities
and engagement would be based on individual and/or parental volition. While direct
comparisons for children and youth are not available in previous research for unorganized
physical activity participation (Larouche et al. [71] reported findings for physical activity
participation in a sample that included both adolescents and adults), this trend highlights
the need to address developmental biases in both organized and unorganized contexts for
this demographic given the importance of regular participation on health outcomes [12,72].
Reduced levels of cardiorespiratory fitness have been reported for the relatively youngest
among children ages 9–12 years [73], and these findings may be associated with the extent
to which these individuals feel confident about their ability to engage in various physical
activity contexts.

An increased focus on the development of fundamental movement skills may support
participation in unorganized forms of physical activity among the relatively youngest
and could also support girls who were less likely to report participation in this context
compared to boys. A future consideration is to examine whether basic movement skills
(e.g., sprint, jump, throw, catch, balance) differ within a same-age cohort along with
consideration of gender. Coincidentally, New Brunswick is one of the few Canadian
provinces that require elementary schools to have a dedicated physical education specialist
on staff [8], which could increase the likelihood that the development of basic movement
skills is being promoted. These skills could potentially promote successful participation
in a variety of physical activities across the lifespan and minimize impact of RAEs in an
unorganized context [74,75]. It should also be noted that “unorganized” included a large
number of activities (total of 36) in a variety of settings. Future studies should consider
breaking this category down in order to identify any existing patterns in certain types of
unorganized activity (e.g., group versus individual activities, domestic chores versus active
transportation versus leisure pursuits).
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“Non-participation” was defined as a lack of self-reported participation in an orga-
nized sport or unorganized physical activity at a minimum frequency of once per week,
which is consistent with previous studies [14,60,61]. The relatively oldest participants born
in Quarter 2 were less likely to report non-participation when compared to the relatively
youngest born in Quarter 4. This further supports the notion that RAEs in organized
contexts may potentially impact other aspects of health behavior during adolescence. Fu-
ture work could examine whether this finding extends to sedentary behavior (e.g., screen
time). An increased risk of non-participation was also observed for girls and with in-
creasing chronological age. These findings are consistent with previous observations that
activity levels begin to decline during adolescence (e.g., [76,77]) and should be taken into
consideration when designing interventions to address non-participant behavior.

Returning to the theoretical framework of Wattie et al. [38], we have demonstrated
that different constraints may be operating that impact adolescent participation in activities
across a broad range of contexts. Individual constraints of chronological age and relative
age continue to be present within the realm of organized sport overall, and specifically team-
based activities, while relative age and gender impact less structured activities. Task-related
constraints (e.g., team versus individual, organized versus unorganized) also differentiate
participation. From a practical standpoint, the Wattie et al. framework and the findings of
this longitudinal analysis (and future work) should be used to develop strategies to support
the relatively youngest in various contexts. It may be necessary to address constraints at
all levels (individual, task, and environmental) beyond the realm of organized sport. For
instance, schools and/or community organizations may want to promote extracurricular
opportunities by grouping students according to birth quarter to minimize the impact of
age-related disparities. Children and youth could also be grouped according to their level
of competency in a given activity. Furthermore, interventions are required to overcome
RAEs throughout adolescence, since the relative age trends observed in this study were
consistent across the eight years examined, suggesting that the relatively youngest did not
overcome participation disadvantages at any point during the adolescent transition years.

The strengths of this study include that it is one of the first to provide a longitudinal
examination of RAEs and it does so during the “pivotal” years of youth sport develop-
ment [78]. Furthermore, the same respondents were evaluated in multiple contexts rather
than in a single sport (e.g., team and individual organized sport, unorganized physical
activity). The limitations of this study include those inherent in self-report questionnaires
such as recall bias and social desirability bias, both of which could have resulted in misclas-
sification and the over- or under-estimation of organized sport or unorganized physical
activity participation. No objective measures of participation were utilized, and some orga-
nized sport contexts were not available for examination, or the cut-off date was unknown;
however, the use of the questionnaire allowed for the investigation of several types of
participation in addition to context. Furthermore, the study sample was not designed to be
representative of a population, meaning that more research is needed to determine if the
results of this study are generalizable to different youth populations [79].

5. Conclusions

Longitudinal analyses suggest RAEs are context dependent and persist through adoles-
cence. The relatively oldest respondents (Quarter 1 and Quarter 2) were over-represented
with respect to reported organized team sport participation, while individual sport contexts
appeared to be unaffected, as evidenced by the lack of statistically significant differences in
the birth distribution. Relative age inequities also appeared to be associated with participa-
tion in unorganized physical activities, with Quarter 2-born participants over-represented.
Chronological age impacted organized sport participation overall and team-based contexts,
while gender was observed to influence participation in unorganized physical activity and
non-participation. Detailed research into specific constraints contributing to the observed
patterns would be valuable.
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Appendix A

Table A1. Adapted from Ward et al. [61].

Physical Activities
Recognized

Sport in New
Brunswick

Sports Using 31 December for
Age Groupings 1 Unorganized Activities

Team Individual In Any
Context

Certain
Contexts 2

Street hockey, floor hockey X
Ice hockey X X X
Ringette X X X
Ice skating (not for hockey or ringette) X X
In-line skating X
Skateboarding or scooter X
Bicycling X X X
Walking for exercise X
Track and field X X X
Jogging or running X X X
Golfing X X
Swimming X X
Gymnastics X X
Aerobics, yoga, exercise class X
Home exercise (push-ups, sits-ups) X
Baseball or softball X X X
Weight training X X
Basketball X X X
Football X X
Soccer X X X
Volleyball X X X
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Table A1. Cont.

Physical Activities
Recognized

Sport in New
Brunswick

Sports Using 31 December for
Age Groupings 1 Unorganized Activities

Team Individual In Any
Context

Certain
Contexts 2

Badminton X X X
Tennis X X X
Kayak, canoe X X
Dance X
Trampoline X
Skipping rope X
Handball or mini handball X X X
Ball playing (dodge ball, kickball, catch) X
Games (chase, tag, hide and seek) X
Downhill skiing or snowboarding X X X
Boxing, wrestling X X
Karate, judo, tai chi, taekwondo X X
Cross-country skiing X X X

1 Participation reported with an “organized group or team”. 2 Participation reported with “sibling(s)”, “friend(s)”,
“parent(s)/grandparent(s)”, or “by myself”.
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Abstract: (1) Background: The interpersonal dimensions of coaching in high performance sport
have been subject to increasing scrutiny but with limited evidence to guide practice. Similarly,
there is increasing practical interest in the concept of psychological safety, often portrayed as an
implicitly desirable characteristic of all sporting environments but, as yet, still to receive research
attention in high performance. As a first step to addressing these deficiencies, the present study
addressed two research aims: (a) to examine the extent to which matched groups of international and
released professional rugby union players perceived psychological safety to be an adaptive feature
of their developmental experience and (b) to understand what elements of the player’s coaching
experience were perceived to be enabling or disenabling of future progress. (2) Methods: Seven rugby
union players who had ‘made it’ and eight players who had been released from their professional
contracts took part in a semi-structured interview exploring their developmental experiences. Data
were subsequently analysed using Reflexive Thematic Analysis. (3) Results: Both groups of players
found each of their talent development and high performance environments to be psychologically
unsafe. Furthermore, players perceived coaches who were the most impactful in their development
as offering ‘tough love’. This included a range of ‘harder’ and ‘softer’ interpersonal approaches
that presented the player with clear direction, role clarity and a sense of care. It appeared that this
interpersonal approach helped the player to navigate, and benefit from, the psychologically unsafe
high performance milieu. (4) Conclusions: There appear to be a number of balances for the coach in
the high performance setting to navigate and a need for more nuance in applying constructs such as
psychological safety.

Keywords: psychological safety; care; elite performance; talent development; challenge

1. Introduction

In recent times there has been a significant interest in the development of talent
towards high performance (HP) sport [1]. This has generated a significant volume of
publications from across contexts [2] and enormous sums of money spent across the world
to promote athlete development. Despite this interest, however, there remains a paucity
of research that is ‘for’ the coach, rather than ‘of’ coaching [3,4]. In essence, there is
limited research that offers the ‘granularity’ [5] necessary for coaches and practitioners to
make truly evidence-informed decisions [6]. This may be one of the reasons why research
appears not to have made significant impact on applied practice, where a wide variety of
different, even contradictory, implicitly and explicitly held constructs influence coaching [7].
Specifically in HP sport, there is a limited body of literature that has investigated truly
‘elite’ performers [8]. Similarly, there has been a failure to distinguish between levels of
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performance and understanding further development when athletes do reach the elite
level [9].

1.1. Psychological Safety

In the applied domain, there is growing interest in a construct with a long history in
the organisational literature, psychological safety (PS) [10]. Although there are multiple
definitions in use, the concept was initially defined by Edmondson [11] as: ‘a shared belief
by members of a team that the team is safe for interpersonal risk taking’, underpinned by
a number of scale items, including: the lack of ‘fear of mistakes being held against you’,
‘it is safe to take a risk on this team’ and ‘working with members of this team, my unique
skills and talents are valued and utilised’ [11]. In the most recent definition, Edmondson
suggests a dual effect: ‘in psychologically safe environments, people believe that if they
make a mistake or ask for help, others will not react badly’ [12]. Perhaps in recognition that
there are issues with the application of Edmondson’s definition in sport, a recent paper
redefined PS as: ‘the perception that one is protected from, or unlikely to be at risk of,
psychological harm in sport’, with harm including perceptions of threat or fear [13].

Several issues with the application of the construct in HP have been raised. As
highlighted in a recent critical review, even by redefining the construct, it is difficult to see
how it can be applied to athletes in HP [14]. At the very least, it has been suggested that
there is a need to apply PS in a critical manner, understanding potential downsides such
as lower overall performance without accountability, or even unethical behaviour [15,16].
Similarly, there is a need to recognise the realities of the HP milieu, one in which there
will nearly always be consequences for poor performance [17,18] that may challenge one’s
implicit safety.

Notably, despite a wave of interest in the applied domain, there remains very limited
empirical investigation of the construct in sport. For instance, current examples involve
high level university team sport athletes [19] and amateur rugby [20]. There is even less
at higher levels of performance, for example NCAA basketball [21] and, notably, given
the complex and multidimensional nature of the construct, no qualitative data that we are
aware of.

1.2. Challenging Coaching

This lack of empirical investigation is notable, as one of the most robust findings in
talent development (TD) research is the central role of challenge dynamics in promoting
elite performance [22–26]. An example of these dynamics is the impact of early advantage
in talent pathways, with athletes experiencing less challenge earlier in the pathway being
more likely to be deselected as the challenge level increases [27,28]. As a result, it has been
proposed that athletes can benefit from a range of affective conditions through development,
as they experience a range of positive and negative experiences, so long as they can
deploy the requisite psycho-behavioural skills to learn from their experiences [29,30].
Therefore, in the HP domain, it appears that a number of situations have the potential to
be particularly emotionally disturbing and therefore a useful means to provoke further
development [30]. Given that in nearly all cases, the coach will be responsible for a
significant number of emotionally disturbing athlete experiences, whether they be positive
or negative (e.g., selection), the coach has a central role to play in the wider development
of the athlete, which may usefully provoke perceptions of an unsafe environment.

A number of conceptual framings of coaching practice have been suggested to un-
derstand the characteristics of effective TD environments, or ‘all aspects of the coaching
situation’ [31]. For the coach seeking to take advantage of these dynamics, several features
of TD have the potential to be impactful for the athlete including coherence of experi-
ence [32], individualisation [33] and the quality of messages received and sent by the
athlete [34]. Yet, despite understanding what characterises effective coaching practice, lim-
ited literature has actively considered what the coach actually does. For example, the work
of Collins and colleagues [23] suggested that the TD coaching of ‘super champion’ athletes
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was characterised by a blend of high challenge, facilitative and relatively non-directive
input, in contrast to less successful athletes where the coach drove the agenda.

There is a similar limited volume of empirical work considering the role of the HP
coach, particularly as regards the enhancement of performance. As an example, the work
of Lara-Bercial and Mallett [35] found the need for coaches to enforce a culture of high
expectations and standards, producing an inherently challenging environment. They
also introduced the term ‘driven benevolence’ to describe an approach where coaches
cared for others and maintained optimal development through pressure. As such, there
appear to be a number of interpersonal dimensions that are particularly pertinent to the
coaches of current or future high performers. These include the need for setting high
expectations, ensuring that athletes have role clarity [36] and doing this with a level of
emotional ‘elasticity’ to make and communicate tough decisions, albeit in a considerate
manner [35].

1.3. Care

Elsewhere there has been a growth in the literature examining the role of care in
coaching. Whilst seen as a core feature of coaching practice, it is often portrayed as
an addition to performance or development [37]. In contrast, the recent literature has
drawn on the work of Noddings’ theory of care in pedagogical relationships [38,39] to
suggest a dual strand of care, where the coach should care ‘for’ and ‘about’ the athlete.
To ‘care for’ an athlete, coaches express ‘devotion and desire’ to meet the needs and
wants of that individual [40,41]. Such devotion is characterised by a coach’s engrossment,
motivational displacement and reciprocity in the coaching relationship. Engrossment
refers to the sustained attention of the coach in relation to the athlete’s needs and wants,
consistently offering high levels of empathetic concern. Motivational displacement captures
the behaviour of a coach who aims to meet the athlete’s needs even if it supersedes that
of their own. Finally, reciprocity implies that the care offered to a player can only be
confirmed when the player receives and acknowledges it. In contrast, caring about an
athlete describes a coach’s emotional concern for an individual, without the need for
engrossment, motivational displacement nor a reciprocal interaction.

Interestingly, others have highlighted limitations to this gentle view [41,42], suggesting
that the nature of the HP milieu provides individuals with a social context where coaches
may care for athletes through interactions that are harder in nature. For instance, Cronin and
colleagues [40] explored the role of care within an English Premiership football environment,
where the milieu was characterised as cut-throat, competitive and volatile [43,44]. They
offer the conclusion that care is inherently contextual and situated within a social milieu [40].
It is this view that sits in contrast to views of dichotomous perspectives of coaching practice,
particularly in HP, that have suggested a separation of person and performer, with an
emphasis on the former. This false dichotomy encourages the view that care in coaching is
more ‘caring about’, than ‘caring for’ an athlete. If the latter is about meeting the wants and
needs of the individual, particularly in HP populations, it is likely that it will be expressed
differently to a participant with different motivations [45]. Worthy of note is the idea that
high performers, or ambitious developing athletes, may want or require a more robust
coaching approach, which is already established in the literature [30]. Yet, confusingly, it
has recently been suggested that the concept of ‘tough love’ may be used as a euphemism
for abusive coaching practice [46]. This seems at odds with the suggestion that care should
be understood within particular social circumstances; that those aspiring to an elite level of
performance may require a different approach from their coaches, and the often-used idea
that coaching requires holding people to high standards. Reflecting these apparent conflicts,
there is a need to understand what athletes perceive to be truly developmental coaching.

As a result of the dynamics presented in the literature and the lack of overall empirical
investigation, as practicing coaches and coach developers working in TD, we felt a need
to investigate the dynamics involved in development and the role of the coach in this
process. Thus, we sought to understand the experiences and perceptions of athletes who
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had progressed through a TD pathway, reaching or failing to achieve senior elite status.
Given the need to understand what was considered effective and ineffective, two matched
groups of successful and unsuccessful athletes were considered appropriate as a means
of understanding different experiences. This takes account of calls for comparison groups
in talent research [2] and the value of using negative case studies, rather than risking
survivorship bias in successful samples [47]. Our ultimate purpose being to inform the
practice of coaches working with athletes in the TD or HP setting. As a result, the aims of
this study were: (a) to examine the extent to which two matched groups of international
and released professional rugby union players perceived PS to be an adaptive feature
of their developmental experience and (b) to understand what elements of the player’s
coaching experience were perceived to be enabling or disenabling of future progress.

2. Methods
2.1. Research Philosophy, Design and Methods

Given the aims of this study and our wish to critically explore the practical utility
of popular ideas and concepts in HP sport, a pragmatic research philosophy was em-
ployed [48]. The pragmatic approach encourages the use of methods that provide findings
and implications that are practically meaningful, without need to adhere to a specific
epistemological view [49]. Thus, the comparison of player’s perceptions of PS and their
coaching experiences, between those who ‘made it’ and those who were released provides
a pertinent investigation for anyone interested in the elite sport context.

In line with our pragmatic approach, qualitative research methods allow for a deep
examination of the player group’s developmental experiences [50]. Qualitative research
methods allow authors to collect rich descriptive data, with an aim of producing a useful
interpretation of a practical problem, rather than one that is absolute [51]. Furthermore,
a pragmatic research philosophy encourages the consideration of biases and preferences
to make sense of findings. Reflecting these considerations, it is important to note that this
study was aided by our experience as active practitioners within HP sport and specifically
in rugby union [52,53].

2.2. Participants

Two purposefully sampled groups of male rugby union players were recruited against
distinct inclusion and exclusion criteria. In both cohorts, players were matched by the
criteria of: (a) progressing through the English Premiership academy system between
2012 and 2018, (b) had represented their country at junior international level at either
U18 and/or U20 level and (c) had signed a professional contract at a senior elite team
in the English Premiership (the highest level of performance nationally). As a point of
difference, the first group were players whose career status was defined as ‘made it’. All
had progressed through the domestic game and subsequently been selected to play for their
country at senior international level (n = 7; Age, M = 22.14). Importantly, for perspective on
the career status of the player, interviews took place within 6 months of players entering
an international camp or playing for their country for the first time. The second group
were players whose career status was defined as those who were ‘released’. Those who,
despite matching the first cohort as having progressed through the academy system, played
junior international rugby and signed a professional contract, had been released from their
professional contract (n = 8; Age M = 22.75; See Table 1 for participant career status). The
comparison between these two groups allowed us to explore the developmental experiences
and perceptions of coaching along similar pathways that resulted in divergent outcomes.
Finally, all players were recruited to take part through personal contact and, following the
protocol approval by the University Ethics Committee, completed informed consent.
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Table 1. Participant career status.

Career Status at Time of Interview International Status

Player 1 (S1) Professional player at Premiership club U18/U20/Senior
Player 2 (S2) Professional player at Premiership club U20/Senior
Player 3 (S3) Professional player at Premiership club U20/Senior
Player 4 (S4) Professional player at Premiership club U18/U20/Senior
Player 5 (S5) Professional player at Premiership club U18/U20/Senior
Player 6 (S6) Professional player at Premiership club U18/U20/Senior
Player 7 (S7) Professional player at Premiership club U18/U20/Senior
Player 8 (R1) Released U18
Player 9 (R2) Released U18/U20

Player 10 (R3) Released U18
Player 11 (R4) Released U18/U20
Player 12 (R5) Released U20
Player 13 (R6) Released U18/U20
Player 14 (R7) Released U18/20
Player 15 (R8) Released U20

2.3. Data Collection

Both groups of players were invited to participate in two stages of data collection, both
of which took place within a wider semi-structured interview. A semi-structured interview
guide was developed and refined through a pilot interview with former professional
players (n = 2) with similar profiles to the released population, minus experience of junior
international rugby. These pilot studies led to subtle refinements of the semi-structured
interview guide, including clearer guidance regarding the use of graphic timeline and
the refinement of questions to enhance clarity. The interview consisted of open-ended
questions that elicited responses informed by appropriate literature whilst follow-up probes
and prompts were planned for and used to allow expansion on key points [54]. Interviews
were conducted by both the first (n = 10) and second (n = 5) authors. Rather than for
the purpose of data analysis and instead as a means to enhance recall and generate rich
dialogue, the first stage of the interview asked players to sketch out their playing journey in
rugby union on a timeline, highlighting key moments and transitions for the player along
the Y axis [55]. Players were asked to score their relative development in terms of progress
(+5) and stagnation (−5) along the X axis. Following this initial stage, the interview then
asked players to go through the timeline again, this time focusing more deeply on specific
perceived critical periods and, importantly, the time between perceived critical events.
The second stage of the interview included questions regarding players’ perceptions of
PS, as per definition of Edmondson [11] and coaching experiences within each age/stage
of their pathway at academy club, junior international, senior club, and for the made it
group, senior international levels. The interview guide is available on request from the first
author. Abiding by regulations put in place by the University Ethics Committee to mitigate
against the risk of COVID-19, interviews were arranged over video-conferencing software
(Zoom Video Communications, California, Version 5.7) at a time and date that suited the
participant. Prior to this, a pre-briefing allowed them to reflect on the timeline task and
interview questions ahead of the interview. The interviews lasted between 60 and 105 min
(M = 79 min) and were recorded for subsequent analysis.

2.4. Data Analysis

All interviews were transcribed verbatim and subsequently checked for accuracy
against audio recordings. Data were then analysed using a Reflexive Thematic Analysis (TA)
approach [56], using QSR NVivo Version 12 software. Against our pragmatic orientation,
TA was chosen given the need to examine patterns of shared meaning across the player
cohort [57]. Indeed, a core feature of TA is the recognition that the researcher plays a
key role in the process of generating themes through engagement with the data. This
allowed for deep reflexive engagement between researcher, data and theory (Braun and
Clarke, 2019). Analysis was conducted by the first author, utilising each of the six phases
initially outlined by Braun and Clarke [58]. Importantly, this took place flexibly, with
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appropriate non-linear movement between phases [56]. At the first stage, the first author
became familiar with the content, highlighting and annotating areas of interest. Second,
coding was conducted on a surface (semantic) level, before capturing the assumptions that
underpin surface meaning through multiple sweeps of analysis [57]. Third, initial themes
were generated, organised and captured from the initial coding process. At the fourth
stage, the second author, acting as a critical friend, supported the review and refinement
of themes to quality check if they were ‘coherent, consistent and distinctive’ [59]. The
fifth phase involved defining and naming themes based on attribution of shared meaning.
The final stage was the write up and report of data [57].

2.5. Trustworthiness

Several measures were taken to ensure trustworthiness in our approach. First, member
reflections were solicited by email following completion of the six-phase TA process [60].
This involved all participants being contacted and sent a tabulated form of the final themes
through the TA to seek their reflections on generated themes. In addition, participants
were asked if the themes reflected their own experiences and if they had any further com-
ments or considerations. Nearly all participants chose to take part in member reflections
(n = 14 from 15) and their additional reflections have been incorporated into the results sec-
tion. Players were universally supportive of the concept of ‘tough love’ (as defined by this
study), and something they perceived as crucially important to their overall development.
One way in which member reflections deepened overall analysis was the emphasis that
players put on the technical and tactical competence of the coach, in addition to the inter-
personal and pedagogic dimensions of their practice. As an example, player 9 commented:
‘as regards to accountability, I am all for that and with coaches who really care about my
development. But it is so important that they hold you accountable for the right stuff, stuff
that would have genuinely improved me’.

In addition, during data collection, the first author kept a reflexive journal reflecting
on key differences and similarities between players’ perceptions of PS and coaching experi-
ences and key areas of interest in line with the research questions. This journal was also
used as an audit trail, to critically consider the methodological approach and support the
initial generation of codes [61]. Finally, to ensure resonance in our approach, the second
author, who is an experienced qualitative researcher, acted as a critical friend throughout
the process [59].

3. Results

The purpose of the study was two-fold. Firstly, to understand the perceptions of
both groups of players to understand the extent to which perceptions of PS were an
effective and clear feature of their development experience. Secondly, to explore what
elements of the player’s coaching experience were perceived to be enabling or disenabling
of future progress. The first part of the results section addresses the first of these research
questions, with two developed themes. The first developed theme concerns the extent to
which player’s perceived it to be possible that the HP rugby union environment had the
potential to offer them a sense of PS. The second generated theme presents the adaptive
and maladaptive consequences of these perceptions.

3.1. A Lack of Psychological Safety

Across both groups of players, a lack of PS as a near constant factor in their professional
career was reported. Players described this lack of safety as being driven by the judgement
inherent to the HP milieu, making them subject to consistent scrutiny and criticism. Yet, for
this group, the core feature of their experience that appeared to drive perceptions of a lack
of safety was the judgement conferred by selection.

There’s no comfort, no safety, if you don’t work hard or you perform poorly,
there’s eight other guys that are going to happily step in your shoes. It can be
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exhausting, but it definitely helps. It’s one of those places where you bring your
gumshield to breakfast, you don’t want to put a foot wrong. (S6)

Players perceived their coaches to be central in engineering a lack of safety. They
expressed that this was due to the coach’s role in making selection and contractual decisions:

It’s the most uncomfortable environment I’ve been in . . . if you were making a
mistake because you weren’t switched on, it was a major issue. I wasn’t on it for
a session, (coach) picked up on it straight after, he told me that I was going to be
in the starting 15, but I’d worked my way out of it and that it would be tough to
get back in. It was a good lesson for me, I reacted my usual way, when I’ve had a
kick up the a*se, that’s where I’ve sat down and properly had a think about what
I need to do and where I need to be . . . when I’m under that intense pressure, I
feel a bit on edge, at the time it doesn’t feel great, afterwards, you know you’ve
progressed a lot. (S5)

Additionally, where players were part of strong playing squads, this lack of safety
was also experienced because of peer comparison, selection pressure and the consequent
intra-group competition. In essence, at both the individual and organisational level, players
felt that safety was incongruous with the nature of the HP milieu.

3.2. A Double-Edged Sword

Rather than these perceptions being debilitating, the ability to cope with and develop in
a psychologically unsafe environment appeared critical to their progress. As a particularly
prominent factor amongst the ‘made it’ group, players appeared to respond adaptively to a
lack of safety. Take for example player three’s (S3) early experience of international rugby:

(International coach) pulled me in on the Wednesday morning before we trained.
He says: ‘we’re gonna start you’ . . . I woke up a day later to a text saying you
need to see (coach). He said: ‘I’m not picking you, you didn’t train well, XXX
had the upper hand on you’. I went away and had a think, I knew what (coach)
wanted and what he was trying to do . . . I had to find gears I never had before
in training. I thought I was leaving it all out there, but somehow, I wasn’t. It
brought far more out of me. The game is mad, you can be on top of the world
for 48 h before and then rock bottom. That camp was a perfect example and
although it was traumatic at the time, I look back on it and I loved it, it definitely
improved me.

As a comparison, consider the response of player eight (S8), reflecting on deselection
from an international U20 squad:

A couple of players got picked ahead of me and I was thinking, what more could I
be doing? I’m playing well, starting in (on loan in lower league) ahead of players
who are on the bench (at a lower level). Why is this fair? Why is this happening?
It especially annoyed me because I felt like they took (player) because of his
brother. It was a stitch up.

As such, what appeared to be adaptive or positive was not the perception of safety.
Rather, it was how individual players responded to the nature of the milieu. Indeed,
maladaptive responses to this lack of safety were a prevalent and indeed, derailing factor
for some of those players unable to transition from age group international to senior
elite performance. One that seemed to be exacerbated where a player’s developmental
experience had been overly safe and lacking the demands of the senior game: ‘through the
academy, life was easy, rugby was easy. Then, you go from being big fish in a small pond
to a small fish in a huge pond. I found it so hard’ (R6). Notably, players who perceived
their development experience to be very safe, expressed that such environments did not
adequately prepare them for the demands of the HP milieu.

This does not suggest that players believed that they were consistently able to respond
adaptively; their experiences seemed to also change over time. Whilst the nature of the
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milieu remained the same, it was the player that seemed to change. Take for example the
changing experiences of player four (S4) as he began to deploy psycho-behavioural skills
to manage the demands placed on him as he reflected on two stages of his career. Firstly, as
he began in the senior training environment:

In my first year, I was terrified of making mistakes. You’re new on the scene,
you’re a young guy and thrown into training with players like XXX [a senior
international and club stalwart] and you don’t want to f*ck up. I felt I trained
within myself for a lot of that period. I’ve addressed that now but there’s still a
lot of pressure . . . nobody’s position is safe.

Players from both groups held the perspective that a lack of safety, rather than being
debilitating, was an adaptive feature of their environment. Note the perceived differences
for player four (S4), as he began embedding himself into a senior international squad:

When you don’t have expectation, you don’t perform at the level you need to.
If you feel like a bit safe, when there’s no expectation, you think you can coast.
When everyone is competing for a spot, that gets the best out of everyone. The
squad depth at (international) is ridiculous. Everyone’s battling so hard to play,
it’s so competitive. I thrive in that. I like the intensity but there’s a couple of
players who don’t thrive in those environments.

When players did perceive a level of safety, often reported to be outside of the HP
milieu, this was seen subsequently as a negative factor in their development; seemingly
prompting stagnation over the longer term. In the case of player 13 (R6), when he was
loaned out to a semi-professional team:

It sounds silly, but I was very confident in my position (at loan club). I wasn’t
going to dropped for a 19 year old student or a 28 year old plumber. I think that’s
the problem, especially during that time. I needed to be pushed, I just wasn’t. I
accepted that I’ll be playing for this team every weekend on loan.

It appeared that, rather than seeking safety and the certainty of their position, players
were appreciative of being held accountable for their performance and the processes
necessary for their continued development. Where this accountability and judgement was
absent, it was perceived to be a negative developmental factor. Players also perceived this
to be important at the group level, where the collective response to a lack of safety was
seen as a key determinant of team performance:

(Club coach), when you don’t get selected, looks at how hard you train. It’s
almost 10 times harder when you’re not getting picked because you got to push
yourself even harder. In that sense it’s a good environment, when you play the
non-selected in training and all of them are all p*ssed off, that preps you for
the weekend. It’s probably a difference between teams because in some places
players don’t get picked and sulk. This place is completely different, it fires
people up. (S3)

Players also described a lack of safety as prompting increased effort and attention
to detail. The pressure conferred by a lack of safety was also significantly fatiguing and
long-term exposure left players exhausted:

I was just so tired, not so much physically, but mentally. I just couldn’t get away
from all the pressure. The lockdown (COVID) came at just the right time for me,
I really enjoyed it. It was just what I needed because those two years, not doing
well at (club) were really tough. I took that quite personally and struggled with it.
So the lockdown was almost like a restart button. (S1)

I was straight out of school. I finished the (international U18) stuff, finished my
last exam then the next day I was straight into (club). I couldn’t get used to the
pressure, needing to be on it all the time. I was tired and just didn’t cope with it,
it was a chore from the beginning. (R7)
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The perception of fatigue was most strongly felt where levels of safety were lowest
and for extended periods of time. Despite this, however, there was a perception that this
was highly developmental, both in the short term, driving them to higher standards and
greater effort and, when this pressure was reduced, there was a perception that players
were better able to cope with lower pressure in other environments:

Being at (international), you feel like you have to step up a level, or you will just
get sent home. It feels like you are on X Factor! I feel like I have to be on point
every session or I am going to be embarrassed. You have (coach) prowling around
watching everything as well. Everything that you do is going to get judged, it
either pushes you into your shell, or drives you to perform. I found it hard to
adjust, but going back into club rugby, I felt so much more relaxed. I felt like
I could go at the same intensity, but I wasn’t as stressed out, it was like I had
adapted to the stress and could get the same results. It helped me massively from
a mental point of view. (S7)

Players’ reflections were complex; there was a highly individual and contextually
mediated response to a lack of PS. In nearly all cases, players felt that high pressure
and a lack of safety was very uncomfortable at the time, but through the deployment of
different psycho-behavioural skills, negative impacts were moderated and could become a
developmental stimulus. Where players lacked the psycho-behavioural skillset to cope, or
where the pressures were prolonged and uncontrollable, the inherent lack of safety was a
significant risk factor for the player’s overall development.

3.3. Tough Love

In seeking to understand what approaches players considered to be the most effective
in supporting their development, two themes were developed as prominent features of
their experience. The first theme, coaches use of ‘harder’ approaches in their coaching
practice, concerned holding players accountable to high standards, giving them role clarity,
engaging in robust feedback processes and attention to detail. The second generated theme
included the ‘softer’ approaches used by coaches in offering the player a level of openness
and care. Perhaps summarising the needs that players perceived they had throughout
the early stages of their careers, player three (S3) noted: ‘I’ve worked with so many good
coaches, we always had good conversations. They know when someone needs an arm
on the shoulder or know when they need a kick up the a*se’. The reflections of players
were complex and multidimensional; players believed that they derived important but
differential benefits from different coaching behaviours. This didn’t appear to be a balance
between hard and soft approaches. Instead, players perceived coaches as offering more
of one or the other through to offering both simultaneously. Across the interviews, both
groups frequently used the term ‘tough love’ to describe what they perceived to be the most
enabling coaching approach. Players consistently reflected on their desire and the necessity
for the coach to adopt ‘hard’ approaches (tough) and the need for ‘softer’ approaches (love).

Table 2 presents the data based on player perception, identifying the approaches used
by coaches that they perceived to be enabling of their future progress and the opposite
pole [62], perceived to be disenabling. The perspectives of the players suggest a non-
dichotomous perspective on effective coaching. Players strongly believed that effectiveness
was the result of both ‘harder’ and ‘softer’ approaches to coaching practice. In short, players
strongly desired highly competent coaches who presented them with a clear direction and
held them to high standards, whilst also caring for and about them.
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3.3.1. Harder Approaches

Across both groups, there was a near universal perception that players wanted coaches
who adopted ‘harder’ approaches to their coaching. Their descriptions indicated that harder
approaches seemed to offer players direction, motivation and robust feedback, guiding the
reflective patterns that appeared to be supportive of further performance development. For
example, player 13 (R6) suggested:

I needed a coach, who offered some tough love, who would be on top of me, that
would be honest, but also respect me. I only got that in the early years of my
career. Other coaches, who I had a really good relationship with, there was no:
‘this wasn’t good enough’. I needed a coach to say: ‘your performance at this
level is fine, but I want you to think about your ambitions as a player and if you
want to push on, your performance at the weekend was crap’. There was never
any of that. I knew if I went out with no preparation, had a beer the night before,
hadn’t really done much mental prep . . . I’d still have been a seven out of ten. I
needed coach to tell me: ‘seven out of ten at this level is not good enough’.

There was a strong perception across the group that the challenges of the elite game
required these harder approaches to drive and promote the extra levels of performance
necessary to make the jump to truly elite performance. Players also reflected on the need for
role clarity to make sense of where they stood in a challenging environment and mitigate
against the ill effects of a lack of PS.

It was a complete emotional rollercoaster, one week I was captain, the next week
I couldn’t captain the tiddlywinks team. I had no idea where I stood, it was like
the team performance rested on me. I heard from another coach that one week I
was being recommended to (international coach), being offered 2 year contract on
way more money, the next (club coach) wasn’t going to pick me at all. Whether
there was an agenda to get rid of me I don’t know, but there was a lot going on
behind the scenes. (S1)

The absence of role clarity was felt strongest in relation to the frequent experience of
emotionally disturbing challenges, such as selection and contractual matters. This lack of
clarity was experienced most strongly amongst the group of ‘didn’t’ players but was also
a feature of the whole group’s experience. Without knowing where they stood within an
environment, or what they needed to do in order to obtain opportunities to further their
careers, players felt confused and directionless:

I was told that I’d hit all goals set for me, but the goals had changed. I got told I
wasn’t going to be contracted, but that I’m doing exactly what they’d asked of
me, but they’d moved the goal posts at some point. I hadn’t been told. (R8)

Players were also well aware of the scale of the challenge presented by the HP milieu
and were accepting of the commitment necessary to reach the elite level. Coaches who
guided this process were perceived to engage players in robust feedback processes, that
were often emotionally laden but acted to give clear direction to the player and enabled
them to take action:

(Head coach) was known to be a bit of a ‘yes man’. He’d always say: ‘yeah, yeah,
you’ll get your chance’. The type of person who avoids the tricky conversations.
Other coaches would just tell you something like (Head coach), you’d try and do
it, go and do it but it wouldn’t change anything. (R4)

Where robust feedback was offered to the player, it was seen as a performance en-
hancer, helping players to make sense of the difficulties they faced. The opposite of which,
players found especially difficult to understand or energise their next steps:

Wishy washy feedback was a killer. I was being released and it just wasn’t clean:
‘we really rate you, but we aren’t contracting you.’ I go away and what the hell
am I supposed to do with that? Now, it’s like: ‘you’re not getting picked because
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of this, this and this.’ It’s just being straight up and honest. I think coaches need
to think deeply about their approach to those conversations, they can kick players
on, or beat them down. (S3)

Players also put significant weighting on the ability of the coach’s competence in guid-
ing their progress. This was seen both in terms of the coach’s competence and knowledge
base, but also through their individual rather than group-focused attention to detail:

When you dropped that ball, or when you made that pass, he asked: ‘what do
you think you could have done?’. (Coach) remembers all the details, and it was a
huge attention to detail. It just broke everything down for me, it was so much
easier. Their attention to detail, it was eye opening. (S6)

Notably, where coaches did not have the perceived knowledge base, particularly as
players reached higher levels of the game, regardless of other facets of support, they were
rejected as helpful agents.

3.3.2. Softer Approaches

Regarding the player’s perceptions of ‘softer’ approaches used by coaches, ‘softer’
approaches in the mind of the players did not seem to mean gentle. Instead, these reflected
a genuine concern for their welfare and performance, offering them a voice to express
thoughts and concerns:

(1st team coach) was tough in terms of having high expectations for everybody
in the squad and to take responsibility. No one was able to sort of rest on their
laurels, there was an expectation for everyone to improve, all the time. But also,
this person was a generous, kind and compassionate human being . . . From my
point of view, I thought it was absolutely fantastic. (R2)

This compassion was reflected by the attention paid to the player as an individual;
understanding their broader life, with the perception that the player was able to approach
the coach regarding their life outside of the game. However, this perception of care was
also multidimensional, and, more prevalently, players referred to care as being a coach’s
investment of time and effort in their development as a performer. In essence, it seemed
that, whilst players valued coaches paying attention to and recognising their wider lives,
players cared more about coaches who invested in their careers as athletes.

The final generated theme concerned the extent to which coaches made themselves
open to conversations or invited a player’s input. Coaches who were perceived as open,
allowed players to approach them to discuss issues and to understand the player’s point
of view: ‘Having spent time with a lot of coaches, those that are open enough to invite
challenge and debate is such a massive thing for my development’ (S7). For others, with
coaches where these conversations did not take place, there seemed to be a barrier for
coaches in understanding the psycho-emotional state of the player. In some cases, players
felt that coaches were deliberately undermining them and had closed themselves off to the
input of players. Where players perceived this, it seemed to change the player’s interpre-
tation of the coach’s input. For example, in one case, a coaching group was perceived to
favour a certain type of player based on non-performance relevant characteristics:

(International age group coaches) didn’t want me there, it was basically all private
school lads down there and the coaches were quite cliquey because nearly all the
players had been in their system for ages. I remember in my first session I made
a tackle and I folded a (club) back rower. The coaches were like: ‘oh the (club)
lads are here’. I was the only player from my club, it was clear that they didn’t
like me. They had their favourites from certain clubs and the louder ones who
were more extroverted. I couldn’t approach them. (R3)

In addition to the perceptions of the player regarding the extent to which the coach
could offer a ‘tough love’ approach, it appeared that the key mediating factor was the extent
to which the player’s perceived the coach to be competent. Often demonstrated through
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technical understanding of the sport, or of a player’s needs, where a coach’s competence
was questioned, it often led to their input being rejected.

I respected coaches more if I thought they knew what they were talking about.
With (international age group), I was told I wasn’t fit enough but I ran a 4.51
bronco (fitness test), it was so annoying, they didn’t know what I needed to work
on. They were just covering their a*ses. (R5)

At times, players held different perspectives on the same behavioural approach from
the same coach. Compare, for example, the perceptions of players one and seven of a 1st
team coach:

I was like, wow, this man who’s achieved so much is willing to take a gamble
on me. He was really direct with me, but I remember feeling like I had to give
everything I can to learn from him. (S1)

For me, it is finding the coaches who are doing it for the right reason, and you look
at their track record, you know they are doing something right. Some coaches
will just shout at you for the sake of it, (coach) was just an authoritarian, I stopped
listening. (S7)

In essence, amongst this group of players, there was a nuanced necessity for the coach
to deploy a range of interpersonal skills as a medium to support their development. This
was experienced on a highly individual basis and often moderated, not only by the type of
relationship between coach and athlete, but also perceptions of competence, power and the
wider network of relationships held by the coach with other players.

4. Discussion

The aims of this study were: (a) to examine the extent to which two matched groups
of international and released professional rugby union players perceived PS to be an
adaptive feature of their developmental experience and (b) to understand what elements of
the player’s coaching experience were perceived to be enabling or disenabling of future
progress. The findings present two overarching points of discussion including the player’s
perceptions regarding PS, firstly the near universal lack of PS throughout their career and
second, the role of the coach, including their experiences of interpersonal dimensions
and soft skills of their coaches throughout the pathway. Subsequent evidence-informed
implications are offered to coaches and practitioners within HP and TD settings.

4.1. Psychological Safety

In line with recent critiques of the uncritical application of PS as a conceptual model
in HP sport, data in this study suggest a complex and nuanced relationship between
perceptions of safety and performance development [14]. Much like data collected in other
contexts, it does appear that the construct may not always be a performance enhancer [15].
The experiences of the players suggest that a lack of safety appeared to be a ubiquitous
feature of their experience and, indeed, where players had the requisite psycho-behavioural
skills to cope with a lack of safety, it appeared to be a performance enhancer [55]. Indeed,
this may be a key differentiating feature of the HP milieu and non-elite settings, cf. [20].
In this regard, with growing and significant interest in the construct, there remains a lack
of empirical investigation and limited conceptual clarity [13]. In essence, the players in
this sample were well aware that if they made mistakes, it would be held against them,
that risk taking was not safe and the pressures of selection meant that their unique talents
would not always be valued [11,12]. In addition, the response to a lack of safety seemed to
differentiate between those that were able to make the next step in the professional game
towards senior international status and those who were not. Yet, importantly, the present
sample also alluded to a number of potential issues associated with these perceptions of
a lack of safety, including the high fatigue associated with the pressure to perform over
extended periods [63].
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Selection and deselection are clear realities of the HP milieu; in the case of elite rugby
union, faced on a weekly basis. Coaches simply cannot offer athletes an environment
where mistakes will not be held against you, where risk taking is safe and unique skills will
always be valued [11]. Taking a different definition, nor is it possible to offer an experience
that is: ‘protected from, or unlikely to be at risk of, psychological harm in sport (including
fear, threat, and insecurity)’ with shared perceptions of comfort [13]. Therefore, in terms of
theory, rather than aiming for PS as a universally desirable outcome, we might be a little
more realistic and consider safety on a continuum, with differential effects depending on
the extent of the lack of safety. Low levels of safety (when coupled with an appropriate
psycho-behavioural skillset) potentially drive increased levels of effort and attention to
detail, whilst higher levels of safety may allow the athlete the space to experiment and
recover from the demands placed on them, cf. [29].

This would suggest that for the athlete, if there are differential effects from more or
less safe experiences, through appropriate planning, it may be desirable to periodise the
extent of the pressure experienced by the athlete, through an athlete’s career [33,64]. Either
way, a more individual view of safety is likely appropriate [13], rather than the blanket
suggestion that an entire environment can be classified as being ‘safe’ [65]. In essence, if
the concept of PS is to offer a meaningful impact in HP sport, there is a need for further
critical investigation, framed by a real world understanding of the HP milieu. In short, and
as with so much else in coaching, ‘it depends’ on the coach using professional judgement
and decision making (PJDM) to select the most appropriate approach for each context [66].

4.2. Role of the Coach

Coherent with the findings of previous research, athletes put a significant weighting
on the interpersonal dimensions of their interactions with coaches [67]. Importantly, the
players highlighted multiple coaches, along with other stakeholders, playing an active
role in their development [34,68]. The interpersonal dimensions of these interactions were
complex and in many ways seemed to contradict a variety of coach education advice [23].
Players did not perceive the role of the coach to be offering unremitting positivity. Instead,
players sought genuinely developmental input from their coach [29]. This input required
the coach to be knowledgeable across multiple domains [69] and operationalise this through
a variety of interpersonal approaches [70,71].

Prominently, the coach’s ability to help the player generate appropriate role clarity
was supportive of development and protected against maladaptive consequences of a lack
of PS. That is, whilst players were well aware of the judgement and the inherent potential
for them to be deselected, understanding the criteria they would be judged on and help
from the coach to make progress towards these ends appeared to be central to the coach’s
role. For the most part, the coach appeared to enable this by deploying a variety of ‘harder’
approaches. Importantly, however, the longer-term vehicle for improvement was also
supported by ‘softer’ approaches [72]. This appeared especially important where players
perceived a significant performance gap between themselves and the senior elite level.

4.2.1. Interpersonal Dimensions

This has significant implications for the existing care literature in coaching. Rather than
‘tough love’ being used as a euphemism to justify abusive coaching practices, ‘tough love’
was perceived by players to be an essential feature of coaching practice that characterised
both the hard and soft approaches that they deployed [46]. The data here present an
orthogonal relationship between the role of the coach and players’ perceptions of their
decisions and interactions. Coaches who were perceived by players to offer them ‘tough
love’ were characterised as both caring for and caring about their players [39,40]. Our data
are consistent with the assertions that a consideration of ‘care’, needs to be ecologically
situated [40] and take account of the nature of the HP milieu. Put simply, context is key.
Similar to research conducted in TDEs [42], it also suggests that care does not always
need to be demonstrated through softer approaches. If we take this view in relation to the
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findings within this study, players offer numerous accounts where care is expressed by their
coaches through interactions that, without reference to social context, may be perceived
as uncaring [73,74]. These include instances of stern corrective feedback, the threat of
deselection, increasing psychological and social pressures and the impact of contractual
decisions. It seems unanimous from the findings that the players perceived effective
coaching interactions as tough but caring, as they were often perceived as necessary given
the challenges they regularly face in their day-to-day life as a professional rugby union
player [42,75]. Additionally, players were clear that overly positive interactions with
coaches, aimed at ‘pleasing’ them, or building relationships, were perceived as detrimental,
especially without the developmental input that they needed [42]. Thus, when addressing
the HP milieu, ‘caring for’ athletes whose needs are clearly expressed and self-determined
by their own long term success as performers, offers a paradox to coaches who are presented
with key conceptual precursors of PS [14].

The findings from our study present clear differences between the two groups’ de-
scriptions of their dialogue with their coaches. On the one hand, those players who were
able to progress, demonstrated ‘reciprocity’ between feedback and their choice to accept it
and engage with it [40,76]. Clear connections can be drawn here to two relevant concepts.
Players perceived role clarity [36], that is where they fit within the wider group and the
accepted roles and responsibilities that come with it, and their feedback literacy [34], which
addresses how well an athlete can interact with feedback. Progression was supported when
players understood where they stood in the social context and the roles and responsibilities
that were expected of them. In contrast, stagnation seemed to be coupled with coach
decisions about the destination of loan clubs, or (de)selection for the senior team. Similarly,
the group who ‘made it’, described numerous instances where they took time to consider
and process critical feedback, often relishing these types of challenges [23]. Interestingly,
the coach’s capacity to care for their players in an HP environment seemed dependent on
the interrelation between the capacity to engage in open dialogue with players, the creation
of reciprocity in highly challenging situations, ensuring player role clarity and, finally, the
nurturing of a player’s feedback literacy over time.

We hope this adds further nuance to the existing base of evidence in the coaching
field, which in recent years has emphasised the interpersonal dimensions of the coaching
process [77]. To be clear, this is not to suggest that abusive coaching practice is justified in
any domain, not only for the obvious ethical reasons, but also for the sake of performance.
Such an extreme ‘either-or’ position is unfortunately commonly expressed but not grounded
in any reality of which we are aware. Where players in this sample did feel uncared for, it
seemed to have a negative performance consequence. Therefore, whilst there may be a case
for performance sport to use the concept of PS under very specific circumstances, we would
suggest there is a need for a more mechanistic understanding of the dynamics at play. In
addition, a clear need for the field to be conceptually clear, especially in the realm of TD
and elite sport, where the demands of the milieu are very different to those experienced in
community sport or organisational life. This is especially important if findings are to be
used in applied practice, as we cannot ignore the realities of HP. In this regard, we would
suggest that conceptions of care seem to present significantly more transferability, based on
environmental nuance.

The perception that the coach really cared about the player is important. Care from the
perspective of the player seemed to be driven by a level of complementarity; that player
and coaches converged towards the same aims [78]. Significantly, for the team sport coach,
this convergence seemed to be towards the interests of the individual player rather than
the organisation. In essence, there was a perception that the coach understood and cared
for that player’s developmental needs and career ambitions. For some players, it was
important to them that the coach understood their life beyond being a rugby player. Yet, for
most players, the latter was not perceived to be an essential feature of an effective coaching
experience. This is a notable finding and one that deepens our understanding of the coach
in the TD and HP setting.
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There are of course nuances presented by the sample given that even those players
who ‘didn’t make it’ could be classified as ‘competitive elite’ [8]. Thus, it may be that
the relative ‘eliteness’ of the sample has implications for desired coaching practice as all
participants were, at least for a time, full time professional athletes. Thus, it is likely that
their participatory aims were more geared to performance [45]. We might justifiably suggest
that this may not be the case in populations with a more participatory focus. Therefore, we
suggest that blanket statements designed to cover the realm of ‘coaching’ from the U5′s to
the podium are clearly not appropriate but, rather, counterproductive and confusing.

4.2.2. Soft Skills

On the basis that the role of the coach seemed to be so fundamental to the perceived
progress of the players and that such a complex picture was presented by their reflections,
as has long been identified, interpersonal skills are a core feature of coaching practice [79].
Taking this idea, colloquially, interpersonal skills are often referred to as being ‘soft skills’.
On the basis of the data presented in this sample and others [30], this label would seem
wholly inappropriate. Instead, the label ‘interpersonal skills’ seems far more appropriate to
describe the range of different stances and approaches that were adopted and perceived to
be supportive of player progress. In this particular instance, the interpersonal approaches
adopted by coaches need to be matched to the nature of the HP milieu [17]. Perhaps
challenging the common discourse around coaching that is suggesting that care in coaching
may need to rely on ‘softer’ approaches, both harder and softer approaches were used by
coaches [72]. Additionally, given the complexity of both the setting and the athlete’s needs,
it is also clear that effective interpersonal skills were fundamentally intertwined with the
coach’s ability to utilise a wide body of knowledge in their practice [80]. For example,
understanding the role of feedback on the player and deciding an appropriate way to
engage the athlete in a feedback process, requires pedagogic and interpersonal knowledge
and skills, along with the technical, tactical, physical and psychological knowledge by
which to begin a feedback process [69,80].

Players also saw the competence and power of the coach as a primary mediator of
their messaging. That is, unless they believed that the coach was competent enough to offer
them input, what they heard was rejected and added to a sense of overall frustration [34].
Much like the literature in pedagogic sciences, such as understanding impactful feedback
as a process [34,81], the data presented here suggest a complex interaction between coach
and athlete. The interpersonal effectiveness of the coach was underpinned by a range of
other coaching knowledge and skills [71]. Indeed, the data presented here suggest that high
quality coaching practice was supported by an effective coach–athlete relationship [67].
However, as specifically highlighted by a number of participants, this was not sufficient for
high quality coaching.

5. Limitations

Given our attempt to successfully address the research aims, there are of course
limitations in our approach. First, the retrospective nature of the methods employed
within this study have often been criticised in research within HP and TD environments as
they may offer an invalid and untrustworthy representation of athlete experiences [2,82].
Secondly, the analysis may have benefited from the triangulation of coach perspectives, if
players had been matched to coaches that had been working with players during critical
periods. This option was discounted given the desire for a longer term, career perspective of
each individual player, each of whom had worked with large numbers of support personnel
and, as such, coaches may only be able to offer a limited perspective on the experience of
each individual. Given these limitations it is essential to first consider possible alternate
methods of data collection in respect to the research aims and second, address the attempts
to mitigate the impact of these limitations in respect to the research findings.

In considering the study design, alternative methods of data collection may have
utilised more in situ ethnographic methods over prolonged periods of time within a
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single TD pathway [2]. Whilst this approach would have resulted in data that explore an
environment in a much deeper and broader fashion, it also would result in a much smaller
sample size and a failure to capture the similarities, perceptions and experiences of rugby
players across different clubs and environments, and at different times, who eventually
ended up at the same ultimate destination. Furthermore, to mitigate athlete data, which may
be invalid or untrustworthy, the graphic timeline task successfully stimulated the player’s
memory and supported the recall of particular events, perceptions of the environment
and experience of the coach’s support [83]. This is a likely reason as to why the member
reflection process corroborated the tabulation of our TA.

Finally, to mitigate possible survivorship bias, the inclusion/exclusion criteria was
employed to explore two populations who had experienced the same overall TD system,
albeit within different contexts, which resulted in different athlete perceptions. To truly
address the research aims, the perspective of athletes from both populations were valued,
offering an equal investigation into those who had and had not made it [47].

6. Applied Implications

This paper raises several challenges for the coach, coach development and broader
coaching practice, perhaps reflecting a level of nuance that is very difficult to capture
outside of the complexity of the context and social milieu where coaching happens. To this
point, much of the literature that has considered the role of the coach has focused on the
softer side of the interpersonal dimensions of the coaching relationship. In practice, this
has meant that much coach development support has tended to be unable to offer coaches
support on harder interpersonal approaches (e.g., role clarity, provision of challenge). We
therefore believe that there is a significant opportunity for practitioners to expand the scope
of their work beyond the boundaries of ‘soft skills’ and begin to consider the extent to
which their interpersonal approach deploys a range of both hard and soft approaches [72].
Importantly, this is not an ‘either/or’, but, rather, should be seen as an ‘and/both’.

6.1. Role Clarity

We would suggest that for the individual coach, the suggestion that coaches should
spend time explaining to the athlete the ‘why’ behind their coaching decisions would
be a good starting point [84]. In addition, engaging in open dialogue with athletes may
be the necessary starting point for effective coaching, especially if we are to ensure that
care is a core feature of the coaching environment [39]. Without this open but potentially
uncomfortable dialogue [85], there is a risk that athletes see the coach as a nice person who
is unable to help them improve, especially in HP populations. Athletes may well need to
feel psychologically unsafe, at least in the short term. A core dimension of open dialogue
should be the athlete’s generation of role clarity (cf. PCDEs)—[86]. The coach has a critical
role to play in minimising role ambiguity as a means of driving a player’s developmental
journey, especially as they work through a variety of challenging experiences [36]. This
means players knowing what their role in a group was, what a coach expected of them
and what they would be judged on. This may be especially important as players navigate
through a psychologically unsafe landscape.

With no exceptions, all players in this sample experienced issues with coaches and
practice that they considered to be poor. This suggests important implications for player
development, where TD systems may need to consider the extent to which players are pre-
pared to work with coaches who are unable to provide optimal developmental conditions.
This may be especially important in settings where player development is more distributed
across a wider network of influences (e.g., [68]). How the coach optimally prepares athletes
for periods where they may have to be the predominant driver of their development seems
to be critical [87]. Importantly, unlike the experiences of a player in this sample, this does
not mean leaving players to their own devices and calling it empowerment.
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6.2. Safety

Perhaps controversially, we would suggest that, rather than being an implicitly desir-
able feature of all coaching environments, this study clearly shows that a lack of PS was an
ever-present feature of the experience of the players in this sample. Indeed, in contrast to
the literature in the organisational domain, a lack of safety was often regarded by individual
players as a performance enhancer [88]. As a result, it seems that PS, where present, rather
than being universally positive may limit development, cf. [14,15]. In essence, there is
the fascinating dimension, clearly warranting further empirical attention, that so long as
coupled by a level of role clarity, it may be desirable for coaches to deliberately reduce PS.
At the very least, we would suggest that the uncritical attempt to apply the construct across
performance sport settings without an evidence base is both unwarranted and potentially
harmful to the athlete interests presented as of paramount importance. For the time being, it
would at least appear wholly unwarranted for PS to be seen as an unquestionably positive
element of athlete development, or in many cases whether it is actually possible for PS to
be a feature of the HP milieu [14].

Whilst it appears that HP athletes will rarely experience PS as defined by Edmond-
son [11] or Vella et al. [13], suggestions that the HP milieu can be made psychologically
safe are unlikely, and perhaps, undesirable. However, in specific conditions, a coach may
choose to generate a specific set of circumstances that allows for increased perceptions of
safety, either to manage the fatigue of an athlete, or where they may be struggling with
the demands of the environment. This circles on the centrality of role clarity as a means of
supporting performance and player development. If safety is seen on a continuum, rather
than the characteristic of an environment, there may be situations where higher levels of
safety may be adaptive. For example, players in this sample discussed transitioning out of
international squads, back to their club, or where players were exhausted from constant
judgement and competitive demands. For this reason, there are potentially transferable
dimensions of the concept of the ‘safe container’, a temporally constrained block of time
where increased perceptions of safety can be generated via contracting lower levels of
judgment [89].

Thus, as has been the case for coaching practice for a long time, the coach has the
chance to deploy strategies such as telling an athlete that they will be selected for a given
period of time, regardless of their performance, or an athlete might be removed from
competitive games for a block of time to make technical adjustments. By the same token,
just as was the case for athletes in this sample, coaches may remove a sense of safety but
take advantage of a lack of safety, offering role clarity for the athlete. For example, in
a centimetres, grams, seconds (CGS) sport, an athlete will know the performance level
they might need to reach to achieve a higher level of funding or selection for competition.
Similarly, in team sports, an example is the time taken by the coach on an individual basis
to show and articulate to the player exactly what they need to do to be selected. In all of
this, it is of course worth noting that if one athlete is guaranteed selection, then another
athlete is made unsafe because they are not being selected.

Much of the data presenting in this sample bears similarities to discussions of learning
and performance more generally [90]. There is obviously more research to be conducted,
and whilst the affective conditions for learning are generating more attention [30], there is
more research to be carried out that explores the potential utility of a range of emotional
experience on learning and development. Finally, in an era where coaches of all ages and
stages are wrestling with a variety of athlete welfare concerns, there is an essential need
for careful, granular interrogation of concepts and the realities of the HP domain. As per
the data in this sample, more consideration needs to be paid to the wants and needs of HP
athletes and data from the participation setting should not be universally applied. PS is
not a term that should be used loosely, it is a well-established and empirically supported
concept in specific organisational settings [12]. This may prevent the confusion amongst
practitioners in the HP sport community, which, anecdotally at least, seems to be causing
such a range of issues between athletes and coaches.
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Abstract: Talent identification (TID) and talent development (TD) continue to receive significant
investment from team sports organisations, highlighting their importance in attempting to identify
potential elite athletes. Accompanying this continual pursuit to unearth future talent is an ever-
increasing body of research aiming to provide solutions and strategies to optimise TID and TD
processes. Therefore, the aim of this review is to provide a summary and critical synthesis of the
methodological approaches applied to TID in team sports and present considerations for future TID
research. Specifically, this review highlights three key areas for consideration: (1) the timespan of the
research design; (2) the use of monodisciplinary or multidisciplinary variables; and (3) the fidelity
of the methodological approaches to the assessment of talent. The review highlights the benefits of
longitudinal, multidisciplinary, and ecologically valid research designs for TID within team sports.

Keywords: talent identification; talent development; youth; sport

1. Introduction

The lure of success and financial reward is big business for sporting organisations. At
the highest levels of team sports, exorbitant investments are made for the recruitment of the
most talented athletes who can help organisations accomplish their goals. With this in mind,
sporting organisations continue to invest in the identification and development of young
talented athletes within their academy systems, with the hope of unearthing or developing
potential world class elite athletes of their own [1]. As a product of this investment,
youth sport is becoming increasingly professionalised, with organisations now supplying
considerable resources for talent identification (TID). TID is defined as “recognising players
participating in the sport who have the potential to excel” [2] (p. 1). Once identified,
organisations aim to provide appropriate learning environments so that such athletes have
the opportunity to realise their potential by maximising the training and development
opportunities of prospective talents with the greatest potential for success [3,4]. This
occurs through talent development (TD), defined as a “relatively systematic combination
of coaching, support, training, and match play designed to progress players” [2] (p. 1).

Due to the popularity and growth of elite athlete development programmes, there is
a vast and diverse quantity of TID research available across multiple sports. The variety
and depth of such research has been important in establishing an evidence base, providing
valuable reference data across sports in multiple disciplines (e.g., technical, tactical, physical,
psychosocial), that may be used to distinguish between performance levels. Yet, this volume
of research has potentially led to contrasting opinions and widespread misconceptions of
talent in high performance team sport settings [5]. For example, it is acknowledged that
TID is a complicated process, with the question of “what is talent?” alone proving to be
a highly divisive and contradictory topic [6,7]. Due to a lack of consensus on a definition
and objective measure of talent, TID (for the purpose of this review) refers to recognising
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current participants with the potential to progress or to become an elite athlete [2,8]. TID has
typically inferred potential based on current performance level [9], yet Bergkamp et al. [10]
argued that using performance level as an outcome for TID (i.e., elite vs. non-elite) may be
misleading. Performance level is a consequence of one or more (de)selection decisions, and
therefore, may only reflect a perception of talented and less talented individuals, rather
than an objective measure of talent or potential. Without a clear measure for identifying
future elite players, TID has become a significant contributor to research on youth team
sport athletes; however, with such a substantial amount of literature, issues emerge relating
to the diversity of research methods.

As a key area for research within team sports, several recent review articles [5,10–15]
raised issues regarding current approaches to TID. These include a lack of longitudinal
research designs, the use of monodisciplinary research designs (i.e., physical, psychological,
technical, tactical, etc.), and low-fidelity performance characteristics (e.g., isolated sprint
testing). However, these methodological issues have yet to be examined collectively, with
specific application to team sports as a whole. To date, there are no real consensuses on the
underpinning methodology for talent identification or which characteristics of talent may
best distinguish athletes which are most likely to progress to the elite level. Researchers and
practitioners continue the search for the distinctive characteristics responsible for achieving
sporting excellence, but is it fair to say that no consensus may ever be reached, considering
the ever-evolving complex and dynamic nature of team sports and the subjective opinions
of what constitutes successful performance [16]. Given the ever-expanding volume of
interest, research and applied practice surrounding TID, this narrative review aims to
provide a summary and critical synthesis of the methodological approaches to talent
identification in team sports and to present considerations for future TID research.

2. Talent Identification Research Designs
2.1. Cross-Sectional Research

Cross-sectional research designs are the most common methodological approach in
TID research (i.e., 68% of studies according to a recent scoping review by Baker et al. [11]).
Cross-sectional studies often measure specific characteristics within different disciplines
(e.g., speed, endurance (physical), passing, dribbling (technical), motivation, confidence
(psychological), game intelligence, and general tactics (tactical)) at a one-off timepoint and
make comparisons across two or more distinct groups. Previous research has included com-
parisons of elite vs. non-elite athletes [17], selected vs. non-selected regional athletes [18],
academy vs. school athletes [19] or regional vs. national athletes [20]. This type of research
is often used to measure the characteristics believed to be linked to successful performance
in a cross-section of the sample of interest [21]. Such cross-sectional research designs pro-
vide a “snapshot” of performance at a moment in time, which is perhaps indicative of an
individual’s expertise or talent.

Cross-sectional study designs have been used in TID across multiple team sports, in-
cluding soccer [22], rugby union [19], Australian football [23], netball [24], rugby league [25],
basketball [26], and field hockey [27]. Whilst this research is of value, the efficacy of cross-
sectional designs in identifying talented youth athletes remains in question. For example,
research by Gil et al. [28] examined the selection process of a professional soccer club in
Spain to identify the physical characteristics of players who were selected into the club’s
academy. Players who were selected between the ages of 9 and 10 years were leaner
(48.9 mm vs. 66.2 mm sum of skinfolds, p < 0.01), quicker (4.96 s vs. 5.53 s in a 30-m sprint
test, p < 0.001), more agile (5.81 s vs. 6.38 s in a 30-m agility test, p < 0.001), jumped higher
(29.1 cm vs. 26.9 cm in a countermovement jump test, p < 0.01) and possessed greater
aerobic endurance (618 m vs. 464 m in the yoyo intermittent recovery level 1 test, p < 0.01)
than a control group from an open soccer camp who were not selected to train in the club’s
academy. If physical advantages at a young age, as observed by Gil et al. [28], are used in
TID and selection processes, this seems heavily reliant on the assumption that any physical
advantages would remain consistent within individuals across childhood and adolescence,
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and transfer to adult performance. This fails to account for the influences of individual
growth and maturation [29–32] and the effects of development (i.e., practice, coaching
and training) [2]. Similarly, research by Zuber and Conzelmann [33] demonstrated elite
youth ice hockey players with higher intrinsic motivation (assessed via 5 motivational
constructs–win orientation, goal orientation, hope for success, fear or failure and self-
determination), were rated as better players by their coaches (using a 1–100 scale) when
judging game performance, in comparison to their less motivated counterparts. Therefore,
a key limitation of a cross-sectional research design as a methodological approach is that
assessing performance, at a singular time-point, as an indicator of talent, provides limited
information on future potential. This is partly due to the non-linear and dynamic nature of
development in talented elite youth athletes [34,35], where variables that correlate with a
performance advantage at young ages (e.g., an early developing basketball athlete with
greater height) may not necessarily be the same factors explaining adult performance or
that the individual’s height may be an advantage in adulthood [6]. Research evidence
shows the disparate development among youth athletes. For example, a longitudinal case
study by Moran et al. [36] displayed substantial fluctuations in academy soccer player’s
sprint and jump performances over a 6-year period. Such research confirms that one off
performance measures are likely temporary representations of athletic capabilities, where
current performance is interpreted as a proxy for potential [9].

In summary, whilst cross-sectional data used in TID is advantageous for comparisons
between groups or athletes at a singular timepoint, the inclusion of cross-sectional data
in identification or de(selection) decisions within long-term TID/TD programmes can
be considered imprudent, as it may prematurely exclude late-developing athletes, given
the non-linear development of certain characteristics that may affect performance (e.g.,
speed, [36]). A more suitable approach is likely to be based on serial measurements of these
characteristics over time, to better understand the trajectory of an elite youth team sport
athlete’s development [37].

2.2. Longitudinal Research

Longitudinal research has been used to follow a cohort of athletes and assess changes
in characteristics at two or more time-points [38]. Through taking repeated measurements
of an athlete or group of athletes, a longitudinal research design can assess the character-
istics that may be linked to performance whilst also assessing changes and development
over time [39]. In practice, longitudinal research has greater affinity than cross-sectional
research to TD, where regular assessments can serve as a monitoring tool for a group
of athletes. Longitudinal research surrounding TID is less common, research that does
exist has demonstrated variations in the long-term development of certain characteristics
between differing groups, in several sports including rugby league [40], field hockey [41],
handball [42], soccer [43], and Australian rules football [44]. Key findings of such studies
are summarised in Table 1. Studies were selected as being representative of a variety of
team sports, having a minimum of three measurement occasions and a study period of at
least 12 months in order to represent longitudinal change between groups that was not
attributable to short-term intervention.
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Whilst cross-sectional data can provide differences in characteristics between two
distinct groups at singular timepoints, longitudinal research [45,46] provides practitioners
with a measure of athlete progression to assess the effectiveness of TID/TD processes [31].
However, one major methodological challenge to longitudinal research is participant
dropout, where repeated measures cannot be taken of athletes who are not afforded
the opportunity to progress. This is highlighted in the work of Moran et al. [36] who’s
final sample of 6 athletes (from an initial 140) were the only individuals to achieve the
longevity required for the 6-year period of study on longitudinal monitoring of physical
characteristics within a single professional soccer academy. In such cases, a more thorough
estimation of sample size requirements that accounts for participant attrition and expected
drop out rates may help overcome such methodological challenges.

Most longitudinal research measures change on a group level, possibly sacrificing
insight into changes on an individual level, which may provide a more in-depth under-
standing of development. Through monitoring longitudinal changes in the characteristics
that underpin successful performance, researchers and practitioners are likely to be pro-
vided with a more valid, continuous indicator of an athlete’s potential to progress based
on that athlete frequently achieving the necessary characteristics to be retained within a
TD programme. For example, an athlete who progresses through an academy and avoids
deselection is likely to possess superior characteristics in one or more disciplines (physical,
technical, tactical, psychological) at multiple timepoints, from both an objective (standard-
ised assessments) and/or subjective (coach’s perceptions) perspective, in comparison to
their deselected peers. This allows them to continue in the pathway and have an oppor-
tunity to reach the professional level in their sport [6], rejecting the notion of TID as a
transient process.

2.3. Prospective/Retrospective Research Designs

When discussing methodological issues surrounding TID in soccer, Bergkamp et al. [10]
stated a key focus of TID research is to evaluate the predictive value of performance
characteristics, not just to identify such characteristics. Research has attempted to both
prospectively track an athlete’s development into professional status [47], as well as ret-
rospectively examine their development once professional status has been attained [48].
Approaching TID through prospective and retrospective research designs, often leads to
TID being conceptualised as a direct relationship between a factor (e.g., height) and adult
performance in a particular team sport (e.g., volleyball). For example, research in soccer
players who went on to play at international or professional levels as adults, displayed
superior performance in several anthropometrical and fitness measures at under 14 to
under 16 age groups (i.e., height, body mass, maximal anaerobic power, countermove-
ment jump, 40-m sprint time) [49]. More recent research supports such findings showing
that future professional soccer players outperformed their non-professional counterparts
in measures of speed (5/10/20-m sprint times), power (countermovement jump height),
and endurance (distance covered in yoyo intermittent recovery test level 1) from age
~13/14 years onward [39]. Similar findings have also been shown when investigating psy-
chological [50], tactical [51] and technical [52] characteristics, as well as multidimensional
research designs [53]. For instance, Forsman et al. [53], found future elite players outscored
non-elite players, at 15 years of age, in tests of dribbling and passing, passing and centering
(technical), speed, agility, endurance (physical), motivation (psychological), and “acting in
changing situations” (tactical). Whilst these examples of research may aid in establishing
characteristics associated with future success (i.e., having better characteristics), research
still fails to provide insight into the individual, non-linear developmental patterns of such
characteristics [48].

A methodological approach that considers the dynamic nature of TID/TD as a long-
term process, whilst also considering future career outcome, allows practitioners and
researchers to further understand and examine the relationships and individual devel-
opmental trajectories that may influence the future career attainment of the most tal-
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ented team sport athletes [48]. Studies using such an approach (i.e., longitudinal retro-
spective) are uncommon in the literature, with some exceptions [38,47,48]. For example,
Till et al. [38] retrospectively examined the development of physical characteristics between
13–15 years of age for those players who attained professional, academy and amateur status
in rugby league. It was found that the enhanced development of sitting height, speed,
change of direction speed and estimated maximal oxygen consumption (VO2 max) between
13–15 years of age could differentiate between career attainment outcome of professional
and amateur players. Similar findings in soccer [48] showed different patterns of devel-
opment in tests of vertical jumping and slalom agility when prospectively tracking future
professionals and non-professionals, with professionals improving at a faster rate between
12–18 years of age. In contrast, Leyhr et al. [47] found no significant interactions between
speed and technical skill development and future adult performance level (i.e., professional
vs. non-professional). It should be noted however, inconsistencies in definitions of profes-
sional status were observed between the studies, with Leyhr et al. [47] limiting their scope
to professional players only within Germany. These contrasting findings potentially suggest
a lack of generalisability outside of their respective environments (e.g., sport, country), but
also to the wider population due to the restriction in the range present in the respective
samples typified by the homogeneity of groups (i.e., selection bias of team sport athletes
selected to some form of TID programme [10]). Additionally, the selected studies tended to
assess longitudinal development and career attainment interactions at a group level, where
a case-by-case individual analysis of players may provide more insight [47].

As such, research designs may aim to identify characteristics important for successful
performance, track the fluctuating development of these characteristics through periods
of adolescence/maturity, and evaluate their relevance in future career outcomes assessed
on an individual level. It should also be noted that due to the complex, myriad of factors
responsible for team sport performance, research that is mono-disciplinary in nature (i.e.,
only examining one component of performance, such as physical characteristics) cannot
provide a complete picture of TID. As an extension, research that incorporates an array
of potential future successful performance characteristics, and their interactions, into a
longitudinal evaluation of the player, appears to be the optimal approach for TID/TD
purposes [37].

3. A Multidisciplinary Approach

One proposed component of talent is its multi-dimensional nature [6]. Whilst the call
for research to adopt a multidisciplinary approach is a recurring message [4,8,13,32,35,54],
both current and previous research surrounding TID in team sports has often adopted
monodisciplinary designs [19,39,50–52]. This was highlighted by an underrepresentation
of multidimensional designs in a recent review [5]. The lack of multidimensional designs is
perhaps due to the fact that, in reality, the identification of talented individuals is difficult to
objectively explain [6]. This is accompanied with the associated methodological challenges
of needing to measure variables from each discipline in their entirety [46], combine these
into a tool for TID purposes, and implement this across large samples (e.g., nationwide TID
processes [55,56]).

Given the challenges of a multidisciplinary research design, a mono-disciplinary de-
sign is often utilised. Despite some of the limitations highlighted above, this approach
can still provide rich insights for both researchers and practitioners. For example, re-
search from several sports has solely examined physical qualities in relation to TID [57–61].
Additional mono-disciplinary research has shown the value of assessing tactical [51,62],
technical [52,63], psychological [33,64], and even genetic traits [65] within TID. In such
cases, it may be interpreted that through mono-disciplinary evaluations, an individual’s
superiority in one characteristic (e.g., speed) can potentially compensate for weakness in
others (e.g., technical/tactical) [35]. Whilst such examples provide a valuable source of
information for TID/TD, a mono-disciplinary approach to research, where the outcome
variable is related to only one discipline of performance (e.g., physical characteristics),
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may not fully explain the intricacies of individual talent and development, as it fails
to consider “the interaction of many different elements spinning in the contextual web of final
performance” [66] (p. 2).

The interactions of such elements can also be problematic during the decision-making
process for coaches [9]. Namely, the use of multiple sources of information across disciplines
in TID decision-making can lead to athlete’s having similar summative scores (across all
characteristics) but very different individual performance scores. Figure 1 provides three
hypothetical examples of different athlete types where such challenges may occur. In such
cases, the decision to de(select) athletes becomes more complex. Here, each athlete has a
very similar summative score, creating a choice between those with “the overall package”
(even scores across all characteristics—Athlete 1) or those with “something special” (greater
scores in specific characteristics—Athlete’s 2 and 3), who’s weaknesses could potentially be
masked or substituted by other players within a team sport [9]. As each athlete’s individual
profile is unique to them, a multidisciplinary approach allows the identification of an
athlete’s ability in various disciplines and characteristics relevant for performance in their
sport, whilst also allowing support staff within the environment to evaluate such strengths
and weaknesses in order to facilitate a more individualised plan of development [67].
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In this regard, a multidisciplinary approach in research to TID may allow for a more
holistic profile of youth team sport athletes and increase the utility of TID [23,41,68,69].
Some examples of multidisciplinary research from various team sports are presented
in Table 2.
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As highlighted by some of the selected research in Table 2, whilst a multidisciplinary
approach is becoming more prominent in TID research within team sports, research within
specific disciplines appears more common (e.g., physical). For example, Dimundo et al. [70]
utilised seven physical characteristics in comparison to one tactical, when investigating dif-
ferences in selected and non-selected academy rugby union players, a finding that appears
common across selected TID research with physical characteristics more routinely mea-
sured [27,45,71]. This is perhaps partly due to the difficulty in assessing some characteristics
(e.g., assessing an athlete’s tactical knowledge through retrospective video analysis [70,71]),
compared to the ease of assessing others where the application of physical testing batteries
and anthropometric measurements are commonplace within TID/TD environments. Where
including characteristics from all disciplines in order to provide a balanced, comprehensive
approach is not viable, research might aim to evaluate the relative importance of each
characteristic relative to their sport. A case study by Jones et al. [72] utilised such an
approach, i.e., the perceived importance of various fitness tests from a coach and player’s
perspective as a weighting factor for ranking the importance of certain physical qualities
for individual players. Again, however, such research is limited to physical discipline, and
further research across other disciplines is required.

Despite the multidimensional nature of the studies listed in Table 2, each used a
cross-sectional research design [45,70,71,73] or only observed mean performance across
two time-points [74], thus failing to understand if the longitudinal development of any
of the investigated characteristics influenced TID decisions. Nevertheless, adopting a
multidisciplinary approach to TID research appears more valid and applicable to team
sports, as team sports require the interaction of multiple characteristics across disciplines [4].
From this perspective it becomes clear that performance in team sports is not synonymous
with one set of characteristics from a single discipline, and yet the dominant approach
within research is to assess perceived characteristics of relevance within disciplines in
isolation [75].

4. Signs and Samples
4.1. Signs

A large volume of research across various team sports has recognised the multi-
disciplinary nature of sports performance, but often in TID research the isolated circum-
stances in which an athlete’s characteristics are assessed bears little resemblance to per-
formance itself. For example, some predictors of performance in numerous team sports
include physical (i.e., speed, strength, and endurance characteristics [19,60,61]), psycho-
logical (i.e., achievement motive, motivation, self-confidence and concentration [27,33,73]),
technical (dribbling, kicking and shooting [41,71,76]), and tactical (positioning and decid-
ing, pattern recognition [53,64]). Such characteristics are commonly measured in discrete,
controlled circumstances such as laboratory or field based-tests in order to obtain reliable
and standardised results—a far cry from the open and often chaotic environment in which
these characteristics are utilised during team sport performance.

Using a term borrowed from psychology literature, characteristics measured in this
way can be termed as “signs” and are said to be conceptually related predictors of the future
behaviour or performance of interest [77]. Sign-based tests are said to lack “fidelity” [10],
in that they are distinct characteristics measured in a dissimilar task and context to that
of the criterion behaviour (team sport performance). For example, assessing speed as
a physical characteristic deemed important for differentiating talented and less-talented
individuals in terms of their future sport performance using a signs approach may take
the form of a 20-metre sprint test (see [22]). Here athletes would be expected to complete
multiple trials of a linear sprint, commonly from a stationary start, over a pre-defined
distance and with adequate rest-periods to reduce any potential elements of fatigue. In
comparison, during actual performance, an athlete would most likely be already moving
or adopting a different body position, may need to sprint in a curvilinear fashion and/or
include changes of direction and is likely fatigued from prior actions performed. This is
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then further compounded by the interactions with moving opponents and team-mates, and
the perceptual-cognitive and decision-making requirements of such a task. Therefore, a
key methodological concern of a signs-based approach is that whilst providing a reliable
and valid measure of a specific characteristic for each athlete in that setting, it is clear such
an approach lacks resemblance in terms of task and context to how such characteristics
would be utilised during on-field team sport performance. In contrast, given the complex,
multi-faceted nature of team sport and the inherent difficulty of measuring individual team
sport performance, breaking down performance into predictors from various disciplines
and investigating their impact on predicting success and future performance makes sense
from a practical perspective [10]. Particularly when many of these predictors have been
shown to discriminate between performance levels [17,19,70,78,79].

4.2. Samples

If performance, skill, or expertise is viewed as the end-goal or outcome (Baker et al. [6]),
then it would seem logical for TID research measuring the precursors to these outcomes, to
attempt to mimic these criterion behaviours as closely as possible [75]. Such an approach
can be termed as “sample” based, in that researchers sample a behaviour in a highly
representative context, providing a higher fidelity measure. This sample is more analogous
to the criterion (performance) and therefore likely has greater utility in TID for assessing
those with greater potential for future performance, particularly in homogenous groups
such as team sports [75]. As talent can be viewed as a complex and dynamic construct
where future behaviours stem from the combination of psychological, technical, tactical,
and physical characteristics [35], a samples approach does appear more valid within TID
research in order to investigate how such multidisciplinary characteristics interact and
combine to predict or measure actual team sport performance.

Examples of establishing a samples-based approach can be seen from recent research in
soccer, where small-sided games (SSGs) have been investigated as potential tools for TID, as
they obtain performance under similar task, environmental and behavioural conditions [80–82]
and have been validated showing moderate-to-large relationships to actual 11 v 11 perfor-
mance [82]. Fenner et al. [80] investigated player performance in SSGs (subjective scoring
of technical aspects rated by the coaches) and match result. There was a significant and
large relationship between players judged to have higher technical scores within the SSGs
and those found to have more success in SSGs based on an accumulation of points for goals
scored and match outcome (r = 0.76, p < 0.001). In addition, Bennett et al. [81] showed that
higher skilled players (trained within a professional academy) had a significantly greater
number of attempted and completed skill involvements in SSGs compared with low-level
players (trained within a local academy) (p < 0.01). Further research within American
Football demonstrated that samples of previous performance, measured via position spe-
cific in-game statistics (e.g., percentage pass completion for a quarterback), across a 1-year
period at college level, was a statistically significant predictor (p < 0.05) of subsequent
performance in the National Football League (NFL), whereas signs of performance (i.e.,
physical tests in the NFL Combine) failed to demonstrate predictive power of future NFL
performance [83]. Equally, in Australian Football, O’Connor et al. [64] demonstrated a
significant difference in recent match-play performance (sample) between selected and
non-selected athletes into a national programme (p < 0.001). Recent match performance
was also identified as a predictor variable that could discriminate between selected and
non-selected, with a large standardised coefficient (0.851), indicating its importance. It
should be noted however, that recent match performance in this study was based upon a
coded variable indicating selection for participation in regional camps and tournaments
and thus this sample of behaviour may reflect perceived match performance as opposed to
actual performance.
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4.3. Subjective Expert Opinion

Given the complexity of sampling performance in its entirety, one method utilised in
order to provide a samples-based assessment is the inclusion of a subjective expert opinion
(SEO), where a coach or practitioner can provide a holistic rating of player performance
(e.g., a score from 1 to 4, [84]. Research has shown that inclusion of subjective ratings
from coaches improves predictive models within TID in comparison to objective data
alone [55,74]. However, the basis of and validity of such ratings is yet to be established
with research showing a lack of agreement between coaches [85], an inability for coaches to
accurately rate performance within specific disciplines (e.g., physical, [86,87]) and sugges-
tions that ratings are potentially biased [82] and could be based on a coaches’ perceived
ability to influence and develop a player rather than solely on athlete ability alone [88,89].
Evidence of such biases has shown subjective ratings may vary based on an individual’s
stage of maturation and rate of growth, with a trend for ratings to decline for players
around the time of their growth spurt, before increasing again post growth spurt [84].
Equally, it may be expected that maturity timing (e.g., late vs. early) may influence coach
ratings, as early maturing players typically have physical advantages in size, strength, and
speed versus their less mature counterparts [90]. In such scenarios, a samples approach
where individuals are grouped relative to their biological age (i.e., “bio-banding”) may
remove such physical biases, allowing later maturing players more opportunity to exhibit
their tactical and technical proficiency [91], potentially facilitating a more valid sample
of performance through SEO. Due to the lack of evidence on the validity and reliability
of SEO’s, there are concerns regarding the use of coach ratings alone, as they may lack a
shared and explicit criterion upon which ratings are based. Given such information, TID
should attempt to utilise both objective and subjective profiling information to help inform
their decision-making processes rather than solely rely on clinical judgement [75].

5. Conclusions

The current review highlights three key methodological approaches relevant to TID
research, namely, the time-course of the research design (i.e., cross-sectional or longitudinal;
prospective or retrospective), the disciplines of interest (i.e., mono or multi-disciplinary
designs), and the assessment method applied (i.e., signs or samples). These methodological
approaches have a range of strengths and limitations regarding TID research, and remain
pertinent within research related to any team sport due to the dynamic, multidimensional,
and complex demands of such sports.

To summarise, cross-sectional designs fail to account for the non-linear development
of youth athletes and the emergenic, dynamic and symbiotic conceptualisation of talent [6].
This may potentially lead to misrepresentations of an individual’s potential when undertak-
ing (de)selection decisions, as different characteristics will evolve and develop at different
rates for each individual athlete, in conjunction with the potentially confounding effects
of growth, maturation, and development [31,61,92]. With this in mind, it is proposed
that a longitudinal approach to TID research may be more beneficial, as it may provide
insights into the individual developmental changes of indicators of talent and their effect
on (de)selection decisions.

Equally, although team sports are complex, dynamic, and multi-dimensional in na-
ture [74], TID research is often monodisciplinary. This is perhaps due, in part, to the relative
ease of examining certain characteristics (i.e., anthropometric and physical characteristics)
which are often routinely measured within embedded TID programmes (i.e., pre-season
testing). In this regard, a multidisciplinary approach to TID is recommended to provide
a more holistic evaluation of an athlete, accounting for their strengths and weaknesses in
multiple aspects of performance, which can further facilitate TD and (de)selection processes.

Finally, the context in which indicators of TID are measured must be questioned.
Discrete and controlled tests (“signs”), whether conducted in the laboratory or field, lack
ecological validity and transference to actual performance within team sports. Accordingly,
a samples-based approach may be more appropriate in TID programmes, where judgements
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are made based on assessments that more closely mimic the context, environment, and
task of team sport performance [23,64,81,83], including the subjective expert opinions of
relevant staff [84,86,93].

6. Directions for Future Research

Regardless of the sport, TID is and will remain a key area of interest within both
research and practice. Despite the plethora of methodological approaches, the current
review highlights and reinforces some key considerations for future research:

• Future TID research should strive to adopt a longitudinal research design in order to
provide regular and comprehensive evaluations of athlete’s performance in relevant
characteristics and their individual rates of change as possible indicators of potential.

• A multidisciplinary approach to research would allow for more comprehensive athlete
profiling and serve not only as a potential tool for TID but to also augment TD
processes within team sport environments.

• Investigating both objective and subjective data through a combined approach of signs,
samples and subjective expert opinions would allow researchers to bridge the gap
between relevant characteristics and their transfer to performance, with an added
perspective from “the coach’s eye”.

7. Practical Applications

As well as providing recommendations for future research, these methodological
considerations should also serve as a comprehensive framework to athlete profiling, thus
informing TID, TD and talent selection processes.

A comprehensive approach to athlete profiling should:

• Identify key actions for successful match play and the underpinning multidisciplinary
characteristics required to perform such actions.

• Profile the actions and relevant characteristics through multiple methods—signs,
samples, and subjective expert opinions.

• Repeat the profiling longitudinally to account for non-linear development whilst also
examining the trend of development as an indicator of potential i.e., showing the
capacity to successfully perform such actions in the future.
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Abstract: (1) Background: There is abundant literature in talent development investigating the
relative age effect in talent systems. There is also growing recognition of the reversal of relative age
advantage, a phenomenon that sees significantly higher numbers of earlier born players leaving
talent systems before the elite level. However, there has been little investigation of the mechanisms
that underpin relative age, or advantage reversal. This paper aimed to investigate (a) the lived
experience of relative age in talent development (TD) systems, (b) compare the experience of early
and late born players, and (c) explore mechanisms influencing individual experiences. (2) Methods:
interviews were conducted with a cohort of near elite and elite rugby union players. Data were
subsequently analysed using reflexive thematic analysis and findings considered in light of eventual
career status. (3) Results: challenge was an ever-present feature of all players journeys, especially at
the point of transition to senior rugby. Psycho-behavioural factors seemed to be a primary mediator
of the response to challenge. (4) Conclusions: a rethink of approach to the relative age effect is
warranted, whilst further investigations of mechanisms are necessary. Relative age appears to be a
population-level effect, driven by challenge dynamics.

Keywords: talent identification; talent development; challenge

1. Introduction

Effective and efficient talent identification and talent development (TD) processes
are a significant part of the strategic management of TD systems. Increasing curiosity
and investigation of such elements is a significant challenge for many national governing
bodies (NGBs). TD systems are under increasing scrutiny, with data challenging established
paradigms in relation to many TD dynamics [1]. Of significant debate are the dynamics
pertaining to selection and development of athletes as they journey into, through and
out of talent systems [2,3]. Whilst the accurate prediction of future performance has been
a topic of significant research, practical application of this is significantly challenged by
the biopsychosocial complexities of development [4,5]. This is especially so in the earlier
years of talent development, with a variety of dynamics apparent, especially at selection
gateways [6].

One such factor suggested as underpinning these selection biases is the relative age
effect (RAE) [7,8]. The inevitable chronological grouping of children as they enter the
education system has been shown to promote early advantage for those born just before
or after the academic cut-off date (11). This mechanism for selecting children continues as
they enter organised sport and talent systems. An abundance of literature highlighting
asymmetric birthdates during selection processes has linked RAEs to maturation and the
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comparative advantages and/or disadvantages of being born one side or the other of the
selection cutoff date within sport (typically Sept 1st in the United Kingdom, for a review
see [9]). To date, much of the literature has focused on the disproportionate volume of
players born in the first two quartiles (Q1 and Q2) of the selection year in comparison to
those born towards the end of the selection year (Q3 and Q4).

Explanations for these effects have tended to focus on advanced physical matura-
tion offering relatively older individuals up to 12 months advantage over their relatively
younger peers [8,10]. Less reported, however, are the advantages/disadvantages that have
been identified in other domains such as the cognitive and emotional disruptions observed
during formative developmental periods [11–15]. Perhaps most importantly, we know little
about how these biopsychosocial dimensions manifest in TD systems, especially given that
RAE and maturation are acknowledged as separate constructs [16].

The orientation for the majority of RAE literature in sport has led to a focus on the
potential negative effects age groupings have on the identification of individuals and their
experiences [17]. These studies have generally focused on a specific moment in time for
data collection (e.g., selection into talent systems) and thus offer limited perspective on
long term effects. The general consensus is an assumption that the RAE is something to
eradicate, to prevent large numbers of performers being excluded [18].

1.1. RAE Advantage Reversal

More recently, the literature has challenged these assumptions and has begun to report
a potential positive that emerges from the attritional and/or challenging experiences of
the relatively young. This has separately been identified as the ‘underdog hypothesis’ [19]
and ‘advantage reversals’ [1,20], identifying that whilst a disproportionately high number
of early birthday athletes are initially selected, the relatively young are proportionately
more likely to reach senior elite status. This finding appears robust across a wide range
of sporting contexts: in handball [21], cricket [22], ice hockey [23] and across male elite
sport [24]. Indeed, highlighting the robustness of the finding, replications have consistently
shown the same finding. For example, recent findings [8] show evidence of the same RAE
advantage reversal previously found in a single academy [20] and across international
pathways in rugby union and cricket [1]. Therefore, it appears that whilst those with early
advantages are being selected into the initial stages of talent systems in greater proportions,
earlier born athletes are leaving in far higher numbers than later born. Importantly, this
‘advantage reversal’ does not suggest a reversal of the RAE. Instead, it shows that those born
later in the selection year are less likely to be deselected than their earlier born counterparts.

1.2. Mechanisms

This would suggest that the current literature base is limited by some key assumptions
and by a lack of mechanistic focus. Those who are born earlier in the selection year are
more likely to be selected for a TD system. It also appears that, at the population level,
their relatively younger peers are more likely to continue through the TD system to elite
performance. Yet, to this point, much of the extant literature has focused on ‘solving’ a
variety of early advantage effects by focusing on levelling the playing field, for example: bio-
banding [25]; age order shirt banding [26]; birthday banding [27], performance banding [28]
and corrective adjustment procedures [29]. Yet, very little attention has been paid to the
dropout rates of those with earlier advantage [30] and investigation of underpinning
mechanisms is disappointingly sparse. As a result, we know that the RAE exists and
that there is likely to be a reversal of advantage, but we do not know why this happens.
This is a key barrier for the practitioner seeking to optimise TD processes. McCarthy and
Collins [1] suggested a potential mechanism could be the initial impact of negative selection
experiences, with these early disadvantages being facilitative of greater psychological
‘growth’ and/or acting as a mechanism for a more intrinsically focused and longer-term
motivational orientation This hypothesis suggested that RAE advantage reversals may be
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driven by the motivational orientation of individuals and how that is anchored through
formative experiences.

Motivation is a significant factor in sports participation, progression and drop out [31–33].
One underpinning feature of an individual’s motivation is perceived competence. Perceived
competence acts as a domain-specific indicator of self-esteem that contributes to and is
affected by the individual’s motivational orientation [34,35]. For example, the relatively
old may progress rapidly as a result of early challenge-free experiences, arriving at early
selection gateways with a high degree of perceived competence. This may inadvertently
develop an individual with extrinsically anchored motivational orientation. Conversely, those
athletes not afforded this advantage may develop a more intrinsic motivational orientation,
becoming more likely to remain and persevere within TD systems. As such, later drop out
from TD systems is proportionately higher from relatively older cohorts [8], suggesting these
individuals may not be sufficiently orientated and/or equipped to cope with and prosper
motivationally through transitions when early advantages begin to disappear [20,36]. Notably,
this hypothesis seems to marry with other research suggesting a complex interaction between
challenge and psycho-behavioural skills [2] and the risk posed to progression when there is a
mismatch between the two [33].

Accordingly, there appears to be increasing evidence pointing to the interaction of
challenge and psycho-behavioural skills [37–39]. This need for athletes to be challenged
in their development has been accepted from a variety of research perspectives [30,40,41].
Key differences between these positions notwithstanding, it appears that performers who
bring a variety of psycho-behavioral resources to challenging periods will be more likely to
cope with and learn from their experience [42]. In this regard, recent investigations have
suggested that challenge-filled sporting pathways are an essential feature of developmental
journeys [43]. Further, it appears that sporting ‘traumas’ and/or challenging experiences,
rather than being directly causative of ‘psychological growth’, instead act to test, prove and
encourage previously developed psychological skills [42]. Indeed, perceptions of control,
confidence and perspective, underpinned by psycho-behavioural skills [38], along with ap-
propriate reflection and social support, appear particularly important in this regard [37,44].
This also appears to be the case amongst the limited populations where the reversal of
relative advantage has been tested [45].

Reflecting these complexities, and beyond establishing RAEs and consequently ad-
vantage reversals in different contexts, there is a need to understand the mechanisms at
play [23]. This is especially the case for the applied practitioner or policy maker who
needs to make decisions regarding sporting systems, placing the individual performer’s
experience as a primary concern [43]. Accordingly, this paper aimed to (a) generate a
deeper understanding of the lived experience of the RAE in TD systems across groups of
more and less successful athletes, (b) compare the experience of early and late born players,
and (c) explore the mechanisms influencing individual experiences.

2. Materials and Methods
2.1. Research Philosophy

Grounded in the real-world factors covered in our introduction, alongside our desire
to deepen knowledge in RAE for practical purposes, a pragmatic philosophy was adopted
for the present study [46]. The primary objective of pragmatic research is to generate
knowledge that is practically useful for the individuals and groups that it studies, plus
the practitioners who support them [47]. Ontologically, pragmatism therefore requires
researchers to avoid seeking universal truths or entirely subjective constructions and to
instead identify processes and mechanisms that shape common experiences in specific
settings at specific times [46]. Epistemologically, pragmatism is also based on the idea
that a continuum exists between more objective and more subjective perspectives. Rather
than posing questions against a pre-set epistemology, pragmatists therefore place their
questions at the heart of a study and select an epistemological position and methods that
are appropriate to answering it [48].
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Based on the aims established in our introduction, including the need to move un-
derstanding of RAE beyond statistical phenomena, an interpretivist epistemology and
qualitative strategy were selected for the present study [49]. More specifically, these ap-
proaches reflected our intention to understand experiences of the RAE, from the views
of a relevant—and internally diverse—group of individuals [50,51]. Importantly, prag-
matism also views researchers as part of the world they explore and encourages them
to actively interact with the experiences of their participants in the knowledge genera-
tion process [46,52,53]. In this respect, all parts of this study were aided by the research
team’s record of performing and working in elite sport and—with direct relevance to the
participants in this study—elite rugby union specifically. Most notably, the first author
was involved in elite rugby union as a player, then coach and TD practitioner; the second
author as a coach, TD practitioner and coach developer; and the third and fourth authors
as psychologists and coach developers.

2.2. Participants

To explore experiences of the RAE, eight male players who had entered the academy
system in English Premiership rugby union and reached the transition point to the pro-
fessional game (i.e., the final academy phase) were purposefully sampled via the contacts
of the first author. At the time, he was an Academy Director at a professional club. To
avoid the risks of collecting data overly influenced by situational factors, participants were
also selected on the basis that they had gone through the academy system across various
periods of time (rather than all coming from one cohort, or close cohorts). As such, data
were collected from participants who had transitioned out of the academy programme at
different times over the course of eight seasons. For sufficient comparison of experience (as
per our third aim) individuals were also identified on the basis that their birthday was at
either end of the sport’s selection year (i.e., Q1: between September and November; Q4:
between June and August).

At the time of interview, all players were aged between 21–32 years of age (M = 26.5,
N = 8) and actively involved as professional players either at an English Premiership (if
retained) or Championship team (if released after reaching the end of the academy phase).
Details relating to each specific participant’s birth quartile, initial, mid and overall career
status (the latter using criteria from two) are provided in Table 1. Initial career status
was determined by contract status when leaving the academy programme. Mid-career
status was determined by analyzing each participant 5 years post transition from the
academy. In all instances: ‘Championship’ refers to the second division of English rugby,
‘Premiership’ is the highest level of the domestic game in England and ‘senior test’ is a
player who has played at international level. Please note additional information is limited
to protect anonymity.

Table 1. Participant information.

Birth
Quartile

Initial Career
Status

Mid Career
Status

Overall Career
Status

Eventual Career
Status

Player 1 Q1 Retained Senior Test Senior Test Super Champion
Player 2 Q1 Retained Senior Test Senior Test Super Champion
Player 3 Q1 Released Championship Championship Almost
Player 4 Q1 Released Championship Championship Almost
Player 5 Q4 Released Championship Premiership Champion
Player 6 Q4 Retained Premiership Senior Test Super Champion
Player 7 Q4 Retained Premiership Senior Test Super Champion
Player 8 Q4 Released Championship Championship Almost

2.3. Data Collection

Prior to data collection, ethical approval was obtained from the first author’s institu-
tional ethics committee and informed consent gained from each participant. All interviews
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were conducted by the first author who began by asking participants to plot their career
trajectory on a gridded timeline. More specifically, the X-axis spanned the participant’s first
involvement in sport all the way to the date of interview; and the Y-axis represented the
participant’s perceived level of development and performance throughout this time [54,55].
Participants were then asked to highlight particularly critical periods and events along this
timeline [37]. Using these timelines to minimize the limitations of retrospective recall [56],
particularly for those who had moved from an academy to full professional contract a
number of years previously, interviews were constructed against a semi-structured guide
focused on key transitional periods and individual experiences for each participant. Con-
sisting of open-ended questions and follow-up probes and prompts that were informed
by RAE and TD literature, the guide was designed to offer flexibility for participants to
describe their experiences in bespoke ways, while ultimately remaining focused on the
study’s aims and principles reported in prior research [57]. Examples of main interview
questions were: ‘Looking at your timeline can we discuss the points in your journey that
were challenging and the points where you were finding it easy?’ and ‘What are your
reflections on your progression now you have transitioned through the academy?’. All
interviews took place face to face, lasting between 45 and 90 min (M = 66.4), and were
audio recorded.

2.4. Data Analysis

Following data collection, all interviews were transcribed verbatim and analyzed
using QSR NVivo software. Coherent with our desire to understand lived RAE experiences,
plus the meanings attributed to this by participants, a reflexive thematic analysis (TA)
was chosen as the specific analytic strategy [50]. Similarly, TA was also coherent with
our pragmatic philosophy in that this form of analysis recognizes that researchers are a
resource to support the interpretive process [58]. For the purpose of comparison between
birth quartiles, players were grouped based on selection and school year. For participants
from the first birth quartile (N = 4) and the fourth quartile (N = 4), players were further
grouped according to initial career status (N = 2, retained and N = 2, released) from each
birth quartile.

Based on the established TA process [59], analysis was undertaken in a recursive
and blended fashion (based on the experience of the research team: [58]) and began with
the first author reading through each transcript to optimize familiarity with the data and
note early points of interest. This was followed by the application of codes to meaningful
sections of raw data. More specifically, these codes were either semantic (to capture surface
meaning) or latent (utilizing pre-exiting theories to interpret meaning: [50]). The third step
saw the generation of initial themes, with significant codes being promoted to a theme,
or similar codes being clustered together as patterns of shared meaning [50]. The fourth
step involved a review of initial themes, after which the fifth and final step was taken to
generate overarching themes and the final thematic map [60]. Importantly, whilst the first
five phases of analysis were completed in the period following the collection of data, the
sixth and final stage of TA, the write up, was delayed until each participant was 30 years
old to take account of eventual career status of the participants.

2.5. Trustworthiness

As well as the approaches detailed in Sections 2.3 and 2.4, numerous others were
applied to enhance the trustworthiness of the research process and ultimate findings. Re-
garding data collection—and given the importance of rapport between interviewer and
interviewee [61]—the quality of data was supported by the pre-existing relationships be-
tween the first author and all participants [62]. In addition, all interviews were undertaken
in a private, quiet location at the training ground of the player’s club to aid comfort and
openness. Of course, these advantages had to be balanced with measures to protect against
any imbalances of power and the limitations of familiarity (e.g., the provision of socially
desirable responses). Specifically, such issues were mitigated through the retrospective
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nature of the interview (i.e., the first author had no live management or selection influence
as all participants were no longer academy players) as well as adherence to the components
of ethical research by Hewitt [63]. The data collection process was further supported by a
pilot study with two athletes who met the same inclusion criteria as detailed in Section 2.2
(M = 23.4). This work led to adjustments to the interview guide, with specific prompts
altered and some jargon removed from questions.

Regarding data analysis, trustworthiness was enhanced by the first author’s use of a
reflexive journal to document methodological and analytical considerations, the rationale
behind decisions, and the interaction of the research team’s assumptions and biases [64].
In addition, the second, third, and fourth authors acted as critical friends across the full
analysis. In particular, the fourth author provided critical feedback on selected procedures,
while the second and third authors focused primarily on the use and outcomes of these
procedures. As an accepted approach at the time of data collection, member checking was
also used by returning transcripts to participants for them to assess the extent to which
these accurately, fairly, and respectfully reflected their experiences [61]; a process which
resulted in no significant changes. While a request for further member reflections could
have added an extra dimension to our analysis [65], the checking process provided a degree
of assurance on data fidelity.

3. Results

Addressing the first aim of the study and considering the different experiences of
challenge through the pathway for each participant, Figure 1 shows the graphic timelines
that were drawn by participants prior to the collection of interview data. They show
the overall trajectory of athletes, representing their lived experiences of development
and performance.

Across the sample it appeared that, regardless of birthdate in the selection year, there
did not appear to be a pattern in the volume or intensity of the challenges faced on the
journey to the professional game. Importantly however, this did not appear to be the
case for players that were subsequently released. It appears that players born in Q1 and
subsequently released experienced a challenge-free journey prior to academy entry at
16 years of age. Players born in Q4, and subsequently released, plotted their experiences in
a similar manner. This contrasted significantly with the experiences of retained athletes with
first and fourth quartile birthdates, who plotted a consistent series of bumpy challenging
experiences prior to and through the academy system.

3.1. Player Perceptions of Challenge

As athletes progressing through the talent system, all identified a variety of challenges
such as selection dynamics, peer to peer competition and increased stress from managing
competing demands. Many of these challenges were associated with maturation dynamics.
For example, consider the experience of these retained players:

I was tiny between 14 and 16. When I turned up at the academy at 16, I was
70 kg and still very small . . . I was always very small all the way until I was 16 or
17, that was when I actually really grew . . . I would never be able to physically
dominate anyone at all. The only hope I had was to use my feet and pace which I
think really, really helped and it’s probably why I ended up at 9 I think (Player 1:
Q1—Retained).

It was only the fact that at 18 or 19 I found a bit of pace that kind of gave me that
X factor to try to compensate a little bit for not being the strongest or the most
physical. Physicality is one thing that has always been brought out with me in
any review (Player 2: Q1—Retained).

I wasn’t physically muscular I don’t think I was strong I think compared to the
others but I was quite tall and slim but I wasn’t massive, I don’t think I stood out
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from the crowd in any manner I was just a bit taller or you know probably in the
top third of height—things like that at that age (Player 7: Q4—Retained).
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1: Q1—Retained). 
It was only the fact that at 18 or 19 I found a bit of pace that kind of gave me that 
X factor to try to compensate a little bit for not being the strongest or the most 
physical. Physicality is one thing that has always been brought out with me in 
any review (Player 2: Q1—Retained) 
I wasn’t physically muscular I don’t think I was strong I think compared to the 
others but I was quite tall and slim but I wasn’t massive, I don’t think I stood 
out from the crowd in any manner I was just a bit taller or you know probably 
in the top third of height—things like that at that age (Player 7: Q4—Retained) 
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Figure 1. Graphic timelines of participants ((a–h), retained and released).

For all eight participants, awareness of maturational status was a significant feature
of their journey. These perceptions were emotionally laden and appeared to influence a
wide range of behaviours. Despite self-identified, later-maturing players being present
across quartiles, those who were retained did not express a perception of disadvantage,
irrespective of birth quartile. Indeed, whilst reflecting on the consequences of later matura-

133



Sports 2022, 10, 82

tion, players appeared to perceive this as an enabling factor and something to work with
over the long term. This contrasted with many released athletes who experienced early
advantages through maturation:

I was bigger so I could run through people and get around people. It was easier
to play because I was a little bit bigger. Skillset-wise I seemed to be a little bit
behind (Player 8: Q4—Released).

It seemed seamless to me [transition into senior environment] to be honest I
think it was because I was brought in to play in the second team games and then
you come to some of the first team training sessions as well and then eventually,
they brought you in full time . . . it was a good transition, it was easy (Player 4:
Q1—Released).

I was bigger and taller than a lot of them, that’s the main bit. I had always been
taller than everyone my own age (Player 5: Q4—Released).

As players progressed through the academy, significant differences emerged in their
ability to deal with challenges. Across the retained group, players appeared to have the
ability to utilise and reflect on past experiences of being disadvantaged. This perspective-
taking appeared to influence perceptions of competence and control:

I knew I was better than players I was playing with at school level, but then you
come somewhere like (club) . . . you know you are far from where you think you
are. I kept my head down and worked hard, but I never felt like I didn’t deserve
to be in the academy. I sort of felt that I deserved a chance to be in it and give it
a shot, but when you get here you sort of realise there are 18-year olds who are
way more physical . . . but that is good. At 16 you strive because you think I have
got to catch him up, you know, it gives you goals (Player 1: Q1—Retained).

There was like older guys there as well . . . so we had 18/19-year-olds who were
a lot more physically developed and experienced and better players than us so
we were exposed to that and trained with that day in day out, at times like it was
difficult . . . I had to deal with some right XXXX and eventually you start to find
your way (Player 6: Q4—Retained).

I was still very small, I was still told probably too small to be a rugby player
. . . it was never a thought of mine to be a professional rugby player but I was
always going to be a small skinny player as far as I was concerned (Player 7:
Q4—Retained).

In contrast, the released group struggled to cope with the increased range and intensity
of challenges they faced. The response to these challenges was often perceived outside the
player’s locus of control, with problems attributed to external factors. This contrasted with
the retained group who saw challenges as obstacles to overcome by deploying a range of
psycho-behavioural resources. As a consequence, released players appeared less equipped
to cope with and learn from challenging periods:

It was frustrating that I could not do things that I used to do at 14/15 (years old),
running and scoring plenty of tries, but my game changed a lot and I turned into
a very different player due to that and it was frustrating (Player 8: Q4—Released).

It was quite scary because I had not played much in senior rugby, I just did not
really know . . . so it was just quite scary not knowing where I was going to
be and not knowing what I was going to do . . . I just lost direction (Player 3:
Q1—Released).

Obviously, it was a lot more physically demanding and nothing you were sort
of used to before. It was really tough . . . Just a lot more intense, a lot more vol-
ume with the actual rugby skill development and the strength and conditioning
development. I’d never had it before, wasn’t really expecting it either (Player 4:
Q1—Released).
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The first couple of months it really p*ssed me off. You feel like you are standing
still and you are desperate to play at that age, and then I remember just speaking
to [brother] and my old man, and he just said ‘work hard and make sure that
when you do get a go, you are ready to go’ . . . it was then a case of looking at it
from a different angle and saying I need to keep working at my passing and my
kicking, the gym, the speed (Player 1: Q1—Retained).

As players continued their journey, these features seemed to become even more
prominent, with overcoming a range of challenges seemingly a key differentiator.

3.2. Mechanisms Impacting Player Experience

Finally, in addition to exploring the individual players’ responses to various chal-
lenges, we also sought to understand the mechanisms that seemed to influence their
overall experience.

3.2.1. Nature of Commitment to the Sport

There appeared to be significant differences between the nature of the commitment to
the sport between those who were retained and those released. Retained athletes seemed to
engage and play with a focus on progression and enjoyment of the developmental process,
rather than winning or domination of the game at earlier stages. In contrast, the released
group seemed to heavily invest, from an early stage, with a focus on playing and winning
matches, rather than engagement in other sports or training:

I moved there because it was the best team, the team I was with wasn’t that great
and the mini set up was like fading out rather than like getting stronger and at
the time (community club) had a strong mini section, so I joined that (Player 5:
Q4—Released).

Released players also tended to focus solely on the outcome of selection in the short
term, either for international rugby, or inclusion in an academy programme. This contrasted
with retained players who seemed to focus on improving themselves rather than on an end
goal of selection:

I was very rugby-focused not thinking too much about school. The next level for
me was to get into the [club] academy and play for England at under 16s level,
that was my driving goal (Player 8: Q4—Released).

The only thing I fixed on was decision making, two on ones, three on ones and
obviously the backs were doing something different, all those skills I think that
really benefited me and I remember thinking just focus on getting this stuff done...
you’ll be better (Player 1: Q1—Retained).

3.2.2. Nature and Influence of Support

Many of the retained group reflected on the use of experiences as a platform for
reflection. Significantly, this seemed to be promoted by various supportive influences. This
guiding of reflection seemed to be a key factor by which players were able to maintain
perceptions of control during challenging experiences. In essence, this support seemed
to be more facilitative, when compared to direct and ‘driving’ input of those who did
not progress:

Mum and Dad used to make me clean my boots and that, I had one pair of boots
and they had to last me for a season, so I was always told to polish them and look
after them and make sure they did not split (Player 1: Q1—Retained).

I think by the time it came around to me playing they were supportive but not
until I was about 16 . . . I pretty much had to make sure that I got myself sorted
for everything (Player 6: Q4—Retained).

Some subtle differences were observed between the retained and released groups
in terms of the nature of the support from parents as they began to progress towards
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the transition to the senior game. In contrast to the retained players, the released group
experienced far higher levels of support than those who were retained, indeed, something
that did not appear to change, even as athletes progressed.

My Mum and Dad were so supportive that I didn’t need anything. They sort of
volunteered and bought me wherever I needed to go—it was literally all for me
(Player 8: Q4—Released).

3.2.3. How Players Learned from Challenge

In addition, there appeared significant differences in the response of players to chal-
lenge and also how they learned from their experiences. Amongst the retained group,
there appeared to be a greater perception of control during periods of challenge. As a
result, players seemed to have the confidence to deploy previously developed skills and
capitalize on the emotional experience of challenge. When this was not the case, especially
amongst the released group, it appeared to be a barrier to long term progression. For player
8 reflecting on his early transition to the senior team and the changing perceptions of his
earlier size advantage, led to the regret that he was unable to deploy the necessary skills to
navigate the challenge:

You have got guys who were probably 20 kg heavier than me . . . I think a lot of it
may have come down to confidence and I didn’t integrate well going into a first
team environment . . . holding back a little bit more than I should have (Player 8:
Q4—Released).

The differential response appeared to be a result of a lack of previous experience,
reflection on, or development of the skills to cope with or learn from challenge.
In contrast, amongst the retained group, players seemed to actively seek out
challenging experiences. For example, player 1 deliberately chose to play in an
age group beyond his chronological age as a means of increasing his challenge:
“I was too young for that age group so at Sunday rugby I always played a year
above” (Player 1: Q1—Retained).

We can also consider player 1′s perceptions of challenge as he progressed into the
senior squad:

There was the likes of XXX and, a lot of the senior players who either were playing
or had just retired and were coaching, really kind of nurtured me along the way
. . . it was pretty tough period and I just kept focusing on getter better . . . yeah
tough (Player 1: Q1—Retained).

4. Discussion

The specific aims of this study were firstly to generate a deeper understanding of
the lived experience of the RAE, secondly to compare the lived experiences of early and
late birth players, and finally to understand the mechanisms that influenced individual
experience. We responded to criticisms of the existing body of research in RAE which has
focused at the population level with limited use of qualitative methodologies to understand
underpinning mechanisms.

4.1. Challenge

Whilst our exploratory approach set out to understand the impact of challenge in
relation to RAE, what emerged was the impact of challenge irrespective of RAE. That
is, later born players did not necessarily experience higher levels of challenge, nor did
increased challenge necessarily lead to greater psychological growth [16,45]. As such, at
the individual level, whilst players in this sample were drawn from the full spectrum of an
age band, their relative advantage or disadvantage prior to the senior level seemed to have
long lasting and significant effects. It appears that RAE is not in itself a mechanism. Instead,
perceptions of and response to challenge seem more impactful than when an individual
is born. Further, it suggests that, at the population level, whilst an early birthdate in
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the selection year is associated with early advantage, the degree to which this advantage
persists is dependent on the ability of the individual to navigate/exploit future challenges.
Indeed, these data suggest that the experience of significant challenge was an omnipresent
feature of these athletes’ pathways, in the latter stages of an academy journey and whilst
transitioning to the senior team, irrespective of birthdate [37].

4.2. Push and Pull Factors

Consequently, whilst relative age did not appear to be a mechanism in itself, there
appeared to be three core factors that influenced player’s perceptions of control, confidence
and overall perspective [38]. Participants who were better able to cope with and learn
from the inevitable highs and lows of development seemed better able to orient their focus
in a manner that would help them continue to progress. The ability to do this seemed
to depend on skills that were developed prior to significant challenges and previous
navigation of challenge often highlighted through maturational differences [66]. Moreover,
the early development of skills impacted the player’s ability to cope with and learn from
highly challenging experiences later in the pathway [67]. Data further highlighted the
impact of these experiences and the skills deployed in the retained group’s reaction to
challenge in comparison to the released group. This was consistently highlighted by the
way each player was able to make sense of and process challenges as they occurred. This
appeared to have significant impact on each athlete as they faced a series of emotionally
laden challenges. Furthermore, this manifested in differences in the nature of the player’s
commitment which continued as each one of them progressed [33]. Early advantages
(often as a result of advanced maturation) seemed to drive an external focus (selection
and winning). In contrast, early disadvantage seemed to promote a more internal focus
on personal development. In turn, this suggests a reframing of RAE as a population-level
effect, one that indicates a deeper phenomenon rather than having a direct effect.

By exploring the relative advantages and disadvantages of players at stages of their
TD journey, against their later career success, we show that birth quartile number means
very little without a deeper understanding of individual biopsychosocial context. What did
appear critical for players to make the most of high challenge and subsequent emotional
disturbance was the use of an appropriate range of psycho-behavioural skills [43,67].
Relative early advantage (experienced proportionately more frequently in earlier born
groups) generates push-like effects. Push factors (pushing the player forwards), whilst
allowing for early high performance relative to peers (and perhaps encouraging selection),
seemed to retard later progress when missing skills were exposed [33]. Importantly, these
push factors, whether they were high levels of parental input, or low levels of early
challenge, were experienced across birth quartiles and seemed to have long lasting effects.
In all but one case, the inability to overcome early push factors acted to prevent initial
entry to the professional game and, even in light of eventual career status, only one player
was able recover from deselection to play in the first tier of senior rugby. In contrast,
those players who experienced more pull factors earlier in their TD journey (e.g., size
disadvantages pulling them back), seemed to have more developmentally appropriate
experiences that helped to prepare them for later challenges [42,44].

Of course, no research is without limitations. In this particular case, a common
criticism of a pragmatic approach is that it risks provincialism, that is knowledge that is
simply located in a particular context [68]. Indeed, whilst it is clearly not the prerogative of
the epistemological approach used, or that of qualitative research in general, the same could
be said for this study in adopting a relatively small sample of participants in a particular
context. As a result, we ask the reader to focus on the principles underpinning our data
and the possible transferability of findings to their own unique context [69]. Additionally,
there is a risk that the relationship between participants and the first author as a leading
professional in a rugby union academy programmes may have been a factor. This was
mitigated by the individual participant timeline and interviews being conducted when
participants had gone through the process of transition and retention and release status was
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established. There does however remain the risk of a player offering answers perceived
as socially desirable. These risks were mitigated by adhering to the components of ethical
research suggested by Hewitt [63] in acknowledging bias, developing rigor, a genuine
level of rapport with participants, respect for their autonomy and the complete avoidance
of exploitation.

5. Applied Implications

The evidence presented here raises the intriguing question of the extent to which
various push and pull factors can be deliberately implemented in the experience of the
athlete and at what point might they be appropriate. We would suggest that a sustained
consideration (and balance) of push and pull factors should be a key feature of TD and,
perhaps, participation environments [70]. This is especially the case for those aiming to
support the development of athletes over the long term, not only developing junior career
success (e.g., [71]). To be clear, this is not to suggest that an abundance of pull factors
will always be a positive for overall development. Indeed, the large number of studies
that explore the RAE show that greater numbers of pull factors may prevent athletes
across sports getting selected in the first place [72]. In practice, these perspectives begin to
challenge the hypothesis that relatively younger athletes will always benefit from playing
against relatively older counterparts throughout development [8,20]. Consequently, for
both research and practice we suggest that a rethink of our perceptions of RAE and its
use as a metric in understanding TD is warranted. Quantitative methodologies have both
offered insight into the impact of early advantages in terms of selection and the statistical
consequences of challenge dynamics [1,8]. Across the domain, however, there is a need to
complete more mechanistically focused research [73,74]. These insights are notable, not
only considering the player’s initial retained or released status, but also the extent of their
overall achievement. In taking a novel approach, we were able to consider cross-sectional
data with the additional benefit of understanding a player’s long term career status. In the
present sample, this allowed for demonstration that a number of these players progressed
their careers to becoming the most elite players in the world. We would suggest that future
research may benefit from adopting a similar approach, where cross-sectional data might be
analysed considering long-term career status. In addition, we would suggest that research
in RAE begins to move beyond further identification of RAE and advantage reversal in
even more populations. Instead, a more granular consideration of the mechanisms at play
is essential to truly understand the effect, an approach that has been taken in other areas
of TD research [75]. From an applied perspective, this is essential if research is to make a
difference in the real world and help the field think beyond simplistic solutions.

For many TD systems, it has been assumed that an appropriate target for selection
has been a balance across quartiles, ensuring an appropriate number of Q4s are given
opportunities [18]. We, nor any other researcher, can suggest what an ‘optimal’ balance
of selection would look like, however, especially if a talent system was looking for an
outcome marker of effective processes [73]. The evidence presented here should challenge
simplistic narratives and the drive to ‘do something about RAE’. Instead, we suggest the
need to focus on the individual in TD practice [76]. In addition, our data highlight the
need for TD practitioners to have a central focus on the perceptions and needs of the
individual athlete’s curriculum [77]. Our data also suggest that, whilst attempts to dampen,
control and do-away-with the RAE are well intentioned, the unintended consequences
of not exploring the complexity of this phenomenon may divert us from optimising TD
practice. This is especially the case with top down systemic interventions that, by nature,
require the simplification of complex processes [78]. Previous recommendations seeking
to implement blanket strategies to mediate against disproportionately high pull factors
seem overly simplistic. Strategies such as bio-banding or birthday banding may be easily
implemented at the policy level but lack a holistic consideration of the biopsychosocial
factors that influence relative advantage or disadvantage. As an example, there is growing
recognition of social circumstances that may act as pull factors [79]. In essence, we are
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suggesting that if we are to offer truly practical implications to support the growth of a
research-informed profession [80], the field should begin considering relative advantage
or disadvantage on a holistic biopsychosocial basis, rather than using discreet indicators
(e.g., maturation and/or relative age) alone. Notably, recent evidence has taken steps
towards alternative approaches to levelling of the playing field with players being banded
by technical competence [28]. In addition, there have been suggestions that coaches use
a variety of methods for the grouping of players to provide a broad range of experiences
for the player [28]. For practical purposes, we would suggest that coaches are better off
implementing an approach built on individual periodising of challenge [36,81]. This could
be achieved through greater flexibility of age bandings, allowing athletes to be offered
appropriate competitive and training opportunities based on individual needs. As an
example, it appears that a common practice for selection has become selecting players
purely based on their birth quartile, with the assumption that Q3 and Q4 athletes will
automatically possess a better psychological skillset. At a minimum, this paper should
serve to challenge such simplistic narratives. Indeed, we would suggest that there is a
core need for practitioners to begin focusing at a more individual level. The dynamics
presented in this small sample, when compared to previous data [8,20], suggest the need
for a far more individual approach in practice. This means that rather than resorting to
blanket strategies, we need a more fine-grained approach to the grouping of individuals
and management of challenge than previously advocated [25,27].

6. Conclusions

This study has considered the lived experience of relative age amongst a cohort of
elite and near-elite rugby union players, analysed in light of eventual career status. Data
presented clearly challenge beliefs held by the field of both researchers and practitioners.
We suggest the need for a rethink of assumptions in the field, including the idea that
RAE should be tackled with blanket policies. It is likely that RAE is a statistical outcome
of challenge dynamics at the population level. We would therefore suggest a broader
consideration of the dynamics of challenge, with a focus on the various push and pull
factors that an athlete may be exposed to.
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Abstract: Sport dropout rates among children and youth are a concern for researchers and policy
makers. The impact of relative age effects (RAEs) on dropout trends has not been adequately
examined in female samples. The purpose of this study was to longitudinally examine dropout in a
female soccer cohort in Ontario, Canada. Registration entries for a one-year cohort were examined
across a seven-year period (n = 9908; age 10–16 years). A chi-square analysis established the presence
of RAEs in the initial year of registration. Survival analyses assessed the impact of relative age,
competition level, and community size on athlete dropout. A median survival rate of four years was
observed for players born in the first quartile, while all remaining quartiles had a median survival of
three years. Community size did not predict dropout in this analysis; however, competition level was
a significant predictor, with competitive players being more likely to remain engaged vs. recreational
players (55.9% vs. 20.7%). The observed trends are likely to have a significant impact from both a
healthy development and systems perspective (e.g., economic/market loss). Intervention is needed
to mitigate current dropout trends in female athletes. Practical applications are discussed.

Keywords: relative age effects; athlete dropout; sport dropout; female; soccer; competition level;
sport development

1. Introduction

Sport dropout rates among children and youth present a growing concern for re-
searchers and policy makers alike. From a healthy development perspective, organized
sport participation is associated with a variety of physical, psychological, and social bene-
fits [1–3]. For example, youth who engage in organized sport may experience greater social
competence [4] and fewer depressive symptoms [5,6], and they may be more likely to de-
velop fundamental movement skills that promote physical engagement in alternative sport
contexts and healthy leisure pursuits across their lifespan [7,8]. From a talent development
perspective, sport dropout causes a reduction in potential talent for future advancement in
sport, as the development of expertise is theoretically predicated by ongoing participation.
High rates of organized sport participation have been reported. For instance, seventy-seven
percent of Canadian children and youth aged 5–19 years old participate in organized physi-
cal activity or sport, as reported by their parents [9]. However, high dropout levels have
also been observed and are estimated to be between 30 and 35% per year [10,11], although
current estimates are unavailable and likely vary by sex, sport context, and chronological
age [12].

A systematic review examining organized sport dropout identified that intraper-
sonal (e.g., lack of enjoyment) and interpersonal (e.g., parental pressure) constraints are
commonly associated with disengagement among children and youth [13]. This review
also highlighted a potential connection between frequently cited dropout factors and rel-
ative age, that being physical factors (e.g., maturation) and perceptions of competence.
Commonly known as Relative Age Effects (RAEs), this term refers to the (dis)advantages
resulting from subtle variations in chronological age and thus lived experience and physi-
cal/psychological development in age-grouped peers [14]. Within sport, RAEs are believed

143



Sports 2022, 10, 79

to advantage those who are relatively older (i.e., born earlier and closer to an organization-
imposed cut-off date for grouping similar-age athletes) by providing increased access to
higher levels of competition, training, and coaching [15,16].

The underlying mechanisms contributing to RAEs are likely multi-factorial in na-
ture and include a variety of individual, task, and environmental contributors [16,17]; the
“maturation-selection” hypothesis is most commonly cited by researchers [18–20]. Briefly,
this hypothesis suggests that advanced chronological age is accompanied by greater an-
thropometric (e.g., stature) and physical attributes (e.g., muscular strength and endurance),
which provide performance advantages in many sport contexts. These differences are
further exacerbated during adolescence. Consequently, relatively older children who are
likely to be further along in terms of maturational development receive more attention
from coaches and may experience a higher likelihood of selection for elite levels of sport
competition, which ultimately furthers their athletic development. Conversely, relatively
younger participants may not have the same opportunity to develop and are more likely to
struggle with perceptions of competence and self-worth. In Crane and Temple’s review [13],
five of the six studies identifying maturation as a contributing factor to dropout suggested
that RAEs were a factor, although the reviewers also noted that more research was needed
to understand the connection between competing with chronologically older peers and
experiences leading to dropout.

Sport popularity has also been associated with RAEs [16,21,22], and this consideration
may have a connection to another variable of interest in the sport development literature,
that being community size or the “birthplace effect” [23]. Previous research reports have
documented increased rates of participation in small to medium-sized communities that
are large enough to support youth sport leagues but not so densely populated that the com-
petition for sport facilities, team membership, etc., is detrimental to participation [24–27]).
However, the metrics used to assign community size categories have been somewhat
inconsistent, and the role of this variable in sport dropout is unknown. Furthermore, the
exact nature of the interaction between community size and RAEs as well as the role these
variables play in athlete development outcomes have been somewhat elusive.

Initial observations of an association between relative age and sport dropout were
made several decades ago by Barnsley and colleagues [28,29], who suggested that relatively
older Canadian ice hockey players were more likely to remain engaged in the sport when
compared to the relatively younger participants. Similarly, an examination of male youth
soccer in Belgium indicated that a higher dropout rate was present among later-born
players at 12 years of age [15]. Large-scale, cross-sectional studies of French soccer and
basketball provided further evidence of increased rates of dropout amongst the youngest
players over a one-year period [30–32]. These trends were consistent across a variety of pre-
up to post-adolescent age groups in both male and female samples, leading the researchers
to suggest that the over-representation of relatively older participants often observed in
sport samples may be in part due to a greater number of relatively younger athletes among
the “dropouts” [32].

Two longitudinal examinations of relative age and dropout rate have also been con-
ducted. Figueiredo and colleagues [33] reported the inconsistent tracking of participation
by birth quartile for male soccer players at two- and ten-year timepoints after baseline
analyses (i.e., at 11 and 13 years of age); playing status could not be predicted by birth
quartile. However, this study was limited by a small sample size (n = 112). Lemez et al. [34]
provided a more substantial analysis of male athletes by examining 14,325 registrants in
Canadian ice hockey over a five-year period (age 10–15 years). Relatively younger partici-
pants born in the fourth quartile were found to be 17% more likely to drop out than their
first-quartile counterparts (OR 1.175, 95% CI 1.054, 1.309). Subsequent analyses attempted
to unravel the impact of player movement between competition levels on the observed
patterns of dropout. The observations suggested that dropout players were more likely to
remain at the same level of competition prior to disengagement from the sport.
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While the weight of the evidence in the published literature points to a higher risk of
sport dropout for the relatively younger players, one exception to this pattern has been
noted. Wattie and colleagues [35] observed increased odds of reported dropout among
relatively older female participants at the recreational level in German youth sport clubs,
with no comparable effect in the male sample. This finding may have been driven by a high
proportion of athletes participating in artistic or individual sport contexts (e.g., gymnastics)
within the sample, with smaller physical size providing a competitive advantage. However,
these findings also raise questions about the possibility of sex differences in dropout
trends. Vincent and Glamser [36] suggested that the “maturation-selection” hypothesis
may exemplify the male sporting experience to a greater extent than that of females due to
the associated disadvantages that maturation brings to female athletes (e.g., shorter legs
and wider hips [37]) as compared to the physical advantages afforded to early maturing
males (e.g., increased speed, power, and endurance in motor skills [38]). The findings
of Wattie and colleagues may also implicate the role played by talent identification and
development processes, as the athletes examined participated in recreational contexts [35].
Indeed, entry into competitive contexts at young ages—known as early specialization—has
been associated with negative sport experiences (e.g., sport withdrawal, burnout [39–41]).

Given the consistent presence of RAEs at the introductory levels and the related
evidence with respect to dropout, it is necessary to continue to evaluate participation
trends across various age, sport, and competitive levels in a longitudinal manner. Sport
participation likely varies across the lifespan, and many factors may contribute to an
athlete’s decision to participate in a certain sport context. Consequently, the primary
objective of this study was to retrospectively examine dropout in a female cohort across
a seven-year period (i.e., covering the pre-adolescent to post-adolescent transition years)
with respect to relative age. Given the trends observed in past work that examined sport
dropout [30,34] and the consistent reporting of RAEs in soccer (see Smith et al. for a
review [42]), it was hypothesized that the relatively older athletes would be more likely to
remain engaged in sport across the pre- to post-adolescent years; however, the magnitude
could potentially vary based on relevant contextual factors. Thus, additional variables
found to influence participation were also evaluated, including community size [24,43] and
competition level [34,44].

2. Materials and Methods

Following institutional ethics approval, an anonymized dataset of all female members
of a one-year cohort registered with Ontario Soccer from the age of ten years was obtained
from the provincial organization. This dataset included all subsequent registrations across
a six-year period for the initial cohort of members (i.e., up to and including existing regis-
tration entries at 16 years of age). A total of 38,248 registration entries for 9915 participants
were available. Prior to analysis, the participant data were screened for inconsistent and/or
missing information with respect to birth month. Twenty-three registration entries were
corrected upon confirmation of birth month with a minimum of two other entries for the
participant (0.0006% of original sample). One participant was removed because the month
of birth could not be confirmed (a total of seven registration entries); one participant was
removed because the entries were believed to be a duplicate set (a total of five registration
entries); five additional participants were removed because they had an “inactive” status at
the age of 10 years and no subsequent registrations beyond that year. Therefore, 99.9% of
registration entries were retained (n = 9908 participants).

The remaining participants’ birthdates were coded according to birth quartile (i.e.,
Quartile One-Q1: January—March; Quartile Two-Q2: April—June; Quartile Three-Q3:
July—September; Quartile Four-Q4: October—December) in consideration of the Decem-
ber 31st cut-off date employed in Ontario youth soccer. The data were also coded for
two other potential determinants of participation. Community size was coded according
to census subdivision. Census subdivision corresponds to the municipality structure that
would determine funding for local sport facilities in Canada [45]. It is a well-established

145



Sports 2022, 10, 79

metric used by Statistics Canada and refers to a municipality (as determined by provin-
cial/territorial legislation) or areas treated as municipal equivalents for statistical purposes.
Categories that have been employed in previous research were utilized (1: >1,000,000 peo-
ple; 2: 500,000–999,999; 3: 100,000–499,999; 4: 30,000–99,999; 5: 10,000–29,999; 6: 5000–9999;
7: 2500–4999; 8: 1000–2499; 9: <1000; e.g., [23,25]).

The level of play at the time of the athlete’s last registration (i.e., competition level
prior to disengaging from the sport or at age 16 years) was coded according to the Ontario
Soccer organization structure (1: Mini outdoor; 2: Recreational; 3: Competitive). Mini
Outdoor is a small-sided game, typically for players 12 years and under. Beyond age 12,
players are typically categorized as being at the recreational level (e.g., house league, where
selection processes are absent and any child or youth can theoretically participate) or the
competitive level (e.g., representative or more elite-level players who gain membership
through selection processes or “tryouts”). All registered participants engage in some form
of match/game play, although the amount may vary. This structure is recommended by
Ontario Soccer and may or may not be followed at the local level (e.g., players may be
classified as recreational or competitive prior to age 12 years). These classifications were
provided by representatives from Ontario Soccer [46].

A preliminary chi-square analysis and a visual inspection of the birth distribution
were conducted to ascertain whether RAEs might be present during the initial year of
the registration entries, at the age of ten years. The observed number of participants
born in each quartile was compared to the number expected based on the number of
days in each quartile. Traditionally, an equal distribution of 25% has been utilized as the
expected proportion of participants for each birth quartile in RAE research. Delorme and
Champely [47] argue that this method inflates the risk of Type I error. Thus, the actual
distribution of the population from which the sample was taken should be utilized, and
in the absence of this information, the expected distribution should be adjusted to the
number of days present in each birth quartile. For this study, the birth distribution for
the overall population of Ontario female soccer players was not available; therefore, the
expected distribution was calculated by dividing the number of days in each quartile
by 365. A statistically significant chi-square value (p < 0.05) was used to calculate the w
effect size statistic to determine the strength of the relationship. The w effect size statistic
is calculated by taking the value of chi-square divided by the number of subjects and
taking the square root (w =

√
(χ2 / n)) [48]. Cohen [48] proposed that w values of 0.1, 0.3,

and 0.5 represent small, medium, and large effect sizes, respectively. The calculation of
standardized residuals was planned for a chi-square analysis producing w values ≥ 0.1,
with a value of ≥ 1.96 indicating an over-representation and a value of ≤ −1.96 indicating
an under-representation in terms of relative age distribution.

Survival analyses were then carried out to assess the impact of relative age on dropout
from developmental soccer between the ages of 10 and 16 years. Dropout was identified
using the last registration entry that was present in the longitudinal dataset provided by
Ontario Soccer. Thus, a participant who last registered at the age of 10 through 15 years
would be coded as a “dropout”, and a participant who had a registration entry at the age of
16 years would be coded as “engaged”. A Kaplan–Meier analysis was used to investigate
the dropout rate with respect to relative age by birth quartile. The log-rank test assessed
the null hypothesis of a common survival curve. This was followed by a Cox Regression to
further evaluate the impact of birth quartile, with a consideration of community size and
competition level. The proportional hazards assumption was tested using the goodness-
of-fit approach [49]. This assumption states that the hazard (i.e., risk of dropping out) for
one individual must be proportional to the hazard for any other individual, and that the
hazard ratio must be constant over time [49].
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3. Results
3.1. General Findings–Relative Age

Results from the preliminary chi-square analysis are presented in Table 1. An over-
representation of relatively older participants was observed in the initial sample (χ2 (3) =
182.972, p < 0.001) with a small effect size (w = 0.14). Quartile 2 had the highest number of
participants at ten years of age, followed by Q1, Q3, and Q4. The Kaplan–Meier analysis
revealed that 23.3% of the initial cohort remained until the end of the seven-year period.
The survival curve for each birth quartile is available in Figure 1. The log-rank test indicated
that the null hypothesis should be rejected (χ2 (3) = 26.321, p < 0.001). A median survival
rate of four years was observed for players born in the first quartile over the subsequent six
years of registration; this differed from a median survival of three years for players born in
the remaining quartiles (outlined further in Table 2).

Table 1. Results from the preliminary chi-square analysis.

Birth Quartile Observed
(n)

Expected Standardized
Residual Odds Ratio

95% CI
Lower Higher

Quartile 1 (Q1) 2674 2443.1 4.56 1.13 1.07 1.19
Quartile 2 (Q2) 2803 2470.2 6.74 1.19 1.13 1.25
Quartile 3 (Q3) 2472 2497.4 −0.476 0.99 0.92 1.05
Quartile 4 (Q4) 1959 2497.4 −10.745 0.73 0.67 0.80

Note: Values in bold indicate an over-representation (i.e., ≥ 1.96) or under-representation (i.e., ≤ −1.96) with
respect to relative age distribution by quartile.
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Table 2. Results from the Kaplan–Meier survival analysis: mean and median values for survival time.

Mean Median

Birth
Quartile Est. Std.

Error
95% CI

Est. Std.
Error

95% CI
Lower Upper Lower Upper

Q1 3.840 0.046 3.750 3.929 4.000 0.097 3.809 4.191
Q2 3.748 0.045 3.660 3.835 3.000 0.097 2.811 3.189
Q3 3.688 0.048 3.595 3.782 3.000 0.119 2.767 3.233
Q4 3.483 0.052 3.381 3.586 3.000 0.086 2.831 3.169

Overall 3.705 0.024 3.659 3.752 3.000 0.054 2.894 3.106
Note: Estimation is limited to the largest survival time if it is censored.

3.2. Additional Factors—Competition Level and Community Size

Prior to conducting the Cox Regression, it was recognized that players who dropped
out during “mini outdoor” would bias the survival analysis as any player who was clas-
sified in this category (i.e., coded according to last registration entry) would theoretically
drop out by the age of 12 years, according to Ontario Soccer’s organizational structure.
Thus, only players coded as “competitive” (n = 2327) and “recreational” (n = 4836) at
the time of their last registration were included in the Cox Regression (overall n = 7163).
The findings are presented in Table 3. The analysis indicated that birth quartile was not
statistically significant (p > 0.05) when the impact of community size and competition
level were considered. Community size did not predict dropout in this analysis; however,
competition level was observed to be a significant predictor of continued sport involvement
(p < 0.001).

Table 3. Results from the Cox Regression survival analysis (overall).

Regression
Coefficient Std. Error p > |z| Hazard

Ratio
95% CI

Lower Upper

Q1 0.015 0.043 0.717 1.016 0.934 1.104
Q2 0.005 0.042 0.901 1.005 0.926 1.092
Q3 0.025 0.043 0.565 1.025 0.942 1.116
CS 0.003 0.002 0.080 1.003 1.000 1.007

Comp. Level 0.953 0.035 0.000 2.593 2.419 2.779
Notes: Quartile 4 used as reference category. Community size (CS) divided by 100,000 for analysis purposes.
Confidence intervals that include a value of 1.0 indicate equivalence in the hazard rate (i.e., not statistically
significant).

The survival and hazard functions using the mean for competition level can be found
in Figure 2a,b, respectively. By percentage, 55.9% of competitive players were still registered
with Ontario Soccer at the age of 16 years, while only 20.7% of recreational-level players
remained (see Table 4 and Figure 2a). Descriptively, this corresponds to a yearly dropout
rate of more than 30% of recreational players each year. Competitive players were more
than twice as likely to remain engaged in soccer until the age of 16 years when compared
to recreational-level participants (Hazard ratio 2.593, 95% CI 2.419, 2.779; see Figure 2b).
In consideration of the significance of competition level, a graphical representation of the
quartile distributions for each year was generated for both the competitive and the recre-
ational streams to inspect the transient relative age distribution. The competitive trajectory
(see Figure 3a) showed a classic RAE, with Quartile 1 consistently over-represented and
Quartile 4 consistently under-represented across the seven-year period; on the other hand,
the recreational stream (see Figure 3b) showed an over-representation in Quartile 2 and an
under-representation in Quartile 4.
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Figure 2. Competitive (red) and recreational (blue): (a) Survival function at the mean for the com-
petition level. The vertical axis shows the probability of survival. The horizontal axis represents
time-to-event data. (b) Hazard function at the mean for the competition level. The vertical axis shows
the cumulative hazard, equal to the negative log of the survival probability. The horizontal axis
represents time-to-event data.

Table 4. Results from the Cox Regression survival analysis (competition level).

Competitive
Level

Dropout before
Age 16 Years (n)

Engaged at Age
16 Years (n)

Engaged at Age
16 Years (%) Overall n

Competitive 1027 1300 55.9% 2327
Recreational 3835 1001 20.7% 4836
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fied as “mini outdoor” according to Ontario Soccer’s organizational structure and are therefore
not represented.

4. Discussion

The primary objective of this study was to retrospectively examine athlete dropout
with respect to birth quartile in a female cohort for a total of seven years: beginning at
the age of ten years, and subsequently followed across a six-year period. Thus, this study
provides a longitudinal snapshot of the pre-adolescent to post-adolescent transition years
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within female soccer in Ontario. A significant RAE was observed in the initial cohort with
the relatively oldest participants (i.e., those born earlier in the same-age cohort) having the
highest rates of participation at age ten years. The participants born in the first quartile
were found to have a greater likelihood of continued engagement in youth soccer during
the examination period, as inferred by a median survival rate of one additional year when
compared to their peers. However, birth quartile was not found to be a significant factor
when competition level and community size were considered as part of the analysis. Thus,
the preliminary hypotheses were generally supported by the results of the analyses.

The outcome of this study suggests that female dropout patterns in Ontario Soccer
are comparable to previous findings in team sport contexts, with the relatively youngest
exhibiting higher rates of disengagement. The one noted exception in the literature [35]
may be differentiated by the artistic/individual sport contexts in which the participants
engaged. Physical contact is inherent in the sport of soccer, providing an advantage to those
with advanced growth and/or maturational status. Additionally, the team context might
also emphasize physical differences as comparisons between players occur on the field and
are generally based on more subjective evaluations of participants by coaches as opposed
to objective measures that are more commonly associated with individual sports (e.g., a
100-meter swim time [50]). The aforementioned sample [35] was also considered to be
“recreational” in nature. Interestingly, competitive level was observed to be an important
variable in the current analysis, negating the impact of birth quartile when included in
the analysis.

If considered to be an accurate estimate, the findings of this study suggest that ap-
proximately 7200 participants (or 73%) of this one-year, provincial cohort (n = 9908) are
at risk of dropping out one year earlier because of their birthdate position with respect
to an arbitrary, age-group cut-off. This statistic is alarming from both a healthy devel-
opment perspective (i.e., continued participation is associated with positive outcomes;
see examples discussed in the Introduction) and a systems perspective (i.e., continued
growth of the sport). For example, a significant reduction in participation contributes to
an economic/market loss [51]; that is, a high rate of dropout contributes to a reduction in
game interest, loss of membership fees, and a reduced talent pool for future advancement
in sport. Furthermore, youth sport is predominantly run by volunteers. Individuals who
disengage from a sport during childhood or adolescence may be less likely to transition to
a contributive role in their adult years.

These findings also highlight the potential impact of competitive streaming on sport
dropout. While a greater proportion of competitive-level players were engaged at the
age of 16 years (55.9% vs. 20.7% for recreational-level players), a more biased birthdate
distribution favoring the relatively older players was also evident in the competitive
context when evaluated by year of registration (see Figure 3a). This may suggest that
RAEs resulting from initial growth differences are being perpetuated by talent selection
processes [42], and is consistent with the available research examining female youth soccer
players [52,53]. At no point during the seven-year period were the relatively youngest
athletes observed to “catch-up” despite the culmination of maturational processes within
the examined timeframe. While the recreational stream had a more evenly distributed
birth representation (see Figure 3b), the high disengagement of athletes over the seven-year
period may highlight a concerning trend for recreation-level athletes. This is somewhat
surprising given the reduced demands of playing at the recreational level as compared
to higher levels of competition, where the increased demands of additional training and
performance might conflict with other priorities for this age demographic (e.g., schoolwork,
part-time employment, social activities). However, it may also be indicative of athletes
choosing to prioritize alternative forms of sport participation.

Community size did not appear to be a significant factor with respect to sport dropout
in this sample. This finding differs from previous research studies (e.g., [24–27]) that
have found increased rates of participation in small to medium-sized communities that
are large enough to support youth sport leagues but not so densely populated that the
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competition for sport facilities, team membership, etc., is detrimental to participation. The
survival analyses utilized in this study may not have detected subtle trends related to sport
dropout in this sample due to the large range of community sizes in Ontario (i.e., census
subdivisions range from 5 to 2,615,060 inhabitants). The impact of community size in this
sample is evaluated further in a separate study that used geospatial mapping and odds
ratio analyses [54].

Although not a primary goal of this work, this study documented the over-representation
of the second quartile in the initial cohort at ten years of age (followed by Q1, Q3, and Q4);
this provided the first RAE observed in a Canadian soccer sample. This pattern differs
from the classic, linear RAE pattern (Q1 > Q2 > Q3 > Q4) that would be expected, based
purely on chronological age differences. Female samples have been associated with a Q2
over-representation in previous studies, particularly in Canadian ice hockey at developmen-
tal and national levels [44,55]; but also observed in post-adolescent [56] and adult [22,30]
female soccer samples.

The cause of this Q2-trend has largely been undetermined to date. Previous hypotheses
have suggested that the “best” Q1-born, female athletes may be playing in male sport to
gain a competitive advantage or are perhaps engaged in a more popular sport, leaving
those born in the second quartile to experience success in the context under examination.
This study adds evidence against the latter hypothesis in consideration of the Canadian
Heritage Sport Participation 2010 report [57], which identified soccer as the most highly
played sport by Canadian children. However, it was noted that the Q2 over-representation
in this study was primarily driven by registration numbers in the recreational context when
the sample was evaluated according to the competitive stream (cf. Figure 3a vs. Figure 3b),
suggesting that the relatively oldest were experiencing greater success within the context
of soccer at both the competitive and recreational levels.

Underlying patterns observed in a sample compiled for a recent meta-analysis of
female athletes provide evidence that the effect might possibly be associated with early
specialization opportunities for Q1-born athletes and consequent burnout, injury, and/or
sport withdrawal (see Smith et al. [42] for further discussion). This hypothesis might
partially explain the observed trends in this sample. However, the birth quartile distribution
showed essentially the same pattern of representation across all years examined at both the
competitive (i.e., Q1 over-representation) and the recreational (i.e., Q2 over-representation)
levels; no transitional RAEs were observed. Thus, the underlying mechanisms of these
trends requires further examination, and the exact contributor in this sample and others
remains unknown.

The dropout rates observed in this longitudinal analysis are reflective of the high rates
of dropout that have been observed in other samples (e.g., [10,11,58,59]). Sport administra-
tors should seek to organize sport in a way that promotes the personal development of all
its members, with varying levels of ability and motivation [3,60]. Strategies that support
recreational-level athletes appear to be particularly needed. Future applied research should
evaluate whether the provision of opportunities for skill development and other experi-
ences that competitive players have (e.g., tournaments, inter-city play, skill development
initiatives, team building events) would encourage engagement in recreational streams
with increasing chronological age while still maintaining the reduced time demands (vs.
competitive levels) that are likely to be desirable for high-school-age athletes. The recent
trend towards sport-specific academies (i.e., academic institutions offering combined ath-
letic and academic curricula) may be a promising avenue for continued sport engagement
into the adolescent/post-adolescent years as they offer access to facilities/coaching and a
flexible academic schedule. However, continued alignment between these academies and
existing sport governing bodies is needed [61,62].

This study adds to the limited pool of research on female soccer athletes. A review
of female RAEs found small but consistent RAEs in this sport context [42]; however, the
existing work has primarily focused on elite competitors in post-adolescent and adult age
groups (see Smith et al. [42] for a review) as opposed to the more developmental levels of
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the sport. Thus, the documentation of RAEs in pre-adolescent/adolescent and recreational-
level athletes is important. The majority of work in soccer has focused on RAEs for male
athletes [22,63], and additional examinations of RAEs for females at all levels of the sport
are needed in order to inform meaningful interventions that reduce the inequities in athlete
development. Furthermore, this study adds to the limited literature available that examines
relative age and dropout in a longitudinal manner within a youth sport sample. To date,
dropout from organized sport with respect to relative age has not been adequately studied,
and a continued evaluation of the patterns that exist in different sport contexts (i.e., team
vs. individual, competitive vs. recreational), across age groups, and between the sexes
is required. Following a one-year cohort through the pre-adolescent to post-adolescent
transition was an important element in this analysis, as adolescence has been identified as a
critical timepoint for overall declines in physical activity levels [64]. However, information
is still lacking with respect to participants who declined participation prior to the age of ten
years and beyond 16 years of age. An evaluation of a broader age range and a comparative
male sample from Ontario youth soccer would be beneficial.

Future studies also need to consider the longitudinal nature of sport participation
along with the dynamic nature of athletic development. For instance, Cobley et al. [65]
identified transient relative age advantages among national-level Australian swimmers,
with the relatively oldest and youngest being over-represented at different time points
(i.e., age 12 and 18 years, respectively); this suggests that detailed examinations to increase
knowledge and understanding of relative age mechanisms are justified. A multi-level
systems perspective should be maintained [66–68] in these future investigations, as athlete
development does not occur within a vacuum [17].

The use of survival analysis provided an alternative way for assessing dropout, that
being the use of time-to-event data. Traditional statistical methods of assessing the birth
date distributions of athlete samples, such as chi-square analysis and linear regression,
cannot handle the censoring of events (i.e., when survival time is unknown). However, as
discussed above, a survival analysis may not be sensitive enough to pick up community
size-related variations, and this variable will require a deeper level of examination in future
studies. A consistent approach was taken to the coding of each participant’s registration
entry by census subdivision due to the correlation of this variable with municipal funding
for sport facilities; this consistency was lacking in previous research on community size.
However, this approach still has limitations as the census subdivision may not be the true
size of the community and does not account for the proximity of neighboring communities,
which might provide additional options for sport club membership, opportunities for
training, an enhanced pool of competition, etc. Finally, this analysis is limited in the same
manner as many studies using relative age; the evaluation of quantitative trends cannot
answer the questions of “why” and “how” relative age influences dropout. Mixed-method
approaches and person-centered analyses are needed in future research to learn more
about the athletes on an individual level [17]. Researchers should seek to gain a better
understanding of the developmental experiences of individuals who succeed despite a
disadvantageous relative-age position within a cohort in order to inform sport engage-
ment strategies and promote positive sport experiences and the equitable distribution of
opportunities for all athletes.

5. Conclusions

Relative age effects are present in developmental-level, female soccer in Ontario. A
higher risk of dropout is incurred by the relatively youngest and recreational-level players.
Future research is needed to confirm the exact mechanism(s) contributing to these trends
and to determine effective methods of supporting at-risk athletes.
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Abstract: The longitudinal and multidisciplinary research project Malmö Youth Sport Study measured
the sports results achieved by two cohorts of pupils using a variable named ACHIEVE, dividing
the pupils into three categories (an elite group competing at the national or international level, a
group competing at the district level, and a third group either not competing at all or below district
level). This was assessed three and six years after baseline at age 13. An additional hypothetical
measure, based on information from the athletes’ trainers, predicted the category the pupils were
expected to belong to after twelve years (age 25). Social variables related to the ACHIEVE variable
are sex, socio-economic position of the parents, ethnicity, completed secondary sports school, sports
capital, and quartile of birth. After three years, 28% of the pupils belonged to the elite group and
after six years, 26%. Thirty-two and 48%, respectively, had abandoned their elite efforts. The elite
group remained fairly stable over time but fewer girls than boys advanced to the elite group. The
pupils at the school have a homogenous middle-class background. We found little evidence that
socio-economic factors affected ACHIEVE. Nearly all parents had been engaged in sports, either
competing or as coaches. On admission to the school, there was a pronounced relative age effect
(RAE). This remained after three years as the age was significantly different between the three groups
but was reduced after six years. According to the prognosis made by the coaches, the elite group
would be considerably smaller when the subjects reached the age of 25. The RAE was again significant
in the prognosis. A further follow-up when the subjects are 25 years old will reveal not only what
proportion of subjects are actively competing, but also if they are engaged in recreational sports, to
what extent the RAE is present, and how accurately coaches can predict success.

Keywords: sports school; talent identification; longitudinal; elite sports; multidisciplinary

1. Introduction

Lower secondary schools with a physical activity profile have become popular in
Sweden, both among youngsters and local politicians. This trend has been both acclaimed
and criticized [1–9]. Although the purpose of the school is not clearly defined, the focus
seems to be on “good grades, good health and good sport results”.

Malmö Youth Sport Study (MYSS) involves two cohorts of girls and boys (N = 156) that
attended Malmö Idrottsgrundskola (lower secondary school) between the ages of 13 and 16.
After Idrottsgrundskolan, 60 percent of the pupils were admitted to a sports gymnasium
(upper secondary school) between the ages of 17 and 19. The aim of this longitudinal
and multidisciplinary study is to increase knowledge of how to create an activity that is
inclusive and enables a commitment to sport and a lifelong interest in physical activity and
sport (a health perspective) and at the same time a successful talent identification and talent
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development (an elite perspective). The project was formed in 2012 by researchers from the
Universities of Halmstad, Lund, and Malmö. The researchers represent different disciplines
and faculties, and hence different angles related to the research questions. MYSS is based
on baseline data and a three-year, a six-year, and (eventually) a twelve-year follow-up.
The project includes social, psychological, and physiological studies, as well as gender
aspects [10–21]. In this article, talent development after secondary school (the three-year
follow-up) and upper secondary school (the six-year follow-up) are analyzed, as well
as an additional, hypothetical measure, based on information from the athletes’ trainers,
predicting the category the pupils can be expected to belong to at the age of 25. The analysis
is based on the variable ACHIEVE (Achieved set goals for elite effort). Additional variables
related to ACHIEVE that have been analyzed are sex/gender, socio-economic position of
the parents, ethnicity, sports capital, completed secondary sports school, and quartile of
birth [22].

2. Material and Methods
2.1. Participants

Every year 48 boys and 30 girls are admitted to Idrottsgrundskolan. The reason for the
difference in numbers is a historical one. The school started out of the Youth Academy of
Malmö Football Club (MFF), so every male player from this club was, and is, attending the
school. Eventually, more individuals representing different sports were admitted. In the
years of the two cohorts of the Malmö Youth Sport Study, twelve sports were represented:
football, swimming, diving, tennis, squash, figure skating, badminton, track and field, ice
hockey, basketball, floor boll, and gymnastics. However, every year at least 20 football-
playing boys representing Malmö FF are admitted. The MYSS group of two cohorts
thus contains 44 football-playing boys and 18 football-playing girls (in all 62 out of 156,
i.e., 40%).

To become an elite athlete, you must be talented. To develop your talent, first, it has
to be identified. Over two consecutive years, 593 girls and boys applied for the sports
school at the age of 13. One out of four—156—were admitted. Their marks from the
sixth grade were not used in the selection process, only their achieved sports results and
a forecast of future sports development. The selection was made by local or regional
representatives of the different sports federations together with the school officials. The
pupils were accepted on the basis of a favorable prognosis of becoming elite athletes. In the
fierce competition, everyone admitted was thus forecasted to achieve results on a national
and/or international level.

2.2. Measures

The MYSS project includes social, psychological, and physiological studies, as well
as gender aspects. The sociological part of the study consists of two questionnaires, one
for pupils and one for parents. Only the parent questionnaire was used in this study. It
contains questions about with whom the child lives and the family form of housing; in
which country the parents were born; the number of siblings; if the family had access to
a car, boat (with possibilities to sleep in), summer house, or camper; the education and
occupation of the parents; as well as the family’s sports experience.

2.3. Procedure

To measure the sports results objectively, the variable of ACHIEVE was used in the
study. To “Achieve set goals for elite effort” means that you accomplish what you set out
to do in terms of sports results when you started your education. The trainers and/or
representatives of the district organizations were interviewed five times during 2015–2020
(in all 62 interviews). The pupils were divided on the basis of ACHIEVE, which grouped
the pupils into a dropout group, a group not achieving set goals, a group performing at a
district level, and one group performing at a national/international level. The individuals
in the dropout group abandoned their sports efforts but they continued to attend the
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Malmö Idrottsgrundskola. Three out of four groups are empirically visible and normatively
neutral. The second group (which did not achieve set goals) is, however, built by subjective
assessments. However, this group can be objectively defined in another sense: it contains
those who do not belong to one of the other three groups. For practical as well as statistical
reasons, in a second step, the dropout group and the group not achieving set goals were
merged into one group. The three groups are hereafter called “under district”, “district”,
and “elite”. In the statistical analysis, the groups were assigned 1, 2, and 3, respectively.
In the analysis, we used the ACHIEVE category obtained three years after admission to
the school and six years after admission when the subjects had finished upper secondary
school. In addition, we asked the trainers if they could give a hypothetical “informed
guess” as to which ACHIEVE group every individual will likely belong to at the age of
25 (prognosis).

2.4. Data Analysis Plan

We analyzed the ACHIEVE variable in relation to the socio-economic position of the
parents, ethnicity, sports capital, progression to an upper secondary sports school, sex, and
the relative age effect. Information about the parents’ level of education, occupation, and
country of birth was obtained from the questionnaire and, when possible, compared to
statistics for the population of Malmö. We scored education from 0 to 3 (0: not completed
basic education, 1: completed basic education, 2: completed upper secondary school, 3:
college or university exam). The scores for the parents were added. Occupation was
categorized according to the socio-economic divisions (SEI) from Statistics Sweden (Mis
1982:4) and scored from 1 to 3, with 1 being the least-qualified occupation. The SEI is based
mainly on occupations and is divided into workers, civil servants, and business owners.
The scores for the two parents were added.

Three questions in the parental questionnaire covered the families’ experience with
sports. First, whether the parents themselves had been actively engaged in sports, secondly,
whether they had served as coaches/leaders in a sports club, and thirdly, whether any
sister or brother of the pupil had been active in sports. A score was constructed in which
one point was awarded for each of the items, giving a maximum of 5 points (both parents
previously active and also serving as coaches/leaders and at least one active sibling).

Information about progression to upper secondary sports school was obtained from
the trainers and school officials.

Finally, we analyzed ACHIEVE in relation to age on admission to the sports school.
It is well known that recruitment by elite sports groups of youngsters is weighted to the
older subjects within a given age range, a phenomenon known as the relative age effect
(RAE). We have previously shown that the RAE is a determining factor for admission to
Idrottsgrundskolan and that this is related to physical maturity [10]. RAE was analyzed
relative to birth quarter as well as to age as a continuous variable.

Statistical analysis was mainly performed by non-parametric methods as specified in
each case.

3. Results

As the pupils were all accepted on the basis of a favorable prognosis of becoming elite
athletes on a national and/or international level, there was only one baseline position for
the pupils. After three years this was only confirmed for 28% of the pupils (Table 1); after
six years for 26%. The grouping according to ACHIEVE thus included:
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Table 1. ACHIEVE divided into elite group, district group, and under district group (N = 156).

Group 3 Years 6 Years

Results at a national
and/or International level (3) 44 41

Results at a district level (2) 62 40
Not achieved set goals (below district) (1) 50 75

When groups were assigned 1–3, the mean value (±SD) for the ACHIEVE variable
was 1.96 ± 0.78 after three years and 1.78 ± 0.84 after six years. The decline was statistically
significant by Wilcoxon’s signed-rank test (p = 0.04).

Transitions between the ACHIEVE groups are shown in Figure 1. The members of the
elite group who lived up to expectations on admission to the school, by and large, kept
their position over time. Out of 44 pupils, after three years 31 were elite athletes, and after
six years a further 10 advanced from the district group. The middle group lost 40% of its
members at three years to the below-district group, whereas ten pupils advanced to the
elite group. Twelve percent of the youngsters in the below-district group advanced to the
middle group; none advanced to the elite group.
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Figure 1. Changes from the three-year follow-ups, the six-year follow-ups, and from the last follow-up
to adulthood, as predicted by the coaches (prognosis), based on the ACHIEVE variable (N = 156).

The informed guesses made by the coaches indicate that a substantial number of elite
athletes will abandon their efforts before the age of 25. An equal number in the district
group is predicted to be lost to the below-district group, whereas only three athletes are
expected to advance from the district to the elite level.

The flow between the groups is clearly seen in Figure 2, showing changes between the
three-year follow-ups and the prognosis for the age of 25.

The results of the follow-ups can be summarized as follows:

• Two-thirds (65.3%) of all pupils belonged to the same group at the ages of 16 and 19.
• The elite group lost and gained roughly the same number of individuals from and to

the district group.
• The district group lost 40% of its members to the under-district level group.
• There were no “late bloomers”. Among those belonging to the under-district group

after three years, no one made national/international results up to the age of 19.
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Figure 2. Changes from the three-year follow-ups to the prognosis for the twelve-year follow-ups,
based on the ACHIEVE variable (N = 156).

3.1. Correlation between ACHIEVE and Other Variables

According to their trainers, 24 out of the 44 pupils will remain elite after twelve years
of elite effort. Given the grouping of the pupils at the three-year follow-ups and the six-year
follow-ups, are there any correlations, positive or negative, between ACHIEVE and the
other variables?

3.2. The Socio-Economic Positions of the Parents

We have previously shown that the socio-economic position dominating the parental
group is that of the upper-middle class, characterized by parents who were largely born
in Sweden, have a high educational and occupational level, and are occupationally dom-
inated by senior officials and employers who live in well-defined families in detached
or terraced houses. These characteristics strongly influenced who was admitted into the
Idrottsgrundskolan [20]. The only sociological variable found to be related to ACHIEVE in
this analysis was the occupation of the parents. The parents of children in the under-district
group consistently had the most advanced jobs and the parents of the district group the
least advanced. The differences were, however, small, the median score for occupation
being 4 for the elite district as well as the below-district groups at both 3 and 6 years with
interquartile ranges (IQR) of 4–5, 4–4, and 4–5, respectively, both at three and at six years
(p = 0.02 by Kruskal–Wallis test). We found no relationship between the parents’ level of
education and ACHIEVE.

3.3. Ethnicity

Of the MYSS mothers, 82 percent were born in Sweden [20]. Among the others,
22 different countries were stated, albeit no country more than three times. The fathers
born in Sweden also constituted 82 percent. Among the rest, 23 different countries were
stated, none, however, more than three times. The proportion of children (aged 0–17)
in Malmo with a foreign background in 2008 was 56% [23]. Our results thus show that
neither the foreign-born mothers nor fathers represent the composition of all foreign-born
Malmö female citizens. Malmö’s population represents 183 different foreign countries. In
all, the foreign-born MYSS parents were not representative of the foreign-born population
of Malmö—neither proportionally, nor regarding place of birth. Thus, ethnicity is one of
the variables that formed the composition of the group admitted to the Idrottsgrundskolan.
It did not, however, affect the grouping of ACHIEVE between baseline and the three-year
or six-year follow-ups.
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3.4. Sports Capital

The MYSS parents and siblings possess an extensive sports capital, the median score
being 3 with an IQR of 3–4. Only eight pupils out of the 153 we have information on have
parents that lack experience with sports. Seven out of these have one or more siblings that
have been active in a sports club, and some of them still are. Thus, only one child had a
family that lacked sports experience. The amount of sports capital possessed by the family
was also one of the variables that formed the composition of the group admitted to the
Idrottsgrundskolan. It did not, however, affect the grouping of ACHIEVE between baseline
and the three-year or six-year follow-ups.

3.5. Completed Upper Secondary Sport School

A large proportion of the subjects in this study might be expected to apply for Idrotts-
gymnasiet (the upper secondary sports school) after having completed the Idrottsgrund-
skolan. In fact, 60% applied—31 out of 60 girls (52%) and 63 out of 96 boys (66%).

To qualify that assumption, this should be true for those belonging to the ACHIEVE
elite group and district level group. The better sports results during Idrottsgrundskolan,
the more likely they applied for and were admitted to the upper secondary sports school.
On the other hand, after Idrottsgrundskolan, close to four out of ten pupils had ended their
elite efforts. This seems to have affected their way of choosing the next school form, as a
majority from the below-district group did not attend an upper secondary sports school,
whereas essentially the same proportion of subjects in the district and the elite groups did
attend an upper secondary sports school (Figure 3).
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Figure 3. The MYSS girls and boys attending Sport Upper Secondary School (idrottsgymnasium),
based on three-year follow-ups of ACHIEVE (%).

3.6. Sex

There are differences between girls and boys regarding ACHIEVE. The transitions
between the groups for boys are shown in Figure 4. Two-thirds of the elite group continue
to compete at the same level after six years. The elite group loses one-third of its members
to the district group and an approximately equal number are recruited from the district
group. About 40% of the district group continue at the same level after six years and the
same proportion drops to the below district group. The latter group appears fairly stable,
retaining more than 80% of its members while gaining a substantial number from the
district group.
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Figure 4. Changes from the three-year to the six-year follow-ups, based on the ACHIEVE variable for
the boys (n = 96).

Among the girls, the loss from the elite group from three to six years is somewhat
smaller than for the boys (Figure 5) but only two girls make the transition from the district
to the elite group. The elite group of girls has, in contrast to the corresponding group of
boys, thus shrunk by 17%. The district group retains about half of its members, whereas an
almost equal number are lost to the below-district group. The latter group retains all its
original members and, therefore, grows considerably.
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Figure 5. Changes from the three-year to the six-year follow-ups, based on the ACHIEVE variable for
the GIRLS (n = 60).

The changes in ACHIEVE are summarized in Table 2. Very few girls travel upward.
However, a larger proportion of girls than boys are in the elite group after three years and
retain that position after six years. Boys travel upward to a larger extent. An approximately
equal proportion of girls and boys (25.0 and 24.0%, respectively), made a downward
journey. More girls traveled downward and more boys traveled upward.
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Table 2. Changes in ACHIEVE during follow-up.

3 → 6 Years Increasing No Change Decreasing

All 16 (10%) 102 (65%) 38 (24%)
Boys 14 (15%) 59 (61%) 23 (24%)
Girls 2 (3%) 43 (72%) 15 (25%)

6 Years → Prognosis

All 3 (2%) 118 (76%) 35 (22%)
Boys 3 (3%) 73 (76%) 20 (21%)
Girls 0 (0%) 45 (75%) 15 (25%)

The sex differences can be summarized as follows:

• After three years, the proportion of girls in the elite group is larger than for the boys
(38 vs. 22%).

• After six years, the number of girls in the elite group has declined, but proportionally
the elite group of girls is still larger than the boys (32% vs. 23%).

• All girls in the under-district group after three years are still in the under-district group
after six years (6 out of 34 boys moved into the district group).

• Almost half of the pupils belong to the under-district group after six years. This is the
case both for girls and boys.

• There were no “late bloomers”, neither among the boys nor the girls. All girls in
the under-district group after three years were still in the under-district group after
six years. Six boys were upgraded from the under-district level to the district level.

• Thus, attending the sports gymnasium (upper secondary school) does not improve
the development of the girls’ sports results.

3.7. Relative Age Effect

The distribution of the birth quarter of the pupils admitted to Idrottsgrundskolan is
shown in Figure 6. The distribution is skewed (p < 0.05 by X2 test) with very few subjects
born in the fourth quarter.
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The relative age effect was significantly influencing not only the admission to the
Idrottsgrundskolan but also the forming of the ACHIEVE groups as well as the reshaping
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of them during the three years spent in the school (Table 3). The same was not the case
during the period at the upper secondary sports school, but in the prognosis for their next
six years a significant pattern once again appears. Even if the difference is small, the effect
is considered moderate as assessed by Hedge’s g (0.60 at 3 years and 0.73 for the prognosis).

Table 3. ACHIEVE—RAE.

Follow-Up Mean Age at Admission (years) SD p (ANOVA)

3 years

Elite 13.6 * 0.36
0.008District 13.5 0.26

Below district 13.4 * 0.31

6 years

Elite 13.6 0.32
0.096District 13.4 0.33

Below district 13.5 0.29

Prognosis

Elite 13.6 * 0.36
0.010District 13.4 * 0.36

Below district 13.5 0.28
* Significant differences between groups by Tukey’s test.

4. Discussion

In this study, we analyze sports development in a lower secondary sports school. The
relationship between school and sport is seldom problematized. Many claims have been
made about the mutual benefits of school results and sports results [24]. Most people
think of it in a win-win manner: school is good for sport and sport is good for the school.
In society as well as in research materials, there is a general understanding that PA is
good [25–27]. Research conclusions have been drawn that PA, beyond the physiological
effects, a supportive environment and context can lead to persistence, discipline, commit-
ment, wellbeing, self-esteem, anti-depression, stress reduction, the feeling of belonging,
networks, status, and an increased ability to concentrate [25]. Increasing weekly PA over
nine years has been associated with improved academic achievement in boys [28,29]. All
these effects are in the favor of good school results. At the same time, sports schools are
believed to help the pupil´s sports careers by strengthening their international competi-
tion capacity, facilitating dual careers, strengthening the professionalization of sports, and
supporting public health [2,4,30].

A large amount of knowledge combined with good subject-specific knowledge, as
well as characteristics such as disciplined handling of studying, concentration capacity, and
a talent for long-term thinking, are all assets that are regarded as being in favor of sports
development. At the same time, scientific results claim that intensive physical activity
works in the favor of good school results.

Based on a statistical analysis, we have discussed the variables of ACHIEVE to under-
stand the differences in talent development for two cohorts of athletes attending Idrotts-
grundskolan in Malmö. Three sets of conclusions are drawn. The first one relates to changes
in the groupings between baseline, at three years, at six years, and at hypothetically twelve
years of development. The second is related to the effects of societal variables on the
outcomes. The third one is related to the biological variables affecting the outcomes.

The overall changes in the ACHIEVE groups could be described as a gradual po-
larization: a group where every pupil was defined as elite at baseline, became a large
middle group after three years, and then a large under-district group after six years, at the
same time as the elite group became notably stable but somewhat smaller. This process
continues—hypothetically—for up to twelve years. Either there was an incorrect prognosis
at baseline in seven out of ten cases, or things happened in seven out of ten cases related to,
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for instance, injuries, effects on the sports development on behalf of the athlete or his/her
trainer, or social factors.

The polarization can be understood in relation to a number of factors that influence
talent development during lower and upper secondary school, including school-related
factors, sports-related factors, and social factors. Some factors are logically linked to the
talent-development process, for example, physical and psychological factors [11,15,17].
Another such factor, detectable through the relative age effect is physical maturity [10]. As
very few individuals became internationally successful, one factor influencing the outcome
is an unrealistic optimism in the younger age groups, which is often eventually replaced
by a more sober judgement about the meaning as well as the effects, of the commitment.
The competition logic pushes the athletes in different directions; both wins and losses have
to be handled. In addition, the impact of injuries is obvious, as is the influence—good or
bad—of trainers and coaches. The role of coaches has been demonstrated in a study by
Witkowski et al. [31].

If the outcome in terms of ACHIEVE, from the point of view of a lower secondary
sports school, is to be regarded as either a successful or unsuccessful development, it can
be discussed in the form of “whether the glass is half full or half empty”. On the one
hand, it is difficult to claim that a special sports school form is needed to produce elite
athletes on a national and/or international level if only 28 percent had succeeded when
they entered the Idrottsgrundskolan at the age of 16. On the other hand, 45 pupils from
one lower secondary school in the third-largest city in a small country, having achieved
sports results at a national and/or international level at the age of 16, can be argued as
being a very successful development. Out of these—hypothetically—24 could remain elite
athletes up to senior age. However, the counterargument needs to be problematized by the
fact that half of these 24 elite athletes were admitted to Idrottsgrundskolan because they
belonged to the most advanced and selective Football Youth Academy in Sweden, Malmö
FF. They did not need Idrottsgrundskolan to acquire the amount of support—quantitatively
or qualitatively—needed to become successful football players. Similarly for a number of
the other half of the elite athletes. All in all, the results do not present a strong case for the
conclusion that this lower secondary sports school is needed to identify and develop elite
athletes on a national and/or international level. However, to draw that conclusion we still
have to wait for the official twelve-year follow-ups.

After three years of talent development and then three more years of upper secondary
school, we cannot rule out that the pupils could still become elite athletes as adults. Only
the dropouts seem like “lost cases”. On the other hand, behind the label “dropout” we
have found that many of the boys and girls who have stopped exercising for elite sports
themselves are coaching and training others, or they dropped out because of sports injuries.
Nevertheless, after three years of development, one out of three has stopped doing sports
or has not achieved set goals for elite efforts. After six years, half of the pupils belonged to
this group.

The background factors regarded within social sciences as being of profound impor-
tance when dividing citizens into different groups, which are later affected in different ways
and with different results, are age, sex/gender, social class/group (educational level and
occupation), ethnicity, and geographical location/population density [32,33]. The MYSS
parent questionnaire includes questions about most of these factors as well as questions
about sports habits [34,35]. Sport and physical exercise habits are clearly marked socially,
socioeconomically, socio-geographically, and culturally [20,34–37]. The socio-economic
position dominating the parental group in this study is that of the upper-middle class,
characterized by parents who were largely born in Sweden, have a high educational and
occupational level, and are occupationally dominated by senior officials and employers
who live in well-defined families in detached or terraced houses. Obviously, these charac-
teristics strongly influenced who was admitted into the Idrottsgrundskolan [20]. The sports
capital for the children at Idrottsgrundskolan was very large, the IQR being 3–4. This means
that for 50 % of the group, both parents had a sports background (active and/or leader).
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However, only the occupation showed significance in relation to the dividing of the pupils
into the ACHIEVE groups. One reason for not finding more significant associations is that
the group was very homogeneous. It seems like the effects of socio-economic variables
diminished once the school group was formed. After that, other variables must have
decided who changed ACHIEVE groups. The main variables found in this study were both
biologically related—sex and differences in physical maturity, known as the relative age
effect (RAE).

Differences in sports achievements between boys and girls can be related both to
biological factors (sex) and to socially constructed factors (gender) [15,38]. When it comes
to gender, this is discussed in length by Larneby [15]. Here we have focused on questions
such as: What are the group compositions for the girls and the boys? How do they change
between three and six years? How many girls and boys keep their original groups? How
many girls and boys make a journey upward? How many girls and boys make a journey
downward? There are differences between girls and boys regarding ACHIEVE. All girls in
the under-district group after three years were still in the under-district group after six years,
whereas 6 out of 34 boys moved into the district group. Thus, attending upper secondary
sports school did not improve the girls’ sports results development. Very few girls traveled
upward. However, a larger proportion of girls than boys were in the elite group after three
years and retain that position after six years. More girls traveled downward, and more
boys traveled upward, particularly if they (the boys) were born in quartiles 3 and 4. The
effects of RAE are larger for the boys between three and six years.

The relative age effect is a widely recognized effect of selection systems within compet-
itive children and youth sports across a variety of sports and countries all over the world.
RAE significantly influenced not only admission to the Idrottsgrundskolan but also the
forming of the ACHIEVE groups as well as the reshaping of them during the three years
spent at the school. The same was not the case during the upper secondary sports school,
but in accordance with the prognosis for their next six years a significant pattern will once
again appear.

The major strengths of this study include its longitudinal design and that the infor-
mation has been obtained for all subjects at all time points. The limitations include the
moderate number of subjects studied and the lack of diversity of the sports represented.
Individual as well as team sports are included, which may entail differences.

5. Conclusions

The children attending the Idrottsgrundskolan are characterized as having an upper-
middle-class background and extensive sports capital. After completion of the lower
secondary sports school, three groups of youngsters can be identified: those competing at a
national/international level, those competing at a district level, and those having more or
less abandoned their elite efforts. The elite group, thereafter, remains fairly stable, whereas
the district group is progressively reduced. Few children make an upward journey, i.e., there
are no late bloomers. Few social variables affect sports achievements probably owing to
the selection mechanisms for admission to the school. Sex affected sports development—a
larger proportion of girls than boys reached the elite group after lower and upper secondary
school, but fewer girls than boys made an upward journey during the period. The relative
age effect profoundly affected admission to the school as well as achievements after lower
secondary school but less so after upper secondary school.
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Abstract: The relative age effect (RAE) and early sport specialization (ESS) have been of growing
interest in the sports world, especially in ice hockey, because of their potential adverse effects.
However, little is known about their distribution within each level of play in Canadian minor ice
hockey, or whether they influence young people’s perceived competence, a variable of interest in
long-term sports development. A sample of elite adolescent players (N = 204) and a sample of
recreational and competitive players (N = 404) were used to measure these constructs, and chi-square
tabulations were conducted to compare their distribution. Our results reveal that RAE (χ2 = 20.03,
p < 0.01, Cramer’s V = 0.13) and ESS (χ2 = 66.14, p < 0.001, Cramer’s V = 0.24) are present, but there
are apparently no gender differences in their distributions. Neither the level of RAE nor ESS seems
to affect the perceived competence of the players, regardless of gender. The results of this study
highlight the presence of RAE and ESS in Canadian minor ice hockey, especially at the elite level, but
indicate that they do not affect the self-perception of ice hockey players. Additional research on these
concepts is needed to obtain a complete picture of their potential impact on sports development.
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1. Introduction

The benefits of sustained physical activity on the health of individuals, regardless of
age, have long been known and promoted [1]. In Canada, a very popular form of physical
activity, especially among the youth, is participation in organized sports. Indeed, 77%
of parents reported that their child aged 5 to 19 participated in at least one organized
sport, while 66% of young people aged 10 to 15 reported being involved in at least one
organized sports activity [2]. Organized sport also has its own set of health benefits. At
the physical level, it protects against the chances of suffering from a long-term health
problem [3]. We note that young athletes have an aerobic capacity above the 90th percentile,
have an advantageous body composition, demonstrate greater strength and enjoy a better
general physical condition than their non-sporting peers [4]. The benefits continue at the
psychosocial level. Organized sports participation prevents school dropout [5], depressive
symptoms and suicidal thoughts [6], while promoting positive self-perceptions and the
acquisition of life skills that can be used later in adult life [7]. In Canada, ice hockey
offers an interesting example, in that it is the national sport, has a strong governance
structure, occupies an important place in popular culture and currently includes over
600,000 players of all ages and profiles [8]. Young people involved in ice hockey, especially
at the competitive level, appear to be more physically active than their peers [9] and display
signs of good health into adulthood [10]. Unfortunately, organizational factors such as early
sports specialization or relative age effect can negatively impact the benefits associated
with organized sports participation.
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Youth sport has greatly changed over the past 20 years to become a hyper-organized
and competitive environment primarily driven by adults [11]. An increasingly prevalent
issue in both the research community [12] and the mainstream media is early sports spe-
cialization (ESS), a developmental pathway choice generally recognized to have several
negative consequences [13]. ESS can be defined using three criteria [14]: (1) intensive par-
ticipation in organized training or competitive activities over a period of at least 8 months
per year; (2) participation in a single sport that interferes with the pursuit of other physical
activities (active leisure, other sports); and (3) involvement of prepubescent children or
those under the age of 12. Although the disadvantages of this pathway choice are now well
known, the fact remains that a large proportion of young ice hockey players continue to
engage in it [15]. The reasons for engaging in ESS can be historical, economic or simply due
to mistaken beliefs. Papers such as Chase and Simon’s 1973 famous study [16], Bloom’s
Developing Talent in Young People [17], or Ericson’s Deliberate Practice Theory [18] have
all been used as a justification to encourage the early and repeated practice of an activity to
achieve a high level of expertise instead of sport sampling, a much more recommended
pathway [14]. Today, the main reason for early specialization is players’ and parents’
belief that it gives them an advantage when seeking to be selected by junior or varsity
sports teams or considered for a sports scholarship [19,20]. By definition, ESS significantly
increases the chances of falling into overtraining [14]. In addition to promoting prema-
ture withdrawal from sports in adolescence, this doubles the risk of suffering an overuse
injury [21]. Overuse injuries cause at least 20% of all sport dropouts in elite sport; they
are the most important reason for dropout, the first being pressure to perform, another
consequence of ESS [22,23]. These are not the only harmful outcomes: young athletes
who specialize prematurely risk developing an unhealthy dependency on their coach [12],
which predisposes them to abuse. In addition, they experience more stress, are prone to
psychological problems [12] and gradually lose their love for physical activity, placing
them at greater risk of becoming sedentary adults [24]. The prevalence of specialization
has recently been measured in Quebec minor ice hockey [15], but it is not yet known to
what extent this phenomenon is present for minors at the highest levels of performance,
including national team selections.

Another organizational factor observed in multiple sports for decades is the relative
age effect (RAE), which can be defined as the age difference between individuals in the
same group [25]. To bring together young people at the same stage of development, ensure
that differences in performance are limited and establish a certain level of safety, 1- or
2-year chronological age groups are common in youth sport [26]. Thus, it is possible to
end up with two athletes who are 23 months apart playing against each other. This may
not seem very much to an adult, but it represents a substantial difference for teenagers.
Relative age effect therefore refers to the disadvantages and implications of the interaction
between the athlete’s date of birth and the cut-off date used by the sports federation to
define age categories [26]. The real problem occurs when this advantage persists over
time, offering relatively older players a better chance to participate and develop in the
sport, a phenomenon known as the Mathew Effect [27]. For example, a parent may decide
not to enroll their child in an organized sport for fear the child would be disadvantaged
compared with another who was born earlier and is therefore more physically imposing.
With respect to the prevalence of relative age across several game calibers, recent ice hockey
data suggest that there is no significant difference between recreational and competitive
calibers; however, an RAE is reported in elite selections [28,29]. Hancock states that one
reason for the presence of a strong RAE in elite males is that, besides being potentially more
imposing physically because of their older age, they may have been exposed to a higher
level of competition when young and may therefore possess more quality experience when
entering adolescence [30].

As important as RAE or ESS may be in terms of their direct impacts on the development
of young athletes, they may also affect another important construct in sports practice:
perceived competence. Perceived competence refers to an individual’s perception of their
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capacities in a certain performance area [31]. Developed by Harter [32], the theory of
competence motivation holds that young individuals who consider themselves adept
in a specific domain of competence tend to devote more energy to further developing
their skills in that area. As a result, skills improvement leads to an increase in perceived
competence, resulting in higher autonomous motivation towards an activity [32,33]. RAE
has previously been shown to have a slightly negative effect on the perceived competence of
young ice hockey players, possibly because relatively younger players are also at a physical
disadvantage compared to their peers [28]. ESS also has a negative impact on perceived
competence insofar as highly specialized young people tend to compare themselves more
to other elite players and receive more frequent corrective and negative feedback from
coaches assuming a greater role than they should at this stage of young players’ sports
development [34]. Both RAE and ESS, and their influence on perceived sports competence,
could theoretically affect the long-term athletic commitment of ice hockey players, whether
or not they are involved at the elite level.

This study has two objectives. The first is to measure the prevalence of RAE and ESS
within a selection of elite adolescent teams compared with its prevalence in non-elite teams.
The second is to establish the effects of RAE and ESS on players’ perceived competence
within an elite environment. These objectives are the basis for five hypotheses.

Hypothesis 1 (H1). RAE will be present in higher proportions in the elite selection compared with
the non-elite teams.

Hypothesis 2 (H2). ESS will be present in the same proportions in the elite selection and the
non-elite teams.

Hypothesis 3 (H3). ESS and RAE will be present in the same proportions in both genders.

Hypothesis 4 (H4). Positive perceived competence will not be present in the same proportion based
on level of ESS.

Hypothesis 5 (H5). Positive perceived competence will not be present in the same proportion based
on birth quartiles.

2. Materials and Methods
2.1. Sample and Procedures

For this study, 1 primary sample was used to measure the perceived competence,
ESS, and RAE of elite ice hockey players, and 2 secondary samples were used to compare
these with non-elite ice hockey players. Data for the main sample were collected at a Team
Québec selection camp for men (U15) and women (U17) in summer 2021. During this
camp, players came to the arena, participated in physical tests and were then evaluated
on the ice 2 times a day for 4 days for a chance to make the provincial team. They were
asked to complete a questionnaire measuring their perceived competence and ESS dur-
ing a free period of about 1 h on the second day to ensure they were in a good mental
condition. During this collection, 89 males and 115 females were surveyed in compliance
with the ethics committee of the researchers’ institution. Players came from all corners of
Quebec, all spoke French, and a binary definition of gender was used, as it currently is in
the federation. This was the last step in a year-long selection process during which the
number of candidates fell from about 204 in the provisional teams to about 45–50 players
per gender at the end of this camp. Thus, these players were the best of their cohort, at least
according to those involved in the selection process. The second sample had already been
used in a research project by the authors of this article. Data for the sample used as a com-
parison for the prevalence of ESS and RAE in lower-level ice hockey (N = 202 competitive,
N = 202 recreative, 15.4 ± 1.9 years old, no female players) were collected in a previous
project, and the details surrounding the collection are discussed in this article [9]. In brief,
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we used two data collection methods during the 2017–2018 hockey season. For the first
approach, we identified teams via the website of Quebec’s ice hockey federation, and
coaches were contacted to ask for their permission to talk to their players. After explaining
the project, the research team issued online or paper questionnaires to those who agreed
to participate. For the second approach, we first asked some tournament directors for
permission to meet with the participating teams at the registration desk to meet and inform
the coaches, who then discussed the project with their players. Research staff members
then distributed questionnaires to players who agreed to participate, and they had to be
completed during the weekend in their free time, not immediately before or after a game.

2.2. Measurement
2.2.1. Early Sports Specialization

The same measurement method for ESS was employed for both data collections [9]. To
calculate an ESS score, 3 questions were formulated based on Laprade’s definition, which
is the one most frequently used [14]. The first question asked if athletes had participated
intensively in ice hockey (development camps, spring league, summer training program)
for (1) more than or (2) less than eight months per year. The coded score was 0 for 8 months
or less, and 1 for more than 8 months. The second question asked if their ice hockey practice
prevented them from participating in other sports activities. The coded score was 0 for
no, and 1 for yes. The third question asked for how many years they had been involved
intensively in ice hockey. The answer was then deducted from their age to discover if
players had this level of commitment before the age of 12. The coded score was 1 for yes,
and 0 for no. A 3-point composite score was then created by adding the results of the
3 questions. Three categories of specialization were obtained: <2 = little or no ESS, ≥2 but
<3 = moderate ESS and 3 = high ESS.

2.2.2. Relative Age Effect

We measured the prevalence of RAE using the same method as in a previous article [28].
Each birth date was coded into birth quartiles according to the federation cutoff date:
Q1 = January–February–March, Q2 = April–May–June, Q3 = July–August–September, and
Q4 = October–November–December. We then compared it with the numbers obtained from
a national survey for the 2007 year of birth [35].

2.2.3. Ice Hockey Perceived Competence

We measured perceptual competence in ice hockey specifically using a recently vali-
dated questionnaire that showed robust psychometrics values (χ2

(154) = 204.160, p = 0.004,
RMSEA = 0.021, CFI = 0.997, TLI = 0.993) [36]. The questionnaire consisted of 26 items
measured by a 5-point Likert scale and assessed 6 dimensions of ice hockey competence:
physical involvement (4 items, ω = 0.95, e.g., “I win my “one-on-one” battles”), ice hockey
IQ (7 items, ω = 0.97, e.g., “I take good decision with the puck”), offensive skills (4 items,
ω = 0.95, e.g., “I have good offensive creativity”), skating abilities (4 items, ω = 0.95, e.g., “I
am a fast skater”), resilience (3 items, ω = 0.92, “I see coaches’ comments as an opportunity
to improve”), and leadership (4 items, ω = 0.94, e.g., “I stay confident even if playing time is
diminished”). A composite score of all dimensions was then calculated in addition to an
overall competence score.

2.2.4. Statistical Analyses

Chi-square cross tabulations were complketed, and Cramer’s V was calculated to
assess effect size and interpreted using Volker’s recommendations [37] and in accordance
with Delorme [38]. A significant result (p < 0.05) indicated a different distribution be-
tween the different variables studied, and the interpretation of Cramer’s V was as follows:
>0 = very weak, >0.05 = weak, >0.10 = moderate, >0.15 = strong and >0.20 = very strong [39].
We also tested each category with its previous group to confirm if distributions differ from
one category to another. Percentage deviation was measured to show the degree to which
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an observed chi-square cell frequency differs from the value expected on the basis of the
null hypothesis.

3. Results

Table 1 shows the distribution of RAE by gender and playing level. As can be seen,
there is a significant difference in the distribution of RAE by gender (p < 0.05) and playing
level (p < 0.001), with a moderate size effect (V > 0.10) in both cases. These results confirm
Hypothesis 1 and partially confirm Hypothesis 3. We also note that the elite players show
different distributions regarding RAE; more players are born in Q1 and fewer in Q4 at this
playing level compared with other playing levels and the Canadian population of this age.

Table 1. RAE prevalence across playing level and gender.

Birth
Quartile

Canadian Birth
Percentage (2007)

Gender N
(Percentage Variation) χ2

Playing Level N
(Percentage Variation) χ2

Both Genders * Male Female Recreative *** Competitive Elite **

Q1 23 38 (−6.7) 56 (+5.2) 2.46
(p = 0.48)
Cramer’s
V = 0.11

64 (−9.3) 58 (−19.8) 94 (+28.6) 20.03
(p < 0.01)
Cramer’s
V = 0.13

Q2 25 23 (+17.9) 22 (−13.7) 49 (−3.2) 61 (+17.5) 45 (−14.2)
Q3 27 20 (+7.3) 23 (−5.6) 44 (+5.2) 41 (−4.4) 43 (−0.7)
Q4 25 7 (−23.1) 14 (+17.7) 39 (+18.2) 41 (+21.2) 21 (−38.5)

* There is a significant difference (p < 0.01) between Canadian birth and male (p < 0.01, Cramer’s V = 0.28) and
female (p < 0.01, Cramer’s V = 0.28) elite players. ** Elite is significantly different from recreative (p = 0.01,
Cramer’s V = 0.16) and competitive (p < 0.001, Cramer’s V = 0.21). *** The competitive and recreative samples
contain only male participants.

Table 2 shows the distribution of RAE by gender and playing level. We note there
is no significant difference in the distribution of ESS level according to gender (p > 0.05).
However, a substantial difference in magnitude (p < 0.001) exists in ESS levels based on the
playing level of the ice hockey players. Specifically, there are fewer competitive players in
the high ESS group and more in the low ESS group than at the other two playing levels.
Elites also have a significantly larger proportion of highly specialized athletes and a lower
proportion of athletes with low ESS. These results refute Hypothesis 2, but partially confirm
Hypothesis 3.

Table 2. ESS prevalence across playing level and gender.

ESS Score

Gender N
(% Variation) χ2

Playing Level N (% Variation)
χ2

Male Female Recreative *** Competitive * Elite **

Low 3 (−23.3) 8 (+16.5) χ2 = 0.98
Cramer’s
V = 0.07

40 (−5.5) 73 (+72.5) 11 (−72.1) χ2 = 66.14 *
Cramer’s
V = 0.24

Moderate 27 (+1.4) 36 (−1.0) 61 (−8.3) 71 (+6.7) 63 (+1.7)
High 48 (+1.5) 66 (−1.1) 101 (+8.4) 58 (−37.7) 114 (+31.5)

* Competitive differs significantly from recreative (p < 0.001, Cramer’s V = 0.23) and elite (p < 0.001,
Cramer’s V = 0.41). ** Elite differs significantly from recreative (p < 0.001, Cramer’s V = 0.21). *** The com-
petitive and recreative samples contain only male participants.

Table 3 compares the composite scores for the dimensions of ice hockey competence
among elite players. It shows that there is only one significant difference: female players
feel less competent in terms of their offensive abilities (p < 0.001).

Table 4 represents the distribution of scores regarding the 6 dimensions of perceived
ice hockey competence based on SSE and RAE levels. It shows there is no significant
difference in perceived competence for these two variables. These results therefore refute
Hypotheses 4 and 5.
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Table 3. RAE association with ice hockey perceived competence.

Construct
Mean Scores

Male Female

Perceived offensive abilities 4.30 4.15 **
Perceived skating abilities 4.27 4.39

Perceived physical imnvolvement 4.25 4.16
Perceived hockey sense 4.29 4.21
Perceived ability to lead 4.47 4.50

Perceived ability to face adversity 4.22 4.23
** Significant difference at 0.001.

Table 4. ESS and RAE association with ice hockey perceived competence.

Perceived Competence
ESS

χ2 RAE
χ2

Scores Low ModerateHigh Q1 Q2 Q3 Q4

Offensive abilities

3.0 0 0 0
χ2 = 6.546
Cramer’s
V = 0.140

0 0 0 0
χ2 = 6.189
Cramer’s
V = 0.110

3.5 0 5 7 7 1 3 1
4.0 1 13 32 23 12 7 6
4.5 7 23 32 31 17 8 6
5.0 3 17 28 21 10 13 5

Defensive abilities

3.0 0 0 4
χ2 = 9.170
Cramer’s
V = 0.164

1 1 0 4
χ2 = 11.605
Cramer’s
V = 0.150

3.5 0 2 8 6 0 2 10
4.0 1 13 26 22 7 3 42
4.5 3 19 21 19 12 7 44
5.0 7 24 42 34 12 7 73

Physical involvement

3.0 0 0 1
χ2 = 8.487
Cramer’s
V = 0.59

0 1 0 0
χ2 = 13.168
Cramer’s
V = 0.160

3.5 0 2 11 7 3 2 1
4.0 5 16 34 23 13 16 4
4.5 4 17 30 30 9 8 6
5.0 2 22 24 22 14 5 7

Hockey sense

3.0 0 4 5
χ2 = 4.777
Cramer’s
V = 0.119

5 2 2 0
χ2 = 6.762
Cramer’s
V = 0.114

3.5 0 5 9 9 3 3 0
4.0 3 16 24 19 11 10 4
4.5 2 15 32 25 10 9 6
5.0 6 18 31 24 14 8 9

Ability to lead

3.0 0 0 0
χ2 = 4.135
Cramer’s
V = 0.111

0 0 0 0
χ2 = 8.818
Cramer’s
V = 0.131

3.5 0 2 8 4 1 4 1
4.0 2 8 18 10 8 7 3
4.5 2 20 27 24 13 9 3
50 7 27 48 44 17 12 12

Ability to face adversity

3.0 0 2 8
χ2 = 4.846
Cramer’s
V = 0.119

3 2 5 0
χ2 = 15.557
Cramer’s
V = 0.173

3.5 0 4 8 7 1 5 0
4.0 3 18 31 24 14 9 6
4.5 2 10 21 17 9 4 4
5.0 6 24 33 31 14 9 9

4. Discussion

This study, which was conducted using two samples of adolescent ice hockey players,
aimed to describe the prevalence of ESS and RAE at several levels of play and relate them
to perceived ice hockey skill, a variable that impacts sports development. We can now
review the five hypotheses put forward earlier. First, Hypothesis 1 was confirmed because
the distribution of the RAE differed between elite male and female players. It also differed
between those playing at other playing levels and in the Canadian population of the same
age. The presence of RAE is hardly surprising, as the concept has been part of Canadian
ice hockey for over 40 years [25]. Our data are also consistent with the situation in minor
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Russian ice hockey, where 65% of players were born in the first 6 months of the year [40].
What sets our study apart, however, is that both genders were measured in the elite level
and that we also assessed recreative and competitive players. Contrary to the findings of a
previous study [28], the proportion of ice hockey players born in the first 2 quartiles of the
year was greater in elite players than in the other playing levels, where the RAE was not
significantly present. These results make sense to say the very least, because we know that
the presence of RAE is strongly influenced by the level of competition. So, it is logical that
they are found at a greater proportion in the elite leagues, where players compete fiercely
to gain small advantages over their peers and where a difference of 6 or 9 months can have
a significant impact. Hypothesis 3 must be partially confirmed regarding the presence of
an RAE in both genders, as no significant differences were found within the sample of elite
players participating in the national team camps. That ice hockey is Canada’s national
sport and is popular with both genders most likely raises the level of competition, even
in the female sample, which may well have had less RAE based on previous work [25].
This finding is positive in that it confirms that women’s field hockey has become very
competitive in Canada, but is negative in that we are starting to see the same problems as
in men’s ice hockey.

Next, we disproved Hypothesis 2, which predicted that the proportion of specialized
players would be the same, regardless of playing level. However, the opposite was ob-
served: each playing level had a different ESS distribution than the others. Compared
with competitive and recreational players, elite players seem to have a significantly smaller
proportion of low or no specialized players and a larger proportion of highly specialized
players. Competitive players have many more non-specialized or less specialized players
and fewer highly specialized players than other playing levels. At the recreational level,
patterns of specialization fall between those observed at the elite and competitive levels. As
Quebec ice hockey already demonstrated [15], competitive players show healthier special-
ization tendencies than recreational players, which can be explained in two ways as follows:
(1) these players are usually coached by qualified coaches as opposed to volunteers who
are generally involved in recreational play, and (2) they may have better athletic abilities
than those playing at a lower level, which predisposes them to a wider range of activities.
Elite players, on the other hand, have by far the largest proportion of highly specialized
players. This may appear surprising, as they are coached at least as well as athletes at the
competitive level and are expected to be even more athletically gifted and well rounded.
The reason for their high level of early specialization may be that young players and their
parents believe in the importance of being labeled “talented” at a young age in order to
gain access to better teams, receive extensive training and compete at a higher level in
preparation for an eventual athletic career [12]. Another argument maintains that more spe-
cialized young people tend to receive athletic scholarships more often at the college level, as
Hockett indicates [19]. While the physical and psychological benefits of sports sampling are
well-known, the short-term benefit of ESS can be compelling to many, especially in a major
camp such as the national team. The fact that the camp includes 14-year-old ice hockey
players may also accentuate this phenomenon, as the selection occurs early in the sport’s
development process compared with the junior (15–16) and professional (17–18) drafts.

Regarding SSE, this study’s results partly confirm Hypothesis 3 as well, because
no significant difference was found between male and female players. Previous work
suggests that girls are more prone to experience SSE, but this may be largely because most
studies deal with early developing individual sports such as synchronized swimming or
gymnastics [41]. The percentage of highly specialized girls is lower in team sports such as
ice hockey; the results of this study therefore support this trend.

The last two hypotheses addressed perceived competence in ice hockey and its rela-
tionship with the two constructs under study, RAE and ESS. Contrary to what one might
have expected from the literature, the proportion of field hockey players with a positive
perception of their skills did not change according to ESS or RAE levels. Indeed, previous
work established a link, albeit a relatively weak one, between perception of endurance and
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ESS [15], while another paper linked perception of physical strength and RAE [28]. In both
cases, a broader physical self-perception tool was used, highlighting the importance of
using an accurate, sport-specific measure. Alternatively, the literature also suggests that
ESS may interfere with the normal development of young athletes by isolating them from
their peers, causing overly close bonds with their coaches, and placing them at risk for
overtraining [14]. Thanks to the present study, we believe that in the context of Quebec elite
ice hockey, even highly specialized players evaluate themselves positively in terms of their
skills. This may be because ice hockey is a sport with approximately 20 players per team,
where the cost of ice rental makes it more difficult to practice in isolation. Less isolation
and the esteem-enhancing qualities of a healthy team environment are conducive to very
positive self-perception, which is to be expected from a group of elite players [42,43]. These
findings moderate the associations between RAE, SSE and perceived competence, which
may be somewhat reassuring for the psychological health of elites who choose to invest in
a single sport at a young age or for those disadvantaged by their birthdate.

A strength of this work is the number of concerns it addresses relative to ESS and
RAE research. Although these issues have attracted increasing attention in the last 20 years,
there is still an absence of data regarding their representation in a particular team sport
such as ice hockey at all youth playing levels [13,15]. Furthermore, this study is in line with
a recent consensus statement on ESS that highlights the need for conducting research to
differentiate gender-based patterns, limit the use of adult samples to reduce the possible
drawbacks of a multiple-year recall, and further explore the impacts of ESS [44]. A second
strength of our study is that it shows that RAE and ESS have apparently no impact on
the perceived competence of ice hockey players. This improves our understanding of
these issues, but also raises specific questions concerning ice hockey. First, might the
relationship with perceived competence be different if it were measured at ages 18, 20,
and 25? Do players with low ESS playing at competitive levels tend to become more
successful later in their development, or does the advantage that those with high ESS gain
in early adolescence carry over into adulthood? Although both of these questions could be
answered using a longitudinal research design, such was unfortunately not possible in this
project. Additionally, a more precise operational definition of ESS could better categorize
young athletes’ level of specialization. LaPrade’s current three-indicator definition is
slightly too broad and does not necessarily point to potentially negative behaviors and
variables about training load [14]. For example, is it safe to say that a 10-year-old playing
ice hockey for 10 months and enrolling in soccer for 2 months while continuing to train for
ice hockey (non-specialized by the current definition) is at less risk of adverse psychological
or physical consequences than a player who does not enroll in soccer, but has the same
practice in ice hockey (specialized by the current description)? Additional data regarding
active behaviors and the physical and psychological impacts of SSE could be added to
better identify youth with a genuinely problematic sports development [44].

RAE has been present for at least a hundred years in practically all sports, and it
affects both men and women at an equivalent level of competition [45]. This is a difficult
phenomenon to work around logistically, since separating players by birthdates and having
them play together in age-based groups of 24 months as in ice hockey is a simple, safe
and inexpensive solution that ensures a relatively homogeneous performance level [25].
However, a very high RAE between the Canadian population and elite level ice hockey
players may be concerning, especially because there is a RAE between the elites and
other levels of play as well. The visibility and access to qualified coaches these players
enjoy in comparison to their peers confer a distinct advantage. Thus, initiatives such as
tournaments reserved for the best players born in Q3 and Q4 could partially reduce the
RAE by offering these neglected players additional opportunities to showcase their skills.
At the very least, we may discover that players disadvantaged by their later birthdate do
not have a lower perceived competence than others. This opens the door to research on
other psychological variables of interest, including perceived enjoyment, stress, burnout, or
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social support, to reach solid conclusions about the real impact of RAE and ESS on youth
sports development [46].

5. Conclusions

In conclusion, this study explores the distribution of the relative age effect as well as
early sports specialization within Canadian minor ice hockey in function of the different
playing levels and the two genders. It confirms that these two issues are present in
Canadian elite ice hockey, especially at the elite level, but do not affect players’ perception
of competence. Although this research adds to the present ESS and RAE literature, it is
purely descriptive and somewhat limited by its cross-sectional design. Further research is
needed to investigate the additional impacts they may have on the athletic development
and long-term physical activity of these young athletes. Awareness of the harmful effects
of ESS and RAE must continue in youth sport, especially at the elite level.
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Abstract: Sport psychology has become increasingly recognized and accepted within professional
sports, including soccer. To date, there is a lack of research that examines the provision of sport
psychology within elite soccer, particularly from the experience of applied practitioners working
within the field. The current study adopted a qualitative, inductive approach, to examine the
experiences of practitioners responsible for sport psychology delivery within elite soccer academies
in England. Seven participants (four females; three males), working within academies in the English
Premier League, took part in semi-structured interviews about their experience of delivering sport
psychology services within elite soccer academies. Results demonstrated that the provision of sport
psychology is continually evolving, yet there are a number of factors that appear to inhibit the full
integration of the discipline into academy soccer. Six key themes were identified: The breadth of sport
psychology provision; what is sport psychology; the stigma surrounding sport psychology services;
psychological literacy; the elite youth soccer environment; and the delivery of sport psychology under
the Elite Player Performance Plan. Participants identified a lack of psychological literacy among
coaches and academy staff, as well as a low level of guidance regarding the provision of psychology
within the England Football Association’s guiding document—the Elite Player Performance Plan—
leading to considerable variation in the nature of the sport psychology provision. Future research
would do well to also sample from a range of staff working within English soccer academies, in order
to assess their perception of the level of provision and understanding of psychology.

Keywords: soccer; sport psychology; academy soccer; EPPP; psychological literacy; experiences of a
sport psychologist; sport psychology integration

1. Introduction

Although integration of psychological services within the preparation of soccer players
has tended historically to lag behind a focus on physical, technical, and tactical aspects,
sport psychology has become increasingly recognized and accepted within soccer [1,2]
as it has in sport in general [3–5]. Indeed, although there is still some resistance towards
employing sport psychology services [6,7], psychological skills are increasingly understood
as fundamental for success and career progression in sports such as soccer [2,8,9]. As
such, there is now an appreciation that successful performance is as much about a player’s
overall psychological state and the development and execution of advanced psychological
skills as it is about physical prowess.

Since 2012, the English Premier League (EPL) has, via its Elite Player Performance
Plan (EPPP), mandated the inclusion of psychology within the development program
for English soccer players. Despite this initiative, the integration of sport psychology
remains a challenge [2], and the discipline is not always positively received by all [10].
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Additionally, there is limited research describing the experience of applied sport psychology
practitioners working in the sport. The present study sought to gain insight into the delivery
of sport psychology within the framework of the EPPP through capturing the experiences
of sport psychology practitioners currently working within EPL soccer academies in the
United Kingdom.

The EPPP was instigated in 2012, supported by a budget of GBP 320 million [11]. The
main aim underpinning the development of the EPPP was to “increase the number and
quality of [English] players gaining professional contracts and playing first team soccer
at the highest level” [12]. This ambition would be realized through the development of
athletes within the Premier League and Soccer League academies (the key development
environment for young players in England), which are designed to provide young players
with expert coaching, support, and education. Academies are audited every three years and
must provide evidence of individualized coaching interventions that address each player’s
physical, technical, tactical, and social and psychological development. Academies are
subsequently awarded a categorization of 1 to 4 (1 being the highest), which then dictates
the level of provision that is expected of them. As part of the EPPP guidelines, academies
must make a sport science and medicine program available to all players. Such programs
include physical testing and measurement, physiotherapy, medical services, nutrition,
performance analysis, and psychology.

Although guidelines regarding the delivery of sport psychology within the EPPP
were initially quite limited, the EPPP guidelines have more recently progressed, such that
there are now more clearly defined minimum requirements. These include psycholog-
ical testing, lifestyle management, and the delivery of mental skills education, as well
as appropriate qualifications for the person delivering the psychological support. The
latter means that those delivering sport psychology in English soccer academies must be
qualified to a master’s degree-level in psychology or sport psychology, and registered on
either the British Psychology Society or British Association of Sport and Exercise Sciences
accreditation pathways.

Beyond the above minimum requirements, however, soccer club academies are af-
forded flexibility in delivery of psychological provision, such that there is no uniform
content or standard of delivery. Some choose to draw on work focusing on the 5Cs of
confidence, control, concentration, commitment, and communication [13,14], but otherwise
evidence for the specific breakdown of psychology provision is scant [15]. The purpose
of the 5Cs psychological intervention was to ensure that youth soccer players were pro-
vided with a greater amount of psychological education and development within training
sessions [15]. Harwood et al. [15] suggested that their model was derived from Lerner
et al.’s 6Cs of youth development—character, confidence, connection, competence, caring,
and contribution [16]—developed with reference to the skills necessary to develop a more
civilized society [15–17]. It is important to note, however, that it is difficult to assess the
overall effectiveness of this model because there is no record of the number of clubs using it.
Furthermore, the research examining the model is only being conducted by a small group
of researchers [2,15,17,18].

More widely, coaches have long been considered a key source of support [19], who
are often the “first line of defense” in dealing with psychological concerns. In this respect,
there has been recent interest in the need for coaches and support staff in sporting organi-
zations to develop their psychological literacy. The importance of psychological literacy,
defined as “the ethical application of psychological skills and knowledge” [20] should not
be underestimated. Although increasing the reach and impact of psychology through non-
professionals (not just trained practitioners) would be a goal of developing psychological
literacy, Murdoch [20] also noted the potential risks of non-professionals sharing psycho-
logical knowledge that may not be accurate. Indeed, Pain and Harwood [18] previously
observed a lack of understanding and knowledge of sport psychology by coaches and
support staff in English Soccer Academies, meaning they were potentially ill-equipped
(even if they sensed the need) to draw on psychology within their coaching sessions. Thus,
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although the integration of psychological literacy across clubs is a positive steppingstone,
it should not overtake the importance of having certified practitioners delivering psycho-
logical services to young players. The current research draws upon psychological literacy,
that is, an individual’s ability to apply psychological understanding to their everyday
(personal, social, and work) lives. The purpose of drawing upon psychological literacy is
to provide relevant context to the study in relation to the understanding of psychology and
how non-psychology practitioners then apply that knowledge.

The purpose of the present study was therefore twofold: first, to explore the role and
experiences of practitioners working in sport psychology within elite soccer academies in
England; and second, to understand the nature and implementation of sport psychology
within the auspices of the EPPP. Furthermore, this study sought to explore these practition-
ers’ perceptions of what is successful and what needs further development in relation to the
EPPP and how the academies are integrating sport psychology into their youth programs.

2. Method

An interpretivist paradigm [21] was adopted to explore the experiences of practitioners
responsible for sport psychology delivery within soccer academies in England.

2.1. Participants

Participants (four females, three males; aged 31 to 41 years, mean = 34.8) were British
(all white), representing six elite English soccer academies at four Premier League (the
highest-level league in England) and two Championship (the second tier of English foot-
ball) clubs. Of the six academies, five had (at the time the research was conducted)
Category 1 status (the highest-level academy in England, running on a scale from 1 to
3, as stipulated by the EPPP academy audit system); one had Category 2 status. All par-
ticipants held a master’s degree or higher, three were British Association of Sport and
Exercise Sciences (BASES) accredited, two participants were BASES Sport and Exercise
Psychology Accreditation Route (SEPAR) accredited, and the same two were also Health
and Care Professions Council (HCPC) registered. Participants’ experience of working as
practitioners within a psychology unit ranged from 4 to 15 years.

2.2. Sampling

For inclusion in the study, participants were required to meet one key judgment
criterion: participants needed to be responsible for delivering the sport psychology program
to youth performers at an elite soccer academy with EPPP category status in England. In
order to ensure that all those working within psychology departments at soccer academies
had an equal chance to take part in the study, purposive chain sampling [22] was initiated
during the data collection process. Participants recommended other practitioners who met
the criterion of the study and who might be willing to take part.

2.3. Procedure

Following ethical approval from an institutional research committee, an internet search
using terms including “EPPP”, “soccer academies”, and “English soccer” was undertaken
to identify all elite English soccer clubs with an academy holding EPPP status. Clubs which
held the contact details for those working in the psychology department at each of the
academies were listed, and clubs that did not display these contact details were removed.
Potential participants were then contacted and invited to be interviewed for the study
through an initial email. If a response was not received, follow-up contact was attempted,
through email, two weeks later. Those who failed to respond were excluded from the study.
Those who did respond and agree to be interviewed were sent a participant information
pack, which contained details regarding the study aims, as well as information regarding
anonymity and confidentiality. Participants were informed that they could withdraw from
the study at any time, until the point of data analysis and write up. Prior to each interview,
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participants were provided with the opportunity to review the participant information
sheet and give further verbal consent for participation.

2.4. Data Collection

Semi-structured interviews were undertaken to allow participants freedom to clearly
explain their perspective and experiences, but the direction of the interview was still guided
by pre-determined questions [21,23]. The interview guide was flexible, in order to allow
each participant to share their own experience of providing psychological support, yet
it centered around a number of key areas of interest. For example, the initial questions
ascertained demographic information such as the participants’ role, their qualifications and
years of experience within the field, and their experience of delivering sport psychology
services to youth performers. Questions such as “Can you tell me about your career in sport
psychology?” and “Can you tell me about the academy structure at your club and where
you sit within it?” were used. The guide probed further in order to explore participants’
view of sport psychology and its current delivery in English Academy settings. It further
examined the role of the EPPP in guiding such psychological provision.

As each interview concluded, each participant was asked if there was anything that
they wanted to add that had not previously been discussed; once answered, the interviewee
thanked the participant and closed the interview. A number of probes, where appropriate,
were used in order to elicit more depth from the participants, in order to gain a more
detailed understanding of their perceptions and experiences. Interviews lasted between 60
and 90 min and were audio recorded. The interviews took place virtually, via video calls
(rather than in person), due to restrictions on in person meetings due to COVID-19.

In order to ensure the trustworthiness of the data, the judgement criteria proposed
by Smith and McGannon [24] were followed throughout the design and implementation
of the study. It is anticipated that the sample will provide naturalistic generalizability
across any other Category 1, 2, or 3 academy club that has EPPP status. However, due to
the elite nature of the environment that those interviewed worked in, the study would
not be transferable to grass roots or recreational soccer because the same dimensions
and processes may not exist in those environments. Although qualitative research does
not infer transferability per se, naturalistic generalizability of the results may be inferred
through offering an insight into a variety of psychologists working across English elite
soccer academies.

2.5. Data Analysis

In order to identify common themes within the data collected, in line with the inter-
pretivist approach, thematic analysis was used as the framework of analysis [25]. Each
interview was recorded and transcribed verbatim into a word document. Any irrelevant
data (welcomes, inaudible audio, pleasantries) were removed in order to ensure the data
analysis was meaningful and relevant to the study. As suggested by Braun and Clarke [26],
a six-phase thematic analysis process was employed: (a) data familiarization and writing
familiarization notes was achieved by listening to the interviews and transcribing them;
(b) systematic data coding involved grouping common themes emerging from the raw
data; (c) generating initial themes from coded and collated data was achieved through
the codes being re-examined and patterns identified among the data; (d) developing and
reviewing themes was completed when the identified themes were compared to the raw
data, and looked over by the supervisory team, to ensure that they were appropriate;
(e) refining, defining, and naming themes occurred once the themes were agreed upon; and,
finally, (f) writing the report meant that all themes were presented and then discussed in
detail. Although the process consists of six phases, each phase does not have to be isolated.
According to Braun and Clarke [26], as the researcher becomes more familiar with thematic
analysis, the six phases can become blended and carried out simultaneously. Following the
interviews and transcription, in order to maintain anonymity, each participant was given
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a pseudonym. Using inductive thematic analysis, six key themes were identified. Within
these key themes, raw data quotations were coded and grouped to form sub-themes.

3. Results and Discussion

From the interviews, 50 raw data codes were extracted and organized into six key
themes: The breadth of sport psychology provision, what is sport psychology, the stigma
surrounding sport psychology services, psychological literacy, the elite youth soccer envi-
ronment, and the delivery of sport psychology under the Elite Player Performance Plan.
Across these six themes, a further six sub-themes were generated which highlight additional
contributing factors to two of the key themes (see Table 1).

Table 1. Themes and sub-themes described by the sport psychology practitioners.

Theme Sub-Theme Description

The breadth of sport
psychology provision

The provision of sport
psychology in academies

Psychological practice is diverse, encompassing team-based and
individually-tailored support, the delivery of psychological education,

psychological skills training, and counselling services, alongside
clinical referral or mental health support for players.

The application of
psychological skills

There is value in both classroom and practical sessions, especially when
used concurrently. Classroom sessions provide theory, while practical

sessions allow for the development of skills in a controlled setting.
Barriers to the

implementation of
sport psychology

Clubs need to provide sufficient resources to deliver a successful
program. At present, there is an apparent lack of staffing and financial

resources dedicated to sport psychology.

Understanding of
sport psychology

Although sport psychology may be progressing in terms of awareness
and acceptance, there is still a level of resistance to the implementation

of sport psychology and the role of practitioners, linked to a narrow
understanding of the breadth and scope of psychological support.

The stigma surrounding
sport psychology

services

There still appears to be a stigma attached to the role of psychology
and sport psychologists. The role of the psychologist is still unclear to
players and is often seen as a way to solve problems, rather than as a

holistic aspect of player development and performance programs.

Psychological literacy
There is an awareness of sport psychology, but this remains narrow.

Psychological literacy is currently lacking in academy settings,
especially within core support staff, such as coaches.

The elite youth
soccer environment

Academy cultures have an impact upon the delivery and reception of
psychological support. It is evident that the academy soccer

environment is challenging, highly competitive, and places great
demands on both athletes and support staff.

Delivery of sport
psychology under

the EPPP
Lack of guidance

It was commonly reported that the EPPP fails to include sufficient
detail to scaffold delivery of standardized provision of sport

psychology within soccer academies.

Freedom in delivery

In some cases, the lack of detail and specificity of the EPPP was viewed
as beneficial, because it gives psychology practitioners greater

flexibility and ownership over their delivery of sport psychology,
allowing them to better cater to the needs of the academy and players.

Room for development
Further development of the EPPP guidance is required, with greater

input from experts in the field, in order to ensure the guidance is
relevant and detailed.

3.1. The Breadth of Sport Psychology Provision

The initial theme which arose from participants was the breadth of sport psychol-
ogy provision. This included three sub-themes: (a) the provision of sport psychology in
academies, (b) the application of psychological skills, and (c) the barriers to the implementa-
tion of sport psychology. The current theme relates to the content that is being delivered to
academy players and the way in which that is happening, as well as discussing the barriers
that have the biggest effect on this.
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With regard to the provision of sport psychology across the six academies, it was
apparent that the levels of provision varied greatly. When discussing differences between
academy soccer and other youth sports, participants often discussed individual sports
rather than other team sports. This is because there appeared to be more obvious differences
in the provision of sport psychology in individual sports, and it was a common assumption
that individual sports were significantly ahead of academy soccer in the provision of
sport psychology.

3.1.1. The Provision of Sport Psychology in Academies

When discussing the provision of sport psychology, it is important to articulate the
meaning of provision. For the purpose of the study, provision is referred to as the amount
of sport psychology services that is provided to the players. This includes the form of
delivery that is used, how much time is dedicated to delivering sport psychology, and the
content that is covered within the sport psychology program.

Samantha, who at the time of the study, had worked in the setting for eight years, explained:

9–11 [the age group], we do half and half, so half out on the pitch and half in
the classroom. With the 12 s it’s again a mixture, so it’s half out on the pitch and
half in the classroom. With the 13 s and 14 s at the moment it’s all classroom-
based, just because of resources. 15 s, 16 s, again it’s a mixture, because we’ve
got one member of staff who mainly focuses on those two, so it’s mainly in the
classroom and out on the pitch. 18 s, their two and a half sessions a week is, err,
classroom based.

Similarly, Tony, who has been at his current club for three seasons, described the way
the sport psychology program is delivered to different age groups within an academy:

For the younger 9 s and 10 s, I’d run a monthly workshop, where I get them
in weekly or bi-weekly. For the other age groups going up, where something
I like to do is, and they have field focus as well. So, I don’t want psych to be
in the class at all times, so I end up on the field. . . . So, I have, uh, about four
periods where I’ll run through a couple of like challenges or a couple of skills
and get all the players involved, with the main objective being a psychological
one. Not looking at a textbook, although that’s working them as well, but they’re
still working on their soccer. But the main objective would be that, working on
communication, for example, or confidence when they want all the players to be
the most confident player in the world, kind of thing. It seemed to buy into that
a lot more than when it’s in a classroom. And then I say one-to-ones would be
more for 18–23 s.

The way sport psychology is delivered appears to vary from academy to academy, and
even from age group to age group. Dave explained that their sport psychology program
had been designed with an over-arching framework in mind, thus evidencing more of a
structural approach to delivery:

So, we have our kind of, I suppose, bespoke profile, if you want to call it that, that
we use to identify key characteristics we believe are important to make it as a
first team player within our club. So, we use that as our over-arching framework,
and then from that we kind of filter it in, into learning plans, into targets, into
goals, based on strengths and development areas as well.

Harry, who has been working as a practitioner in soccer academies since 2012, went
further to explain that their sport psychology program had been designed to be a key part
of the academy’s environment, taking a more holistic approach:

When it’s performance-related, and essentially, we do a series of things, we
do workshops with players, with staff, we do individual support, we try and
influence kind of the environment in some ways, so some of the projects we work
on are more . . . kind of, systemic, so we try and influence the . . . I don’t want to
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go as far as to say the culture, that’s a bit extreme, but to kind of influence the
staff to then influence the players, so we have an indirect impact, so we approach
it in different ways, there’s lots of different strategies that, but yeah, some of the
main things we use would be workshops, interactive workshops, player support,
and yeah, kind of just creating, hopefully an environment whereby psychology is
talked about and utilized as much as possible.

It was apparent from the interviews that the practice of psychology is diverse, en-
compassing team-based and individually tailored support, the delivery of psychological
education, psychological skills training, and counselling services, alongside clinical referral
or mental health support for players.

3.1.2. The Application of Psychological Skills

Although sport psychology is often delivered through classroom-based workshops,
an increasing number of academies are now focusing on integrating sport psychology
during on-pitch sessions. Therefore, although the amount of official time allocated to sport
psychology may lag behind other sport science disciplines, there are novel developments
with regard to how sport psychology is being delivered. As Karen noted:

When we are out there, and we are talking, and we are doing things and then we
might reflect afterwards and just try to attach anything to the actual game and
making it as engaging and as real as physically possible.

Although there is an increasing focus on delivering sport psychology during on-pitch
sessions, Dave explained the benefit of retaining classroom-based sessions. Dave stated
that the academy players are educated regarding psychological skills and strategies, and
then given the opportunity to practice them within a classroom setting before transferring
them into training and game situations:

What we try to do is practice the techniques in the classroom. We might do
different games, might do, err, just a drive through of the technique, then we’ll
actually say ok when are these situations or what situations will arise where
we might be able to use this technique? And then we go practice it for two or
three weeks in training, and they can start to manipulate and practice it in games
as well.

From these findings, it is evident that there is value in both classroom and practical
sessions, especially when used concurrently; the classroom sessions provide a chance for
information and techniques to be explained in detail, while the practical sessions allow
for these techniques to be practiced within a controlled environment that can then be
manipulated to reflect real match scenarios.

3.1.3. Barriers to the Implementation of Sport Psychology

Barriers towards the use of sport psychology were reported by all participants, thus
evidencing that these barriers are not just isolated to one club or category status, but instead
are relevant across English soccer academies. Multiple barriers were reported including
financial resources, staffing resources, and the relatively slow uptake of sport psychology.

There was evidence in support of Pain and Harwood’s [18] assertion that a lack of
financial resources was the most commonly perceived barrier to the implementation of
sport psychology. As Dave explained:

So, I think probably limited resources would be the one area . . . I think a lot of it,
in my, probably being controversial here, it’s down to funding a little bit, because
if you do have the money you can buy better facilities, you can go abroad and
potentially invite players—some clubs don’t have that luxury.

This was similarly noted by Harry:

I have experienced resources as a barrier. You know, you don’t need loads of
money to implement psychology, I’m not saying that. But to do things in a certain
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way, having kind of funding backing, even if it’s to get things designed nicely or
in a professional way.

As well as financial resources proving to be a barrier, it was reported that time and
staff resources also had an impact on the delivery of sport psychology. Samantha stated,
“With the 13 s and 14 s at the moment it’s all classroom-based, just because of resources.
We haven’t got the time or the resources to be able to implement it out on the pitch all the
time and with them.” In the same vein, Harry explained:

I think that the resources you have can sometimes dictate the delivery you can
give. So, my previous experience was of me being alone as kind of being the
single practitioner within that environment, so my time was spread a lot thinner,
and so my strategy and approach had to be a lot different. I think with more staff
and resources, you can do more with the players, because that’s when you can
have a direct impact.

A number of participants reported that sport psychology still lagged behind other sport
science disciplines in its level of integration into academy soccer development programs.
As Lily, who at the time of the study had worked in the environment for seven years,
stated, “Sport psychology is still late to the table, and we are still not there yet.” However,
with the introduction of the EPPP, academies are now required to provide psychological
support. Nonetheless, Lily did not credit the EPPP initiative for increasing such support,
leaving questions regarding its impact upon the integration of sport psychology services
into academy development programs. Samantha did, however, note a greater integration
of sport psychology within soccer academies:

Probably over the last 18 months or so, maybe a little bit longer, psychology
has been very much more integrated. So we are in the audit meetings, we are
in the MDT [Multi-Disciplinary Team] meetings, we have our say, we are now
working with the analysis team looking at the psychological behavior analysis
and linking that up with the analysis team and clipping that footage so it can go
into the prebrief and debrief. A lot of the things that coaches and the MDT are
saying is psychological language . . . a lot of their CPD [Continuing Professional
Development] incorporates psychology.

Samantha then added:

So, we are kind of riding the wave with that. I think we’re probably where sports
science was five years ago, where S&C [Strength and Conditioning] was a bit of a
taboo subject, but it’s on the horizon and it’s kind of on the up-and-coming, and I
think psychology is the same at the minute. It’s still a bit of a taboo subject, but
give it two or three years we’ll be up and coming, we’ll be forefront just like S&C.

Despite the latter quote concerning one specific club, it offers some evidence that the
integration of sport psychology within academy soccer is progressing.

These results suggest that, in order for sport psychology to thrive within academy
soccer, it still needs to take greater precedence, and to do so a lack of staffing and financial
resources must be addressed. That is, clubs need to provide sufficient resources to deliver a
successful program. That said, improving resources alone will not solve the issue of sport
psychology integration—there also needs to be a greater level of acceptance from coaches
and players in order to minimize the apparent resistance against sport psychology.

3.2. Understanding of Sport Psychology

According to Konter et al. [2], soccer psychology is multi-faceted, comprising social
psychology, developmental psychology, clinical psychology, health psychology, and the
psychology of coaching. Exposure to such a variety of psychological sub-disciplines may
influence the way in which practitioners interpret the purpose and meaning of sport
psychology. This theme’s key finding mirrors historical debates in the literature [27], in
that, while being concerned with the psychological strategies and techniques to improve
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performance, sport psychology is also concerned with players’ overall wellbeing. As Lily
stated, “For me, sport psychology, performance psychology, is like the interconnection of
wellbeing and performance”. Similarly, Harry stated:

So, for me, sport psychology is about educating and supporting athletes and staff
within a sporting environment. So, it’s about informing and upskilling them in
psychology principles. It’s about, it’s about educating them in an appropriate way
around what will impact their performance and what will impact the performance
of the athletes they work with . . . and it’s about supporting appropriately so
whether that’s supporting performance enhancement, and I also think it includes
supporting wellbeing as well. So, I think both are really important, and I know
different practitioners have different philosophies on that. For me they’re both
completely linked, they’re both intertwined, performance and wellbeing. You
can’t have one without the other. So, for me, both of those are really relevant to
the role of a sport psych.

This quote thus underpins that, although sport psychology is of course concerned with
athletes’ performance, its focus may also be taking a more holistic wellbeing approach [28,29].
Indeed, Sara noted that although sport psychology is concerned with enhancing perfor-
mance, it is also about understanding athlete mental health:

Sport psychology is just looking at the mental aspect of their performance. . . .
Sport psychology is not purely about how their mental side affects their sort of
training and their performance on the pitch but also the wider aspects around the
mental health, just like their daily wellbeing as well. It kinda (sic) just incorporates
everything that they [the athletes] are. . . . The sport psychology will look more
at the performance aspects, so looking at kind of like peak performance, optimal
performance and those kinds of things.

The findings in this theme support the work of Moore and Bonagura [30], who stated
that sport psychology is not solely for the purpose of performance enhancement, but instead
seeks to support performers, their families, and their related organizations to optimize
their level of functioning in a multitude of areas. Thus, while practitioners might think
deeply about what psychology means to them [31], discussion then moved on to the level
of psychological literacy among players and staff and the stigma that is still associated with
the discipline. This demonstrates that, while sport psychology may be progressing in terms
of awareness and acceptance, there is still a level of resistance from non-practitioners in
relation to the implementation of sport psychology and the role of practitioners.

3.3. The Stigma Surrounding Sport Psychology Services

Participants referred to a stigma associated with the use of sport psychology and the
role of the practitioner that still persists in academy soccer. This supports the findings
of Champ et al. [10], who stated that sport psychology is not always received positively
by everyone. Lily noted experiences of such stigma: “They [Premier League personnel]
said, well a sport psych is somebody that a player goes to for twenty minutes to be forced
to see and then lies to them for twenty minutes and then leaves.” This negative attitude
that players are “forced” to see a psychology practitioner and then “lie” suggests that
players may still feel the need to avoid psychological support and would be reluctant
to be honest when with the psychology practitioner. This showcases that players either
believe that there is little value in speaking to a psychology expert, or they do not want the
psychology practitioner to know the truth about how they are really feeling. Regardless,
this demonstrates that a level of stigma persists around seeking psychological support.
Such stigma was deemed to not just be present with academy players but also higher up in
the professional soccer environment. Lily then explained:

I still think that the reason there aren’t as many sport psychologists is because it
is still the unknown . . . so [coaches and players] will say we really value it, we
really think it’s important, and we really buy into it, and we talk about it all the
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time and, you know. . . . However, we still are quite scared about what we do
with it.

The above quote demonstrates that although coaches and players recognize the
value of sport psychology, there remains a level of resistance to its adoption in soccer
academies [6,7]. Harry reported that he still experiences a level of reluctance towards sport
psychology: “I think psych is always that one that’s got a bit of, I guess stigma’s a word you
could use for it, so there have [sic] been in my experience some reluctance.” Additionally,
Samantha highlighted that players are still exposed to the stigma that seeking psychological
support means that there is a problem, rather than the notion that the use of psychology
can lead to performance gains:

So even though all the players know psychology is part of it [performance devel-
opment] and all of that, you’ve still got that stigma behind that, go and see the
psychologist because you’ve got an issue, and I think that’s still potentially what
it is, rather than know that we are performance psychs (sic).

Participants noted that because players spend most of their time with their coach(es),
these coaches have the potential to have more influence on the players than a sport psy-
chologist. Sara stated, “It [the integration of sport psychology into training sessions] comes
down to the coaches’ own philosophy.” Thus, if coaches do not consider sport psychology
to be valuable, they may not include it. Karen provided insight as to why some coaches
may be less likely to incorporate sport psychology into their training sessions: “Maybe
sometimes you get the sort of coaches, who are typically in the professional development
phase, so 18 s, the 23 s, seem to be ex-professionals, they are the ones that tend to be less
open to change.” Sara noted: “Although you know what you should be doing, if the coach
doesn’t then allow you to do it, it becomes like a little bit of conflict between what you
know you should be doing versus what you’re actually doing”.

Our findings show how there still appears to be a stigma attached to the role of
psychology and working with a sport psychologist. As Sara stated, “They still see it as
they go to the shrink. . . . You go and see them when you’ve got a problem”. Additionally,
it seems that the role of sport psychology is generally unclear to players. As Konter
et al. [2] noted, sport psychology is not perceived as a regular performance aspect of
development, but rather more often as a strategy for overcoming problems and helping the
“problem athlete”.

3.4. Psychological Literacy

Psychological literacy was noted by the participants as the level of understanding a
person has of sport psychology and their ability to apply that understanding. In this case,
discussing the current level of psychological literacy participants believed coaches and
players had, Lily stated, “Actually, the awareness and psychological awareness and literacy,
I don’t think it’s, I don’t think it’s where it could be. I think it could be improved, hundred
percent, on what it is”. Although Sara suggested that coaches’ psychological literacy is
poor, she had a different stance on where the problem lies: “So, their [coaches’] awareness
of it [sport psychology] is high, their understanding of it is low . . . but if you ask them, they
would say they have a very high understanding of it. So, I don’t think they realize quite
how complex it is”. As this quote demonstrates, it would appear that coaches have a high
level of awareness of sport psychology, in that they are exposed to sport psychology within
academy soccer. However, as Sara stated, these same coaches may also mistakenly believe
they have a high understanding of sport psychology. This highlights the value of coach
education and workshops and the need to educate coaches about the fundamentals of sport
psychology, how to use it, and the benefits that surround it [32]. This in turn could provide
coaches with a greater understanding of sport psychology and the tools to successfully
incorporate it into their coaching sessions.

In a similar vein, Karen explained a lack of psychological literacy in simpler terms:
“I think there will be some staff where it’s quite new and the topics are not gonna (sic) be
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particularly familiar . . . they might have heard of the terms but not know what they mean
and what it looks like in practice”. This is an important consideration that is supported
by Pain and Harwood [18], who stated that those coaches with a low knowledge base
and understanding of sport psychology are ill-equipped to deliver such skills within their
training sessions. As recognized by Murdoch [20], this has the potential to be problematic,
because inappropriate (and incorrect) information and skills can be passed onto the athletes,
which can even be detrimental for their performance and wellbeing. The present study’s
findings demonstrate an awareness of sport psychology but also a lack of understanding
among coaches in relation to the application of sport psychology within their coaching
practice. As will be discussed in the later sub-theme “Freedom in delivery”, coach and
player understanding of sport psychology may be affected by the varied psychological
programs employed across club academies, meaning there is no standardization in exposure
of coaches and players to sport psychology.

3.5. The Elite Youth Soccer Environment

As it is in sport in general [33], elite youth soccer is characterized by a highly pres-
surized climate for success [34]. This characteristic remains true of the English soccer
academies highlighted in the current research, with a primary focus on results, potentially
at the expense of player development.

Participants noted that although the development of players is important, the focus of
academy soccer remains on results and winning. This is evidenced by Sara:

I think the reality of it is that it’s still very competitively orientated. It’s still very
ego oriented, it’s still very much a win culture. Although they are looking to
develop the players, um, it’s not purely developmental orientated. Whilst they
are developing the players, I think the winning aspect is still the primary focus.

Although Sara stated that there is consideration of player development within the
academies, the fact that the primary focus is on results may be potentially problematic,
because this may mean that other factors, such as player wellbeing, may be neglected. In a
similar vein to Sara, Lily stated that the level of competitiveness is related to the idea of
academies operating as businesses.

It’s much more of a business than I gave it credit for when I started, there’s a
massive element of, you know, is it gonna (sic) make us money, is it gonna (sic),
is he gonna (sic) go to our first team, are we gonna (sic) be able to sell him for a
profit, much more so than I probably wanted to believe when I started.

This statement echoes previous work noting that soccer clubs maintain a primary
focus on achieving the best possible results and winning each game [35].

In a similar vein, Harry stated the importance of understanding that some staff and
players may find the academy soccer environment significantly challenging:

It can be a really difficult environment as well. I think there’s, it’s, it would
be remiss to ignore that some people really struggle with this environment. . . .
There’s a lot of pressure, whether it’s from themselves [academy players], whether
it’s from their parents, whether it’s from other people involved in their journey,
to kind of be a certain way, to perform a certain way, and for some players, that’s
not for everyone. . . . It’s a high expectation environment that’s not for everyone,
and again some staff thrive on it, some staff don’t. So I think for both it’s one of
those that can go either way.

This notion is further supported by Tony, who explained the difficulty that staff
working within the environment encounter:

The environment, soccer generally, as in the organization, is a very cut-throat
environment. It’s yeah, it’s not too forgiving. But at the same time, within
your organization everyone’s quite close. Like when you have a lot of, yeah,
relationships between people can be really good. But then at the same time, if
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those people don’t do well, then potentially you could lose your job. You know.
Which might have no relation to you. So that’s part of the environment. I think it
can be quite hard I think for the coaches as well, all staff, not just coaches.

It is evident that the academy soccer environment is challenging, highly competitive,
and places considerable demands on both athletes and support staff [36].

3.6. Delivery of Sport Psychology under the EPPP

When conducting research around sport psychology within English soccer academies,
it is important to discuss the presence of the EPPP, because, as the overarching framework
for player development in English academies, it mandates the minimum requirements for
psychology provision. When discussing the EPPP and the delivery of sport psychology
within soccer academies, three sub-themes emerged: (a) lack of guidance; (b) freedom in
delivery; and (c) room for development.

3.6.1. Lack of Guidance

Participants expressed their sense of the inadequacy of the EPPP as a guidance frame-
work for standardized provision of sport psychology within soccer academies. Many of
the participants shared concerns surrounding the EPPP as a guiding document, given its
lack of (age appropriate) guidelines. As Champ et al. [36] purported, to date the EPPP has
not yet achieved what it originally set out to in terms of guiding psychological practice in
academies. This is reflected in the following extract from Sara:

I guess, it’s [the psychology section of the EPPP] vastly inadequate, in terms
of when we get audited and I look at the one-page Premier League document,
whereby it says, have you seen it, you’ve seen it right? ‘phychology’ (sic) . . . do I
need to say any more?

This was supported by Samantha, “Within the audit process, they spelt psychology
wrong, so I mean they obviously don’t have a great understanding. They want to include
it, but I don’t think they have a full understanding of it”. Lily then continued to explain
why she believed the psychology section of the EPPP to be inadequate:

It was written by a sport scientist, so the language and everything like that, in
terms of testing is very physically driven, and all they’ve done is they’ve picked
up the sport science kind of language, if you like, and they’ve dumped it onto a
page that’s ‘psychology’, and they can’t even spell psychology right, so let’s not
go there.

The above quote suggests a lack of expertise in the creation of the psychology section
of the EPPP. All of our participants suggested that the EPPP currently fails to include
sufficient detail to scaffold the delivery of standardized provision of sport psychology
across academy settings.

3.6.2. Freedom in Delivery

Alongside criticisms of the EPPP as a guiding document, some participants reframed
this more positively, because it gave them freedom in their delivery of sport psychology.
As Karen noted:

I think that the psychology section of it [EPPP] is one of the most vague . . . and I
think that might frustrate people, but I think it might also be a good thing. . . . I
think the pure performance psychology section is sort of one page, so it gives us
a little bit of a framework and the minimal thing we’ve got to do, but how we do
it is entirely up to us.

Lily similarly stated, “There was a lot of freedom given to clubs on how they wanted
to do it, so that is based on the philosophy of the club and resources, of course, and funding
and where they want to do things”. The freedom noted by Karen and Lily might be
problematic, if all clubs deliver psychology differently, without any form of standardization.
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However, Karen further stated that such an approach may be preferable than a stricter set
of guidelines: “I think if it [EPPP] had a lot more detail and was a lot more prescript (sic), I
think you’d lose that autonomy as a practitioner, and I think the role would be a lot less
enjoyable because you’d feel like you were ticking boxes all the time”.

Although it was noted that the EPPP lacked detail and specificity, in some cases, this
was viewed as beneficial, because this gave psychology practitioners greater flexibility
and ownership over their delivery of sport psychology, allowing them to better cater to
the needs of the academy and players. In some ways this mirrors the concept noted by
others (e.g., see Daley et al. [37]), that although psychological models and frameworks can
be useful as a starting point for applied practice, practitioners should indeed tailor such
content to the context in which they are working. That said, this lack of detail and specificity
may also lead to a lack of standardization across academies in terms of the psychological
content and support that players receive, and thus our results suggested there was still
room for development regarding the EPPP and its sport psychology guidance.

3.6.3. Room for Development

Participants noted that implementing the EPPP guidelines could become a “tick box
exercise”. As Lily stated, “The first thing that always springs to my mind [in relation to the
EPPP], rightly or wrongly, is tick box”. Samantha noted that this can lead to academies not
going further in their provision of psychology in their programs: “Clubs are then using it
[EPPP] as a tick box exercise, so they never fully integrate it themselves”. Dave did not feel
constrained by the guidelines, however, stating:

Well, it is embedded, but I wouldn’t go in to a one-to-one with a player or a
workshop thinking, ‘oh is this going to be ok for EPPP?’ Uh, I think I kind of have
faith in the program that we have meets EPPP requirements, rather than trying to
make it fit in to the EPPP.

Conversely, Sara stated, “So, I would say it’s given us a little bit more structure, but in
terms of what we deliver and how we deliver it, it has no impact whatsoever”.

Overall then, these findings suggest that the guidance for sport psychology within
the EPPP is considered somewhat sub-optimal, but that the lack of detail and specificity
may not necessarily be a negative. Indeed, with this lack of detail and specificity, sport
psychology practitioners may have more freedom to design their psychology program
to best meet the needs of their academy. However, even with the above said, according
to this study’s participants, at least, further development of the EPPP guidance appears
warranted, in particular with greater input from experts in psychology.

4. Conclusions

In addressing the purpose of our study, we sought to examine the experiences of sport
psychology practitioners working within elite soccer academies in England. Across the
six themes presented, our findings highlight the rich and diverse nature of psychological
service delivery within these settings. Psychological practice encompassed team-based and
individually tailored support, the delivery of psychological education, psychological skills
training, and counselling services, alongside clinical referral or mental health support for
players. Practitioners highlighted their responsibility for both performance enhancement
and player welfare—a critical shift in service delivery. Ecological frames of reference were
adopted, whereby participants acknowledged that while they worked with athletes this
happened within academy environments with cultures and norms that have an impact
on their practice and the behavior(s) of the athletes with whom they work. As such,
participants recognized how, in modern settings, psychology practitioners are responsible
for supporting wider cultural development in clubs and academies, alongside education of
support staff and coaches. It is evident that practitioners working in soccer academy settings
do so in dynamic environments—psychological practice is varied and ever evolving, and
there remains no single way of being a psychologist in this setting [38].
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The results demonstrated that, although the provision of sport psychology is im-
proving and continuing to develop, there remain a number of factors that inhibit a full
integration of the discipline into the academy development program. The most prominent
factors identified in this study were the level of psychological literacy among coaches, and
the attention and resources dedicated to the discipline. That is, in order for the integration
of sport psychology into the wider development program to be successful, those who are
responsible for aiding the promotion and delivery of psychological content require a greater
level of understanding than is currently present. In line with the findings of Murdoch [20],
our study found that the level of psychological understanding among coaches appeared
to be lower than the coaches perceived it to be. This is potentially problematic due to the
level of impact and influence that coaches have on players [39], and the fact that they are
such a key source of support [19]. If, due to a lack of psychological literacy, coaches are
promoting sub-optimal psychological advice, then players may be at risk of developing
poor psychological habits. Thus, in order for sport psychology to be successfully and safely
provided to academy soccer players, practitioners should be employed to deliver such
content, but further should have a significant role in the education of coaches and other
support staff about sport psychology and the importance of delivering sound psycholog-
ical advice [40]. Additionally, from the findings, it is evident that there is still a stigma
attached to the discipline of sport psychology. This stigmatized thinking and the fear of the
unknown is still causing a level of resistance from some coaches and players when seeking
psychological support [41]. Therefore, a recommendation of this study would be to provide
education to players and coaches around sport psychology and the way in which it can
benefit performance, in order to help combat such thinking.

As well as examining the general experiences of sport psychology practitioners, we
also sought to explore participant experiences of working under the auspices of the EPPP—
the English Premier League’s guiding document concerning player development—of which
psychology is a core component of sport science support. Theme six specifically reflected
this experience. Although participants acknowledged that, since its inception, the guidance
for sport psychology delivery had been improved, they felt that it still lagged behind
other sport science disciplines in depth and/or quality of the syllabus, thereby limiting
its potential to guide the delivery of psychological services. A key suggestion echoed by
all participants was that in order to improve the integration of sport psychology services
within academy soccer, the psychological guidance within the EPPP would benefit from
being significantly revised. The evidence from the present study suggests that the EPPP
documentation, in its current format, provides inadequate guidance in relation to the
content that should be delivered and how it should be delivered. Such revision of the
EPPP guidelines would help to extend the current minimum standards of psychological
provision and would also create a level of uniformity across academies within each category,
thereby increasing the focus on developing psychological literacy in players. Along these
lines, participants noted their preference for the EPPP guidance for sport psychology to
be revised and re-written by leading practitioners who are familiar with the discipline
and who have experience of working within academy settings. This would enable the
adoption of correct terminology as well as providing clear guidance with a contextual
understanding of the demands of such settings. By way of example, further guidance with
regard to employing a holistic, player-centered approach, which focuses on well-being
as well as performance, would be important. In addition, the provision of one-to-one
support alongside more general educational sessions, and on pitch-based sessions, with
monitoring of player psychological development, would be important [36,42]. Increasing
guidance with regard to the emotional and cognitive maturation of players, alongside an
understanding of adolescent psychological development, would provide the opportunity
for psychological service delivery that meets the changing demands of youth performers
across critical stages of their (player) lifespan. The EPPP, with revision, thus has potential
to encourage service provision that genuinely supports youth players within and beyond
soccer environments.
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The results of this study could aid in the future refinement of the psychological
elements of the EPPP. Indeed, a strength of this study is that data were collected from
seven practitioners, working across a number of different academies, with representation
of both male and female participants. Thus, the results from this study should transfer
to any academy with EPPP Category 1 or 2 status, or indeed to Category 3 academies
attempting to reach Category 2 status. With the above said, a limitation is that a number of
practitioners whom we approached either (a) did not respond to our invitation or (b) did
respond but did not participate. Thus, our sample was to an extent self-selected, such that
our results may simply reflect those more willing to speak out about their experiences [43].
Overall, this study has helped to deepen our understanding of the role of practitioners
responsible for the delivery of sport psychology within English academy soccer. Future
research would do well to also examine perceptions from a range of staff working within
English soccer academies, in order to assess their perception of the level of provision and
understanding of psychology.
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Abstract: The birthplace (the place where an athlete was born) effect (BPE) has been found to be
one of the environmental variables associated with early talent development and the achievement
of a high level of proficiency in sport. The purpose of the current study is twofold: (1) to calculate
the BPE in 14–18-year-old athletes who participated in individual and team sports and (2) examine
how coaches perceived this effect. The participants were 1397 athletes (390 females and 1007 males)
who competed in 5 individual (gymnastics, judo, swimming, tennis, and track and field) and 5 team
(basketball, soccer, team handball, volleyball, and water polo) sports, as well as 147 coaches who
provided their preliminary thoughts about the BPE. Data analyses revealed that although the BPE
was not found to be associated with cities of a similar size, it was observed that growing up in cities
of small and medium sizes was more beneficial than growing up in towns or cities of other sizes.
Most of the coaches believed that certain characteristics of the place or city where the athlete grew
up (e.g., proximity to sport facilities) could contribute positively to the athlete’s development. We
discuss how the BPE data can aid policymakers in developing a sport policy associated with early
phases of talent development.

Keywords: birthplace; individual sports; team sports; youth sport programs; sport policy

1. Introduction

One of the environmental factors linked to the development of expertise in sport is the
place where an athlete was born (i.e., the birthplace effect (BPE)) (see, for example, [1,2]). A
typical quantitative study on the BPE examines the association between the distribution of
athletes’ city of development (determined by birthplace or city of registration) within the
sport program or system and the distribution within the general population using census
data (e.g., [1–4]). The BPE was examined in a series of studies on both male and female
athletes in various individual and team sports (see, for example, [3,5]).

BPE data were collected on male athletes in major sports, among them being baseball,
basketball, golf, hockey [2], football [6], and junior ice hockey [7]. In addition, BPE data
were obtained from female elite performers in soccer and golf [8]. The findings from these
studies indicated that male and female athletes who were born in cities of small-to-medium
sizes were more likely to play for professional leagues and attain a higher level of sport
participation than athletes who were born in larger cities. In other words, athletes who
were born in cities of a small or medium size had a greater chance of reaching the highest
level in their given sports.

Support for the above-mentioned BPE findings was also found in quantitative studies
using an alternative approach to examining this effect: population density. In one study
conducted on male Danish team handball and soccer players, it was reported that the
overall participation rates were higher among players who were born in low-density
communities rather than high-density communities [9]. In another study on Portuguese
volleyball players, it was observed that the birthplace population density was significantly
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lower for players who played for First League teams (the highest level of soccer competition
in the country) than players who played for Third League (a lower level of competition)
teams [10].

A number of arguments has been made to explain why it was more beneficial for
young athletes to grow up in cities of a small-to-medium size than in cities of a different
size. Although large cities can provide children and youths with enhanced conditions such
as well-designed and equipped sporting facilities, as well as better coaching guidance, it
appears that the large cities’ sport programs are heavily structured around and hindered
by the lack of space and time in which young athletes can participate [11,12]. The physical
environments of smaller cities or towns allow for instructional and social benefits that
cannot be gained in larger cities, among them being (1) a greater amount of independent
mobility and physical safety, (2) an integrative approach to sport participation involving
schools, families, and the community at large, and (3) a more personal relationship between
athletes and coaches. As noted by MacDonald, King, and their colleagues [8], “ . . . the
developmental opportunities for nurturing sporting talent offered by small towns and
cities may be somehow superior to the development opportunities of larger cities” (p. 234).

Similar explanations for the benefits athletes can gain in cities of small-to-medium sizes
were also provided in a number of qualitative studies [13,14]. In a case study, Balish and
Côté [13] performed interviews and analyzed documents in order to explore how a small
and successful sport community (646 residents) contributed to the development of the local
athletes. Three themes emerged from this study: (1) developmental experiences concerning
youths engaging in organized and unorganized sport activities where teammates remained
stable throughout development, (2) community influences concerning the interdependence
between the local schools and the community, and (3) sociocultural influences concerning
youths who possess a collective identity coupled with an intense inter-community rivalry.

Of particular interest to the aims of the current BPE study are two studies in which
BPE data were collected on elite male and female Israeli athletes. In one study [15], data
were obtained from 521 male ball game players who played in Division 1 (the highest
division for competitive ball games in Israel). Mixed findings for the BPE across sports
were found. For the soccer players, it was indicated that the likelihood of players who were
born in very small communities or a small city to play for teams in Division 1 was lower
than for players who were born in a city of a different size. In addition, the likelihood of
soccer players who were born in a medium-sized city to play in Division 1 was higher than
that for players who were born in a town or city of another size.

Growing up in a city of a medium size was also found to be advantageous for team
handball players. The likelihood of players who were born in a medium city to play in
Division 1 was higher than that for players who were born in a city of a different size. For
the volleyball players, it was indicated that the likelihood of players who were born in a
small place (<2000 people) to play in Division 1 was higher than that for players who were
born in a city of a different size. The main finding of Lidor et al.’s [15] study revealed that
the likelihood of reaching the highest level of competition in team sports, such as soccer
and team handball, was higher among those who were born in cities of a medium size than
among those who were born in cities or towns of a different size.

In another study on female elite athletes [16], BPE data were collected on 389 ball
game individuals. The main findings of this study were that for the team handball players,
the likelihood for players who were born in a medium-sized city to play in Division 1
was higher than that for players who were born in a city of a different size. In addition,
for the volleyball players, it was found that the likelihood of players who were born in
a small place (<2000 people) to play in Division 1 was higher than that for players who
were born in a place of a different size. These volleyball data were similar to the volleyball
data obtained in Lidor et al.’s [15] study. Finally, for the basketball players, team handball
players, and volleyball players, the likelihood of players who were born in a small city to
play for teams in Division 1 was lower than that for players who were born in a city of a
larger size.
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Our main aim in the current study was to assess the BPE in young Israeli athletes
(ages: 14–18 years) who participated in competitive sport programs. We selected 14–18-
year-old athletes because this age category represents two important periods in the early
careers of young competitive athletes. According to Côté’s Developmental Model of Sport
Participation (DMSP) (see [2,17]), the ages of 13–15 are considered to be the turning point
from the developmental years to the specialization years. The age of 18 years is considered
to represent the beginning of a transitional phase from being part of a youth sport program
to becoming a member of an elite adult sport program in most programs in Israel [15,18].

It has already been argued that evidence-based quantitative and qualitative BPE
data can assist those professionals who work with young athletes, such as policymakers,
program directors, coaches, instructors, and sport psychology consultants, in developing
sport policies that focus on positive and enjoyable experiences for children in the early
phases of talent development (see [5]). In the current BPE study, we collected data on
children and youths who had been part of competitive sport programs for a number
of years but had not yet reached the highest level of competition in the local sport
structure. Since Israel is considered to be a small nation (see [19]). where only a small
portion of the children and youths are involved in competitive individual and team sport
programs [18,20], evidence-based data on the size of the place of birth of the young athlete
can help those professionals who work regularly with them to increase their understanding
of how to recruit children to sports, as well as how to motivate them to maintain their
participation in the selected sport program(s) for longer periods of time. In line with
previous findings on the BPE (e.g., [7,8,15,16]), we assumed in the current study that the
benefits associated with growing up in cities of a medium size would result in a high
distribution of 14–18-year-old athletes who participated in sport programs compared with
their distribution within the general population.

In order to enable the analysis of long-term developmental trends that are related
to competitive sport programs in a given city or country, data on core environmental
factors (e.g., the BPE) should be collected regularly and analyzed across different phases
of development [18,21]. In the current study, we compared the BPE of young athletes in
competitive sports programs with BPE data collected in two previous studies [15,16]. The
aim was to conduct a further examination of the BPE in 14–18-year-old individuals over a
10-year period.

To complement the BPE data collected on the young athletes, we also attempted to
explore how coaches who worked with children and youths perceived the effect. More
specifically, we aimed at examining how coaches valued the contribution of the city or place
where the athletes grew up to their development. In order to conceptually understand the
contribution of BPE to the development of young athletes, it might be beneficial to collect
data on how professionals who work regularly with these athletes perceive the existence
or nonexistence of the effect, such as coaches who play a major role in the long-term
developmental pathways of the athletes (see [22,23]). Such qualitative data could provide
additional insights into the BPE.

As such, the purpose of the current study was twofold: (1) to examine the contribution
of Israeli athletes’ (ages 14–18 years) city sizes (i.e., population) to sports participation
and performance and (2) collect preliminary data on how the coaches perceived this effect.
The data on the BPE of the young athletes obtained in the current study were compared
with the BPE data collected in two previous studies on elite male [15] and female [16]
Israeli ballplayers and to examine specific BPE trends in one local sport structure from a
perspective of approximately one decade.

2. Methods
2.1. Participants

The BPE was assessed in 1397 14–18-year-old athletes (mean age = 16.37 years;
SD = 1.54), among them being 390 females (mean age = 16.28 years; SD = 1.57) and
1007 males (mean age = 16.40 years; SD = 1.53). The athletes were part of 10 sports: 5 indi-
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vidual (gymnastics, judo, swimming, tennis, and track and field) and 5 team (basketball,
soccer, team handball, volleyball, and water polo) sports. The number of athletes in each
sport is described in Table 1. The low number of females who took part in our study
demonstrates the low number of young active female athletes in the country. For example,
according to the Central Bureau of Statistics, only 19% of the active athletes 13–18 years of
age in Israel are females (see [24]). We were aware not only of the low number of female
athletes who participated in the current study but also the low number of male athletes
in some of the sports (e.g., only 18 male gymnasts took part in the study). Our findings
relating to the BPE are presented while taking into account the restrictions of the relatively
small sample size. In a previous study, we used this sample of young athletes to calculate
their relative age effect [18].

Table 1. The number of male and female athletes across sports.

Sport Male Athletes Female Athletes

Individual Sports
Gymnastics 18 46

Judo 175 51
Swimming 104 50

Tennis 127 52
Track and field 58 27

Team Sports
Basketball 158 76

Soccer 215 21
Team handball 51 35

Volleyball 66 29
Water polo 35 3

Total 1007 390

The participants in the current study were recruited from leading individual and
team sport programs. We did not recruit athletes from all existing sport programs in the
country to ensure that the young participants in the current study were all members of
well-organized sport programs; that is to say, the female and male athletes in this study
participated in between four and six sessions of practice on a weekly basis. The majority
of the sport programs in Israel in both individual and team sports permit registration at
the age of eight, and therefore, the participants in our study who were aged 14–18 years
had at least 6 years of experience in training and competition. In a number of sports, such
as gymnastics, swimming, and soccer, children can enter the sport program even earlier
than the age of eight, and thus, some of them had undergone at least 9 years of training
and competition.

Coaches. In addition to the players, 147 coaches (82 of individual sports and 65 of
team sports; mean coaching experience = 14.20 years; median = 12 years) participated in
the study. Among these coaches, 68 (14 females and 54 males) worked directly with the
14–18-year-old athletes who participated in our study, and 79 worked in the same sports
programs as the other coaches but did not work with the athletes who participated in the
current study. All the coaches were certified by their sports federations.

2.2. Procedure

This study was approved by the ethics committee of the Academic College at Wingate
(Ethic Code # 112).

Information about the athletes’ birthplaces, genders, and types of sport was obtained
via questionnaires, which were given to the athletes by their coaches. Each director of
the sport program where the athletes who participated in the study practiced received a
letter providing the background and objectives of this study. In addition, informed consent
was obtained from the parents of the participants. After approval was obtained, the first
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author approached the coaches of the athletes (n = 68) and sent them the questionnaires via
electronic mail.

To examine the BPE in the 14–18-year-old athletes participating in our study, similar
procedures to the ones performed in previous studies (e.g., [2,16]) were implemented. The
city size of the BPE of each athlete from each of the 10 sports was based on Israel Census
data obtained from a demographics website (see www.cbs.gov.il/shnaton60/st02_11x.pdf
(accessed on 10 February 2022)). Four categories of city size were used in the study,
as performed in previous BPE studies on Israeli athletes (for more details, see [15,16]).
The designation of these four categories allowed us to examine the BPE in four sizes of
residential areas: small towns and small, medium, and large cities.

The selection procedure we used in the current study was also applied in two previous
studies on Israeli elite male [15] and female [16] ball game players, which therefore allowed
us to compare the data obtained from the same categories of city size across a period of
about a decade. It should be noted that information was unavailable on the migration
between large cities and small cities or between small cities and large cities. It was assumed
that the net movements between large cities and small cities or between small cities and
large cities were likely to be equal.

Since the mean age of the participants (females and males) was 16.32 years and the
majority of the data in our study were collected in 2016, we used the census data presented
in 2014. That year was the most appropriate one to reflect the ages of 14 of the athletes
(i.e., a turning point from developmental years to specialization years) who took part in
our study.

In order to collect preliminary information on how the BPE is perceived by coaches,
150 coaches were approached by the first author. The coaches were asked to answer in
writing a closed question related to the BPE: “Do you think that the athletes’ places of birth
affect their development?” There were two options for the answer: “yes” or “no”. Only
if the answer was “yes” was the coach asked another (open) question: “How does the
place of birth contribute to the athletes’ development?” The coaches were asked to outline
how the BPE contributed to the athletes’ development. Out of the 150 coaches who were
approached, 147 responded (rate of responsiveness = 98%).

2.3. Data Analysis

To test the BPE, odds ratios (ORs) were calculated to determine the likelihood of
participating in each of the sport programs (compared to the distribution of the population
at age 14; year 2014) for each city size, and 95% confidence intervals (CIs) were calculated
around each OR. An OR greater than 1 (with upper and lower limits higher than 1) implied
that an athlete born in the given city size was more likely to become a participant in the
sport program in the given sport than if they had been born in any other city size. An OR
of less than 1 (with upper and lower limits less than 1) implied that an athlete born in the
given city size was less likely to become a participant in the sport program than if they had
been born in a city of a different size. ORs including the value of 1 within their CI range
were not considered to be statistically significant.

As indicated previously, we were aware of the fact that the sample size of the female
athletes was relatively small (390 participants). However, it was our aim to analyze their
data across the different sports in order to strengthen our understanding of the existence
of the BPE in the various sport programs available to female children and youths in the
country. The responses of the 147 coaches who provided exploratory information about the
BPE were descriptively analyzed. The coaches’ responses were also thematically analyzed.

3. Results

The results are presented separately for the BPE and the responses of the coaches.
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3.1. BPE Data

The representations of the Israeli population aged 14–18 years, the male athletes, and
ORs and CIs across cities of different sizes are presented in Table 2 (individual sports) and
Table 3 (team sports). The information on the female athletes who participated in our study
is presented in Table 4 (individual sports) and Table 5 (team sports). Mixed results were
found for the BPE in the male and female athletes and across the 10 sports.

3.1.1. Male Athletes

Data are presented separately for individual sports and team sports.

Individual Sports

In only two sports was the BPE found to be significant: gymnastics and swimming. In
gymnastics, it was found that small towns of up to 2000 people yielded an OR significantly
higher than 1. This means that the likelihood of participating in a competitive sport
program for those gymnasts who were born in a small place was higher than that for
those who were born in a city of a different size. In addition, cities with a population of
50,000–200,000 yielded an OR significantly lower than 1. The likelihood for gymnasts who
were born in a medium-sized city to be part of a competitive sport program was lower than
that for those who were born in a city with a smaller or larger population.

Similar results were obtained in swimming; small towns of up to 2000 people yielded
an OR significantly higher than 1. This means that the likelihood of participating in a
competitive swimming program for swimmers who were born in a small place was higher
than that for those who were born in a town or city of a different size. In addition, cities with
a population of 50,000–200,000 yielded an OR significantly lower than 1. The likelihood for
swimmers who were born in a medium city to be part of a swimming program was lower
than that for those who were born in a city with a smaller or larger population.

Team Sports

The BPE was found to be significant in each sport; however, mixed results were ob-
served. In basketball, cities with a population of 50,000–200,000 yielded an OR significantly
higher than 1. This means that the likelihood for basketball players who were born in a
medium-sized city to be part of a basketball program was higher than that for those who
were born in a city of a larger or smaller size. In soccer, the findings for cities of the same
size (50,000–200,000) were found to be the opposite; cities of this population size yielded an
OR significantly lower than 1, and the likelihood for the soccer player who was born in a
medium-sized city to participate in a competitive soccer program was lower than that for
those who were born in a city with a smaller or larger population.

For the team handball players, cities with a population of 50,000–200,000 yielded an
OR significantly higher than 1. This means that the likelihood for team handball players
who were born in a medium-sized city to be part of a team handball program was higher
than that for those who were born in a city of a larger or smaller size. It was also found
that small towns of up to 2000 people yielded an OR significantly lower than 1. The
likelihood of participating in a competitive sport program for those team handball players
who were born in a small place was lower than that for those who were born in a place
with a higher population.

For the volleyball players, small towns of up to 2000 people yielded an OR significantly
lower than 1. This means that the likelihood of participating in a competitive sport program
for those volleyball players who were born in a small place was lower than that for those
who were born in a city of a different size. Finally, for the water polo players, cities with a
population of more than 200,000 people yielded an OR significantly higher than 1. This
means that the likelihood for water polo players who were born in a big city to be part
of a water polo program was higher than that for those who were born in a city of a
different size.
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3.1.2. Female Athletes

Data are presented separately for individual sports and team sports.

Individual Sports

The BPE was found to be significant in three sports: gymnastics, judo, and track and
field. For the gymnasts, cities with a population of 2000–50,000 or 50,000–200,000 people
yielded an OR significantly lower than 1. This means that the likelihood for gymnasts who
were born in small-to-medium-sized cities to be part of a competitive sport program was
lower than that for those who were born in a city of a different size. For the judokas, it
was found that small towns of up to 2000 people yielded an OR significantly higher than 1.
This means that the likelihood of participating in a competitive judo program for those
individuals who were born in a small place was higher than that for those who were born
in a city with a larger population.

For the track and field athletes, being born in a small town was also found to be
beneficial; small towns of up to 2000 people yielded an OR significantly higher than 1.
This means that the likelihood of participating in a competitive sport program for those
track and field athletes who were born in a small place was higher than that for those
who were born in a city with a larger population. In addition, it was found that cities
with a population of 50,000–200,000 people yielded an OR significantly lower than 1. The
likelihood for those who were born in medium-sized cities to be part of a competitive sport
program was lower than that for those who were born in a city of a different size.

Team Sports

The BPE was found to be significant in all team sports but water polo. (The number of
the active players was very small, and therefore, BPE analyses were not performed). Mixed
results were indicated. For the basketball players, cities with a population of more than
200,000 people yielded an OR significantly higher than 1. This means that the likelihood for
basketball players who were born in a big city to be part of a basketball program was higher
than that for those who were born in a city with a smaller population. In addition, cities
with a population of 2000–50,000 people yielded an OR significantly lower than 1. This
means that the likelihood for those who were born in small cities to be part of a competitive
sport program in basketball was lower than that for those who were born in a city of a
different size.

For the soccer players, cities with a population of 50,000–200,000 yielded an OR
significantly lower than 1. The likelihood for soccer players who were born in a medium-
sized city to be part of a competitive sport program was lower than that for those who were
born in a city of a different size.

For the team handball players, cities with a population of 50,000–200,000 people or
more than 200,000 people yielded an OR significantly higher than 1. The likelihood for
team handball players who were born in medium- and large-sized cities to be part of a
competitive sport program was higher than that for those who were born in a city of a
smaller size. In addition, cities with a population of 2000–50,000 people yielded an OR
significantly lower than 1. This means that the likelihood for those who were born in small
cities to be part of a competitive team-handball program was lower than that for those who
were born in a city of a different size.

For the volleyball players, small towns of up to 2000 people yielded an OR significantly
higher than 1. This means that the likelihood to participate in a competitive volleyball
program for those who were born in a small place was higher than that for those who were
born in a place with a higher population.

3.2. Coaches’ Preliminary Thoughts on the BPE

The coaches’ responses associated with the BPE are presented in Table 6. More than
80% of the coaches (about 85% of the coaches who worked with individual sport athletes
and 81% of those who coached team sport players) answered “yes” when they were asked
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if the athletes’ places of birth contributed to their development. Three main observations
associated with the BPE emerged: (1) proximity to sport facilities, where the coaches argued
that living near sports facilities is beneficial for the young athlete. Among the benefits
they outlined were that the athletes spent less time on the roads, there was no need for
adults to transport them to practices, and the athletes had a greater feeling of security;
(2) the socioeconomic statues of the living place, where the coaches claimed that wealthy
places or cities can provide better instructional support and more formal and informal
learning opportunities for athletes to develop their athletic abilities and skills than what
less wealthy towns or cities can offer; and (3) sport popularity in a given place, where the
coaches argued that it is easier for children to select a given sport if they grow up in a town
or city where the sport is popular and supported by the community.

Table 6. Coaches’ BPE preliminary reflections.

Question:
Do You Think That the Athletes’ Places of Birth Affect Their Development?

Individual Sports Team Sports

Yes 85.5% (71) 81.3% (52)
No 14.5% (12) 18.8% (12)

If yes, how does the place of birth contribute to the athletes’ development?
Proximity to sport facilities
Socioeconomic status of the living place
Sport popularity

4. Discussion

The discussion is composed of three parts. In the first part, we discuss the BPE data
from the 14–18-year-old athletes, and in the second part, we examine the reflections of the
coaches on the contribution of the place of residence to the young athletes’ development.
Based on the BPE data obtained in our study, in the third part, we elaborate upon a number
of aspects associated with the establishment of a national sport policy for talent detection
and early phases of talent development.

4.1. BPE Data

Mixed BPE results were found for the male and female athletes across the individual
and team sports. The main BPE findings in the male athletes were that (1) for those
who participated in individual sport programs—gymnastics and swimming—growing
up in a small place (less than 2000 people) had greater benefits than any other sized
place of residence; (2) for the athletes who were part of competitive basketball and
team handball programs, it was more beneficial to grow up in cities of a medium size
(50,000–200,000 people) than in cities of other sizes; and (3) only for the water polo players
was it more beneficial to grow up in a large city (more than 200,000 people).

The main BPE findings in the female athletes were that (1) for those who participated in
individual sport programs—gymnastics, judo, and track and field—it was more beneficial
to grow up in a small place or in a city of a medium size (gymnastics) than in a place
of a different size, and (2) for the athletes who played team sports—basketball and team
handball—it was more beneficial to grow up in a large city than in a city of any other size.
For the team handball players, it was also beneficial to grow up in a medium-sized city.
Living in a small place was found to beneficial for only the volleyball players.

The mixed BPE results of our study on the 14–18-year-old athletes were similar to
the ones reported in Lidor et al.’s studies [15,16] on elite athletes; that is, no clear-cut
observations could be made for the contribution of one city of one size to the development
of the athletes across sports. Different cities of different sizes were found to be associated
with achieving a high level of proficiency in the 20 (10 for the males and 10 for the females)
analyzed sport programs. However, in 12 out of the 20 programs, it was found that growing
up in a very small place or a city of a medium size had greater benefits. Living in a city of a
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large size was indicated to be beneficial to athletes in only three sport programs. In only
7 out of the 20 sport programs was it found to be detrimental to grow up in cities of small
or medium sizes.

Therefore, the contribution of small places and cities of a medium size to the de-
velopment of the young athletes in our study can presumably be explained by the in-
structional and social characteristics of these places, as discussed in previous BPE studies
(e.g., [6,13,16]). Towns and cities of these particular sizes may be more likely to encourage
athletes and parents toward certain sports and may have unique resources, such as the avail-
ability of sport facilities, that can enhance athletic development (see, for example, [3,5,6,25]).
Therefore, the contribution of growing up in small- or medium-sized towns up until the age
of 14 to the development of young athletes can be observed not only in large-population
countries (e.g., Canada, Germany, or the USA) but also in small countries such as Israel.

From a 10-year perspective, it appears that in Israel, it has been more beneficial for
athletes to grow up in towns and cities of a small-to-medium size [15,16]. Even in soccer,
which is considered the most popular sport in Israel [20], growing up in large cities was not
found to be beneficial for young soccer players. Although the best professional soccer clubs
in Israel are situated in large cities (i.e., Haifa, Jerusalem, and Tel-Aviv), our data show
that joining a soccer program in a large city may not provide the optimal instructional-
psychological conditions needed for attaining proficiency in the game of soccer.

However, the explanations favoring growing up in places or cities of small or medium
sizes may not tell the whole story of the findings obtained in our study, since we also
found that athletes who participated in 7 sport programs (out of the 20 programs) did not
benefit from living in places or cities of small or medium sizes. It appears that additional
characteristics of the place or city, rather than only its size, may be associated with the
athletes’ development. The analysis of the coaches’ BPE reflections can add another
dimension to the quantitatively analyzed BPE data in our study.

4.2. Coaches’ Reflections

Most of the coaches pointed out that the place of birth did in fact contribute to the
athletes’ development; however, they did not focus on the size of the city but rather on
other characteristics. A number of their reflections indeed strengthened the finding that it is
more beneficial to grow up in small- and medium-sized cities than in cities of a greater size.
For example, the coaches emphasized ways that athletes can benefit from living close to the
sports facilities: they can save time on the roads, arrive independently to the facility, and
feel secure on their way to and from practice. These observations are typically associated
with small towns and cities of a medium size and therefore provide support for the benefits
of such places to a young athlete’s development (see, e.g., [5,25]).

However, the coaches also mentioned that the socioeconomic status of the place or
city where the athlete grew up had the potential to influence his or her development. More
specifically, they claimed that children and youths are provided with both more formal
and informal opportunities to develop their sport skills in wealthy places or cities rather
than those available to them in poorer places or cities. The coaches did not relate to cities
of a given size. In addition, they did not mention a specific sport program that might be
negatively or positively influenced by the socioeconomic status of the place or city where the
athlete lived. These thoughts of the coaches reflect the idea that certain conditions, among
them the availability of sport facilities, instructional support, and social support (typically
associated with wealthy places or cities), resulted in a higher rate of sport participation
among children [26]. In addition, prior research (e.g., [27,28]) highlighted the consistency
of the socioeconomic status limitations to participation in high-performance sports.

Another perspective that was shared by the coaches was the one related to how
popular a sport program was in a given city. The coaches felt that children are initially
attracted to popular sport activities; the more popular the sport, the more chances there
are that the children will select it for themselves. For example, it was found in our study
that the likelihood of participating in competitive sport programs for the female volleyball
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players who were born in a small place (up to 2000 people) where the game was popular
was higher than that for those who were born in a city of a different size. These data can be
explained by the fact that in Israel, the game of volleyball was originally played in places
like the Kibbutz (cooperative farming settlements) and small towns [18], and therefore, the
game of volleyball has been popular in such places.

The combined qualitative reports given by the coaches and the quantitative BPE
analysis provide further support for the notion that small-to-medium-sized towns and
cities, rather than large cities, are considered to be more suitable sports environments for
children and youths (aged 14–18 years old, females and males) to develop their sports
skills. The coaches felt that urban conditions, such as living in close proximity to the sports
facilities, and the socioeconomic status of the city are detrimental contributors to a young
athlete’s early development phases. The coaches argued that such conditions can help
young athletes focus on the training program.

Finally, the observations made by the coaches in our study can add dimensions to
the concept of BPE, other than the size of the city or the population density. As noted by
Wattie et al. [25], “ . . . further research is needed in this area to understand contextual
differences related to birthplace” (p. 378). Obtaining data on specific cultural and social
characteristics of places or cities of different sizes can increase the understanding of possible
mechanisms involved in the association between the BPE and achieving success in sports.

4.3. BPE and the Establishment of a (National) Sports Policy in a Small Nation

Up to now, a national sports policy associated with early phases of talent identification
and development has not been established in Israel. In one study evaluating a number
of aspects of the elite sports policy in Israel [29], only one third of the directors of the
elite sports federations who participated in the study claimed that their federation had
a well-developed policy for early development in sports. In addition, according to the
directors of these federations, there is a lack of support and involvement by sports scientists,
multidimensional support services appropriate to the age and level of young athletes, and
nationally coordinated support for the combination of sports development and scientific
study. De Bosscher and her colleagues summarized that “ . . . priority sports need to include
a long-term talent development training plan” (p. 154).

Based on the data of the current study, as well as on similar data collected in previous
BPE studies on adult Israeli athletes [15,16] and on athletes who grew up in small commu-
nities in other countries [13,14], we discussed two issues associated with the BPE and the
development of sports policy for young athletes: how to increase the number of children in
individual and team sport programs and the prioritization of sport programs.

In order to increase the number of children who choose to participate in a sport
program, it is proposed to sport policymakers that they further develop sport programs in
individual and team sports in small- and medium-sized cities by increasing (1) the number
of sports facilities available to the public at large and (2) the subsidization of children’s
participation in the sport program(s). The public investment in sport program(s) in small-
and medium-sized cities may not only benefit the young members of the local community
but also those children who live in a large city which is located near the small community.
In many areas in Israel, the geographical distance between small communities and large
cities is small (e.g., 2–3 km), and therefore, those who live in a large city (e.g., more than
200,000 people) may also benefit from the sport programs taking place in a nearby small-
or medium-sized city.

BPE data can also be used by policymakers when decisions about prioritization of
sport programs are made (see, for example, [30]). For example, Israeli judokas (females
and males) have won medals in several Olympic Games (e.g., in the 2016 and 2020 Games)
and World Championships (e.g., in the year 2019). Up to now, Israeli athletes have won
13 Olympic medals, 6 of them by judokas (5 individual medals and 1 team medal). In
fact, judo has become the individual sport in Israel with the most achievements at the
Olympic level. Looking at the data of our BPE study, it was indicated that only for the
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female judokas is the likelihood of participating in a competitive judo program for those
who were born in a small place higher than that for those who were born in a city of a
larger size. If the goal of the Ministry of Culture and Sports and the Judo Federation is to
attract more children and youths—not only females but also males—to join judo programs
in light of the international success achieved by Israeli elite judokas, then it might be of
relevance to develop more judo programs in small- and medium-sized cities. It is assumed
that the greater investment in judo programs in cities of these sizes, the higher the potential
to increase the popularity of the sport in these communities, and subsequently the higher
the chances of increasing the number of active young judokas.

In summary, mixed BPE findings were obtained from our study. No clear-cut conclu-
sions can be made on the contribution of one city of one size to the development of athletes
across the observed individual and team sports; that is to say, different sizes of cities were
indicated to be linked to attaining success in individual and team sports.

4.4. Practical Implications for Policymakers

It might be of interest to policymakers in Israel to develop a national sports policy in
order to maximize the potential to recruit children to sport programs and provide them
with the appropriate conditions to achieve success. If this is the case, knowing about the
contribution of the BPE to an athlete’s success can help policymakers implement these
evidence-based data in the decision-making processes. However, if such a national sport
policy is not the main interest of the ministry due to its motivation to enable the different
sport federations to establish their own sport policies, then the data of the BPE can be used
by the federations as well.
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Abstract: Background: The process of talent identification in ice hockey occurs during middle ado-
lescence when players are selected to participate in “off-season” evaluation camps, where coaches
observe their fitness levels and status of development. Recently, the Quebec ice hockey federation
opted for a holistic approach by evaluating players based on three criteria: (1) fitness, (2) skating
abilities and (3) personality traits and psychological assets. This study aimed to analyze the dis-
criminant validity of a multi-dimensional talent identification testing protocol in competitive ice
hockey. Method: Data were collected from 160 adolescent hockey players who took part in Team
Quebec summer evaluation camps. Off-ice fitness, skating abilities and psychological variables were
measured on two consecutive days. Descriptive statistics, group comparisons (gender, positions)
and discriminant analyses (selected versus non-selected) were performed. Results: No differences
were observed among males in which selected players were similar to non-selected. Results from
discriminant analyses also showed no discriminant function for male players. For females, selected
players displayed higher fitness, on-ice agility and psychological characteristics. Nine performance
markers were significantly discriminant. Conclusions: A holistic evaluation protocol allows for the
discrimination of selected and non-selected players in elite ice hockey. Developing more discriminant
tests is a promising avenue of research in male ice hockey. Knowing the factors that are associated
with team selection in competitive ice hockey allow to focus on the specific attributes to work with
young promising players.

Keywords: performance; athletic development; ice hockey expertise; fitness assessment

1. Introduction

Ice hockey involves high-intensity, intermittent actions that require players to perform
at superior technical and tactical levels. Accordingly, excelling in ice hockey necessitates a
vast repertoire of physical attributes, technical–tactical skills [1] and psychological assets [2].
Regarding the physical aspect, attributes such as aerobic capacity, anaerobic systems,
strength, power, speed and agility are required [3]. More specific to ice hockey, Mascaro [4]
stipulates that skating speed and agility figure among the most important skills to possess,
even if they are used for very short periods [5]. Psychological assets, such as grit [6] and
type of personality [7], are also considered when it comes time to adapt to the demands of
ice hockey and distinguish the best talents. According to Tarter and colleagues [8], the best
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way to predict the transition to professional hockey (e.g., National Hockey League) is to
consider indicators from different categories such as game performance, skill observation
and evaluation, fitness, personality traits and perceptivo-cognitive assets. Indeed, these
assumptions suggest that to be efficient, the talent identification process should be designed
holistically.

In the last two decades, ice hockey has become increasingly popular internationally
and is now played by some 1.5 million registered players from more than 75 different
countries. With over 900,000 players under the age of 20 (https://www.iihf.com/en/static/
5324/survey-of-players; accessed on 17 December 2021) and hundreds of professional
leagues across the world, access to professional hockey is among young hockey players’
long-term objectives. As for most sports, national team selections, world championships
and Olympic Games performance and the number of drafted players in the National
Hockey League (NHL and others, such as the KHL) were the criteria used by hockey
federations to evaluate the quality of their development model. There is a wealth of past
research on the fitness status of professional ice hockey players [9,10], which has led to an
improved understanding of the game, helped to establish standards and played a role in
the evolution of strength and conditioning approaches [11]. However, less is known about
the contribution of each component of performance to the definition of sports talent. Can
we assume that players who perform better in fitness tests and other assessments, such as
on-ice sprint tests and psychometric tests, are prioritized in team selection or professional
drafts? Vescovi [12] offers an excellent example of the shortcomings of the NHL combine
regarding the associations between players’ fitness and draft status over 3 years. Because
certain associations between off-ice and on-ice fitness are plausible [13], further research is
needed to verify whether these components can help to determine the best athletes.

In line with these standards and the complex nature of the sport, the pathway to elite
ice hockey is a long-term process that needs to start at a young age [14]. As with most
sports development models, the expertise acquisition phase is planned for late puberty,
between ages 14 and 16, with the result that many evaluation and development camps
become an important step in the talent identification process. The International Ice Hockey
Federation (IIHF) development camp (IIHF Development Camp: https://www.iihf.com/
en/statichub/4625/development; accessed on 10 December 2021), where the most talented
players display their skills before hockey coaches and stakeholders, is a good example. The
world’s top hockey countries (e.g., Canada, United States, Finland) also have development
camps where players are evaluated at the early stages of sports expertise. Indeed, many
countries have specific protocols to conduct periodic evaluation or development camps
that serve to guide hockey federations in terms of future national team selections (e.g.,
under-18, under-20, Olympic Games). Camps such as these are first-rate opportunities to
develop performance standards for both off-ice fitness and on-ice skills [15]. In addition,
evaluating players at this stage of development is useful to establish the age-group and
position-specific standards needed to monitor athletes during their development. Valuable
work in this regard has been done in the field of ice hockey. Roczniok and colleagues
described and identified variables, such as relative VO2max, relative peak power and height,
that determined success in the Polish men’s national team selection camp [15]. Recently,
Vigh-Larsen et al. [16] conducted a cross-sectional study comparing the best U20 (junior
elite) and professional Danish players with a similar sample of U20 Finnish players in terms
of anthropometric measures and off-ice and on-ice fitness tests. Interestingly, the most
important differences were those observed for anthropometric measures, indicating that
professional athletes were taller and heavier, whereas no differences (in fitness and skating)
were observed relative to players’ position. This demonstrates that the talent identification
process is a complex one [17] and that analyzing the profile of U20 players may have
limitations since it very likely starts at earlier stages of development [18,19]. As a result, we
believe that older players had already experienced the selection process, thus hindering
the real value of testing players based on the multiple factors that determine talent for ice
hockey. A recent review by Huard Pelletier and colleagues showed that the transfer from
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fitness testing to on-ice skating performance is relatively well established [20]. However,
few authors have verified the value of fitness testing results in the settings of the talent
identification process. Despite the popularity of fitness testing in the athlete development
processes, little is known about the relative contribution of each test for athlete selection
and/or talent identification. In other words, what factors help to differentiate the best
players (or prospects) from the average ones? Bracko [5] offered some insights on the issue
by showing that there were significant differences between the skating abilities of elite
and non-elite players. However, as Johnston reported [18], the concept of sports talent
is multifaceted and should be examined further to better define it from a more global
perspective. In this regard, viewing sports talent holistically enables us to identify and
combine multiple methods and approaches that are conducive to assessing (and evaluating)
its multiple components. Therefore, we define sports talent based on hypotheses from past
research to the effect that sports success results from a combination of physical, technical,
tactical and psychological assets [8,21].

Despite the multiple assessment methods and their usefulness in the talent identifi-
cation process, less is known about the discriminant capacity of psychological variables.
Mustafovic and colleagues [22] suggested that talent identification and selection processes
could benefit from the incorporation of more psychological variables to get a better sense
of players’ true worth. A good example is rugby, where several psychological variables,
including perfectionism, learning strategies, motivation and mental health, are part of
the talent identification process [23]. With regard to ice hockey, Gábor [24] offered some
interesting insights by testing the discriminant ability of on-/off-ice motor skills and psy-
chological assets to explain success and performance among the best Hungarian players
under 18 years old. The measurement of psychological characteristics using validated tools
is far superior to the qualitative observation of players that is often used by recruiters or
coaches and lacks consistency [25]. Consequently, we believe that a more holistic approach
that includes testing protocols that consider the multidimensionality of sports talent is a
promising way to improve our understanding of talent identification in ice hockey. The
addition of psychological variables measured with validated tools would complete the
profile of these athletes, making sure that the best are ultimately retained while allowing
stakeholders to better supervise the players and ensure they are mentally healthy.

This study aimed to investigate the athlete evaluation process in Canadian hockey
(e.g., Quebec) in the early phase of the talent identification process. Because ice hockey
is Canada’s national winter sport, excellence is achieved through the rigorous observa-
tion and monitoring of player development. Every four years, each province develops
a team composed of players under 15 years old for males and under 16 years old for
females to compete at the Canada Games. In other years, Hockey Canada asks the
provincial federations to organize development camps regarding the evaluation pro-
cess for all international events, including the Hlinka Gretzky Cup for men, the Sum-
mer Series against USA for women and, of course, the World Junior Championships
(https://www.iihf.com/en/tournaments; accessed on 4 January 2022). The purpose
of this study is twofold. First, it aimed to describe the fitness, on-ice skating abili-
ties and psychological characteristics of the male and female adolescent players that
were pre-selected to take part in the 2021 Équipe Québec development evaluation camp:
https://www.hockey.qc.ca/fr/page/excellence/equipe_quebec.html; accessed on 21 July 2021).

The camp serves as the first phase of team selection for national competitions involving
provincial teams. Second, it aimed to verify the discriminant capacity of each attribute
tested in the evaluation camps. In summary, this investigation can potentially strengthen
our understanding of the talent identification process in the early stages of competitive
hockey. Since sports talent is multidimensional [8,23], we hypothesized that some key
variables would be discriminant and help to differentiate selected and non-selected players
at the end of the camp.
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2. Materials and Methods
2.1. Sample and Procedures

This study was developed in collaboration with researchers and the governing bodies
of Hockey Quebec, the province’s ice hockey federation. A total of 199 players between
the ages of 14 and 16 years (86 boys: 43%, 14 years old; 113 girls: 57%, 16 years old) were
invited to the Team Quebec evaluation camp. The criteria for invitation refer to players’
regular season performances. Indeed, both prospect (e.g., male and female) camps serve as
an important talent identification stage to determine those who will represent Quebec in
national competitions. A week before each camp, players were informed about the research
project during an online information meeting. Those who agreed to participate were asked
to sign a consent form (if <16 years old, the parents signed). The project was approved
by the ethics board of the researchers’ institution (CER-21-278-07.09). The full protocol
included three categories of measures (as described in the following section): (1) off-ice
fitness tests (8 tests), (2) on-ice skating abilities (2 tests) and (3) psychological attributes
(6 measures). The testing procedure was completed on three separate days (day 1—pre-
camp questionnaire, day 2—off-ice fitness tests, day 3—on-ice tests) during one weekend camp.

2.2. Measures

Measures were selected based on two criteria. The first was related to Hockey Canada’s
standards to ensure that some tests were aligned with those of other provinces. The second
was related to the scientific literature on testing and refers to specific components identified
as potential determinants of performance (or talent) in ice hockey. For off-ice fitness, ten
variables were measured and divided into four categories: (1) anthropometric measures,
(2) lower limb power, (3) running and VO2max and (4) upper limb power. For on-ice fitness,
two skating tests were used to measure skating speed and agility. Finally, two categories of
psychological measures were assessed: personality traits and grit.

2.2.1. Off-Ice Fitness Tests
Description of Testing Session

Anthropometric measures are commonly used in player evaluation to assess the body
composition of a cohort of ice hockey players [15,16,26–28]. To measure height, the athlete
stood on the stadiometer platform with their shoes off. Their feet were together and
heels were supported on the base of the device, with their arms alongside the body. The
participant was instructed to gaze outward, and the measurement was taken following a
maximum respiration rate to the nearest 0.5 cm. We assessed body weight simultaneously
by instructing the athlete to step on the scale (with shoes off). Results were collected in
kilograms (to the nearest 0.1 kg).

Off-ice fitness testing protocol (see Table 1): Before the testing session, a warm-up
was administered and supervised by strength conditioning coaches and trainers who were
certified kinesiologists. The warm-up consisted of a 15 min session that was a combination
of short runs (8–10 min) and plyometric exercises (5–7 min). Athletes were then invited
to perform dynamic stretches for both the upper and lower limbs, as well as a few core
activation workouts. The warm-up was performed by both cohorts.

Muscular power (upper and lower body): Since skating is a core element of per-
formance, several studies have examined lower body power as a predictor of perfor-
mance [29–32]. The vertical jump and horizontal jump tests are often cited in studies
and appear frequently in the NHL’s combine tests list (NHL Central Scouting Combine
fitness results: https://link.nhl.com/centralscouting/public/; accessed on 10 December
2021). Table 1 describes the protocols that were implemented to collect these data. For
the vertical jump test, a Vertec (Power Systems, Knoxville, TN, USA) (Power Systems:
https://www.power-systems.com/shop/product/vertec, accessed on 10 December 2021)
was used to assess this variable. Upper body strength, power and endurance also play a
natural role in ice hockey [33]. Indeed, we chose grip strength and pull-ups considering that
they are omnipresent in the NHL combine research (NHL Central Scouting Combine fitness
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results: https://link.nhl.com/centralscouting/public/; accessed on 10 December 2021) [12].
The seated medicine ball throw is now also part of the NHL’s combine and is known as a
reliable way to assess upper body muscular power [34]. A Ballistic Ball™ (Assess2Perform,
Petoskey, MI, USA) (Move Factor X Ballistic Ball A2P: https://movefactorx.com/, accessed
on 10 December 2021) was used in this regard.

Table 1. Off-ice tests explained.

Variable
Test

Measures (Units)
[Instrumentation] Protocol

Lower body power
Vertical jump

Height of jump (cm)
[Vertec]

Athlete stands under the testing device to measure their maximum
height with their arm at maximum flexion. Once the height is recorded,

athlete stands at an elbow’s distance from the testing device and
performs one pre-trial jump. Athlete bends their legs and pauses for a
second before jumping while reaching out as high as possible. The best

of 3 attempts is retained.

Broad jump Length of jump (cm)
[Tape on floor]

Athlete positions both feet behind the line. Legs are bent quickly and
arms are swung back and forth to initiate the jump. Athlete must land
in control, and once stable on their feet, the foot that travels the least

distance is measured. The best of 3 attempts is retained.

Aerobic capacity
Léger 20 m Shuttle

Maximum oxygen
consumption
(mL/kg/min)

[Tool kit]

The protocol involves the repetition of 20 m shuttle runs to maximal
fatigue. Athlete must stand 1 m behind the line before the next beep

before changing direction and continue to run They must wait for the
signal before starting. The speed increases with each level. Athlete

must follow the rhythm of the soundtrack.

Running speed/agility
30 m sprint

Time (s)
Acceleration curve (m/s)

[Swift timing gates]
[Stalker Radar]

Athlete stands with their foot behind the starting line. When the Swift
Gate turns green and beeps, athlete can initiate the sprint at any time.

They sprint as quickly as possible to the finish line. Athlete makes two
attempts separated by a 3 min break to achieve their best time. Athlete
must be informed that they should decelerate only after crossing the

sprint distance to obtain the best possible time.

5-10-5 agility drill Time (s)
[Swift timing gates]

Athlete places their foot on starting line. They then move as quickly as
possible to a line from the end past the photocells and touche the line
with their hand. Must move as quickly as possible to the line at the

other end. Athlete touches the line with their hand before returning to
the center as quickly as possible (best of 2 trials).

Upper body strength
Grip strength

Sum of grip test (kg)
[Dynamometer]

Dynamometer is set to 0 before each test. Athlete grabs dynamometer
in a neutral grip and keeps it close to hips. Exhales heavily and

compresses it as hard as possible. Athlete then returns the
dynamometer to the evaluator who records the result and resets it at 0
for the next test. Two attempts per hand are allowed and the best result

per side is retained.

Vertical pull up Maximum reps (n)
[Bar for hanging]

Athlete hangs from the bar with arms straight and performs an
arm/back pull to raise the body and lift the chin over the bar. They
then descend, fully unlocking the elbows before the next repetition.

Count to 2 consecuitve repetitions before stopping the test. Swings and
help from the legs are not allowed.

Seated medicine
ball-throw

Power (W)
[Move Factor Ballistic Ball

A2P]

Athlete sits on the ground with back against wall and feet separated by
a distance of 60 cm. They hold the ball against their chest at the sides, a
little behind the center, with forearms parallel to the ground. They then
throw the ball as hard as possible while keeping their back against the
wall. The distance of the throw is recorded with the accelerometer in
the ball. Three attempts are allowed and the best result is retained.

Aerobic capacity, speed and agility: In addition to lower body power, aerobic ca-
pacity [35] and running agility [36] are also often assessed in both the scientific literature
and the field of testing in ice hockey. We measured running speed by administering
the 30 m sprint [37] with a Stalker Pro Radar II (Stalker Sport, Richardson, TX, USA)
(Stalker Sport: https://stalker.sport/pro-ii/, accessed on 10 December 2021) combined with
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Swift Speedlight photocells (Swift Performance, Northbrook, IL, USA) (Swift Performance:
https://swiftperformance.com/, accessed on 10 December 2021). For the off-ice agility, we
used the Pro-Agility Drill 5-10-5 [38] with a second set of Swift Speedlight photocells.

2.2.2. On-Ice Skating Tests

Only two on-ice tests were chosen for the study. In the interest of efficient time
management, this part of the testing protocol was limited to 20 to 24 players on the ice
for 50 min of ice time. The 44 m sprint and the Finnish Vierumaki’s ice hockey centre of
excellence skating agility test were selected. Four sessions of ice time were needed to screen
all the participants, both males and females.

Skating speed and acceleration: The 44 m sprint [39] was measured with a Stalker Pro
Radar II (Stalker Sport, Richardson, TX, USA) (Stalker Sport: https://stalker.sport/pro-ii/
(accessed on 10 December 2021)) combined with three pairs of Swift Speedlight photocells
(Swift Performance, Northbrook, IL, USA) (Swift Performance: https://swiftperformance.
com/ (accessed on 10 December 2021)), one at the start, a second at 6 m to assess the 0–6 m
acceleration and a third at 44 m. Figure 1 illustrates the setup of the 44 m sprint test. In
the sprint test, the athlete is in the standing position with one foot behind the starting line.
After the Swift Gate turns green and beeps, the athlete can initiate a sprint at any time.
They skate as quickly as possible to the 6 m gates, then to the 44 m gates, in a straight line.
Two attempts are separated by a 3 min break to achieve the best time. The athlete must be
informed that they decelerate only after crossing the sprint distance to obtain the lowest
possible time.

Figure 1. The 44.8 m skating sprint test.

Skating agility: We used one of Vierumaki’s Ice Hockey Centre of Excellence’s skat-
ing tests (https://iihce.fi/suomeksi/Testaaminen/Pohjola-leiritestit/tabid/1150/Default.
aspx#/material/872/2401; accessed on 4 January 2022) (illustrated in Figure 2), which
measures agility for a wide range of movements in the hockey player’s repertoire [40]:
explosive start, braking, short sprints, sharp/tight turns, open pivots and backward skating
(Figure 2). Illustrates the four-step design of the test. For the skating agility test, the six
cones are placed in a rectangle shape, with three pairs of two cones and each pair separated
horizontally by 9 m and vertically by 7 m. Step 1: Athlete stands with their foot placed
behind the starting line. After the Swift Gate turns green and beeps, they can initiate the
test at any time. The athlete first skates all the way to the other end of the circuit. Athlete
brakes and sprints back to the line of the second pair of cones. Step 2: After this second
step, the athlete aims to their right, outside the cone to perform two consecutive short turns
around the two cones of the third pair. Step 3: After the short turns, the athlete aims for the
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second pair of cones, where they perform two open pivots (facing the starting line side)
around the cones. Step 4: After the open pivots, the athlete aims for the first pair of cones.
Turning around the first one, they pivot completely and skate backward to the third pair,
performing a slalom with the second pair. After completing one side of backward skating,
they move forward to the other side and repeat the pivot for the backward slalom. After
the second side is done, the athlete sprints back to the starting line. The best of two trials
is recorded.

Figure 2. The skating agility test (adapted from the International Ice Hockey Centre of Excel-
lence, Vierumaki, Finland). Illustration shows the three-step procedures, performed on a single
circuit. (Video demonstration: https://iihce.fi/suomeksi/Testaaminen/Pohjola-leiritestit/tabid/11
50/Default.aspx#/material/872/2401, accessed on 4 January 2022).

2.2.3. Psychological Measures: Personality Traits and Grit

Regarding psychological measures, data were collected by means of online question-
naires (Qualtrics software) and participants were given one week before camp to ensure
they were in the right frame of mind. Two psychological constructs were measured: per-
sonality traits [41,42] and grit [43,44]. Personality traits were assessed with the French
version of the Big Five Inventory (BFI-Fr), which is a 44 item Likert-type scale (1 to 5)
that has been used for several years in research and clinical settings and is validated in
several different languages and populations. It includes conscientiousness, agreeableness,
extraversion, neuroticism and openness to experience, which are traits that are significantly
associated with sports performance. For example, a high level of extroversion and consci-
entiousness and a low level of neuroticism would be expected of an elite athlete in a team
sport like ice hockey [43]. Grit is a psychological asset that refers to an athlete’s ability to
face competition and not give up [44]. We assessed grit with the Short Grit Scale, which is
an 8-item Likert-type questionnaire that has shown solid psychometric properties in past
research [44].

2.3. Statistical Analyses

We calculated descriptive statistics for all data and verified the distributions to identify
potential outliers. We also verified the distribution and checked whether assumptions
of normality had been violated. The preliminary results indicated no major deviation
from normality regarding all off-ice and on-ice measures. Few data were missing because
all players took part in the evaluation camp. To verify the contribution of each part of
the protocol related to talent identification, as well as the discriminant capacity of each
group of components, discriminant analyses were conducted in three consecutive phases.
All analyses were performed using SPSS software and based on the recommendations of
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Tabachnik and Fidell [44]. Discriminant analysis [45] makes it possible to verify which
variables are related to group membership (e.g., selected versus non-selected) by assigning
a discriminant function to each variable under study. In this regard, group membership was
accorded following the evaluation camp, where 44 males (out of 86) and 54 females (out of
107) were retained for the selection process. Those retained were categorized as “selected”
(value = 1) and those not retained as “not selected” (value = 0). After the selection process
was completed, analyses were conducted on five sets of variables: (1) anthropometric
measures (height and weight), (2) off-ice fitness (lower and upper body strength-power),
(3) running ability (aerobic capacity, speed and agility), (4) on-ice skating (skating speed and
agility) and (5) psychological factors (personality traits and grit). We conducted the analyses
separately to prevent the overlapping of factors and verify the discriminant capacity of
each category of measures. For each model, we conducted direct discriminant analyses
based on our interpretations based on Box’s M and Wilks’ lambda statistics. Finally, we
analyzed the discriminant function for each set of predictors and verified the proportion
(%) of correct categories regarding the selected players.

3. Results
3.1. Sample Characteristics

Table 2 presents the sample’s characteristics. The players invited to each selection
camp came from two age-group categories. Males were taller than females (Fheight = 68.03,
p < 0.001), but no differences were observed regarding body weight. Proportions for player
positions were similar across groups owing to the specificity of ice hockey in which a
usual roster is mainly composed of 47 as forwards, 31 as defense and 8 as goaltenders. For
the male cohort, goaltenders tended to be taller and heavier than defense and forwards
(Fheight = 6.75, p = 0.002; Fweight = 6.38, p = 0.003). No player-position-related differences
were observed regarding the anthropometric profile of the female cohort.

Table 2. Sample characteristics (mean (M) and standard deviation (SD)).

n Age (M ± SD) Height (m) Weight (kg)

Males +

Goaltenders 8

13.81 ± 0.40

1.79 ± 5.41 * 71.68 ± 7.54 *
Defense 31 1.73 ± 7.13 67.35 ± 9.81

Forwards 47 1.70 ± 6.98 62.09 ± 7.69
Total 86 1.72 ± 7.37 ++ 64.88 ± 9.03

Females

Goaltenders 11

14.97 ± 0.92

1.65 ± 3.72 63.72 ± 8.88
Defense 41 1.65 ± 5.71 64.18 ± 8.73

Forwards 61 1.64 ± 5.97 61.41 ± 8.48
Total 113 1.64 ± 5.67 62.64 ± 8.63

* p < 0.01. + Males were taller than females (p < 0.001); ++ Goaltenders were significantly taller.

3.2. Objective 1: Fitness, On-Ice Abilities and Personality Traits of Elite Adolescent Hockey Players

Table 3 shows the descriptive statistics of each of the testing protocol’s variables. Males
displayed higher scores than females on all the off-ice fitness tests (all group comparisons
were significant at p < 0.01 or 0.001). The same pattern was observed regarding the
on-ice skating tests, which showed that boys were faster, had better acceleration and
were more agile. Male goaltenders also performed better than female goaltenders on the
shuffle tests. However, different patterns were observed when comparing participants’
personality traits. The female cohort displayed higher scores for three traits: extraversion
(t(df) = 2.41(187), p = 0.017), conscientiousness (t(df) = 2.16(187), p = 0.032) and openness (t(df)
= 3.55(187), p < 0.001). Comparisons between the selected and non-selected players (males
and females) were presented in the sections on discriminant analyses. Finally, we compared
all measures according to the players’ positions (goaltenders, defense and forwards) and
found no significant differences (all p-values > 0.05), suggesting that players’ fitness and
abilities were similar for males and females.
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3.3. Objective 2: Discriminant Capacity for Each Facet of the Talent Identification Protocol
3.3.1. U15 Male Selection

Table 4 illustrates the results of the discriminant analyses for the male cohort. As
mentioned, no significant results were found (see Appendix A, Table A1). Indeed, no
significant differences were observed, even when the mean scores of the “selected” versus
the “non-selected” players were compared, with the exception of the med-ball throw,
where differences favored the 44 selected players (F(df) = 2.80(2), p < 0.10). No significant
discriminant functions were noted in each of the five proposed models. In model 4, none
of the variables showed a significant discriminant function, but the selected players had
higher scores for grit (F(df) = 3.05(1,75), p < 0.10). We retained loadings higher than 0.3 to
identify the most discriminating variables, which are identified in Table 5. Each of the five
models classified 48 to 60% of selected players.

3.3.2. U16 Female Selection

As shown in Table 5, we found significant results for the female cohort, where some
variables had a discriminant effect on the selection process. Group comparisons (see Ap-
pendix B, Table A2) revealed that selected players displayed higher scores in 10 indicators,
in which 9 of these 10 variables had a significant discriminant function. Except for anthro-
pometric measures (where we found no significant results), other measures such as off-ice
fitness, skating abilities and personality traits revealed a significant discriminant function.
With regard to off-ice fitness, aerobic capacity (VO2

max), leg power, speed and agility were
identified as discriminant factors. On the ice, skating speed and agility had a significant
discriminant function. For psychological measures, agreeability and grit have a signifi-
cant discriminant function. Each of the five models correctly classified 52–74% of selected
players. In summary, models 2,3,4 and 5 displayed significant discriminant functions.

Table 4. Results from the discriminant analyses for the 44 selected male players (standardized
discriminant function coefficients).

Variables Box’s M Wilk’s Lambda
(χ2

(df))
Discriminant Function Classification

Model 1:
Anthropometry 1.341 ns 0.963 (13.780(2)) ns Weight 1.116

49%Height −0.157

Model 2: Off-ice
fitness

32.620 ** 0.963 (2.926(5)) ns

Broad jump 0.463

56%
Vertical jump −0.015

Med-ball throw 0.954
Grip strength 0.404

Chin-ups −0.105

Model 3: Running
ability 3.727 ns 0.994 (0.490(5)) ns

VO2max 0.950
48%30 m sprint 0.080

50-10-5 agility 0.124

Model 4: Skating
performance 8.098 ns 0.995 (0.346(3)) ns

44 m sprint 0.154
51%6 m accel 0.361

Agility 0.952

Model 5:
Psychological

measures
55.073 ** 0.889 (8.457(6)) ns

Extraversion −0.184

60%

Agreeableness 0.318
Conscientiousness −0.287

Neuroticism −0.036
Openness 0.427

Grit 0.571 *

** p < 0.01; * p < 0.10: Selected players displayed higher grit scores. Bold text: loadings > 0.30 represent the most
discriminating variables. ns non significant.
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Table 5. Results of the discriminant analyses for the 54 selected female players (standardized
discriminant function coefficients).

Variables Box’s M Wilk’s Lambda
(χ2

(df))
Discriminant Function Classification

Model 1:
Anthropometry 1.743 ns 0.996 (0.464 (2)) ns Weight 0.892

52%Height 0.203

Model 2: Off-ice
fitness 20.661 ns 0.876 (13.889(5)) **

Broad jump 0.879 **

62%
Vertical jump 0.401

Med-ball throw 0.283
Grip strength 0.281

Chin ups 0.753 **

Model 3: Running
ability 7.797 ns 0.711 (35.946(5)) **

VO2max 0.829 **
74%30 m sprint 0.665 **

50-10-5 agility 0.859 **

Model 4: Skating
performance 29.497 ** 0.651 (40.161(3)) **

44 m sprint 0.651 **
73%6 m accel 0.494 **

Agility 0.975 **

Model 5:
Psychological

measures
60.351 ** 0.930 (7.921(6)) **

Extraversion −0.110

61%

Agreeableness 0.844 **
Conscientiousness 0.323

Neuroticism 0.351
Openness −0.213

Grit −0.043

** p < 0.001: Selected players displayed higher mean scores for the selected variables. Bold text: loadings > 0.30
represent the most discriminant variables. ns non significant.

4. Discussion

In ice hockey, team selection is a complex process that involves the observation
and assessment of multiple variables. According to Tarter [8], the combination of game
performance, fitness, on-ice attributes and psycho-cognitive factors is probably the best way
to determine a player’s potential. This study sheds some light on talent identification for
elite adolescent Canadian hockey players. Given the importance of ice hockey in Canada
and this country’s culture of evaluation camps, we believe the present study offers an
excellent opportunity to refine our understanding of the factors that distinguish players
who are prioritized or categorized as “top prospects” in their field. Additionally, this study
offers substantial knowledge about the level of Canadian adolescent elite hockey players,
especially because of the multiple determinants that were observed (19 variables) and the
population studied, which consisted of male and female hockey players.

The first part of our study shows that fitness measures have similar patterns when male
and female participants are compared. As expected, boys displayed higher scores than girls,
which can be explained by the physical maturation and physiological aspects that favor
male athletes at this stage [46]. With the exception of male goaltenders’ height, we found
no fitness differences related to the players’ positions. This result appears to contradict the
findings of previous studies, such as that of Daigle et al. [13], who showed potential position-
related differences for certain fitness components. In our opinion, young athletes’ stage of
development may explain the lack of position-specific differences regarding players’ fitness.
Measurements took global fitness measures into account, which was probably insufficient
to detect position-specific skills. These results suggest that introducing “position-specific”
skills, such as backward skating (for defense) and skating skills with puck control (for
forwards) would be relevant for future research. In terms of differences in personality traits,
female players scored significantly higher than male players on extraversion, agreeableness
and openness, which is consistent with the scientific literature. However, the score for
neuroticism was not significantly higher in the female sample, contrary to what was
expected [47,48].
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The second part of the study was designed to verify the discriminant capacity of
each variable tested in the selection process. Results from our analyses offer interesting
insights, particularly because the substantial differences they revealed were based on
gender. In the male cohort, we found that not all five models were discriminatory. At
first glance, this suggested that the current protocol with the current group of players did
not contribute definitively to the selection process in the male sample. However, certain
measures, including muscular strength, aerobic capacity, skating agility/acceleration and
grit, tended to be more strongly associated with the players selected during the process.
The picture was different in the female sample, as the fitness tests, running skills and
skating performance successfully classified between 62 and 74% of the selected athletes.
On a different note, the higher grit score of the selected male players was to be expected
since this was noted in several studies. However, a higher conscientiousness score would
also have been expected regarding these players, as it is the strongest predictor of success
in sports and is generally associated with grit. Interestingly, the protocol’s discriminant
capacity was significant in the female cohort. The three personality traits that appeared
to distinguish the selected female players were agreeableness, conscientiousness and
neuroticism, which is plausible in a team sport context. These three traits are generally
associated with success in team sports, as conscientiousness predisposes players to invest
more effort, a low level of neuroticism provides greater emotional stability under pressure
and agreeableness promotes healthy relationships with teammates [49]. The fact that the
training camp contained high-level athletes only very likely reduced the discriminatory
power of personality traits; a comparison with recreational athletes would possibly have
demonstrated much more obvious results. In general, both male and female participants
demonstrated the expected profile of low neuroticism and high conscientiousness and
agreeableness [48–50].

In our view, the divergent results (related to the discriminant capacity of each protocol)
can be explained from a gender perspective using socio-demographics. Even if the initial
samples (selected and non-selected) were similar in size, they were not similar regarding
the representation of the province’s pool of elite players since Quebec had over 450 male
players classified as U15–U18 elite players [50]. The numbers were significantly lower for
the female group, where 275 (U15–U18) players were categorized as elite. The development
structure suggested that 80 boys represented slightly less than 20% of the highly competitive
players as compared with 30% of competitive female players. These numbers indicate
that the testing protocol was probably less effective for determining the best prospects in
more homogeneous groups, as was the case for the male cohort. Our study has certain
practical implications. We believe that two approaches are conducive to the development
of improved talent identification protocols for differentiating selected and non-selected
athletes. The first is to increase the number of tested players (regarding the male cohort)
while considering factors such as birthplace and birth month, which may prove that current
tests can effectively identify the best U15 prospects. Teoldo and Cardos discuss these issues
with regard to Brazilian soccer [51], which is definitely comparable to Canadian ice hockey
in terms of the sport’s popularity. The second approach is to integrate tests that could
help to differentiate the most gifted players. In this regard, we think that attributes such
as the ability to repeat sprints [35] and skating agility in multiple contexts [52] should be
considered in future protocols. We also believe the said protocols should include multiple
game performance indicators [13] in view of the association between fitness, on-ice skills
and game performance.

Despite its contribution, this study had limitations. The first was the potential selection
bias. To participate in the study, players had to be registered in a league governed by
Hockey Quebec. This means that the participants were engaged in a very similar pattern
of sports development, possibly leading to an almost identical athletic profile, reducing
the discriminant capacity of the protocols, especially among males. The Hockey Quebec
development model for males was implemented in 2011, whereas its implementation for
females is far more recent (2015). Another limitation of the sample concerns the players’
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age groups and physical maturation. Even if further analyses from the current database
confirm the physical maturation of most participants, we believe the maturation process
is an important factor to consider, especially in sports like ice hockey, where physicality
prevails. Additionally, we recognize that certain key talent indicators are missing in the
present investigation.

As Tarter stipulates [8], game observation is crucial to the talent identification process.
Despite the challenges involved, establishing associations between fitness and on-ice
skills with game performance is a promising avenue for future research. In practical
terms, knowing which factors are related with team selection is useful for coaches and
stakeholders (e.g., scouts, program directors, strength conditioning coaches) in a way that it
allows to identify talent at early stages of hockey expertise. In addition, it seems that these
factors might vary according players’ gender, which means that same testing protocols are
not assessing talent in the same way. Focusing on more specific ice hockey attributes (e.g.,
repeated sprints, skills with the puck, anaerobic capacity) for male selections might be an
interesting alternative. For female talent selection, our results suggest that the suggested
protocol is sufficient to select the best players. Even if game observation was outside
the scope of this study, we think that systematic observation and the use of advanced
technologies for assessing performance in real settings will be prioritized in subsequent
stages of this research. We also believe that the inclusion of perceptual-cognitive markers
such as reaction time and decision making could contribute to talent identification [53].
Although some promising work has been done in the field, further developments are
needed to establish associations with game performance in real settings.

5. Conclusions

In Canadian hockey, talent identification starts in late adolescence and is a crucial
stage in the development of sport expertise. Player development in Quebec is monitored in
off-season (summer) evaluation camps designed to identify the province’s best prospects
for future competitions. Knowledge about the discriminant capacity of each component of
talent is crucial for stakeholders (e.g., coaches, scouts, program directors) in talent detection
camps. This study refined our understanding of talent identification and revealed that the
discriminant capacity of protocols differs based on gender. Interestingly, it showed that
multiple components of sport talent help to classify the female players who emerged in
the first phase of the selection process. Lower body power, upper body strength, running
abilities and on-ice skating efficiency are useful components of the selection process. In-
versely, such protocols are less conclusive for male cohorts, suggesting that further research
is needed in this area. Future investigations can build on this study by focusing on vari-
ables assessed through game observation and other key factors for distinguishing the most
promising talents.
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Appendix A

Table A1. Comparisons between selected and non selected male players.

Indicators Group Mean ± SD Confidence Intervals (CI
95%) F Eta2 (CI 95%)

VO2 (mL/kg/min) NS (n) 49.51 ± 4.91 48.00–51.03
0.19 0.02 (0.00–0.06)S (n) 49.99 ± 4.88 48.45–51.53

Broad jump (cm) NS 225.45 ± 14.22 221.01–229.88
0.66 0.01 (0.00–0.08)S 228.05 ± 14.72 223.34–232.75

Vertical jump (cm) NS 48.49 ± 5.27 46.87–50.11
0.01 0.00 (0.00–0.00)S 48.45 ± 7.92 45.91–50.98

Ball throw (Watts)
NS 169.79 ± 21.43 163.27–176.31

0.01 0.00 (0.00–0.01)S 169.47 ± 30.46 159.98–178.97

Grip strength (kg) NS 94.65 ± 18.54 89.01–100.29
0.43 0.01 (0.00–0.07)S 97.04 ± 14.85 92.49–101.67

Chin-ups (n) NS 8.86 ± 3.29 7.86–9.86
0.03 0.00 (0.00–0.04)S 9.00 ± 4.13 7.71–10.28

30-m sprint (s) NS 4.77 ± 0.20 4.71–4.83
0.01 0.00 (0.00–0.01)S 4.77 ± 0.20 4.71–4.84

Agility 5-10-5 (s) NS 5.31 ± 0.19 5.25–5.37
0.008 0.00 (0.00–0.02)S 5.31 ± 0.18 5.25–5.37

0-6 m accel (s)
NS 1.31 ± 0.07 1.29–1.34

0.07 0.00 (0.00–0.06)S 1.31 ± 0.06 1.29–1.33

44m sprint (s) NS 6.27 ± 0.20 6.20–6.33
0.00 0.00 (0.00–0.00)S 6.27 ± 0.23 6.18–6.35

Agility (s) NS 35.52 ± 1.26 35.11–35.94
0.48 0.01 (0.00–0.09)S 35.31 ± 1.31 34.87–35.76

Shuffles (s) **
NS (n = 7) 18.80 ± 1.79 15.95–21.65

0.73 0.11 (0.00–0.51)S (n = 7) 17.82 ± 1.41 15.57–20.07

Recoveries (s) **
NS 29.90 ± 1.67 27.23–32.57

3.65 * 0.38 (0.00–0.68)S 26.60 ± 3.02 21.79–31.41

Extraversion
NS 3.36 ± 0.32 3.25–3.46

0.26 0.01 (0.00–0.07)S 3.32 ± 0.34 3.21–3.43

Agreeableness NS 3.06 ± 0.23 2.98–3.14
0.89 0.01 (0.00–0.10)S 3.16 ± 0.57 2.97–3.34

Conscientiousness
NS 3.59 ± 0.27 3.50–3.68

1.03 0.01 (0.00–0.10)S 3.52 ± 0.31 3.42–3.62

Neuroticism
NS 2.66 ± 0.42 2.53–2.80

0.03 0.00 (0.00–0.04)S 2.65 ± 0.50 2.49–2.81

Openness NS 3.19 ± 0.46 3.04–3.34
2.06 0.02 (0.00–0.13)S 3.35 ± 0.52 3.18–3.51

Grit
NS 3.04 ± 0.33 2.93–3.15

0.25 0.01 (0.00–0.07)S 3.00 ± 0.41 2.87–3.13

* p = 0.10; ** Goaltenders only; NS: not selected players; S: Selected players.
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Appendix B

Table A2. Comparisons between selected and non selected female players.

Indicators Group Mean ± SD Confidence Intervals (CI
95%) F Eta2 (CI 95%)

VO2 (mL/kg/min) NS (n) 41.93 ± 5.34 40.51–43.35
26.71 * 0.19 (0.79–0.32)S (n) 46.80 ± 4.45 45.57–48.03

Broad jump (cm) NS 190.27 ± 14.45 186.48–194.06
12.75 * 0.11 (0.21–0.22)S 200.01 ± 14.12 196.08–203.95

Vertical jump (cm) NS 42.89 ± 5.22 41.52–44.27
3.12 0.03 (0.00–0.11)S 44.89 ± 6.71 43.06–46.72

Ball throw (Watts)
NS 133.81 ± 17.96 129.13–138.49

2.92 0.03 (0.00–0.11)S 139.83 ± 19.24 134.52–145.13

Grip strength (kg) NS 72.40 ± 12.05 69.26–75.54
0.02 0.00 (0.00–0.02)S 72.72 ± 14.84 68.67–76.77

Chin-ups (n) NS 2.01 ± 2.56 1.34–2.68
8.39 * 0.07 (0.01–0.18)S 3.58 ± 3.15 2.71–4.45

30-m sprint (s) NS 5.17 ± 0.19 5.12–5.23
19.21 * 0.15 (0.05–0.27)S 4.99 ± 0.23 4.93–5.06

Agility 5-10-5 (s) NS 5.80 ± 0.24 5.74–5.87
31.05 *

0.22
(−0.09–0.34)S 5.55 ± 0.22 5.49–5.61

0-6 m accel (s)
NS 1.44 ± 0.08 1.42–1.47

12.42 * 0.12 (0.02–0.24)S 1.39 ± 0.08 1.36–1.41

44m sprint (s) NS 6.86 ± 0.20 6.80–6.92
21.57 * 0.18 (0.06–0.31)S 6.60 ± 0.33 6.50–6.70

Agility (s) NS 39.17 ± 1.73 38.69–39.65
50.19 * 0.34 (0.19–0.47)S 36.79 ± 1.57 36.32–37.25

Shuffles (s) **
NS (n = 8) 20.12 ± 1.27 15.95–21.65

1.32 0.16 (0.00–0.53)S (n = 8) 19.17 ± 1.27 15.58–20.07

Recoveries (s) **
NS 32.28 ± 3.78 28.31–36.25

1.02 0.13 (0.00–0.50)S 29.97 ± 0.92 27.67–32.26

Extraversion
NS 3.48 ± 0.33 3.39–3.58

0.18 0.01 (0.00–0.05)S 3.45 ± 0.43 3.33–3.57

Agréabilité NS 2.98 ± 0.27 2.91–3.06
8.60 * 0.07 (0.01–0.18)S 3.25 ± 0.62 3.08–3.42

Conscientiousness
NS 3.62 ± 0.24 3.56–3.69

1.16 0.01 (0.00–0.08)S 3.69 ± 0.40 3.58–3.80

Neuroticism
NS 2.68 ± 0.42 2.56–2.79

1.24 0.01 (0.00–0.08)S 2.78 ± 0.53 2.64–2.93

Openness NS 3.55 ± 0.48 3.41–3.68
0.33 0.01 (0.00–0.06)S 3.49 ± 0.45 3.37–3.62

Grit
NS 2.90 ± 0.35 2.80–2.99

4.86 *
0.04

(0.00–0.014)S 3.08 ± 0.50 2.95–3.22

* p < 0.01; ** Goaltenders only; NS: not selected players; S: Selected players.
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Abstract: Female soccer has recently experienced an impressive increase in the number of players,
and an impressive improvement in the quality of elite matches. Still, studies show sex differences in
match statistics on passing accuracy and the ability to control the ball in international matches, which
is explained by a lower skill of level in female soccer players as compared to male players. Therefore,
the aim of this study was to evaluate if female youth soccer players had bridged the gap in technical
skills to reach the level that boys have traditionally attained. Sixteen male and 17 female youth soccer
players of the same age and experience level took part in technical skill tests of reception of the ball on
the ground and long passes. The results show a significant difference between the sexes in reception
performance in favour of the male players (p < 0.05, ES = 1.09), but no significant difference in the
long pass test (p = 0.11, ES = 0.43). This leads to the conclusion that the lower score on ball reception is
probably the result of experience in small-sided self-organised soccer games during childhood among
the male players, which influences reception skills but not the ability to make accurate long passes.

Keywords: soccer; technical skills; technical test; long passes; reception

1. Introduction

Organised female soccer started in several European countries in the mid-1960s, and it
has continued to experience an impressive increase in participants. The latest information
from Federation Internationale de Football Association (FIFA) shows that worldwide
around 30 million female senior and youth players take part in a football club [1]. Even
though the quality of female soccer is improving, media interest and the economy is not in
the same league as male soccer [2]. The critique of female soccer has often been about low
pace and poor skills in comparison to male soccer [3]. Research has proven that there is
a difference in performance between sexes in all sports with high demands for physical
capacity [4,5].

High performance in soccer is determined by skill levels of players, with skills defined
as a combination of technical and tactical ability in the rapidly changing environment of
soccer games [6]. Analyses of the top matches of clubs and national teams for both sexes
show a similarity with regard to the number of ball touches and time in possession of the
ball [7]. Differences have also been detected, such as female players lost the ball more
often [8], had a higher percentage of mistakes in reception and passes, and made more
long passes from the defensive area [9]. Suggested reasons for sex differences in match
performance are that female players experience more fatigue than male players during
matches [7], that game tactics in female soccer do not focus as much on possession of the
ball as do male game tactics and that female players make more long passes from the
defensive area [9]. This has led to a lower number of passes and more passes with a higher
possibility of interference. Finally, these differences could also mean that female players
have lower technical and tactical soccer skills than male players.

Studies that have evaluated the sex differences in general motor control show that
young men perform better in gross motor skills and young women are better at mastering
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activities which involve fine motor skills [10,11]. Furthermore, young men show signifi-
cantly better performance than young women on tests of object control, such as throwing
and kicking [12].

Differences in dribble speed have been found in youth soccer players [13,14], and it
has been argued that much of the difference can be explained by sex difference in sprinting
speed [13]. Analyses of the ability to rapidly change direction (COD), which is a vital part
of dribbling speed, reveal relative strength to be decisive for high performance [15]. One
study reported no significant sex differences among youth players in important technical
soccer skills, such as long passes, heading and shooting [14], while differences in favour of
male players in technical passing skills were found in another [16].

Little research on senior soccer has been published related to sex differences in soccer
skills. Two separate studies have shown large differences in the Loughborough Soccer
Passing Test [17,18] and dribble speed in favour of male players [19]. According to Thomas
and French [20], the reason for these sex differences in motor control is more likely to
be environmental than biological, as the superiority of boys in gross motor skills and
differences in technical skills can probably be explained by the fact that males have done
more of this type of motor skill training than have females.

The observed improvement in the quality of female international soccer and the in-
creasing popularity for girls to start soccer training at an early age [1] leads to an interesting
question: Have youth female soccer players bridged the gap in soccer skills to reach the
level that boys have traditionally attained? Findings from previous studies on this question
are unclear because most have used dribble speed as a sign of skill level. Since dribble speed
is correlated with sprint speed [13] and COD which depend on muscular strength [15],
these tests will favour male players. Therefore, it is important to bring new attention to
the subject and evaluate other soccer skills in which the sex difference in physical strength
is reduced. The ability to control the ball and make accurate passes has been shown to be
different in elite matches for males and females [7,8]. Our purpose is, therefore, to examine
if there is a sex difference in such skills as long passes and ball reception among youth
soccer players. The hypothesis of this study was that youth female players are at the same
technical level as youth male players.

2. Materials and Methods
2.1. Method

It is a challenge to design a relevant test to evaluate a possible sex difference in skill
level in soccer because the quality of the opponent plays a decisive role in the performance
in matches [21]. It is difficult to test soccer skills with high reliability and construct va-
lidity [22], and the measurement of decision making by means of an iPad [23] provides
uncertain information on players’ tactical abilities. Therefore, we chose to test player
technical levels to evaluate if there is a sex difference in the technical part of soccer skills.
This design will not directly measure the complete skill level, but since level of technical
ability in soccer is related to level of competition [24] and technical tests could provide high
reliability [6], we decided to use those tests in this study.

2.2. Participants

Seventeen female outfield soccer players (age 17.8 ± 0.6 years; height 1.69 ± 0.05 m;
body mass 62.9 ± 6.04 kg) and 16 male outfield soccer players (age 17.8 ± 0.7 years; height
1.78 ± 0.07 m; body mass 71.1 ± 6.7 kg) participated in the study. The inclusion criteria were
that the participants were active players in soccer clubs, and the exclusion criteria were
that they did not have any injuries or illness on the test days. All male players competed
in teams in the first division of the regional U18 league, and female players competed in
senior teams at the third and fourth levels. The tests were executed in November and
December, where the soccer season was finished in the Norwegian soccer leagues. In this
period, the players have a relatively low training load, which will not influence the skill
results as much. The players signed a written consent form to take part in this study, in
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accordance with regulations of the Norwegian Centre for Research Data. Approval to use
the data and to conduct the study was given by the Norwegian Centre for Research Data
(reference code nr. 835109), on 13 August 2020.

2.3. Procedures

Two technique tests were conducted to evaluate if there was a sex difference in tech-
nical skills in passing and reception of the ball in youth soccer players. During the test of
reception of the ball on the ground, player performances were recorded using an AV video
camera (Sony PXW-Z90, Sony, Tokyo, Japan).

All tests were conducted in an indoor soccer hall with artificial turf, and similar balls
(size 5) with identical air pressure were used (0.6 bar). The players took part in a general
standardised warm-up (15 min) of running and dribbling with each ball (5 min) and passing
and reception from different distances (10 min) before the test. Information about their
soccer histories, daily training, match frequency, and level of match play was gathered on
test day from the players.

After the warm-up, the participants stood 8 m away from the ball projection machine
(Sport Tutor, Burbank, CA, USA) and were instructed to receive the ball in the way they
wanted for the purpose of controlling the ball inside a marked area in front of them
(1 × 1.5 m, see Figure 1). The participants were instructed to make one touch in the
reception and then one touch to pass the ball in the direction of the ball projection machine.
The participants completed 10 attempts to receive the ball on the ground with a ball speed
at 19 km/h (measured with a laser gun (Stalker Pro II+, Richardson, TX, USA)) and were
instructed to make the receive every second time to the right and left to make a pass with
the right or left foot. The test was adapted from [25] (Table 1). Two educated soccer coaches,
one with a UEFA b-licence and with more than 10 years of experience as a soccer coach and
one with a UEFA c-licence with more than 5 years of experience, scored every reception of
the ball based on set criteria [25].

Sports 2022, 9, x FOR PEER REVIEW 3 of 9 
 

 

and December, where the soccer season was finished in the Norwegian soccer leagues. In 
this period, the players have a relatively low training load, which will not influence the 
skill results as much. The players signed a written consent form to take part in this study, 
in accordance with regulations of the Norwegian Centre for Research Data. Approval to 
use the data and to conduct the study was given by the Norwegian Centre for Research 
Data (reference code nr. 835109), on 13 August 2020. 

2.3. Procedures 
Two technique tests were conducted to evaluate if there was a sex difference in tech-

nical skills in passing and reception of the ball in youth soccer players. During the test of 
reception of the ball on the ground, player performances were recorded using an AV video 
camera (Sony PXW-Z90, Sony, Tokyo, Japan). 

All tests were conducted in an indoor soccer hall with artificial turf, and similar balls 
(size 5) with identical air pressure were used (0.6 bar). The players took part in a general 
standardised warm-up (15 min) of running and dribbling with each ball (5 min) and pass-
ing and reception from different distances (10 min) before the test. Information about their 
soccer histories, daily training, match frequency, and level of match play was gathered on 
test day from the players. 

After the warm-up, the participants stood 8 m away from the ball projection machine 
(Sport Tutor, Burbank, CA, USA) and were instructed to receive the ball in the way they 
wanted for the purpose of controlling the ball inside a marked area in front of them (1 × 
1.5 m, see Figure 1). The participants were instructed to make one touch in the reception 
and then one touch to pass the ball in the direction of the ball projection machine. The 
participants completed 10 attempts to receive the ball on the ground with a ball speed at 
19 km/h (measured with a laser gun (Stalker Pro II+, Richardson, TX, USA)) and were 
instructed to make the receive every second time to the right and left to make a pass with 
the right or left foot. The test was adapted from [25] (Table 1). Two educated soccer 
coaches, one with a UEFA b-licence and with more than 10 years of experience as a soccer 
coach and one with a UEFA c-licence with more than 5 years of experience, scored every 
reception of the ball based on set criteria [25]. 

 
Figure 1. The set up for the ball reception test. 

  

Figure 1. The set up for the ball reception test.

233



Sports 2022, 10, 50

Table 1. The criteria for scoring the reception of the ball from the ball projection machine at a speed
of 19 km/h from, adapted from [25].

Score Criterium, Ball Reception, on the Ground, 19 km/t

1 The participant does not manage to stop the ball.

2 The participant loses control over the ball, and the ball goes outside the area in front
of or beside him (1 × 1.5 m) before the player manages to pass the ball.

3 The participant manages to control the ball in the area, but the ball is not controlled
in the correct direction (left or right).

4
The participant manages to control the ball in the area, in the correct direction (left
or right), but is too close or too far from the player, resulting in difficulty in making

the pass.

5 The participant manages to control the ball within the area, in the correct direction
(left or right), and the receiving is perfect, so the pass is easy to perform.

After the ball reception test, the participants started with the ball 30 m away from a
target (a large cone) and were instructed to take one touch of the ball inside a 5 m area
followed by a long pass in the air with their best foot (see Figure 2). The participants made
the pass when the ball was rolling. The aim was to pass the ball through the air and hit
the ground as close to the marker as possible. There were four circles with 2 m increase in
diameter around the cone with the highest score closest to the cone and the lowest outside
the largest circle (5-1 points; Figure 2), modified after [26]. Two judges were standing 5 m
from the marker and scored each trial; if the ball bounced at the line, the highest score
was given. The participants made two familiarisation trials, and then 15 trials in the test.
Players’ average scores were used for further analysis. A relatively short distance was
chosen (25 m) for the long pass test to minimise the effect of sex difference in strength on
the results.
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2.4. Statistical Analysis

Players’ average scores for each test were used for further analysis. The data were
expressed as mean ± standard derivation (SD), and we also reported Cohen’s d effect
size for sex differences in both technical tests. An effect size of 0.2 was considered small,
0.5 medium, and 0.8 large [27]. The difference between sexes was analysed by independent
sample T-test with a significance level of p ≤ 0.05. A Pearson’s correlation was used for all
participants and per sex to investigate correlations between the scores of the ball reception
and long passes. Threshold values for the correlation coefficients’ interpretation as an
effect size were 0.1–0.3 (trivial), 0.3–0.5 (moderate), 0.5–0.7 (large), and 0.7–0.9 (very large;
Hopkins et al., 2009).

A repeatability analysis was performed on a subset of 50 randomly chosen samples
and assessed at two different points in time by two coaches to evaluate the accuracy of
the judgements of the test ratings. Mean estimates with 95% confidence intervals (CI)
were reported for an intraclass correlation coefficient (ICC). Interpretation was as follows:
<0.50 poor; from 0.50 to 0.75 fair; from 0.75 to 0.90 good; and above 0.90 excellent. The
ICC for inter-rater reliability between coaches was good to excellent at 0.90. All statistical
analyses were performed using SPSS Statistical Analysis Software for Windows® (SPSS,
version 25, Chicago, IL, USA).

3. Results

No significant differences were found between sexes for soccer experience and training
experience per week (t ≤ 1.46, p ≥ 0.155, ES ≤ 0.5, Table 2).

Table 2. Participation in a soccer club, matches per week, and soccer training per week.

Female Players Male Players

Years in a soccer club 11 ± 1.3 11.2 ± 1.8
Matches per week 1 1

Soccer training in school and club (h/week) 8.8 ± 2.3 9.2 ± 0.9
Self-organised soccer training (h/week) 0.9 ± 0.9 1.5 ± 1.5

A significant difference between the sexes was found in the ball reception test (t = 3.1,
p = 0.004, ES = 1.09) but not in the long passes test (t= 1.2, p = 0.22, ES = 0.43, Figure 3).
The individual scores for ball reception varied from 2.4 to 4.4 points, while the long passes’
scores varied from 1.53 to 3.8 (Figure 3).
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A significant moderate positive correlation (r = 0.38, p = 0.028) between the scores
for the ball reception and long passes was found for the whole group, but when specified
per men (r = 0.14, p = 0.61) and women (r = 0.38, p = 0.125), only trivial and moderate
nonsignificant correlations were found (Figure 4).
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4. Discussion

The aim of the study was to examine if there was a sex difference in the skills in
long passes and reception of the ball in youth soccer players. The main findings were a
significantly higher accuracy in reception of the ball on the ground for male youth players
compared to female youth players, but not in long passes. Thereby, the hypothesis was
partly correct. The participants in this study were equal in terms of age, years in a soccer
club, and hours of soccer training in school and club, and both male and female players took
part in one match per week during the season (Table 2). Theoretically, only environmental
differences should explain the sex differences in the test [20]. The explanation of the
findings could be that—as the authors of this study have experienced—far more boys than
girls participate at a young age (6–12 years) in soccer play in school and in their spare time.
This is a crucial period to improve skills in soccer, and research has shown that players
who take a greater part in these activities increase their chances of becoming a professional
soccer player (Ford et al., 2009).

Our finding of no sex difference in long passes was not in line with a study of Finish
youth soccer players who showed significant differences in passing performance [16]. It is
worth noting that these results are from surveys conducted between 2002 and 2010. The
development of female soccer players’ skill levels has increased after that. Our findings
of sex difference in accuracy in reception are in contrast to Perroni [14], who found no
significant differences between sexes on tests of other technical skills in soccer such as
passing, heading, and shooting for youth players. These authors also found that female
players performed significantly better than males in one juggling test. This is rather
surprising given that the male players in Perroni et al.’s study had been part of a football
club for a longer period of time than the females and took part in more football practice
each week.

We found no significant difference between sexes in the test of accuracy in long passes.
This indicated that the distance of the long pass of 25 m did not discriminate against the
female players with regard to their lower muscular strength. The reason for no significant
sex difference could be the equality in their soccer history. Both sexes started with soccer
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when they were approximately 6 years old and have played on a soccer team for about
10 years.

The reason for the significant difference in performance of receptions but not for long
passes could possibly be explained by the ‘early engagement hypothesis’ [28,29] and the
specificity principle of training [30]. If both sexes practised long passes for an equal time,
the improvement should be the same [20]. Better performance in reception by the male
players indicates a large amount of training of the actual skill, probably through more
soccer play in childhood. Both social and cultural reasons could explain the observed issue
that boys take more part in unorganised soccer play in the period from 6 to 12 years [31].
There is reason to believe that soccer play in small groups (SSG) will have more influence
on the ability of reception than on long passes [32] since such activities are often performed
in a limited area (school yards) where the need to make long passes is low.

The individual results of reception (Figure 4) showed that one female player scored
points equal to that of the best performing male players. Furthermore, a female player had
the best performance in the test of long passes. This indicates that with enough training,
female players could score just as well as male players in the technical tests used in the
present study.

A moderate significant correlation between the two technical tests was found when
the whole group performance was used while only trivial and moderate nonsignificant
correlations for each sex were found. This shows that high quality performance in one
technical skill in soccer does not automatically indicate high performance on another. These
findings are in accordance with the theory about the transfer of motoric learning [33]. If
players, for example, practice long passes, they will probably improve their performance,
but this will not improve their ability to make accurate receptions. The reason is a low
degree of similarity in the two skills [33].

The study has some limitations as the scoring system on both technical tests was from
1 to 5 points. A wider scoring system could have increased the sensitivity of the test to
provide a better separation of player quality. A relatively limited number of attempts (10
and 15 in ball reception and long pass test, respectively) could have led to coincidences
affecting the results. To ensure a higher reliability in tests, the quantity of attempts could
have been higher [34]. Furthermore, it is possible that by adding more participants to the
study, the results could have been different. In addition, the soccer level of participants
could have affected the results, even though both groups were categorised as medium level
players in the area. Care should be taken in generalisation of the results, since experience,
level of competitiveness, and age can affect the technical level of players.

Future studies on this subject should evaluate technical skills in top soccer players,
both youth players and adult players, to detect a possible sex difference. If there is a sex
difference in technical skills so that male players perform better on technical tests, it would
be reasonable to believe that the sex difference in match statistics would continue.

5. Conclusions

Youth female soccer players scored significantly lower on technical performance in
reception but not in long passes. As reception is a vital skill in soccer, and poor quality will
influence the opportunity to make a precise pass or a good shot. Thereby, the reason for sex
differences in match statistics could be explained by differences in ability to make accurate
receptions of the ball, which could influence the percentage of successful passing. The two
groups of youth players had similar football history in a soccer club, but a hypothetical
explanation of the finding could be more self-organised soccer play in childhood among
the male players, as small-sided games influence reception skill rather than the ability to
make accurate long passes. Thereby, sex differences still occur in ball reception.
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Abstract: Sport has the potential to support psychosocial development in young people. However,
extant studies have tended to evaluate purpose-built interventions, leaving regular organised sport
relatively overlooked. Moreover, previous work has tended to concentrated on a narrow range of
outcomes. To address these gaps, we conducted a season-long ethnography of a youth performance
sport club based on a novel Realist Evaluation approach. We construed the club as a social intervention
within a complex system of agents and structures. The results are published in this special issue as
a two-part series. In this first paper, we detail the perceptions of former and current club parents,
players and coaches, using them to build a set of programme theories. The resulting network of
outcomes (i.e., self, emotional, social, moral and cognitive) and generative mechanisms (i.e., the
attention factory, the greenhouse for growth, the personal boost and the real-life simulator), spanning
across multiple contextual layers, provides a nuanced understanding of stakeholders’ views and
experiences. This textured perspective of the multi-faceted process of development provides new
insights for administrators, coaches and parents to maximise the developmental properties of youth
sport, and signposts new avenues for research in this area.

Keywords: positive youth development; youth sport; realist evaluation; life skills; personal develop-
ment; psychosocial development

1. Introduction

Over the last 40 years, sport has become integral to the lives of many children and
young people (CYP). Beyond the typical array of physical and mental health and wellbe-
ing benefits ascribed to participation (i.e., enhanced cardiovascular and musculoskeletal
function and lower risk of obesity, diabetes and depression [1–3]), sport is also regularly
presented as a tool to foster psychosocial development [4,5]. Given these potential ben-
efits, governments and communities across the world continue to invest large amounts
of financial and human capital in the promotion and provision of sport [6,7]. Whilst the
physical and mental wellbeing benefits of participation have been studied extensively, a
number of authors have contested the assumption that sport participation inevitably and
automatically translates into psychosocial development [8,9]. Concerns have been raised
that the extant literature fails to clearly define and fully understand the nature and extent
of this phenomenon [8,10,11].

The study of sport as a tool for psychosocial development has been approached from
three related yet distinctive perspectives, namely sport for development (SFD), life-skills
development (LSD) and positive youth development (PYD). SFD is broadly defined as
encompassing programmes that use ‘sport as a tool for development and peace’, aiming
to maximise ‘the potential of sport as a tool to reach personal, community, national and
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international development objectives’ [12]. LSD typically focuses on the capacity for
sport to teach youth the essential skills needed to successfully negotiate the demands of
everyday life [13,14]. Finally, PYD has emerged as a broader field than LSD, focusing on
the contribution that sport can make to foster positive and developmental behaviours and
attitudes in young people, allowing them to thrive and transition successfully into young
adulthood [15,16]. An in-depth review of this broad and extensive literature is beyond the
scope of this paper (for this, see [17,18]). Nonetheless, a brief critique is presented to set the
context for the current paper.

Research emerging from these three perspectives has enhanced our understanding
of the properties of sport as a development agent. However, a number of concerns have
been raised. First, there is no consensus regarding what constitutes personal development
through sport [8]. Second, there is a tendency to study discrete outcomes using experimental
designs to the detriment of establishing an integrated view of the process in natural
settings [19]. Therefore, some authors have called for more process-based research focused
on understanding the underpinning conditions and mechanisms that lead to positive
psychosocial outcomes [13,20]. Finally, the field has been criticised for generally placing
the focus on evaluating purpose-built interventions, thus overlooking regular organised
sport in which most children take part [21]. As a result, some researchers suggest that many
of the claims made for the psychosocial benefits of sport participation are only partially
substantiated and lack ecological validity [8,22,23].

Youth sport researchers are thus being challenged to develop a deeper, systemic
and integrated understanding of the factors and processes that lead to positive develop-
ment [8,17,20,22]. To the best of our knowledge, a comprehensive exploration of sport-
based psychosocial development meeting these criteria has not been conducted to date.
The current study aims to address this gap in the literature through the ethnographic
investigation of a youth performance sport club. In doing so, the new evidence base it
produces will enhance the capacity of sport psychologists, coaches, parents, clubs and
schools to foster positive growth. This evidence base will also be timely; it will contribute
to providing essential political and financial support for youth sport to address the many
harms accompanying the response to, and aftermath of, the COVID-19 pandemic.

2. Study Design and Methods
2.1. Theoretical Framework

To address the gaps identified above, this study adopted a novel realist evaluation
(RE) approach [24,25]. RE typically aims to establish how well a given purpose-built social
intervention achieves its expected outcomes. RE’s unique features have particular utility in
the study of psychosocial development in organised youth sport when sport is construed
and positioned as an organic social intervention embedded within a complex social system.
In other words, environments where, with or without the awareness, intention and volition
of those within it, a series of mechanisms interact, leading to explicit, implicit, desired and
undesired developmental outcomes for all involved.

At an ontological and epistemological level, RE espouses a realist ontology and epis-
temology that accepts the existence of the social and material reality we interact with,
yet states that the claims we can make about knowledge are always partial and never
final. From this perspective, the role of the researcher is to constantly improve the existing
available knowledge [24]. RE emphasises the fundamental role of theory in driving social
research, and the importance of looking beyond quantification and correlation to shed light
on the generative mechanisms affecting choices, behaviours and, ultimately, the outcomes
of a given intervention. RE is thus concerned with the notion and nature of causality,
focusing on “what works for whom, under what circumstances and why” [25] (p. 29).

Despite this focus on explanation and causality, RE accepts that social programmes take
place within fluid and changing systems, meaning they feature flux, self-transformation
and repatterning. Explained as ‘morphogenesis’ [26], RE implies that social interventions
are never implemented in the same way twice, nor under similar conditions. Central to
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this variability is the intervention context. Given that social programmes are embedded
into specific social systems, context is pivotal for how any programme works (or does
not). From this perspective, programme outcomes emerge from a combination of agency
and structure, the interface between the choices and capacities of contributing individuals
and the collective resources at their disposal [24]. The fluidity and dynamism of the
social world makes it challenging for the social evaluator to speak in absolutes or to make
generalisations. Instead, RE recognises that certain elements and processes are relatively
stable, and that these demi-regularities are the “subject matter of realist evaluation” [25]
(p. 6). RE, therefore, subtly balances generalisability with specificity.

At a practical level, social programming and evaluation must start by making ex-
plicit the theories informing programme development and implementation, also known
as programme theories (PTs) [24]. In RE, PTs comprise context–mechanism–outcome
(CMO) configurations that allow researchers to make explicit not only the objectives of a
programme (i.e., the expected outcomes of the intervention) within a specific context(s),
but also the underlying assumptions about how a programme works (i.e., the generative
mechanisms). As blueprints, PTs facilitate looking into the black box of programmes to
establish not only if they work, but for whom, how and why. Having clearly articulated the
PTs, researchers can explore how well these are realised in the “live” environment of the
intervention; if they are not, or they are reached in unexpected ways, researchers can offer
alternative explanations to create an “adaptive theory” [27], which is ever-evolving in light
of new data [28].

Although RE has become a popular philosophical and methodological framework
in social science in the last 30 years, this trend did not reach the sport literature until
recently. RE-based approaches have started to proliferate in sport psychology [29], sport
coaching [28,30], coach development [31], and sport policy [32]. Yet, it has not been used to
explore young people’s personal development in and through sport. In this respect, RE not
only allows, but also requires, researchers to integrate the wide number of ‘everyday’ factors
that constitute ordinary sport club functioning into nuanced and fine-grained accounts of
how psychosocial development may materialise. The resulting accounts will help sport
psychologists, coaches and club administrators to become more effective, proactive and
deliberate in their efforts to support it.

2.2. Study Design

To achieve the above, we conducted a case study investigation of psychosocial de-
velopment in a youth performance basketball club in north-west England. Case studies
entail a detailed examination of an individual unit, case or system, allowing researchers to
achieve a deep understanding of their internal structure and operation [33]. By focusing
on a single unit, case studies make it possible to address the complexity and individuality
of social phenomena [34] in a live context [35]. In the context of previous research in this
area, the case study approach allows researchers to address the need for reality, complexity
and depth in the investigation of psychosocial development because the case being studied
already exists—it is not manufactured for the purpose of the research [33].

Criterion-based sampling was used to select this setting [36]. The criteria included
an environment featuring: (i) a high intensity and frequency of participant engagement
combined with high future stakes (i.e., a professional career); (ii) a hybrid club ethos
combining community- and performance-based values and provision, leading to a wide
range of experiences and interactions; and (iii) an explicit humanistic philosophy combined
with a prolonged high level of success at the national and international level. It is important
to note the lead researcher’s familiarity with the setting, where he has coached for the
last 20 years. The pros and cons of this element were carefully weighed regarding the
balance of insider versus outsider positionality; the research team decided that the benefits
outweighed the potential negative effects. Note also that none of the research subjects
were or had ever been coaches coached by the lead author. On these bases, permission to
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progress with the study was provided by the club Chairman. Approval was subsequently
granted by the Ethics Committee of Leeds Beckett University.

2.3. Participants

Purposeful sampling led to the identification of participants from three distinct sam-
ples: (i) former parents and players who had left the club at least 10 years ago; (ii) current
parents and players; and (iii) current coaches. This aimed to generate two views of the
same phenomenon. The former parents and players offered ‘updated yet retrospective
views’. By contrast, the current parents and players provided ‘contemporary prospective
views’ of their perception of day-to-day development, as well as anticipation of future
benefits. The coaches, having worked at the club for multiple seasons, straddled a full
range of these viewpoints. From an RE perspective, the depth and width of the accounts
generated by such a group allows for a close understanding of the structure and impact of
the whole programme by drawing on personal insights, reflecting different time frames of
engagement and reflecting distinctive experience and expertise [1].

Five club coaches were selected (all male; mean age = 47; SD = 20.61). In addition,
eight former parents (5 male and 3 female; mean age = 58.25; SD = 1.56), and six former
players (all male; mean age = 30.83; SD = 1.77) were purposefully sampled based on their
diverse trajectories after leaving the club (gaining a college scholarship in the US, turning
pro, playing recreationally, etc.). Finally, 10 current parents (5 male and 5 female; mean
age = 46,5; SD = 2.24) and 10 current athletes (all male; mean age = 13.9; SD = 1.57) were
purposefully selected from the under 13 (U13) and under 16 (U16) teams (for full details of
participants, see Table S1a–e in Supplementary Materials).

2.4. Data Collection Methods

A variety of data collection methods were used to elicit the PTs from the three stake-
holder groups. Coaches and former parents and players were asked to take part in in-depth
semi-structured interviews lasting an average of 70 minutes (range of 35 to 121). All
interviews were tape-recorded and transcribed verbatim, producing over 350 pages of
double-spaced text. The interviews commenced with a broad question: ‘In your view,
beyond gaining physical and basketball-related skills, what is the impact of participation in
the club programme at a personal level for the players?’. The interviewees were encouraged
to elaborate on their responses, with examples, to explore different areas. Given the RE
approach, the researcher explicitly probed interviewees to go beyond the identification of
developmental outcomes and to articulate the how and why of these processes, asking
questions like ‘Would you be able to explain to me how this happened?’ or ‘What factors do
you think are responsible for this?’. The interviewees were also explicitly asked to consider
the same issues from a negative standpoint (i.e., ‘From a personal development perspective,
do you see any negative outcomes of being involved in the club?’).

By contrast, current parents’ and players’ PTs were identified through a series of focus
groups (FGs). FG participants were selected working with the team coaches who were
asked to identify a group of individuals with contrasting backgrounds and experiences to
provide a greater variety of accounts (socioeconomic status, ethnicity, squad status, etc.). All
in all, four separate FGs took place: two with U13 (n = 5) and U16 parents (n = 5), and two
with U13 (n = 5) and U16 (n = 5) players. These lasted an average of 52.25 minutes (range
40–72). The FGs included similar questions to the in-depth interview, but in order to elicit
as high a number of responses as possible, the participants were asked to initially write each
developmental outcome on a sticky note and to submit all of their answers into an opaque
container. Subsequently, the researcher took one item at a time out of the box and asked
the participants to come forward to explain what they meant, or if no one came forward,
asked the others if they had a similar experience. Throughout the FGs, the researcher
encouraged elaboration to explore the features of the context and mechanisms that brought
about specific outcomes. The FGs were tape-recorded and transcribed verbatim, producing
over 60 pages of double-spaced text.
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2.5. Data Analysis

The interviews and FGs were analysed using a deductive–inductive iterative process
facilitated by NVivo 10 software [37]. A three-stage process was implemented. First, the
interview transcripts were read once to become familiarised with the content. Second, a
deductive phase ensued in which the transcripts were read a second time, focusing on the
identification of developmental outcomes. In line with RE tenets, this step was theory-
driven and guided by a psychosocial outcomes framework (POF) created by the researchers
through a substantial review of the developmental psychology literature (Figure 1; the full
framework and review is available in the Supplementary Materials). Outcomes that did
not fit into any of the categories of the framework were grouped as ‘Miscellaneous’. In the
final, third stage, the analysis transitioned to an inductive approach focused on identifying
generative mechanisms and their links to specific outcomes and to key contextual features.
This process aimed to build a deep understanding of how coaches, parents and players
construed the impact of participation in sport on psychosocial development.
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Figure 1. Psychosocial outcomes framework.

3. Results

The study results are presented in four sections. The first two introduce the outcomes
and generative mechanisms identified by all stakeholders using the POF as an organising
tool. In the third section, the proposed mechanisms are explored in detail and a new
practitioner-oriented categorisation, based on four broad families, is proposed. Finally, the
fourth section details how the context modulated the impact of participation. For economy,
given the broad range of findings, a combination of summative tables and text is used to
introduce the findings, and interview and FG quotes are used sparingly. Full quotes can be
found in Table S2a,b in the Supplementary Materials.

3.1. Participation-Based Outcomes

The analysis of the interviews with coaches, parents and players elicited a wide array
of both positive and negative outcomes (Table 1).

245



Sports 2022, 10, 47

Table 1. Developmental outcomes of participation in youth performance sport.

Category Positive Outcomes Definition Negative Outcomes Definition

Development of the Self

Positive identity A healthy view of oneself
in the world

Quashed individuality

Low self-confidence

Submission to the group’s
needs above one’s own
A reduced belief in one’s
capability to deal with
day-to-day issues

Sense of hope and life
purpose

A positive outlook of the
future and that one’s life
has meaning

Self-confidence
A belief in one’s capability
to deal with day-to-day
issues

Social Development

Interpersonal skills Competence to interact
positively with others

Social isolation

Selfishness

A sense of being cut off
from friends and relatives
Putting one’s personal
needs and desires above
those of the group

Sense of belonging
A feeling of being part of
something bigger than
oneself

Social capital

A network of people
around oneself which
contributes to positive
outcomes

Cooperation skills
Ability to work with
others for a common
purpose

Leadership attributes Capacity to take initiative
and to influence others

A broader worldview
An understanding of
different perspectives and
experiences

Emotional Development

Emotional wellbeing Overall high mental health
Low emotional wellbeing

General demotivation

Reduced mental health
Lack of motivation to do
things beyond sport

Emotional literacy Understanding of a range
of emotions

Emotional control Being able to emotionally
self-regulate

Cognitive Development

Higher learning ability Capacity to engage in
learning opportunities

None recorded
Enhanced
decision-making

Ability and proactivity to
make decisions

Improved communication
Capacity to express
oneself clearly and
publicly

Moral Development

Respect for others Respecting others’ rights
and feelings

Uncontrolled aggression Bouts of aggression and
hostility towards others

Disrespect for others Lack of respect for others’
rights and feelings

Moral decision-making
Being able to tell right
from wrong and decide
accordingly

Bullying
Purposefully trying to
hurt others physically or
emotionally

Occasional drinking Episodes of drinking with
teammates

Miscellaneous

Work ethic Ability to work hard for
long periods

Competitiveness Desire to do well and
succeed

Self-reliance
Capacity and proactivity
to resolve problems
independently

The springboard effect
Advantages later in life
facilitated by their sport
experiences

A total of 21 positive and 11 negative outcomes were identified across the five develop-
ment areas of the POF and an additional miscellaneous category. The social development
category contained the highest number of positive outcomes (n = 6), whilst moral devel-
opment contained the most negative outcomes (n = 4). With regard to single positive
outcomes, a positive identity, a sense of hope and life purpose, a sense of belonging, a
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broader worldview, higher learning ability and work ethic were the most widely reported
by interviewees. The below quotes illustrate these outcomes:

• Positive identity: “‘I’m pretty popular in my school. I even get away sometimes with
stuff others don’t because I play in the basketball team.” (Kyle, current player)

• Sense of hope and life purpose: “This is what he wants to do, and this is the best
possible place for him to do it in. He is determined to do it and he really feels like this
place helps him get closer to his dream.” (Jerome, current parent)

• Sense of belonging: “Look, at the time, we lived in [name of town], it was a shithole,
we couldn’t even go play outside and everyone was into football or rugby. Driving
into [name of bigger city] to come to the centre was massive for me, having friends
outside [name of town] was a salvation for me.” (Darren, former player)

• A broader worldview: “It was just great to see Sid interacting with all these different
people. Where we live and where he goes to school most people are white middle
class and he built some great relationships with kids that he would have never met
otherwise, and I think that has stood him in great stead going forward to uni and now
work.” (Mark, former parent)

• Higher learning ability: “It improves their concentration span. For him, it has gone
through the roof, he has to pay attention to what coach is saying, to what’s going on
around him, it really has helped him by being constantly exposed to information and
coaching.” (James, current parent)

• Work ethic: “[ . . . ] sheer hard work, the boys learn how much harder they can work than
they thought before. Coaches expect players to be on time, to do what they have to do,
and to respect them and all around them. It builds a great work ethic.” (Coach George)

Conversely, low self-confidence, selfishness and uncontrolled aggression were the most
discussed negative outcomes. The quotes below display examples of these components:

• Low self-confidence: “When they lose an important game or when they don’t play that
much it’s hard, they are proper down and lose confidence. All you can do is comfort
them and wait for them to bounce back.” (Sophie, current parent)

• Selfishness: “You always get two or three in a team that think they are the bee’s knees,
and they become a problem.” (Coach Carl)

• Uncontrolled aggression: “I have said it before, they are a pack of alpha dogs trying to
establish who the uber-alpha is going to be. They all come here having been the best
in their local clubs, and now they have to work out who is top dog. And that can get
hairy sometimes.” (Chloe, current parent)

3.2. Generative Mechanisms

Guided by the RE orientation of the study, identifying the generative mechanisms
proposed by stakeholders was prioritised. Interviews elicited 68 mechanisms involved
in the generation of the 21 positive outcomes (Table 2). Some of these were found to be
more salient due to their involvement in the creation of more than one outcome: love for
the game (n = 6), the inspirational coach (n = 6), success/winning (n = 5), playing other
club roles (n = 5) and diversity (n = 4) were the most salient. Similarly, 16 mechanisms
leading to negative outcomes were reported (Table 3). Internal competition (n = 5) and
negative coaching behaviours (n = 3) were the most prevalent in the generation of multiple
outcomes. Please note the addition of a miscellaneous category to account for outcomes
that did not fit the POF.
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Table 2. Generative mechanisms of positive outcomes of participation.

Development of
Self Social Emotional Cognitive Moral Miscellaneous

Positive Identity
Success/winning
Height as positive
Being cool
Love for the game

Sense of Hope and
Life Purpose
Success/winning
Inspirational coach
Perception of
progress
Love for the game

Self-Confidence
Success and failure
Competence
Being cool
Belonging to wider
family

Interpersonal Skills
Constant interaction
Banter
Social diversity
Including new
players
Co-education
Playing up an age
group
Positive use of social
media
Playing other club
roles
Coach as facilitator
Interface with adults

Sense of belonging
Community spirit
Belonging to wider
family
Soft hierarchy
Common goals
Looking out for
others
Love for the game
Second home
Sense of hope and
life purpose
Success/winning
Inspirational coach
All family involved
High family time
Family sacrifices
Parent as volunteer
One special friend

Social Capital
Belonging to wider
family
Diversity
Playing up an age
group
Contact beyond
basketball
Positive use of social
media

Cooperation Skills
Common goals
Need to cooperate
Understanding role
and hierarchy
From ‘I’ to ‘Us’

Leadership
Attributes
Being the captain
Helping young
players
Doing the right thing

A Broader
Worldview
Social diversity
Travel opportunities

Emotional
Wellbeing
Caring environment
Structure and routine
The social network
All family involved
Letting off steam
Competence
Love for the game

Emotional Literacy
High exposure to
range of emotions
Inspirational coach
Diverse responses to
events

Emotional Control
Standards and
expectations
High pressure
Coping with setbacks
Putting team first
Inspirational coach
Parental support
Parental presence
Strong social network
Steam release
Being ready to learn
and perform

Higher Learning
Ability
Constantly taught
Coaching behaviours
Constant feedback
Setting personal
goals

Enhanced
Decision-Making
Capacity
High-paced
decision-making
demands
Love for the game

Improved
Communication
Interface with adults
Coach as role model
Constant interaction

Respect
Club values
Putting team first
Competition
Being ready to learn
and perform
Playing other club
roles
Social diversity
Skill diversity

Moral Decision
Making
Club values
Love for the game
Competition
Keeping busy

Work Ethic
Club values
Inspirational coach
Internal competition
Success/winning
Family sacrifices
Career ambitions
Playing other club
roles

Competitiveness
Inspirational coach
High pressure

Self-Reliance
Standards and
expectations
Lack of parental
support
Career ambitions
Playing other club
roles

The Springboard
Effect
Playing other club
roles
Strong social network
Perceived added
value of sport
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Table 3. Generative mechanisms of negative outcomes of participation.

Self Social Emotional Cognitive Moral Miscellaneous

Quashed
Individuality
Putting team first

Low Self-Confidence
Internal competition
External competition
Negative coach
behaviours
The parent coach

Social Isolation
Lack of social time
Being different in
school

Selfishness
Burning desire to win
Internal competition
Parental behaviours

Lowered Emotional
Wellbeing
Pressure
Lack of social time
Lack of study time
Negative coach
behaviours
Intra-team bullying

General Demotivation
Love for the game

None recorded

Occasional Drinking
Steam release

Uncontrolled aggression
Internal competition
External competition
Parental behaviours
Negative coach
behaviours

Disrespect and Bullying
Daily internal
competition
Being different in school

None recorded

3.3. Classifying Generative Mechanisms

Further to identifying the generative mechanisms and their associated outcomes,
the mechanisms were grouped into related families. This exercise aimed to simplify the
emerging complex picture and to start building a useable framework for practitioners. Four
major groups of mechanisms were identified and named: (i) The Greenhouse for Growth;
(ii) The Personal Boost; (iii) The Attention Factory; and iv) The Real Life Simulator. These
families are defined below and presented in Tables 4 and 5.

Table 4. Summary of generative mechanisms leading to positive outcomes by family.

The Greenhouse for Growth The Personal Boost The Attention Factory The Real Life Simulator

Club Ethos
Club humanistic philosophy
and values
High standards and
expectations

Coaches’ Behaviours
Coach as inspiration
Coach as facilitator
Coach as role model

Parental Support/Influence
All family involved
Family sacrifices
Parental presence (or lack of)
and contribution
Proactive parental
management by the club

Social Support/Influence
Soft hierarchy
Community spirit and
belonging
Common goals
Looking out for others
One special friend
The social network
Second home
Interface with adults

Experience of Success
Exposure to success and
failure
Perception of progress and
competence
Sense of hope and purpose

Athletic Kudos
Being cool
Height as positive

Steam release
Letting off steam

Love for the Game
Personal infatuation with the
game
Collective infatuation with the
game

A Purposeful Life
Career ambitions
Structure and routine
Sense of hope and purpose
Short- and mid-term personal
goals
Keeping busy

Competition
High pressure
Coping with setbacks
Internal and external
competition
Playing up

The Team
Putting team first
Understanding roles and
hierarchy
Constant interaction
Healthy banter
Including players
Looking out for others
Do the right thing
Chance to be a captain

Learning
Being constantly taught
Constant feedback
Setting personal goals
High-pace decision-making

Diversity
Social diversity
Geographical diversity

Mini-Workplace
Playing other club roles
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Table 5. Summary of generative mechanisms leading to negative outcomes by family.

The Greenhouse for Growth The Personal Boost The Attention Factory The Real Life Simulator

Club Ethos
Putting team first (quashed
individuality)

Coaches’ Behaviours
Negative teaching
Negative emotions

Parental Support/Influence
Parental negative influence
The overinvolved parent

Social Support/Influence
Being different
Lack of social time
Bullying

Experience of Success
Exposure to success (feeling
superior to others leading to
disrespectful behaviours and
a general sense of entitlement)

Steam Release
Letting off steam (leading to
negative behaviours such as
uncontrolled aggression or
occasional drinking)

Love for the Game
Personal infatuation with the
game (leading to general
demotivation to do anything
other than sport)

Competition
High pressure
Pathological desire to win
(leading to immoral decisions)
Internal competition
External competition

3.3.1. Greenhouse for Growth

‘The Greenhouse for Growth’ relates to the built-in features of the setting that lay the
foundation for the club to become a source of personal growth rather than just a sporting
venue. Our ‘greenhouse’ allusion is intended to reflect generalised notions of a nurturing
environment and climate. Four sub-categories were identified (i.e., club ethos, coaches’
behaviours, parental support/influence and social support influence), incorporating a
further 17 mechanisms.

3.3.2. Personal Boost

‘The Personal Boost’ focuses on the capacity of participation in performance sport
to generate elevated states of mind (i.e., happiness, joy, satisfaction, elation, pride, etc.)
leading to increased player wellbeing and a strengthened drive to stay involved in the sport
and the club. Three main sub-categories were associated to this family (i.e., experience of
success, athletic kudos, and steam release) containing six mechanisms.

3.3.3. Attention Factory

‘The Attention Factory’ revolves around the notion of sport participation providing
athletes with a clear focus in life that (i) leads to positive behaviours and outcomes and
(ii) individuals use to confirm their personal agency. This attentional focus also acts as a
protective shield and deterrent against negative sport-based attitudes and behaviours and
insulates against engaging in rivalrous conducts seen (by most adults) as undesirable. Two
sub-categories of mechanisms were created (i.e., love for the game and a purposeful life)
encapsulating a further seven mechanisms.

3.3.4. Real Life Simulator

Finally, ‘The Real Life Simulator’ relates to the idea that participation in youth per-
formance development sport micro-replicates elements of the ‘adult world’. From this
perspective, participation offers inexperienced young athletes multiple opportunities to
practise facing and resolving challenges and situations that may recur in their future lives
at university and/or in work. This family contains five sub-categories (i.e., competition,
the team, learning, diversity and mini-workplace), encompassing 19 single mechanisms.

Tables 4 and 5 summarise the mechanisms and sub-mechanisms in each major theme.
This secondary analysis, aimed at increasing the practical application of these findings
for coaches and club administrators, led to the further distillation of the mechanisms
presented in Tables 2 and 3, with some of them merging into a single theme for a new total
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of 49 mechanisms. A full depiction of the four families of mechanisms with sample quotes
can be found in the Supplementary Materials.

3.4. Importance of Context

In keeping with the RE approach, the study also reflected on the impact of the specific
context in which the club operated on the range of outcomes and mechanisms discussed by
the contributors. Following the work of Pawson [25] (p. 37), we addressed four contextual
layers: (i) individuals (i.e., the characteristics and capacities of the various stakeholders
in the programme); (ii) interpersonal relationships (i.e., the stakeholder relationships that
carry the programme); (iii) institutional settings (i.e., the rules, norms and customs local
to the programme); and (iv) infrastructure (i.e., the wider social, economic and cultural
setting of the programme). Individuals and their relationships will be treated jointly, as the
interviewees reported them as inseparable.

3.4.1. Individuals and Interpersonal Relationships

Four main groups of stakeholders were identified: club officials, coaches, parents and
players. The club officials and coaches were primarily ex-high school teachers or past club
players with a stated ‘genuine’ disposition to care for others, supplemented by years of
successfully working with young people in school and sport settings. Their unity drove
‘what the club was about’: prioritising positive relationships and personal development
over winning and external success. The parents typically felt this grouping of officials and
coaches was key to the club operating as it did: this group provided the smooth alignment
that integrated everyone at the club, while activating every player and every team to
develop individually in positive ways.

Parents also played a significant part in the workings of the club. As a diverse cohort
with a broad range of backgrounds (i.e., ethnic, educational and socioeconomic), parental
involvement was typically and mainly seen as positive. Three profiles were described by
the parents and coaches during the interviews and focus groups: (i) ‘peripheral parents’,
who tended to stay outside of the activities and maintained a predominantly transactional
relationship with the club; (ii) ‘rarely-seen parents’, who were typically working shifts,
having to look after younger siblings or simply living too far away and having no transport;
and (iii) ‘core parents’, who became club volunteers, playing roles such as team manager,
mini-bus driver, table official, fund raiser, or match steward.

Parental dispositions reflected the levels and styles of engagement. Playing-based and
player-based outcome expectations moderated this experience. Most parents recognised
the slim chance of their son making a living out of basketball; they instead emphasised the
‘added value’ of participation as their main concern. For fewer parents, winning national
titles, playing for Great Britain and getting a college scholarship were the main drivers for
involvement. The ‘added value’ group deployed more adaptive and supportive attitudes;
they focused more on the positive developmental outcomes of participation and less on
their son’s playing time or performance. They were relatively content to ‘belong’ and to
feel ‘included’ in the club environment. This attachment style may be moderated by the
characteristics of the players, as described below.

The players, like their families, were also highly heterogeneous. Two main elements
differentiated player experience and outcomes: (i) the level of parental support; and (ii) the
pecking order within the club in terms of their expected progress. High parental support
was linked to greater confidence, emotional wellbeing and emotional control. However,
it was also connected to a sense of entitlement, or, in the case of overinvolved parents, to
lowered confidence and outbursts of bad temper. Consistently ‘low’ parental support often
created space for players to develop their resilience and self-responsibility, leading them to
take charge of their own management and progress.

In relation to the playing pecking order, having high prospects and extended playing
time was related to positive identity, a strong sense of hope and life purpose and higher
confidence. Yet, a high ranking was also linked to taking a different interpersonal stance;
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selfishness and disrespect for lower-ranked players were noted. By contrast, players ranked
lower risked developing low self-esteem, decreased emotional wellbeing and were prone
to selfish acts to compensate. Despite this risk, powerful integrative and developmental
daily routines (i.e., individualised training plans) coupled with a strong sense of identity
meant that only few lower-ranked players exhibited these problematic responses.

3.4.2. Institutional Settings

The institutional settings incorporate the rules, norms and customs local to the pro-
gramme. Four main features were reported: (i) the explicit humanistic ethos of the club—
rooted in the personal beliefs of the club founders; (ii) inclusivity—the club hosted both
a national league programme and community leagues, and operated a low-cost policy to
facilitate access; (iii) member expectations—all club members were expected to contribute
to its smooth running by embodying its positive principles and carrying out the required
chores; and (iv) the role of the basketball centre—the building itself created a socially rich en-
vironment that contributed to the development of a strong sense of belonging and enhanced
wellbeing. As a result, the perception amongst all interviewees was that club members
tended to spend much more time at the facility than was required by their training schedule.
In effect, the basketball club seemed to operate as a de facto community centre where players
and parents gathered to share in their love of the sport and each other’s company.

3.4.3. Infrastructure

With regard to the wider social, economic and cultural setting in which the programme
is embedded, a number of elements warrant special attention: (i) set in an inner-city
neighbourhood of a large city in the north of England, the centre attracts a broad range of
families from multiple ethnicities and socioeconomic backgrounds. Inner-city young people
from lower income families shared the space with high income youths living in suburbs as
far as 40 miles away. This diversity was seen by the interviewees as a catalyst for positive
development, mirroring the real world and providing the children with a wider perspective
and broader horizons; (ii) the northern location strongly translated into a sense of ‘northern
identity’ characterised by grit, toughness and a need to prove oneself to ‘The South’; and
(iii) the minority-sport nature of basketball in the UK underpinned the development of a
marked ‘cult-like identity’. Belonging to a very unique ‘baller’ community, with a distinct
lifestyle, leisure profile and sense of fashion, created a common identity. The low national
profile of the sport with few professional opportunities also meant that the players and
their families typically aspired to gain a scholarship to a USA college on completion of
their secondary education. This facilitated a greater focus by the club on the long-term
development of the players and on the prioritisation of academic achievement by players
and their families.

In sum, the above description of the multiple layers of the context and their impact
on the generative mechanisms and developmental outcomes serves to re-emphasise the
integrated, multi-dimensional and highly individualised nature of the sport experience for
young players. Table 6 provides a summary of the most salient contextual features.
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Table 6. Most salient contextual features.

Most Salient Contextual Features

Individual and Interpersonal Level
Personal values and beliefs
Socioeconomic status
Coaches’ professional background
Parental involvement and attitudes
Pecking order

Institutional Level
Club ethos
Club status
Club owned facility
High contact time

Infrastructure
Minority sport
Lack of professional pathways

4. Discussion

This study used an RE approach to study psychosocial development in youth sport
in a novel way. This part one account has detailed the perceptions of former and current
club parents, players and coaches, using them to build a set of programme theories: config-
urations of outcomes, context and mechanisms. The resulting network of outcomes and
generative mechanisms spanning multiple contextual layers provides a nuanced under-
standing of stakeholders’ views and experiences. To respond to the many and dynamic
needs of young people and the people who support them, the club appears to respond
with a similarly complex offer, embodied by expectations and accountabilities built into its
routines, practices and rituals. In line with the previous literature, no silver bullets for posi-
tive development were reported in this club [8,9]; instead, the high expectations placed on
club members, and a group of stakeholders who were energised and committed to sacrifice
and to hard work, done well and persistently, appeared to drive the outcomes [10,17,38].
Innovatively, this paper offers a textured perspective of the multi-faceted process of devel-
opment. In doing so, it moves the study of psychosocial development in sport beyond the
limitations of the existing research and identifies the depth and integration of what goes
into creating developmental experiences in sport [19,20].

The results highlight the complex and systemic nature of the development process
wherein a variety of factors and elements combine, interact and catalyse in multiple, non-
linear ways to produce highly individualised outcomes. Within this context, and in line
with previous research, the figure of the coach was revealed as a key modulator and
catalyst [19,28,39]. Finally, in line with the previous literature, the study found that, despite
a broad range of possible outcomes resulting from sport participation, the players’ internal
and external assets and the personal narrative they attached to the experience all played a
powerful role in determining the scale of their development [20,40].

Central to the novelty of this study, the use of an RE methodology addresses previous
calls for using a more systemic and process-based research approach [13,19,20]. Identifying
an emerging network of outcomes and generative mechanisms, filtered by individual,
relational, institutional, and infrastructure contextual features, as hinted at by Kochanek
and Erickson [41], this study moves beyond the typically reductionist approach taken in
existing work. In doing so, it adds depth and practicality to current theoretical conceptuali-
sations [13,20,42–44]. Likewise, this investigation answers the need to conduct ecologically
valid research [21,23] by studying psychosocial development in a live organised youth
sport setting, where the majority of the participants and practitioners operate. Moreover,
this paper problematised development in youth sport by highlighting the potential for both
positive and negative outcomes [8,9,22].
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Most importantly, however, the strength of this study lies in highlighting the intricacy
of youth sport as a developmental system. This is linked to the complexity of human devel-
opment [45] and the myriad actors and potential generative mechanisms that combine—in
multiple ways—to interact with the young person’s existing assets and personal narra-
tives [38]. Unsurprisingly, this leads to highly individualised outcomes. Despite this
inherent complexity, as called for in previous literature [21,23], using the RE framework has
helped to make these intricate processes more accessible to practitioners [25]. By identifying
and then classifying a clear set of developmental outcomes and mechanisms, sport psychol-
ogists, coaches and programme leaders are provided with a concrete menu of options to
facilitate programme design and implementation. Similarly, the study highlights the return
on investment from deploying a tailored, deliberate and integrative approach to personal
development in organised sport [5,10]. This calls for all stakeholders to reconsider how their
existing programmes address this wide range of features in their day-to-day processes.

Notwithstanding these findings, this paper represents only one half of the RE process.
Once the stakeholder’s PTs are established ‘on paper’, it is necessary to test how these
elements and processes feature in the ‘live’ environment. This ‘coalface’ analysis may
reveal previously unseen components and relationships that challenge existing participants’
views; it may also unearth important new areas of inquiry and implementation. Layder
refers to this process as the development of “adaptive theory” [27], the never-ending cycle
of refining existing theory based on new emerging data to arrive at new insights. To
address this, part two of the study, also published in this special issue, details the full-
season ethnographic immersion of the lead author into the club’s environment. Through
this multi-stage process, part two will also present an evidence-based, theory-driven and
practitioner-oriented model of psychosocial development in youth sport, together with
recommendations for future research.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/sports10040047/s1, Table S1a–e: Participant demographic data. Table S2a,b: Generative
mechanisms quotes examples.
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Abstract: This study aimed to explore the potential for sport to support psychosocial development
in young people in a youth performance setting using a novel realistic evaluation approach. Part
1 of this two-paper series published in this Special Issue identified the programme theories—how
the programme is supposed to work. A wide and deep network of context, generative mechanisms
and outcomes responsible for psychosocial development in this youth performance basketball club
emerged. The first paper also concluded that the outcomes and the experience are highly contextual
and individualised. In this second part, the stakeholder’s programme theories were tested during a
full-season ethnography of the same club. Immersion in the day-to-day environment generated a
fine-grain analysis of the processes involved, including: (i) sustained attentional focus; (ii) structured
and unstructured skill-building activities; (iii) deliberate and incidental support; and (iv) feelings indi-
cating personal growth. Personal development in and through sport is thus shown to be conditional,
multi-faceted, time-sensitive and idiosyncratic. The findings of this two-part study are considered to
propose a model of psychosocial development in and through sport. This heuristic tool is presented
to support sport psychologists, coaches, club administrators and parents to deliberately create and
optimise developmental environments.

Keywords: positive youth development; youth sport; realist evaluation; life skills; personal development

1. Introduction

Sport has the potential to support positive outcomes in young people. Part 1 of this
two-paper series provided a detailed review of existing literature in this area and of its
shortcomings. By way of a summary, extant search has positively linked sport participation
to physical and mental health and wellbeing. Likewise, prior studies have also highlighted
the capacity for sport to foster psychosocial development in young people. However,
our review also showed that previous studies have tended to evaluate purpose-built
interventions, leaving regular organised sport relatively overlooked. Moreover, previous
work has tended to concentrate on a narrow range of outcomes and methodologies. To
address these gaps, we conducted a season-long ethnography of a youth performance sport
club using a novel realist evaluation (RE) approach [1,2]. This methodology has never been
used before in the study of psychosocial development in youth sport.

RE typically aims to establish how well a given purpose-built social intervention
achieves its expected outcomes. RE’s unique features have particular utility in the study of
psychosocial development in organized youth sport when sport is construed and positioned
as an organic social intervention embedded within a complex social system. In other words,
these are environments where, with or without the awareness, intention and volition of
those within it, a series of mechanisms interact, leading to explicit, implicit, desired and
undesired developmental outcomes for all involved. RE emphasises the fundamental role
of theory in driving social research and the importance of looking beyond quantification
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and correlation to shed light on the generative mechanisms affecting choices, behaviours
and, ultimately, the outcomes of a given intervention. RE is thus concerned with the notion
and nature of causality.

Part 1 of this two-paper series focused on identifying key stakeholder programme
theories (PTs) related to psychosocial development in a youth performance basketball club
in the North of England. Former and current players (n = 16), their parents (n = 18), and
current coaches (n = 5) took part in in-depth semi-structured interviews and focus groups.
Current players and parents belonged to the Under 13 (U13) and Under 16 (U16) squads.
The analysis elicited a deep network of interrelated positive and negative developmental
outcomes, generative mechanisms and salient features of the context. The findings also
highlighted the complex and systemic nature of the PYD process, where factors and
elements combine, interact and catalyse in multiple, non-linear ways to produce highly
individualised outcomes.

In line with the adopted RE approach, this second part of the study tested the pre-
viously proposed stakeholder PTs in the day-to-day workings of the club. This ‘coalface’
analysis was deployed to establish, or refute, the validity of the respective PTs and reveal
previously unseen components and relationships that may challenge the espoused accounts.
Layder [3] describes this “adaptive theory” as the never-ending cycle of refinement of exist-
ing theory based on new emerging data to arrive at new insights [4]. This second phase also
aimed to develop and present an integrative model of psychosocial development to support
sport psychologists, coaches, club administrators and parents to create and optimise other
developmental environments.

2. Study Design and Methods
2.1. Study Design

As part of the case study methodology described in part 1, the second part of the
study was comprised of the lead author conducting a full-season ethnography of a youth
performance basketball club. To the best of our knowledge, no ethnography accounts
of psychosocial development in youth sport exist in the literature. Wolcott [5] describes
ethnography as the process of learning about culture as manifested through distinct and
observable patterns of socially shared behaviours. Ethnographers, therefore, aim to gain
a deep understanding of the functioning of social groups and of the implications for the
group and its members. However, this understanding of culture must come from the
viewpoint of the group members [6]. Therefore, central to all different interpretations of
ethnography is that it includes “a commitment to first-hand experience” [7] (p. 34) in the
shape of “direct and sustained social contact with agents” [8] (p. 5).

The study used Wolcott’s experiencing-enquiring-examining framework [5]. Experi-
encing revolves around participant observation and, in some cases, the researchers’ own
participation. Enquiring requires that we ask participants about “what’s going on”(p. 49).
Examining involves the study of documents and artefacts produced in the environment.
As a result, ethnographic researchers need to remain flexible in using a wide variety of
research methods depending on how social life unfolds [9].

Notwithstanding this need for methodological elasticity, Wolcott’s framework indi-
cates that ethnographers must start with intent: the researcher creates in advance a clear
understanding of what is to be studied. For Wolcott, “fieldwork must be preceded by
mindwork” (p. 70). From this perspective, ethnography acts more as a philosophy of how
to conduct research rather than a method or technique to be employed [9]. Ethnography is
thus theory-driven yet dynamic and adaptable to deal with the varying demands of the
‘live’ environment. An ethnographic approach thus fits well within the broader RE theoreti-
cal framework of the study and its focus on explanation and causality in the complex and
multi-layered context of a social intervention.
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2.2. Study Setting

As described in part 1, a youth performance development basketball club in North
West England was identified following a criterion-based sampling process. Criteria in-
cluded an environment featuring: (i) high intensity and frequency of participant engage-
ment combined with high future stakes (i.e., a professional career); (ii) a hybrid club ethos
combining community- and performance-based values and provision, leading to a wide
range of experiences and interactions; and (iii) an explicit humanistic philosophy combined
with a prolonged high level of success at the national and international level. It is important
to note the lead researcher’s familiarity with the setting, where he has coached for the
last 20 years. The pros and cons of this element were carefully weighed regarding the
balance of insider versus outsider positionality; the research team decided that the benefits
outweighed the potential negative effects. Note also that none of the research subjects
were or had ever been coaches coached by the lead author. On these bases, permission to
progress with the study was provided by the club Chairman. Approval was subsequently
granted by the Ethics Committee of Leeds Beckett University.

2.3. Participants

The study focused on the U13 and U16 boys squads. A single-gender approach was
chosen due to the female section of the club being nearly completely run separately from
the male side. The squads were comprised of 15 players each, with fluctuations over the
course of the season due to injuries and late additions. Due to the location of the club in
an inner-city and its performance-based nature, the club attracts a broad range of young
people and families from varying socioeconomic statuses and ethnicities. Whereas part 1
focused on a small number of participants from each squad, this second part took into
consideration the experiences of all squad members and their families and coaches (for
full details of participants, see Paper 1 of the series and its Supplementary Materials from
Paper 1). Moreover, given the full immersion of the lead author within the club, other
inhabitants of the setting also contributed to the study by interacting with the researcher
purposefully and explicitly, or in passing, during his visits to the club.

2.4. Data Collection

The lead author spent a full season (August to May) in the field. The emerging
collection of context-mechanism-outcome networks (CMONs) described in part 1 was used
to guide the researcher during the immersive period. The researcher purposefully sought
to ascertain, refute and/or refine the presence of these networks in the club environment.
During the immersion period, a variety of data collection methods were used. These are
described using Wolcott’s experiencing-enquiring-examining framework.

Experiencing. The researcher attended 32 practices and 16 matches involving the U13
and U16 squad over the course of the season (approximately half of the total number of
training sessions and matches during this period). A mix of targeted observations—guided
by the CMONs—were alternated with more casual engagements, where the researcher
adopted a broader outlook. This mix of approaches helped the researcher to “make the
familiar strange, and the strange familiar” [5] (p. 89).

Enquiring. Over the season, the researcher regularly spoke to coaches, parents and
players, with conversations ranging from one-liners said in passing and casual 5–10 min
courtside conversations to formal in-depth interviews. Some specific interactions were
initiated by the researcher to address a specific agenda and shed light on a particular CMON.
All observations and interactions were recorded as fieldwork notes and subsequently
transcribed using a word processor to generate over 250 pages of double-spaced data.

Examining. The researcher reviewed all available documentation of the club’s history,
goals, philosophy and values from the club website (i.e., club statement, club philosophy,
coach, parent and player codes of conduct, club safeguarding policy, etc.). Additional club
promotional materials were also collected (i.e., club leaflets, holiday camp brochures, and
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information circulars). All these supplementary sources of information were analysed in
relation to the identified CMONs looking for corroboration or discrepancies.

2.5. Data Analysis

Once data were collected, the analysis took place. It progressed from the generic to
the specific and back to the generic. First, the researchers interrogated the extent to which
the proposed categories of mechanisms presented in part 1 were seen in the day-to-day
activities of the club. A deductive-inductive analysis was conducted using NVIVO-10 [10].
Once specific mechanisms were established, the researcher attempted to link them to the
outcomes—positive and negative—and contextual features described in stage one. The
final analytical step integrated the findings from both stages of the project, aiming to
develop a holistic, systemic understanding that supported the presentation of a theory-led,
practitioner-oriented model. Within this was a commitment to identifying generic good
practice, higher-level principles that might inform specific developmental practices in other
sport-based environments.

2.6. Reflexivity

In conducting the ethnography, the issue of reflexivity was also explored and con-
sidered. Reflexivity is the process and practice of becoming aware of how researchers’
personal histories, expectations, resource opportunities and constraints impact the way
they conduct and interpret research [9]. The issue of the researcher as insider/actor/agent,
far from denuding the value of ethnography-based research, offers the opportunity to
explore and attempt to grasp situations and occurrences which other approaches cannot
begin to apprehend [5]. It is important, however, that researchers using this approach
place themselves within the context of the investigation and openly acknowledge their
relationship with others within it [9,11]. Although ethnography will always feature some
idiosyncrasies [5], the ethnographer must present as much evidence as justifies making
specific claims.

3. Results

Findings are presented in three sections. First, we introduce the confirmatory analysis
of the generative mechanisms, contextual features and outcomes following the immersive
period. Second, we describe the idiosyncratic nature of the experience and the contrasting
ways in which each young person engages with the club’s developmental systems. Finally,
by bringing together the findings across both phases of the study, we aim to present an
evidence-based model of psychosocial development in this setting. For economy, obser-
vational notes and participant quotes have been minimised. Pseudonyms and unique
identifying events are used to prevent the identification of individuals. In the case of club
co-founders Coach Jack and Coach George (pseudonyms), identifying them and their real
name is easy to do, given that it is feasible to determine the lead author’s club affiliation.
Thus, explicit permission has been sought and granted from them to publish this paper.

3.1. Confirmation of Generative Mechanisms, Contextual Features and Outcomes

Part 1 identified four major families of mechanisms responsible for driving or preclud-
ing psychosocial development in sport: (i) The Greenhouse for Growth; (ii) The Personal
Boost; (iii) The Attention Factory; and (iv) The Real-Life Simulator (Figure 1). ‘The Green-
house for Growth’ revolves around the setting features that create a context in which young
people secure personal growth. ‘The Personal Boost’ focuses on the distinctive capacity
of participation in performance sport to generate elevated states of mind (i.e., happiness,
joy, satisfaction, elation, pride, etc.). ‘The Attention Factory’ relates to the notion of the
club’s ‘way’ of doing sport participation, providing athletes with a clear focus in life that
activates personal agency. Finally, ‘The Real-Life Simulator’ is linked to the idea that
participation in youth performance development sport intentionally and unintentionally
simulates elements of adult life.
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Phase 1).

3.1.1. The Greenhouse for Growth

The notion of the club as a space endowed with fertile developmental ‘soil’ and optimal
‘weather’ for growth was confirmed during the club visits. A further two mechanisms were
identified, namely, time and opportunity and the demands of the game (Table 1). In this
section, we review each mechanism as they were encountered in the field.

Table 1. The Greenhouse for Growth—complete mechanisms post-immersion.

The Greenhouse for Growth

Club Ethos
Coaches’ Behaviours

Parental Support/Influence
Social Support/Influence

Time and Opportunity (new)
The Demands of the Game (new)

The club ethos became an inescapable theme. Underpinned by the club’s mission ‘to
provide opportunities for all sections of the community regardless of ability, background,
gender or age’, it could be said that the club’s modus operandi revolved around two key
elements: (i) prioritising the development of the human over the player; and (ii) high,
non-negotiable expectations that all stakeholders contribute to this overall outcome. Obser-
vations revealed the key role played by the club founders in maintaining a focus on this big
purpose. Former high school teachers, Coach Jack and his wife Mary, and Coach George
(all of them in their 70s) set the tone for the rest of the club. Jack’s attitude, especially, was
repeatedly highlighted as the club’s cornerstone. As a score-keeper and guardian of the
club standards, Jack was known for upholding strong values and willingly enforcing them
with no concern for his public image:

“Look, he can be a pain in the backside, but someone has to be prepared to do
that or the club will go down the drain. He was out for a few months because
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of [health issue] and you could see the club starting to slip up because no-one
was prepared to do what he does. Not even Coach George (co-founder) would be
able to do that.” (Coach James)

In addition, coaches’ behaviours were consistently seen as central to the greenhouse
effect. Notwithstanding this, parents expressed a clear preference for the coaches they
favoured for their children. Parents saw older coaches like Coach Jack, Coach George and
Coach Dean as more encouraging and personable. In contrast, some of the younger coaches
were deemed “too in your face and aggressive” (Sophie, parent), which risked damaging
individual players’ self-esteem, which was typically regarded as fragile. Observations
during matches and training sessions confirmed the existence of these two relatively
different approaches to coaching. As they got older, however, players favoured the more
aggressive and “army-sergeant like” (Julius, parent) approach. Michael, one of the U16
players, said:

“I love Coach Marvin’s style. He is pushing us very hard because that’s what we
need now. We need to be in shape and be strong physically and mentally. If we
can’t cope with training, how are we going to cope with the games?”

Notwithstanding these preferences, coaches whose style met the needs of specific
players were generally described as inspirational, facilitative and as great role models.
Jennifer, one of the mothers, explained:

“Coach George and Coach Dean were tremendous for my son. They turned a shy
and timid boy into a happy and confident lad just by guiding him carefully and
showing him a lot of love. They are wonderful role models.”

Parental support and influence were also corroborated during the immersion period.
Parents were constantly seen contributing to the functioning of the environment or, as
Coach Jack put it, “mucking in”. This included undertaking the duties of team manager,
bus driver, fund-raiser, and many other chores. For some parents, this became almost a
part-time occupation. U13 Team Manager Natalie is a prime example, as can be seen in
the following:

Observer notes, 10 March—Training session 6–8 p.m. at the club:
Natalie, the team manager for the U13s, makes me giggle. Perhaps I’m being judge-

mental but it’s amazing what people will do for their kids. Natalie is in her mid-40 s, quite
overweight and sporting a bright spray tan, full make-up, extremely long nails and massive
earrings. Surely, she doesn’t belong on a basketball court, but here she is, running around
the place in her heels collecting subs, sorting out transport for the weekend’s game and
organising kit and refreshments. And she is loving it and thriving in this role. When I ask
her about it, all she says is: “I love it. I’d do anything to help my kid, but I actually enjoy
dealing with all this, I’m quite bossy you know”. Then she runs away chasing some parent
who hasn’t paid yet.

The notion of social support and influence also featured strongly during live obser-
vations. The community hub nature of the club manifested itself at different levels. Club
members used the facility more as a traditional youth club than as a performance sport
club. Young people were seen constantly hanging around the centre, spending inordinate
amounts of time “just chilling and meeting people” (Kyle, player). Thanks to its open-door
policy, players came and went constantly from the moment school finished to the moment
the building closed. Often, players had to be chivvied off the premises by the coaches.
Likewise, the co-educational nature of the club, which did not feature in Phase 1, became
prominent in Phase 2. Parents saw this positively: “look, they are 15, they are going to be
into girls, I’d much rather they do it here in this safe space where we know the girl and we
know their family too and what they are into” (Megan, parent).

Two new processes were, however, elicited in Phase 2. ‘Time and Opportunity’ relates
to the large amounts of time players spend at the club and the opportunities this afforded
for positive change. During Phase 1, time was construed as a constraint with implications
for school, social and family life. During the immersion period, interpretations of time

262



Sports 2022, 10, 48

shifted to one of being much more of an enabler of opportunity; it was because of time,
especially ‘better-than’ time, that participation at the club produced positive personal
development. Jerome, a parent, put it like this: “any time spent at the basketball centre is
better than what they could be getting up to in the street corners or on the PlayStation”.

The second novel mechanism elicited during Phase 2 related to the impact of the
traditions and rules of the sport. As defaults, these acted as silent, organic mechanisms
to support personal development. For instance, basketball rules place special importance
on the behaviour of players and coaches, strictly enforced by referees in all games; this is
accepted by all as part of the game. As one of the parents put it: “basketball people are
nice; football is horrible, our son used to play football too and they get away with blue
murder.” (Nadine, parent). Moreover, the game mandates other positive traditions such
as the respectful ritual handshakes pre- and post-game with opposition and referees and
the relationship-building hosting of a home-made finger buffet for the visiting team after
each game.

3.1.2. The Attention Factory

Participation in this basketball club was seen by stakeholders as providing young
athletes with a clear and sustained focus. This sustained engagement was viewed as a
protective shield, deterring against negative attitudes and lifestyles. In Phase 1, two major
sets of sub-mechanisms were proposed: (i) love for the game and (ii) a purposeful life
(Table 2). While these elements were corroborated across the immersive season, on-site
observations and discussions with the stakeholders provided further insight and texture.

Table 2. The Attention Factory—complete mechanisms post-immersion.

The Attention Factory

Love for the Game
A Purposeful Life

Player’s ‘Love for the game’ was the most discussed and observed mechanism through-
out the ethnographic period. Parents regularly reported how their kids were enthralled by
the sport. Jennifer, one of the mothers, shook her head while she said: “all my son wants to
do in his spare time is basketball, come to the centre, in the back garden, in videogames,
watching it on TV or YouTube, that’s all he has time for”. In this narrative, passion for
the sport was seen as the first step in achieving a host of positive outcomes, including
protection from typical dangers and distractions of the teenage years or the development
of a healthy lifestyle. Nevertheless, for some parents, this passion became a liability in its
own right. Sophie explained:

“His newly found ability in basketball has given him a lot of confidence and
self-belief, but at the same time, that’s all he wants to do, he is not motivated to
study more or put the same level of effort into anything else.”

Likewise, the notion of basketball providing ‘A purposeful life’ was salient during
the immersion period. Most players expressed the ambition of securing a US college
scholarship to represent Great Britain and play basketball professionally. This desire
provided clear life goals, focus, purpose and direction. With such ambitions, first steps
were acknowledged; do well in their GCSE exams (i.e., end of compulsory education in
the UK at 16 years of age) and do extra work to refine basketball and physical skills. With
this ‘purpose’, both parents and players recognised the value of the club for providing and
requiring engagement in demanding, positive structures and routines. Kenny, a player for
the U16 squad, clearly describe this impact:

“I know that the days I have training, I have to get well organised, come from
school, get my homework done straight away, have some tea, rest, and go to

263



Sports 2022, 10, 48

training. I know that by the time I come back, I’ll be knackered and good for
nothing but food and bed.”

3.1.3. The Personal Boost

The capacity of sport participation to generate elevated states of mind and increased
player wellbeing and intrinsic motivation was regularly confirmed during the ethnography.
Phase 1 interviews established three sub-themes: (i) experience of success; (ii) athletic
kudos; and (iii) steam release. The immersion period elicited a further central component:
fun and enjoyment (Table 3).

Table 3. The Personal Boost—complete mechanisms post-immersion.

The Personal Boost

Experience of Success
Athletic Kudos
Steam Release

Fun and Enjoyment (new)

The experience of success was consistently reported as imperative for securing many
of the positive outcomes achieved by these young athletes; for instance, it was reported
to be necessary to the development of the self (i.e., self-esteem, positive identity) and for
enhanced social development (i.e., belonging). At this club, success was experienced at
various levels. Of course, winning matters at this club. The club’s record of over 60 national
titles in the last 20 years is unmatched nationwide. Success was also enjoyed vicariously by
parents. Julius, a U16 parent, said in this respect: “every day (they) walk into the centre
and look up and see the banners on the wall with all the titles. They want to have their
team’s name on that banner next year, every year”. The presence of these banners and the
attention paid to them provided further reinforcement about the importance of committing
to working hard to play and do well.

Success was also experienced at the individual level through the constant provision
of opportunities for players to improve (and to prove) their competence. Club officials
continually looked to create extra opportunities for high-quality competition to stretch
the players. These include opportunities to ‘play up’, playing against older and more
experienced teams, organising competitive tournaments, and creating their own internal
leagues when external competitions were insufficiently challenging. Over the course of a
season, coaches regularly and deliberately put players in situations well beyond the players’
comfort zone; knowing that coaches only did this with adaptable players helped to create
player confidence, which was then amplified by good experiences and positive reflections
on the experience.

In relation to athletic kudos, players reported that playing basketball increased their
‘street cred’ (Israel, U16 player). Being recognised as a good basketball player afforded
them a powerful social cache. For instance, Kenny, a bubbly and lanky 15-year old with a
reputation for being difficult to manage, saw basketball as his ‘saving grace’ in school:

“I got into a bit of trouble in school, being a bit stupid you know, trying to get
attention, but because I am a good ball player they let me get away with some of
it, they need me for the basketball team you know.”

Players reported that being good at basketball made them unique amongst their
peers. For example, when they met new people through non-basketball friends, they were
introduced along the lines of “this is the basketball guy I told you about”, and this, for
them, was “cool” (Israel, U16 player). Often, their superior height, which may have been
a negative factor in younger years, had become a real asset in their teens. Jayden (U16)
jokingly explained it as becoming “a bit of a chick-magnet”.

As for the potential for sport to act as a release valve, players were observed to arrive
at the centre shortly after school finished to spend in excess of three to four hours a day
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on the premises. This was most common in the older groups, who were free to travel
independently; they would use that time in team training, doing self-training, ‘shooting
around’ or just chatting to others until 10 p.m. Training was characterised by high levels
of exertion, regardless of age group. The fatigue this produced, and the need for quality
sleep, helped to ensure that players would have little time and energy to dedicate to other
activities (positive or negative).

Finally, the quality of time spent at the club highlighted the overall experience as
‘better than’ many alternatives, especially for experiencing ‘Fun and Enjoyment’. Players
were observed during self-training sessions, normally in pairs or small groups, genuinely
enjoying practicing the sport and regularly smiling and ‘laughing out loud’. This fun and
enjoyment was also evident in organised sessions or competitive matches. Observations of
coach-led training highlighted how coaches strived to balance the fine-tuning of technical
and tactical work and drills with activities where the main goal was to offer free play
so players could enjoy themselves. In this context, it was common to witness player’s
exhilaration and excitement.

3.1.4. The Real-Life Simulator

Many of the features of participation at the club resembled elements of the real world.
‘Adult-life-like’ situations were presented regularly and often to players at earlier ages than
most of their non-club contemporaries. These experiences were laden with real meaning
and consequences but were possible because of the psychological safety built through
regular exposure to the club environment. The major themes proposed during phase one
were confirmed in stage two and included: Competition; The Team; Learning; Diversity;
and Mini-Workplace (Table 4).

Table 4. The Real-Life Simulator—complete mechanisms post-immersion.

The Real-Life Simulator

Competition
The Team
Learning
Diversity

Mini-Workplace

Parents and players saw the club environment as “loaded with competitive pressure
from multiple angles” (Amy, parent). Pressurising elements included internal competition
(i) for securing selection to the weekend squad, then (ii) for playing minutes during matches,
and (iii) to perform well during training and matches. Wider forms of ‘pressure’ arose from
the uncertainties of the annual review to retain squad membership in the following season,
competitive selection for Great Britain squads, and the challenges around securing a US
scholarship. While acknowledging the inherent difficulties of dealing with this volume
of pressure at early ages, both parents and players felt it fostered positive development
because it was framed by the support provided by the club’s day-to-day ways of working.
Many offered a relatively stoic view of this phenomenon:

“ . . . pressure is part of life. They have to get used to it and learn to deal with it,
with the failures and the disappointments. Better to do it in this safe environment
than waiting to be out in the real world.” (Eva, parent)

Players were equally pragmatic and stressed that “if you can’t take the pressure you
shouldn’t play national league” (Jayden).

With regard to being part of a team, the opportunity to learn to work as part of a group
was widely valued. Understanding different roles, hierarchy, and the importance of disci-
pline and doing one’s job well to maximise the chance of group success were all highlighted.
Coaches consistently reinforced good team behaviours and readily reprimanded negative
alternatives. For example, during one training session, a player threw a tantrum after a
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series of bad plays. The coach immediately stopped the session and shouted: “Who do you
think you are? This is not about you, this is about the team, and what you are doing now
is hurting the team!”. Being part of a team also created opportunities to lead others. This
experience was highly valued by parents and players, as explained by U16 player Mikael:

“This year I have had to step up. I wasn’t the new guy anymore and there was less
slack. I feel I have become much more of a leader; I have learnt to talk to people
and reason with them to get them to do what they need to do for the team.”

The immersion period not only confirmed but also offered extra detail on how par-
ticipation increased players’ learning capacity. A number of recurrent practices, however,
did not appear to align with current learning theory; coaches often used lengthy verbal
explanations, and many chose to dictate every move, allowing little room for players to
contribute. New technologies (e.g., iPads, video analysis, etc.) were rarely used in teach-
ing/coaching; instead, coaches relied on formal instruction. During ‘coaching episodes’,
players were generally in one of two groups: those who seemed fully engaged, and those
who appeared disengaged and even bored. Often, coaches made no clear effort to engage
the disengaged players. Likewise, some players displayed sub-optimal learning attitudes,
including poor listening skills and/or reluctance to accept external feedback.

Paradoxically, however, players relished every chance to direct their own learning
when they were away from coaches and regular team sessions. By observation and in
conversations, players were deeply committed to improving their skills. Players were
seen videoing each other so they could analyse their own performance to find areas for
improvement. Players watched YouTube videos of NBA player workouts to pick up drills
they could try on their own. They were also regularly seen peer coaching and were
comfortable with peer learning. Community leagues and holiday camps were also fertile
ground for peer coaching and for players to explore their skills in a less controlled and
structured setting.

Regarding diversity, Phase 2 showed the broad demographic range of individuals in
the club environment. At the time of the study, club coaches came from the UK, USA, Iran,
Lithuania and Spain, and the senior team included players from the UK, USA, Spain and
Greece. In the national league programme, many players belonged to migrant families
who came to the UK as a result of the 2008 recession (particularly from Poland, Spain
and Portugal, where basketball is a mass sport). In addition, many players had roots in
former British colonies, especially from the Caribbean and Africa. Moreover, diversity was
enhanced by competing against, and meeting with, players from different English cities
during national league games and in international tournaments. For parents and players,
the developmental benefits of this situation included: (i) experiencing different cultural
approaches to life; (ii) broadened horizons; and (iii) learning to deal with a variety of people
and situations.

“It was just great to see him interacting with all these different people. Where we
live and where he goes to school most people are white middle class and he built
some great relationships with kids that he would have never met otherwise, and
I think that has stood him in great stead going forward to uni and now work.”
(Mark, parent)

Finally, regarding the club environment as a mini-workplace, the ethnographic period
revealed that few players were taking direct advantage of these opportunities. Opportu-
nities for work came with refereeing and coaching in the community leagues and camps,
contributing to cleaning the centre, and volunteering during club events. A small group
of players actively pursued these opportunities; through them, they could practice ba-
sic workplace skills and attitudes, including time-keeping, planning, responsibility and
accountability.

The ethnographic period thus served to confirm, refute and refine the findings of Phase
1 of the case study. Although the mechanisms are presented as four discrete categories
to ease understanding, on the ground, they represent a complex network of interdepen-
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dencies and causal relationships. Mechanisms interacted in multiple ways to foster visible
developmental outcomes. Two major principles appear to govern this network: (i) specific
developmental outcomes are affected by multiple mechanisms; and (ii) specific mechanisms
influence many networks, meaning they may simultaneously contribute to generating a
number of developmental outcomes.

3.2. The Idiosyncratic Nature of Development

The process of apportioning causality is complex, and participant and researcher inter-
pretation is required to connect the developmental dots. Findings from this current study
confirm that personal development in this youth performance setting was significantly
more nuanced and textured than previously described. The fine-grained detail provided
by this case study enhances our understanding of this phenomenon. In the following
section, focus is placed on the different ways in which sport was experienced and used by
different athletes.

Phase 1 concluded that the experience of this programme was unique to each player.
Phase 2 confirmed that the internal and external assets of the young person strongly
influenced the activation of causal mechanisms and thus the generation of outcomes. Con-
sidering the overall findings, four processes were identified to explain this differential: (i)
few mechanisms were universally available in equal measure; (ii) no available mechanism
was optimised by all participants; (iii) psychosocial outcomes of participation were me-
diated and moderated by individuals’ social environments; and (iv) critical life incidents
conditioned the personal narrative and the meaning of the experience. These principles
will be elaborated upon separately.

3.2.1. Few Mechanisms Were Universally Available in Equal Measure

Examples of mechanisms affected by this included parental support/influence, coach
behaviours, social support/influence, athletic kudos, mini-workplace and diversity. We
concluded that the availability and causal strength of mechanisms tended to be modulated
by a series of factors. For instance, some parents were unable to regularly support their
child for multiple reasons: i.e., being a single-parent family, caring for other siblings, work
commitments, or compromised finances. This created impacts at different levels and had
both positive and negative effects. The story of Aki illustrates this point.

Aki lives quite a few miles away from the basketball centre in a different town. His
parents are immigrants from an African country, work evening jobs and do not own a car.
He takes 3 separate buses (a 75-min journey in total) to get to basketball. Aki says that this
has made him resourceful and self-reliant, because he cannot just sit around and wait for
his mother and father to take him to baskestball. He wishes his parents came to basketball
more, however, because he says they struggle to understand why he loves it so much and
have tried to talk him out of it a few times; they think it may harm his education.

3.2.2. No Available Mechanism Was Optimised by All Participants

Specific conditions either initiated, postponed or prevented the activation and opti-
misation of some generative mechanisms. These conditions typically related to the young
person’s internal characteristics or assets. Playing level and progression potential are prime
examples. High-ability players secured and enjoyed more playing time and, resultingly,
higher status. In a virtuous spiral, these players had more exposure to success, meaning
their popularity and public and self-esteem rose again. Likewise, coaches saw players’
emotional and cognitive maturity as central to activating some positive mechanisms. Play-
ers could be exposed to similar contexts, yet their individual developmental status could
produce widely differing outcomes.

“They are all so different and react to things in such a different way that this
helps them understand emotions much better. The kids come from very different
backgrounds and have very different coping mechanisms.” (Coach Carl)
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3.2.3. Psychosocial Outcomes of Participation Were Mediated and Moderated by
Individuals’ Social Environments

The quality and intensity of the engagement with these additional contexts plays a
powerful role in determining, mitigating or enhancing the impact of sport participation.
The club environment either reinforced outcomes that were primed by or already well
developed by other environments. For instance, U16 parent Jamal said: “Yes, the club
has taught some very good values to Simon, but they ain’t no different to the values we
have tried to teach him at home. We wouldn’t have him here if that weren’t the case.” In
contrast, for other players, participation in the basketball club compensated for deficiencies
in other settings. Antonio, a U14 player who had recently arrived in the UK from a southern
European country, was a perfect example. His mum and dad explained:

“Thank goodness for basketball. The poor child arrived with very basic English
and terrified of having no friends in this cold country. He was a real sod on the
plane and for the first couple of weeks of being in England, until we found this
place. The moment he stepped through the doors here his face lit up. He has
made lots of friends, regained a lot of confidence and learnt lots of English.”

3.2.4. Critical Life Incidents Condition the Personal Narrative and the Meaning of
the Experience

The second phase of the case study offered a privileged window into the personal
journey of a number of players and their families who had experienced ‘critical life incidents’
(CLIs). These CLIs included loss of a sibling or parent, parental divorce, family illness,
moving to a new country, bullying in school, socioeconomic deprivation, or social isolation,
and each played a central role in their personal narrative and how they interpreted their
sport experience. CLIs created a strong personal narrative whereby sport was framed as
bringing a sense of accomplishment and justice. The narratives found at the club tended
to fall into one of two categories: (i) ‘reconstruction’, which was defined as shifting from
pain and suffering into happiness and accomplishment; and (ii) ‘against the odds’, which
was defined as moving from humble beginnings or disadvantaged situations to high
achievement. The below examples portray both narratives.

Reconstruction: Two families in the U13 squad, Amy and Andy and Patricia and
Matthew, told harrowing stories. Amy and Andy’s family endured first the loss of a sibling.
Then, Amy developed cancer, and recently, a young sibling was badly burnt in a home
accident. Matthew and Patricia went through a very traumatic divorce from Matthew’s
dad, a violent drug addict. In both cases, basketball became the vehicle through which
they tried to rebuild their life. The three key mechanisms linked to this reconstruction
process included spending as much time as possible at basketball, finding solace in the
social network provided by the centre, and, especially for Andy, experiencing success and
enjoyment on a regular basis.

Against the odds: Mikael, a U16 player that had recently migrated to the UK from
another European country, provides an example of this narrative. His family originated
from a war-torn African country and had fled to Europe looking for asylum. When he
arrived in the UK, he spoke no English. Mikael explained how he had always felt he had
to work twice as much as everyone else to show them all that he was a worthy human
being. In basketball, he had found a welcoming environment where he could excel and
be supported by likeminded young people that took him under his wing. Mikael threw
everything into basketball, and that ‘under siege’ mentality never left him. Now 18, he is at
university and working at a sports goods superstore in town. Basketball was the catalyst
for him.

3.3. A Summary Model of Psychosocial Development in a Performance Development Club

Having established a wide range of outcomes, mechanisms and context networks
and determined the idiosyncratic nature of development, the next section will present an
integrative summary model of psychosocial development as seen in this basketball club
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(Figure 2). The model brings together the findings of both phases of the study in a coherent
and practical way to aid sport stakeholders in making sense of the full range of factors and
processes involved.
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Figure 2. Psychosocial development model in a performance development basketball club.

3.3.1. The Young Athlete

The model starts by acknowledging that the outcome of the experience of sport is
significantly influenced by the internal and external assets at the young person’s disposal,
the influence of other developmental contexts, and the personal narrative attached to
the sport experience. Any of these factors may be activated to direct specific generative
mechanisms to bring or inhibit valued developmental outcomes. Given the range of
experiences and the ways in which club experiences may cause activation, every sport
experience and trajectory is highly individualised.

3.3.2. A Network of Mechanisms and Outcomes

Four major families of mechanisms were elicited: (i) The Attention Factory; (ii) The
Greenhouse for Growth; (iii) The Personal Boost; and (iv) The Real-Life Simulator. The
Attention Factory comprises all mechanisms that direct and enhance the players’ focus
and thus provide clear direction and objectives in sport and beyond. The Greenhouse
for Growth is linked to mechanisms that provide ‘fertile ground conditions’ for positive
development, especially such as the club ethos, atmosphere and social support; all require
player compliance, meaning that ‘growth’ is readily and easily tested and seen. The
Personal Boost refers to features of the experience that increase self-worth, self-esteem and
greater personal wellbeing. Lastly, The Real-Life Simulator relates to exposure to situations
that replicate adult life. This experience, supported by club-based adults, prepares players
to better resolve them in the future.

Although presented in four discrete categories, this case study shows that these
mechanisms form a complex network. Mechanisms interact and catalyse in multiple ways
to foster or preclude developmental outcomes. Two major principles govern this network:
(i) single developmental outcomes are typically affected by a combination of multiple
mechanisms; conversely, (ii) single mechanisms are characteristically involved in multiple
networks responsible for different outcomes. Establishing causality is challenging and very

269



Sports 2022, 10, 48

likely futile if the aim is to find ‘silver bullet’ solutions. Psychosocial development in youth
performance settings is a complex multi-level and multi-directional process. The nuanced
analysis provided by this case study, however, contributes to making its components more
accessible and intelligible.

3.3.3. Personal Development

This investigation confirmed the suitability of the psychosocial developmental out-
comes framework created during the literature review stage (see part 1). The five categories
of cognitive, emotional, social, moral and self-development appropriately encompass the
majority of athletes’ personal outcomes. The study also confirmed a significant level of inter-
dependence between developmental outcomes whereby some outcomes are gatekeepers to
the generation of others. Notwithstanding this, each developmental outcome was linked to
a set of mechanisms and the preconditions required for their activation and utilisation. The
traditional realist evaluation nomenclature of context-mechanism-outcome configurations
and catalogues was substituted by the newly coined term ‘context-mechanism-outcome
networks’. This term brings to the fore the ambiguous reality of social life where multiple
preconditions and generative mechanisms constantly interact in the production of outcomes
over time.

3.3.4. Time and Recurrent Experiences

This research underlines the utility of additional time (frequency and duration) spent
on engaging with the sport experience. For any type of change or adaptation to occur,
sustained exposure to a stimulus is required. The club environment was stimulating in
many ways, especially by being time-affluent and experience-rich. Moreover, this near-
limitless supply of time facilitated players’ engagement in endless cycles of experience,
feedback and attitudinal and behavioural adaptation, while being diverted from other
unhelpful behavioural choices. By spending more time at the club experiencing positive
growth, they became progressively more skilled in capitalising on opportunities for growth.
For players experiencing negative adaptations, opposite pathways prevailed.

3.3.5. The Context

A final piece in the development jigsaw is the multi-layered nature and textured
influence of the context for creating and moderating conditions that lead to positive per-
sonal development. Pre-existing individual characteristics determine the starting point for
growth at the point of joining this club. From there, players engage with the inevitabilities
of the club’s day-to-day routines, and this activates important developmental mechanisms.
The number and nature of players’ interpersonal relationships within the club and beyond
the club combined to impact development. Unsurprisingly, coaches, parents and peers
played an essential part in socially-based development. In addition, specific institutional
characteristics, including the non-negotiables of a strongly humanistic club philosophy, its
‘cross-roads’ geographic location, and a longstanding commitment to competitiveness, all
contributed systems that mandated responsiveness and, therefore, personal development.
Likewise, the infrastructure, understood as the external conditions—including levels of
funding—all impacted the way the sport was, and this coloured the way players developed.
Specifically, the minority and non-professional character of basketball in the United King-
dom created additional drivers for self-sufficiency, resilience and proactivity, all important
markers of personal development.

4. Discussion
4.1. The Nature of Development

The findings of this case study show psychosocial development as a conditional,
multi-faceted, time-sensitive and highly individualised phenomenon. Given the relevance
and the essential dynamism of context, offering a deterministic and infallible view of the
development process is futile. Positive development can thus be considered a ‘wicked
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problem’ (i.e., a problem with multiple interdependencies, no single solution, and no clear
stopping point) within a complex system [12]. Nevertheless, this study has shown the
development process can still be reduced to a set of basic principles that can be transferred
to diverse settings and contexts. A wide-lens approach has been adopted to distil these
key principles and processes to generate a synoptic view of psychosocial development in
sport. This evidence-based catalogue of options can inform sport psychologists, coaches
and all other stakeholders in the creation of psychosocially ‘competent environments’ [13]
to support development in young people.

The study shows the cyclical, repetitive and sustained nature of the development
process—a system of repetition. It suggests a constant flow of interactions between the
individual and the environment and acknowledges the mutable condition of the individual
and the setting. Heraclitus’ famous aphorism, “No man ever steps in the same river
twice, for it is not the same river and he is not the same man” [14] (p. 29), could be
adapted for youth sport to read “No young person goes to the same club twice, for it
is not the same club, and they are not the same person.” Psychosocial development is
thus the result of ongoing and multi-level cycles of experience, feedback, reflection and
adaptation players consciously and subconsciously engage with during their participation
at the club which, over time, and in line with previous studies, lead to significant and
long-lasting changes [15–19]. Notably, we show this affecting not only players but also
parents and coaches.

4.2. The Process of Development

The present study contributes to advancing the field and supporting practitioners on the
ground by identifying four processes (or families of mechanisms) that mediate development.

4.2.1. The Attention Factory (Attentional Focus)

The study suggests that the compelling effect of the sport—its power to grab the
young players’ attention and imagination—was central to its success. Without focused
attention and commitment to the activity—deep attention—the impact is reduced due to
lack of meaning and significance [20,21]. Innovatively, the study identified that attention
is driven by two parallel processes: first, a basic stimulus-reward system, where certain
‘reward-rich’ activities and features ‘hook’ athletes to the setting; and second, the life-
affirming nature of other mechanisms, which provided a clear and distinct life purpose.
These were magnified by the socially satisfying elements of that experience (i.e., belonging
to a cohesive group). Attention can thus be driven both autonomously, quasi-organically
and deliberately through the systems put in place by key stakeholders.

4.2.2. The Real-Life Simulator (Structured and Unstructured Skill-Building Activities)

Once attentional focus is achieved, skill-building activities are essential to ensure
development [22]. Some of these activities can be structured and planned to deliver clear
personal development goals (i.e., classroom-based workshops, doing chores that contribute
to the running of the club, etc.). Other activities may be more organic and unstructured
in nature (i.e., inherent diversity at the club, exposure to teaching, the demands of the
game, etc.). Significantly, the present study shows that repeated and consistent exposure
to relatively low-key activities within this club was important and successful for building
individuals’ internal assets. This underlines the ongoing debate about the extent of develop-
ment arising from serendipity versus ‘by design’ activities [23–27]. The evidence developed
through this study suggests that both pathways coexist and should be addressed, if only
because the pathways to impact are so complicated and hard to isolate [23].

4.2.3. The Greenhouse for Growth (Deliberate and Incidental Support)

Having a supply of personal and personalised support appears to modulate psy-
chosocial development in sport [28]. An explicit humanistic philosophy embodied by all
stakeholders, ensured by recruiting individuals with a genuine caring disposition into key
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positions, especially coaches and club administrators, guarantees that few players could
consistently escape, or purposely avoid, this experience. Support may be provided in
two ways. It can be deliberate and purposeful, built into the routines of the adults in the
setting (i.e., welcome meetings, discussion sessions, general and casual check-ins, crisis
management help, and regular communication with families). Other approaches may occur
within the spontaneous functioning of the networks of club supporters, including parents
(one’s own and others’) and all other social actors within the setting, including teammates
and club members. Together, all these elements enhance personal wellbeing, encourage
players to be ever-ready to capitalise on any development opportunity, and buffer against
the negative effects of participation [23,29].

4.2.4. The Personal Boost (Feelings of Personal Growth)

The fourth developmental process involves regularly experiencing feelings of per-
sonal growth. A consistent sense of betterment and achievement has been shown to
encourage recommitment to the activity, creating a virtuous cycle of engagement and
re-engagement [30,31]. Over time, recurrent and multiple opportunities to interact with the
various developmental mechanisms available in the club increase the chances of practicing
different developmental behaviours [29]. These feelings of growth come from a variety
of sources. Players were provided with regular opportunities to experience tangible suc-
cess, personal kudos, and the increased sense of personal worth and identity gained from
belonging to a large community of interest.

Taken together, the process of personal development can be summarised using the
unattributed adage, “The best gift we can give our children is roots to grow and wings to
fly”. Basketball provided the attentional focus, and the deliberate and incidental support
provided the roots. The ground conditions provide motivational nutrients and a stable
climate to support growth. Complementing these conditions, both structured and unstruc-
tured skill-building opportunities and the regular provision of feelings of personal growth
equipped players with the confidence to grow their wings and fly towards better versions
of themselves.

4.3. Differentiated Impact—The Young Person Who Was, Who Is, and Who Will Be

Despite evidence of the co-existence of the above-described processes, the impact of
the experience is widely divergent. In line with recent studies, this paper refutes the naïve
belief of sport offering a ‘magic bullet’ with inherent properties that bring universal benefits
regardless of how it is delivered and experienced [32–35]. Operating with distinctive
thresholds and activation points, generative mechanisms were highly unique; often, it
was not possible to predict their activation and, as a result, even less possible to know
how players might react when they were activated [36]. In line with Bronfenbrenner’s
bioecological model of human development [37], the elements young people derived
from participation reflected person-specific drives and experiences. In the current study,
prominent person-specific factors were internal disposition, external assets and personal
narratives. Further, these factors interacted to mould the young athletes’ behaviours and
interactions, depending on the settings and dynamic qualities of the context.

General and sport-specific psychosocial development literature has espoused Bronfen-
brenner’s views on human development [38–40]. However, research in sport has tended to
emphasise environmental factors [41–43] and the actions of significant others like coaches,
parents and peers [44,45]. Few studies have addressed how any players’ initial personal
characteristics influence subsequent developmental trajectories. Recent exceptions include
Pierce et al.’s model of transfer in life skill development [18,36], and Holt et al.’s grounded
theory model [39].

In these models, the starting point for understanding the transfer of life skills from
sport to life is the internal and external assets of the young person, alongside their autobio-
graphical experiences. The findings of the current case study align with these models. The
current study also signals the need for coaches, administrators and parents to respond to
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individual characteristics and to create opportunities that: (i) increase the development of
each player’s internal disposition; (ii) buffer any potential negative effect of external assets;
and (iii) allow players to become familiar with their own personal narratives and identities.
Deliberately and momentarily shifting to consider the young person who ‘was’, how they
appear ‘now’ and the young person who ‘will be’, is central to supporting the dynamic,
idiosyncratic processes of development.

5. Conclusions

This case study shows that participation in performance sport affects young people’s
development. This occurs whether or not sport psychologists, coaches, programme design-
ers, parents or players intentionally plan for it. The current findings, however, provide a
comprehensive yet distinctively individualised and multi-layered picture of the conditions
and processes that support positive development. They do not describe any young person’s
development. The anonymous adage, “The best gift we can give our children is roots to
grow and wings to fly,” summarises our findings. The generic principles distilled from this
specific case provide a useful starting point for developing more programmes to support
the positive development of more young players. In the wake of COVID-19, the findings
may be especially relevant for supporting continued investment in and re-engagement
with sport.

The study also showed the value of using a RE approach for the investigation of
psychosocial development in sport. It helped to generate a detailed account of the process
and also helped in understanding its idiosyncratic nature. This notwithstanding, in recog-
nising its limitations, we can recommend future research directions. Longitudinal tracking
and measuring specific developmental outcomes may yield new insights. Likewise, our
limited focus on a single club, age group and gender calls for further studies. Variously,
these may corroborate, refine or refute the programme theories presented in this paper.
Similarly, studies focusing on the internal and external assets and personal narratives of
individuals may provide additional awareness of how these elements condition the short-
and long-term impact of the experience.
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Abstract: The purpose of this study was to adopt the Personal Assets Framework (PAF) to examine the
immediate, short-term, and long-term developmental outcomes associated with relative age effects
(RAEs) in male cricket. As such, this study was comprised of three aims: (a) examine the birth quarter
(BQ) distribution of players throughout the England and Wales Cricket Board (ECB) national talent
pathway (i.e., Regional U15, Regional U17, England U19, England Lions, England T20, England ODI,
and England Test; n = 1800; immediate timescale), (b) explore the youth-to-senior transitions based on
BQ and skill-set (i.e., batters and bowlers; short-term timescale), and (c) analyse the average number
of games played at senior levels based on BQ and skill-set (i.e., long-term timescale). A chi-square
goodness of fit test, Cramer’s V, odds ratios, and 95% confidence intervals were used to compare the
BQ distributions of each cohort against the expected BQ distributions. In the immediate timescale,
results showed that relatively older players were overrepresented throughout all the youth levels
(p < 0.05, V = 0.16–0.30), whereas there were no differences at senior levels (p > 0.05, V = 0.05–0.15). In
the short-term timescale, when the senior cohorts were compared to the expected BQ distributions
based on the Regional U15 cohort, relatively younger players were more likely to transition from
youth to senior levels (p < 0.05, V = 0.22–0.37). In the long-term timescale, relatively older batters
were selected for more games (p < 0.05, V = 0.18–0.51), whereas relatively younger bowlers were
selected for more games (p < 0.05, V = 0.17–0.39). Moving forward, it is important for researchers and
practitioners to better understand how (bi)annual-age grouping shapes developmental outcomes in
across different timescales (i.e., immediate, short-term, and long-term), as well as consider alternative
grouping strategies and RAE solutions.

Keywords: talent identification; talent development; expertise; youth cricket; batting; bowling

1. Introduction

Identifying athletes with the potential to achieve expertise at adulthood is a contem-
porary challenge for many national governing bodies in sport [1]. In the context of cricket,
the England and Wales Cricket Board (ECB) are tasked with the design, implementation,
and evaluation of their respective national talent pathway in order to facilitate the next
generation of senior international players. However, the difficulty of accurately predicting
future performance abilities can result in biases during the selection process into talent
pathways [2,3]. Particular selection and developmental biases that have been consistently
highlighted in the literature are relative age effects (RAEs) [4]. Relative age effects illustrate
that when athletes are banded according to (bi)annual-age groups, those who are born
near the beginning of the cut-off date are often overrepresented in recreational and talent
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pathways compared to those who are born towards the end [5]. Indeed, it is important
that stakeholders employed at the ECB and in youth cricket settings better understand
how RAEs may affect their talent pathway, in order to ensure they are using resources
most effectively, providing an equitable system, capture a wide pool of potential talent,
and better understand how they may impact individual development based on skill-set
(i.e., batters and bowlers). Possible explanations that have been offered for RAEs include
the enhanced physiological and psychosocial skills of relatively older athletes, which allows
them to outperform their relatively younger but age-matched peers [6–9]. More specifically,
if relatively older athletes are selected because of their physiological and psychosocial
qualities, they may gain access to more coaching and competition opportunities, which
could allow them to become better athletes in the long-term [8–10]. In comparison, studies
have shown detrimental effects for relatively younger athletes, such as limited selection
opportunities, lower participation, and higher dropout rates [11,12].

Despite being vulnerable to RAEs, little research specifically in cricket exists. Indeed,
where it does, early evidenced was offered through limited sources. For instance, RAEs in
cricket were first studied in a Letter to the Editor [13], which analysed the birth distribution
of British male county competition based on their skill-set during the 1990/91 season.
They revealed RAEs in fast bowlers but not for spin bowlers, batters, or wicketkeepers.
However, it should be noted that their cut-off dates were misinterpreted, since the April 1st
to March 31st were used in-line with the cricket season, whereas the annual selection year
representative of national normative data (i.e., September 1st to August 31st in the UK)
is generally accepted as the appropriate analysis procedure [14]. Thereafter, using such
approach, conference proceedings [15,16], as well as unpublished doctoral thesis data [17],
found no evidence of RAEs in senior level cricket. Interestingly, however, RAEs across
Under (U)12 to U17 English cohorts have been revealed, whereby those born earlier in the
annual selection year were overrepresented compared to those who were born later (birth
quarter [BQ]1 = 32–44% (i.e., born in September, October, or November) vs. BQ4 = 11–15%
(i.e., born in June, July, or August)); although there were no statistically significant RAEs at
U19 level (e.g., BQ1 = 29% vs. BQ4 = 20%) [17]. It is important to note that the number of
years included in this study varied considerably and only included limited longitudinal
data that may not fully capture the longevity of RAEs throughout the ECB talent pathway.

More recently, RAEs were examined in the male and female Australian youth national
championships and senior state competition [18]. Results indicated that players born in
the first quartile of the cricket season were significantly overrepresented in male U15,
U17, and U19 levels, as well as female U15 and U18 levels (BQ1 = 34–38%), compared
to the fourth quartile (BQ4 = 16–20%). In contrast, there were no significant differences
at the senior state levels for either male or female cricketers. In comparison to senior
levels, RAEs were investigated in ‘super-elite’ senior international test cricketers over a
20-year period according to eleven performance criteria [19]. Results revealed RAEs were
prevalent when all skill-sets were combined, and was also observed for the batting and spin
bowling skill-sets; although no RAEs were found for the pace bowling skill-set. Similarly,
it was shown how England senior international spin bowlers were relatively older when
compared to their England senior professional counterparts [20]. Moreover, career batting
averages of England senior international players were used to create samples of high-
performing and low-performing batters [21]. Results showed how ‘high-performers’ were
1.6 times more likely to be born in BQ1 compared to BQ4, whereas there was no significant
difference in the BQ distribution for the low-performers. Contrastingly, however, other
research has showed how RAEs did not discriminate between English senior international
and professional batters [20]. Indeed, this supports other existing cricket research that
illustrates how differential RAEs are contingent on batting or bowling skill-sets. Upon
examining the youth-to-senior level transition, a ‘reversal effect’ of relative age was reported
in the ECB national talent pathway [22]. They showed how relatively older players were
significantly overrepresented at youth level (e.g., BQ1 = 36% vs. BQ4 = 16%), whereas a
significantly greater proportion of relatively younger players successfully transitioned to
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senior international levels (e.g., BQ1 = 2.5% vs. BQ4 = 6.7%). Although these preliminary
findings serve as a useful opening, they did not consider various competition levels,
skill-sets, or performance outcomes at adulthood. Thus, it would be worthwhile further
exploring the mechanisms of RAEs in the ECB national talent pathway in order to better
understand who is at risk of RAEs during the immediate, short-term, and long-term
timescales in cricket.

In an effort to better understand the far-reaching implications of RAEs, this phe-
nomenon can be examined through the lens of youth development. Indeed, grounding
relative age research in theory is imperative to advancing this field [23,24]. As an example,
an initial model was offered by Hancock and colleagues [9], which focused on the role
social agents (i.e., parents, coaches, and athletes) in creating and perpetuating RAEs. Shortly
thereafter, Wattie and colleagues [25] suggested a constraints-based model (i.e., individual,
environment, and task) to explain RAEs. Although there are several applicable youth
development models, this current study puts forward the Personal Assets Framework
(PAF [26–28]) as a representation of development in sport by drawing from the context
of cricket. Based on work in developmental and sport psychology, the PAF suggests that
there are three key ‘dynamic elements’ required for sport development to occur, including:
(a) personal engagement in activities (i.e., the what), (b) appropriate settings and organi-
sational structures (i.e., the where), and (c) quality social dynamics (i.e., the who). When
these elements interact with each other, an immediate sporting experience is created that can
influence short-term (e.g., competence, confidence, connection, and character; ‘the 4Cs’) and
long-term (e.g., performance, participation, and personal development; ‘the 3Ps’) develop-
mental outcomes [29]. By highlighting the key mechanisms (i.e., the dynamic elements) and
desired outcomes (i.e., immediate, short-term, and long-term), the PAF provides a useful
framework to summarize the potential implications of RAEs on developmental outcomes
in sport.

The purpose of this study was to explore the immediate (e.g., selection at youth levels),
short-term (e.g., youth-to-senior transitions), and long-term (e.g., games played at senior
levels) developmental outcomes due to RAEs in male cricket based on skill-set (i.e., batters
and bowlers) through the lens of the PAF. As such, this study was comprised of three aims,
including: (a) examine the BQ distribution of players throughout the ECB national talent
pathway (i.e., Regional U15, Regional U17, England U19, England Lions, England T20,
England ODI, and England Test; immediate timescale), (b) explore the youth-to-senior
transitions based on BQ and skill-set (i.e., batters and bowlers; short-term timescale), and
(c) analyse the average number of games played at senior levels based on BQ and skill-set
(i.e., long-term timescale).

2. Methods
2.1. Sample and Procedure

Participants included for this study were selected into the ECB national talent pathway
between the years of 1998 to 2020 (n = 1800). The duration of years varied based on the
data that was available for each cohort. The respective duration of years for each cohort
are outlined in the tables in the results section. The full dataset that was available for each
cohort was gathered to provide the most accurate possible representation. In-line with the
ECB national talent pathway, participants were selected for either: (a) Regional U15 (n = 914;
a total of 65% of birthdates were publicly available for the Regional U15 cohort), (b) Regional
U17 (n = 296; a total of 94% of birthdates were publicly available for the Regional U17
cohort), (c) England U19 (n = 170), (d) England Lions (n = 131), (e) England T20 (n = 91),
(f) England ODI (n = 103), and (g) England Test (n = 95). All data was extracted from the
public website Cricket Archive [30]. Aligning with the English annual-age group cut-off
dates, this methodology divided the year into four equal BQs, starting with September 1st as
month one and ending with August 31st as month twelve [1]. Accordingly, each participant
was allocated a BQ that aligned with their birthdate to create an observed BQ distribution
within each of the ECB national talent pathway cohorts. The observed BQ distributions
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from each cohort were subsequently compared against National Norms (i.e., the expected
BQ distribution calculated from average national live births; Office for National Statistics
(ONS)) [31]. Birth quartiles were adjusted for those participants born outside of the UK
and emigrated after the age of 16 years to align with their original schooling system (e.g.,
Australia, India, New Zealand, South Africa, and Zimbabwe apply January 1st as month
one and December 31st as month twelve; n = 17).

To examine the likelihood of achieving senior international levels (i.e., England T20,
England ODI, and England Test) following entry into the talent pathway at youth level [32],
the senior BQ distributions were compared against the Regional U15 BQ distribution
(i.e., entry vs. expertise [1]). Further, players within the senior cohorts were allocated into
groups based on their skill-set (i.e., batters or bowlers). Batters were defined as players
who had batted for the majority (≥75%) of their innings in the top six of the batting order.
Bowlers were defined as those who bowled at least one over in the majority (≥75%) of
games they played. The specific skill-set distributions included: (a) England T20 (batters
n = 35; bowlers n = 50), (b) England ODI (batters n = 33; bowlers n = 58), and (c) England
Test (batters n = 46; bowlers n = 43). The number of games played by each participant
within the senior cohorts based on their BQ distribution was then collated to analyse career
selection at adulthood.

2.2. Data Analysis

A chi-square (χ2) goodness of fit test was used to compare the BQ distributions
of each cohort against the expected BQ distributions, following procedures outlined by
McHugh [33]. Cramer’s V were used to highlight the magnitude of differences between BQ
distributions. Conventional thresholds for the Cramer’s V analysis were applied, whereby
a value of 0.06 or more indicated a small effect size, 0.17 or more indicated a medium
effect size, and 0.29 or more indicated a large effect size [34]. Odds ratios (ORs) and
95% confidence intervals (CIs) were calculated to compare the likelihood of each BQ being
selected. Results were considered significant at p < 0.05.

3. Results

With regards to the immediate timescale, there was a significant difference between
the Regional U15 BQ distribution when compared to the National Norms, with a large
effect size (χ2(df = 3) = 108.18, p < 0.001, V = 0.30; see Table 1). Significant ORs identified
an increased likelihood of relatively older players being selected, with the highest being
BQ1 vs. BQ4 (OR 3.78; CI 2.65–5.40). Similarly, there was a significant difference between the
Regional U17 (χ2(df = 3) = 29.81, p < 0.001, V = 0.23) and the England U19 (χ2(df = 3) = 8.25,
p < 0.041, V = 0.16) BQ distributions when compared to the National Norms, with medium
and small effect sizes, respectively. The ORs identified an increased likelihood of relatively
older players being selected, with the highest being BQ1 vs. BQ4 for both U17 (OR 2.50;
CI 1.53–4.06) and U19 (OR 1.83; CI 0.99–3.39). In comparison, no senior cohort (i.e., England
Lions, England T20, England ODI, and England Test) displayed any significant differences
between BQ distributions when compared to the National Norms.

When comparing the senior cohorts BQ distributions with the expected BQ distribu-
tions based on the Regional U15 cohort to examine the short-term timescale, there was a
significant difference, with medium to large effect sizes, in all cohorts: (a) England Lions
(χ2(df = 3) = 35.02, p < 0.001, V = 0.37), (b) England T20 (χ2(df = 3) = 15.24, p = 0.002,
V = 0.29), (c) England ODI (χ2(df = 3) = 10.10, p = 0.002, V = 0.22), and (d) England Test
(χ2(df = 3) = 19.36, p < 0.001, V = 0.32). Significant ORs identified an increased likelihood
of relatively younger players to transition to the senior cohorts, with the highest being
BQ4 vs. BQ1 in England Lions (OR 3.9, CI 1.81–8.42), England T20 (OR 3.1, CI 1.21–7.41),
England ODI (OR 2.5, CI 1.01–5.97), and England Test (OR 3.6, CI 1.43–9.15).
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Table 1. The observed and expected BQ distributions of the ECB talent pathway and senior interna-
tional cohorts.

Cohort
(Percentage

Representation)

BQ1
(25.46%)

BQ2
(24.47%)

BQ3
(24.65%)

BQ4
(25.42%)

Total
(n)

χ2

(df = 3) p Cramer’s
V

BQ1 vs.
BQ4 OR

(CI)

BQ4 vs.
BQ1 OR

(CI)

Regional U15
(2000–2018)

242
(40.5%)

162
(27.1%)

130
(21.7%)

64
(10.7%) 598 108.18 <0.001 0.30 3.78

(2.7–5.4) -

Regional U17
(2013–2019)

105
(37.9%)

72
(25.9%)

59
(21.2%)

42
(15.1%) 278 29.81 <0.001 0.23 2.50

(1.5–4.1) -

England U19
(1998–2020)

55
(32.4%)

47
(27.6%)

38
(22.4%)

30
(17.6%) 170 8.25 0.041 0.16 1.83

(1–3.4) -

England Lions
(2011–2020)

31
(23.8%)

31
(23.8%)

36
(27.7%)

32
(24.6%) 130 0.68 0.877 0.05 — -

England T20
(2005–2020)

23
(25.3%)

23
(25.3%)

26
(28.6%)

19
(20.9%) 91 1.13 0.769 0.08 — -

England ODI
(2000–2020)

28
(27.2%)

32
(31.1%)

25
(24.3%)

18
(17.5%) 103 4.61 0.202 0.15 — -

England Test
(2000–2020)

21
(22.1%)

27
(28.4%)

27
(28.4%)

20
(21.1%) 95 2.11 0.549 0.11 — -

England Lions
(Expected

distribution *)

31
(53)

31
(35)

36
(28)

32
(14) 130 35.02 <0.001 0.37 — 3.91

(1.9–8.4)

England T20
(Expected

distribution *)

23
(37)

23
(25)

26
(19)

19
(10) 91 15.24 0.002 0.29 — 3.05

(1.2–7.9)

England ODI
(Expected

distribution *)

28
(42)

32
(28)

25
(22)

18
(11) 103 10.10 0.002 0.22 — 2.45

(1–5.9)

England Test
(Expected

distribution *)

21
(38)

27
(26)

27
(21)

20
(10) 95 19.36 <0.001 0.32 — 3.62

(1.4–9.1)

* Expected distribution calculated from Regional U15 BQ distribution. Bold font denotes statistically significant
chi-square at p < 0.05.

When analysing the average number of games played at senior levels (i.e., England T20,
England ODI, and England Test) to explore the long-term-timescale, each BQ distribution
displayed a significant difference when compared to the National Norms, with small to
medium effect sizes, favouring BQ1 in England T20 (χ2(df = 3) = 17.37, p < 0.001, V = 0.08),
and BQ2 in both England ODI (χ2(df = 3) = 169.27, p < 0.001, V = 0.14) and England Test
(χ2(df = 3) = 289.43, p < 0.001, V = 0.25; see Table 2). With regards to skill-sets and games
played, batters across the senior cohorts displayed a significant difference in their BQ
distributions when compared to the National Norms, with medium to large effect sizes,
favouring those who are relatively older: (a) England T20 (χ2(df = 3) = 51.12, p < 0.001,
V = 0.18), (b) England ODI (χ2(df = 3) = 566.56, p < 0.001, V = 0.39), and (c) England
Test (χ2(df = 3) = 663.81, p < 0.001, V = 0.51). Significant ORs identified an increased
likelihood of relatively older batters playing more games at senior levels, with the largest
being BQ1 vs. BQ4 in England T20 (1.9, CI 1.40–2.46), and BQ2 vs. BQ4 in both England
ODI (OR 6.9, CI 5.42–8.78) and England Test (OR 10.3, CI 7.62–13.82). In contrast, bowlers
across the senior cohorts displayed a significant difference in their BQ distributions when
compared to the National Norms, with large effect sizes, favouring those who are relatively
younger: (a) England T20 (χ2(df = 3) = 40.31, p < 0.001, V = 0.17), (b) England ODI
(χ2(df = 3) = 352.23, p < 0.001, V = 0.29), and (c) England Test (χ2(df = 3) = 292.27, p < 0.001,
V = 0.39). Significant ORs identified an increased likelihood of relatively younger bowlers
playing more games at the senior levels, with the largest being BQ3 vs. BQ1 in both England
T20 (1.9, CI 1.42–1.57) and England ODI (OR 3.7, CI 2.05–4.47), and BQ4 vs. BQ1 in England
Test (OR 4.3, CI 3.29–5.73).
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Table 2. The observed BQ distributions of ECB senior international cohorts based on number of
games played and skill-set.

Cohort
(Percentage

Representation)

BQ1
(25.46%)

BQ2
(24.47%)

BQ3
(24.65%)

BQ4
(25.42%) Total χ2

(df = 3) p Cramer’s
V

BQ1 vs.
BQ4 OR

(CI)

BQ4 vs.
BQ1 OR

(CI)

England T20 391
(28.25%)

349
(25.22%)

357
(25.79%)

287
(20.74%) 1384 17.37 <0.001 0.08 1.36

(1.1–1.7) —

England ODI 926
(21.99%)

1283
(30.47%)

1193
(28.33%)

809
(19.21%) 4211 169.27 <0.001 0.14 1.14

(1–1.3) —

England Test 278
(12.31%)

823
(36.43%)

602
(26.65%)

556
(24.61%) 2259 289.43 <0.001 0.25 — 2.00

(1.7–2.4)

England T20
(Batters)

277
(35.79%)

153
(19.77%)

195
(25.19%)

149
(19.25%) 774 51.12 <0.001 0.18 1.86

(1.4–2.5) —

England ODI
(Batters)

687
(37.46%)

711
(38.77%)

329
(17.93%)

107
(5.83%) 1834 566.56 <0.001 0.39 6.41

(5–8.2) —

England Test
(Batters)

171
(13.51%)

652
(51.54%)

376
(29.72%)

66
(5.22%) 1265 663.81 <0.001 0.51 2.59

(1.9–3.6) —

England T20
(Bowlers)

128
(17.51%)

199
(27.22%)

237
(32.42%)

167
(22.85%) 731 40.31 <0.001 0.17 — —

England ODI
(Bowlers)

225
(10.76%)

446
(22.28%)

804
(38.43%)

597
(28.54%) 2092 352.23 <0.001 0.29 — 2.66

(2.2–3.2)

England Test
(Bowlers)

105
(11.18%)

160
(17.04%)

219
(23.32%)

455
(48.46%) 939 292.27 <0.001 0.39 — 4.34

(3.3–5.7)

Bold font denotes statistically significant chi-square at p < 0.05.

4. Discussion

The purpose of this study was to explore the RAEs throughout the ECB national talent
pathway through the lens of the PAF. In the immediate timescale, key findings revealed
there was a systematic selection bias throughout all the youth levels (i.e., Regional U15,
Regional U17, and England U19), whereby relatively older players were significantly over-
represented when compared to their relatively younger peers. At senior levels (i.e., England
Lions, England T20, England ODI, and England Test), however, there were no significant
differences between BQ distributions. When the senior cohorts were compared to the
expected BQ distributions based on the Regional U15 cohort to explore the short-term
timescale, relatively younger players were significantly more likely to transition from youth
to senior levels when compared to their relatively older counterparts. With regards to the
long-term timescale, based on skill-sets, batters and bowlers displayed contrasting BQ
distributions at the senior levels, whereby relatively older batters were selected for signif-
icantly more games, whereas relatively younger bowlers were selected for significantly
more games. In an attempt to better understand the immediate, short-term, and long-term
implications of RAEs within the ECB national talent pathway, this discussion contextualises
these key results using the PAF.

4.1. Immediate Timescale: How Sport Experiences Are Shaped

When the three dynamic elements of the PAF (i.e., personal engagement in activities,
appropriate settings and organizational structures, and quality social dynamics) interact
with one another, an immediate sporting experience is created. This has a subsequent impact
on developmental opportunities in youth cricket, and thus can help explain how RAEs
occur during the immediate timescale.
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4.2. Personal Engagement in Activities

Selection into a talent pathway in cricket can offer a range of immediate benefits, such
as gaining access to quality coaching, facilities, higher competition levels, and holistic
development opportunities [35]. If those young cricketers who are relatively older are
provided with greater openings into talent pathways due to their age, they are inevitably
going to be exposed to more fruitful training and developmental activities. In contrast,
those who are not selected into talent pathways due to being relatively younger will lose
out on engaging in such activities. Moreover, fun, enjoyment, and interest may be height-
ened for relatively older players due to outperforming and/or being perceived as superior
compared to their relatively younger peers. Indeed, this could have a positive impact on
immediate cricket experiences at young ages, which may explain the greater proportion of
relatively older players at youth levels in this current study. It is also important to realise
that RAEs are prevalent from early childhood in sport [5] and are amplified in environ-
ments that favour practice over play, specialisation over sampling, and early selection
based on immediate performance over long-term potential [24]. Many developmental
programmes in cricket have established systems that encourage earlier age-specialisation.
As an example, selection into county cricket talent pathways in England often takes place
as young as aged 9 years [36]. Interestingly, however, this approach has been widely
associated with significant pitfalls. Specifically, questions remain over the lack of evidence
to accurately predict future performance capabilities at adulthood based on early selection
and performance [3]. For instance, following analysis of match performance data at every
age group throughout a First-class County’s Cricket pathway (U10 to U19) Brown and
colleagues [37] showed how those bowlers who achieved professional status could not
be differentiated from their released peers until U17. Moreover, possible drawbacks of
engaging in specialised environments (e.g., burnout, injury, and overtraining) have also
been associated with selection at young ages [38]. Thus, it is worthwhile exploring the
existing organisational structures in order to create more appropriate settings and equitable
opportunities for all BQs, as well as help moderate the RAEs shown in this study.

4.3. Appropriate Settings and Organisational Structures

The current results show how ORs and effect sizes of RAEs were dependent on
competition level, which corresponds with the Australian context [18]. Specifically, RAEs
were more pronounced at the youngest (bi)annual-age group (i.e., Regional U15) and slowly
declined as age increased until it levelled out at adulthood (i.e., senior cohorts). As an
example, BQ1s were 3.8, 2.5, and 1.8 times more likely to be selected when compared to
BQ4s at U15 Regional (large effect size), U17 Regional (medium effect size), and England
U19 (small effect size) youth levels, respectively. Evidently, the (bi)annual-age grouping
policies may contribute to the presence of RAEs throughout the ECB national talent pathway.
However, it is important to understand that RAEs are not naturally occurring phenomenon.
Rather, they are created by social agents through their decisions, actions, and policies.
Organisational structures in cricket can choose to adapt policies to meet the needs of those
who participate to create more equitable competition and moderate RAEs. More specifically,
they can change how young players are recruited, how competition is structured, and how
they interact with players, coaches, parents, communities, and the environments where we
engage in cricket [29].

Similar to other possible discriminatory factors such as ethnicity, gender, and reli-
gion, the ECB lists age as a protected characteristic in their Anti-Discrimination Code [39].
Therefore, it is important that organisational structures in cricket attempt to create the
most appropriate settings for every young player in order for them to achieve their full
potential [14]. Moreover, Jakobsson and colleagues [40] suggest another possible issue
of selecting based on (bi)annual-age grouping is the violation of the guiding principles
by the United Nations Convention on the Rights of the Child (CRC) [41], which was ratified
by the UK in 1991 and is referred to in the UK courts in relation to the Human Rights Act
1998 [42]. Here, Article 3 in the CRC states how all decisions regarding a child should be
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made in the best interest of the child. Thus, not only are there possible discriminatory
issues surrounding (bi)annual-age selection to consider, but there could also be potential
lawful implications too. This leads us to perhaps the most important question: if we cannot
make these changes to moderate RAEs in cricket (and sport in general) now, then when?

Since there appears to be pronounced RAEs throughout the ECB national talent path-
way, it is important to consider possible relative age solutions and offer directions for future
research. Indeed, a range of potential solutions have been proposed in previous studies,
such as coach education [43], an age-ordered shirt numbering system [44], avoiding early
deselection [45], a selection quota [46], and delaying the selection process [47]. Moreover,
literature on alternative grouping strategies to moderate RAEs is limited when compared
to the body of research demonstrating its prevalence. Where proposed grouping strate-
gies have been suggested, little evidence has documented their effectiveness or directly
implement those [48]. As an example, Kelly and colleagues [14] conceptualised a flexible
chronological approach, whereby early birth quartiles (i.e., BQ1s) and late birth quartiles
(i.e., BQ4s) should be offered the opportunity to ‘play-up’ [49,50] and ‘play-down’ annual-
age groups, respectively. Moreover, Kelly and colleagues [51] introduced birthday-banding,
where young athletes move up to their next birthdate group on their birthday with aim is
to remove particular selection time-points and specific chronological age groups. Other
useful strategies that may utiliased in cricket could be drawn from organisational policies
incorporated in youth American football (e.g., age and anthropometric banding [52,53]) and
youth soccer (e.g., bio-banding [54,55]). Despite these banding approaches yet to prove their
value in reducing RAEs, both strategies appear to systematically address one of the key
mechanisms of RAEs, whereby relatively older athletes may have an advanced physiolog-
ical skill [6]. As such, future research is required to explore the practical implications of
these relative age solutions within a youth cricket context.

4.4. Quality Social Dynamics

Parents, coaches, and athletes (i.e., social agents) can amplify or mitigate RAEs in
youth sports [56]. The Social Agents Model highlights the processes by which social agents
influence RAEs in youth sports through three theoretical principles. First, the Matthew
effect [57], describes how individuals who are initially advantaged are provided with
the means to continue their development and further their advantage, whereas those
who are initially disadvantaged remain so. In the context of the current findings, batters
who are introduced to the game earlier have time to develop complex technical skills
that are associated with expertise in batting [58]. Subsequently, these cricketers are most
likely to be selected for early talent development programmes. This could also explain the
overrepresentation of batters from BQ1 and BQ2 within the senior cohorts. The second and
third theoretical principles of the Social Agents Model are the Pygmalion [59] and Galatea [60]
effects. Both these principles refer to the association between the initial expected outcomes
and the observed results. However, these expectations differ, whereby the Pygmalion effect
refers to external, whereas the Galatea effect refers to internal. With regards to the results
of this study, the beliefs and actions of social agents towards successful cricketers are more
likely to be positive when compared to those who are less successful [61]. This may further
explain why there is an overrepresentation of BQ1 and BQ2s within the youth cohorts when
compared to BQ3 and BQ4s.

In order to understand the impact of RAEs on social dynamics, it is important to
recognise how these are directly influenced by the rules and regulations of organised youth
cricket. For instance, literature examining mixed-age and play can be drawn upon, where
evidence exists to suggest that older and younger players can draw unique benefits from
playing with each other [51]. On one hand, relatively older players can experience opportu-
nities for leadership and helping of younger peers [62,63]. On the other hand, relatively
younger players may benefit from the opportunity to hone their skills and compete against
older teammates [14,64]. However, since fixed (bi)annual-age grouping does not allow
players to shift between BQs, they will not face a diverse range of experiences or gain the
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developmental opportunities offered through mixed-age play. Another potential draw-
back of fixed (bi)annual-age grouping is that it limits different types of social comparison
environments. According to Wood and Wilson [65], social comparison theory suggests
that athletes rely on peers as a frame of reference to compare themselves, which is used to
build self-perceptions such as competence and identity. By limiting opportunities for social
comparison due to remaining the same BQ throughout their respective youth trajectories,
cricket players face the prospect of a linear pathway and a restricted resilient sense of self
throughout development. Given the limited body of literature that has researched the im-
pact of RAEs on mixed-age play, social comparisons, and leadership opportunities, further
research is warranted to substantiate these suggestions in the context of youth cricket.

4.5. Short-Term Timescale: The 4Cs

In the short-term, relatively older players gradually engage an increased number of
practice and competition opportunities organised youth cricket compared to relatively
younger players, which may lead to more cricket-specific competence. Thus, in order to
compete against relatively older batters and bowlers to gain entry into the ECB national
talent pathway, relatively younger batters and bowlers may need to develop higher levels of
cricket-specific competence. From a seasonal perspective, relatively older players may score
more runs and take more wickets, as well as win more matches and league titles due to
higher levels of competence (i.e., greater performance outcomes), which may lead to higher
levels of confidence [66]. In the context of youth soccer, for instance, Augste and Lames [67]
revealed that relatively older youth teams achieved higher league rankings in Germany,
while Verbeek and colleagues [68] showed how relatively older youth teams accrued more
points-per-game in Holland. In relation to youth cricket, if relatively older players are
being selected due to their superior (bi)annual-age group performances in order to gain
a competitive advantage (i.e., selection focused on winning rather than nurturing future
senior players), it could result in limited selection opportunities, lower participation levels,
and higher dropout for relatively younger players in the short-term [11,12]. Indeed, it has
been suggested that cricketers who adapt quickest to the increased skill and psychological
demands of transitioning to higher levels of performance, could be earmarked as being
high potential by cricket officials, and transition across the talent pathway sooner as a
result [69]. This could partly explain the RAEs that are present at youth levels in the ECB
national talent pathway.

Selection and deselection are often conducted on a seasonal basis in cricket in which
reveals consistent RAEs, with early success at each new level valued by coaches [69]. Since
relatively older players may be perceived as more competent and are overrepresented in
the ECB national talent pathway at youth levels, relatively older players could subsequently
gain more time with coaches. Here, the coach-athlete connection may be influenced by cur-
rent competence rather than potential [70]. Moreover, higher levels of athletic competence
in relatively older players may lead to higher levels of peer acceptance [71]. In the context
of the ECB national talent pathway, relatively older players may be unintentionally exposed
to greater opportunities to foster positive connections with key stakeholders, allowing
them to thrive in talent pathways compared to their relatively younger peers. In contrast,
relatively younger players may be presented with greater challenge and are thus more
likely to develop higher levels of resilience [22]. It is possible that this may help foster
features of character that are required during the transition from youth player to established
senior player. However, given the lack of evidence in this area, it offers a range of future
research directions to examine the association between age and character-related constructs
(e.g., social identity, moral engagement, and pro-social behaviours). Although character
is often used as a youth selection criteria in many professional cricket clubs (e.g., [72,73]),
this may be personified based on a players birth quartile. As a result, the potential pool
of talent believed to have the ‘right’ character may be limited, while possible inaccurate
decisions due to the subjective nature of what the ‘right’ character actually is could be of
concern. It is also important to recognise that there are diverse characters that engage in
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various activities differently. For instance, selection criteria are often based on traditional
factors (e.g., technical skills and physical performance), which could favour relatively
older players [6]. In comparison, play-based metrics (e.g., creativity and interest) may
help broaden coaches and practitioners’ perceptions of an athlete’s potential rather than
focussing on performance-based characteristics [24]. Moving forward, further research is
encouraged to help better understand how RAEs can influence character development and
how this can differentiate between BQs.

When examining the youth-to-senior level transition, it was revealed that BQ4s were
3.9, 3.1, 2.5, and 3.6 times more likely to successfully transition to England Lions, England
T20, England ODI, and England Test compared to BQ1s based on the Regional U15s BQ
distribution, respectively. These findings resonate with [22] results, who found a greater
proportion of relatively younger cricketers successfully transitioned from youth to senior
international levels compared to their relatively older peers. These results may be due
to reversal effects of relative age, which is a psychologically based explanation of greater
‘growth’ that relatively younger players experience, whereby they are initially disadvan-
taged during their development due to additional challenges they face [22]. Although RAEs
may benefit a greater proportion of relatively younger players in the short-term during
the youth-to-senior level transition, little is known about the long-term impact of reversal
effects and how they may genuinely influence senior career performance and longevity.

4.6. Long-Term Timescale: The 3Ps

When considering skill-set and number of games played at senior level, relatively
younger bowlers played more games compared to their relatively older teammates. These
findings are contrast with Jones and colleagues [19] who found RAEs in senior international
‘super-elite’ spin bowlers favouring relatively older players, as well as no RAEs for pace
bowlers. Gibbs and colleagues [64] put forward the underdog hypothesis to explain why more
relatively younger senior players may be outperforming their relatively older equivalents.
In the context of the current study, relatively younger bowlers may be benefitting from
more competitive play against relatively older counterparts throughout their development.
However, it is important to consider how to create a ‘BQ4 effect’ for all bowlers who
may require such challenges during their development to facilitate long-term performance
outcomes [14].

Interestingly, however, when analysing the number of games played for batters,
relatively older players appear to have played more games compared to their relatively
younger teammates. For instance, BQ2 batters were 6.9 and 10.3 times more likely to play
an England ODI and England Test match when compared to BQ4 batters, respectively. Long-
lasting effects of relative age have been found across numerous sports at senior international
levels [74]. For instance, Lupo and colleagues [75] showed how athletes who were born at
the beginning of the selection year were 1.57, 1.34, 2.69, 1.48, and 1.45 times more likely
to reach the senior first and second divisions in Italian basketball, rugby union, soccer,
volleyball, and water polo, respectively, when compared to those born at the end of year.
In the context of cricket, these findings correspond with previous results [21], which also
showed how ‘high-performing’ international batters born in BQ1 were significantly more
likely to be selected at senior levels when compared to BQ4s. These long-lasting effects
may be due to the early selection of relatively older players, who subsequently have greater
access to facilities (e.g., access to bowling machines and specialist equipment) and coaches
(e.g., creating connections with key stakeholders), to facilitate their long-term performance
capabilities. Further, early selected batters are likely to accumulate more hours of random
and varied batting-specific practice through adolescence, which [20] highlighted as a key
discriminator in achieving ‘super elite’ status. On the other hand, since relatively younger
players may not have been offered these same developmental opportunities, they may not
have been able to achieve their full potential. Indeed, this also has a knock-on effect by
creating a smaller pool of talent to select from at senior levels due to relatively younger
players with potential to excel at adulthood being overlooked at younger ages. Possible
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explanations for the performance differences between skill-sets could lie in the greater
physiological requirements for bowlers that may not be achieved until post-adolescence [76],
thus making them less exposed to RAEs as relatively younger players have the opportunity
to ‘catch-up’. In contrast, batters may require a larger accumulation of practice to develop
the necessary perceptual-cognitive skills required to excel at senior levels [77], and therefore
making them more vulnerable to RAEs as relatively younger players are less likely to ‘catch-
up’. Overall, stakeholders employed in cricket settings should be cautious of the diverse
trajectories as well as the long-term development and performance outcomes between
batters and bowlers.

The necessity of examining RAEs at more than one point in time is something that
was recently encouraged by Schorer and colleagues [78]. This suggestion is reinforced
by the limited evidence that has explored the implications of RAEs on the long-term
participation of relatively younger players. Moreover, despite relatively older players being
more likely to be recruited into talent development pathways at youth levels, it also seems
they comprise a greater quantity of players who are unsuccessful in achieving senior levels.
Thus, although relatively younger players have been reported to drop out of youth sport
at young ages due to RAEs [11], it may be suggested this is being replicated by relatively
older players at the latter stages of development during the youth-to-senior level transition.
Thus, it is important to create immediate sport experiences that foster rich developmental
outcomes that help retain players in the long-term independent of their BQ. In addition
to possible deselection and dropout, relatively older players are also exposed to possible
injury and burnout due to early selection procedures [35]. For instance, McGrath and
Finch [79] identified that fast bowlers are most likely to suffer from overuse injuries, such
as stress fractures in the lower lumbar spine. Since injuries are more likely to occur during
the adolescence growth spurt [80], it is plausible that those who are selected onto talent
pathways from an early age are at an increased risk of developing such injuries due to high
training loads and subsequently drop out at the latter stages of the talent pathways. Thus,
it is important that organisational structures focus on long-term participation strategies
when recruiting, developing, and deselecting young cricketers in their talent pathways,
in order to avoid dropout, injury, burnout, and promote continued engagement in cricket.
Further research is warranted to better understand the long-term implications of RAEs on
participation in cricket and help substantiate these suggestions.

When compared to the possible performance and participation implications, little is
known about the personal development outcomes due to RAEs. Obvious personal benefits
for those who attain senior levels includes membership to the Professional Cricketers’
Association (PCA), global tours, heightened media profile, and possibly higher mone-
tary opportunities. Moreover, selected players may gain access to additional support
throughout their development (e.g., psychology profiling, nutrition programming, and
strength and conditioning), which may positively impact their abilities for adaptive and
positive behaviour [81]. Indeed, it is surprising how RAEs can have such a direct impact
on whether an individual gains these personal benefits and additional support that can
positively shape their adult livelihood. Although the current evidence-base is scarce, these
effects can also play an important role in developing psychosocial skills that characterise
oneself [9]. Further quantitative (e.g., observational coding, questionnaires) and qualitative
(e.g., content analysis, composite narratives) enquiry is needed to investigate RAEs on a
broader range of psychosocial mechanisms, such as global wellbeing, leadership skills,
moral disengagement, social behaviour, and social identity.

5. Limitations

There are important methodological and contextual limitations to consider when inter-
preting these current results. From a methodological perspective, the data available for the
U15 Regional and U17 Regional groups did not provide an entire representation for these
particular cohorts. Nevertheless, both these samples offer a large enough representation to
draw valid conclusions from and should not be overlooked. Moreover, online data entry
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began at various different time points for each group, thus the number of years included
in each cohort varied. However, we included all the data that was available and captured
the longevity of RAEs throughout the ECB talent pathway by including a minimum of
seven years within each cohort. In addition, the number of games played that was used
as a proxy for performance may not provide an entire reflection of how well a player
has consistently played, although it is plausible to suggest that continued selection is an
important contributing factor towards success at adulthood.

From a contextual viewpoint, it was the initial aim of this study to capture both male
and female pathways. However, in light of the lack of data available within the female
pathway, we decided there was not sufficient evidence to include this population. This
may be due to the fact that the first professional female cricket league has only recently
started in England (i.e., 2020), thus the absence of data available is likely due to the female
pathway being far less developed when compared to their male equivalents. As such, it is
important to recognise the many relative age lessons learnt in the male pathway from this
current study when designing the emerging female structures to ensure the same issues are
not recreated, and instead use this as an opportunity to create contemporary organisational
structures and more appropriate youth cricket settings [46]. Moreover, it is also important
to consider other possible selection and development biases that are prevalent throughout
the ECB talent pathways, such as ethnicity [82], relative access to wealth [83], and birthplace
effects [84], that may create a recipe to exacerbate some of the existing RAEs [24,25]. Thus,
further research adopting a multidimensional approach to explore these obstacles together
is required.

6. Conclusions

There appears to be a complex relationship between the month a batter or bowler
is born, the likelihood they are selected into a talent pathway, and their opportunities
to successfully transition and compete at senior levels. Key results showed how RAEs
were prevalent throughout all youth levels (i.e., Regional U15, Regional U17, and England
U19), but not at senior levels (i.e., England Lions, England T20, England ODI, and England
Test) during the immediate timescale. Moreover, when compared to the expected BQ
distribution based on the Regional U15 cohort, BQ4s were between 2.5 to 3.9 times more
likely to transition to senior levels when compared to BQ1s during the short-term timescale.
In addition, when considering the number of games played at senior levels during the long-
term timescale, relatively older batters were selected for more games, whereas relatively
younger bowlers were selected for more games. We used the PAF to capture the possible
immediate (i.e., dynamic elements), short-term (i.e., the 4Cs), and long-term (i.e., the 3Ps)
timescales that are influenced by RAEs based on skill-set (see Figure 1).

Moving forward, it is important for researchers and practitioners to better understand
how (bi)annual-age grouping shapes developmental outcomes in sport across different
timescales (i.e., the PAF), as well as examine alternative group banding strategies (e.g., a
flexible chronological approach, birthday-banding) and possible RAE solutions (e.g., age-
ordered shirt numbering, monitoring growth and maturation status). By doing so, it
may help create a more appropriate learning environment for every individual to achieve
their potential.
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Abstract: Talent selection programmes choose athletes for talent development pathways. Currently,
the set of psychosocial variables that determine talent selection in youth Rugby Union are unknown,
with the literature almost exclusively focusing on physiological variables. The purpose of this study
was to use a novel machine learning approach to identify the physiological and psychosocial models
that predict selection to a regional age-grade rugby union team. Age-grade club rugby players
(n = 104; age, 15.47 ± 0.80; U16, n = 62; U18, n = 42) were assessed for physiological and psychosocial
factors during regional talent selection days. Predictive models (selected vs. non-selected) were
created for forwards, backs, and across all players using Bayesian machine learning. The generated
physiological models correctly classified 67.55% of all players, 70.09% of forwards, and 62.50% of
backs. Greater hand-grip strength, faster 10 m and 40 m sprint, and power were common features
for selection. The generated psychosocial models correctly classified 62.26% of all players, 73.66% of
forwards, and 60.42% of backs. Reduced burnout, reduced emotional exhaustion, and lower reduced
sense of accomplishment, were common features for selection. Selection appears to be predominantly
based on greater strength, speed, and power, as well as lower athlete burnout.

Keywords: talent identification; talent selection; psychological factors; physical performance; pattern
recognition; Bayesian machine learning; youth rugby

1. Introduction

Talent identification programmes assess the attributes of athletes, to guide talent
selection programmes [1]. The aim of talent selection programmes is to select players
with the potential to be the ‘sporting superstars’ of tomorrow and help clubs/governing-
bodies achieve their long-term performance goals [2]. In furtherance of this long-term goal,
selected players are usually integrated into talent development programmes which attempt
to provide a learning environment that helps players achieve their potential [1]. However,
talent selection programmes feature common problems. Firstly, youth performance is
frequently used to predict success in adulthood when making selection decisions [3–5],
despite youth performance offering low predictive accuracy [6–8]. For example, only 17%
of male U18 sprinters who ranked among the top 50 highest performers internationally
achieved the same ranking at senior level. Secondly, talent selection decisions are often
made based on subjective criteria [1,3,4,9,10]. For example, interviews of national youth
soccer coaches revealed that perceptions of talent and consequent selection decisions are
primarily based on implicit coach preferences [9]. Consequently, current approaches to
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talent selection have been criticized [3,5] and more objective and evidence-based criteria
are required to inform talent selection in sport [11–14].

Due to the physical nature of Rugby Union, players are generally required to have
highly developed physical qualities [15]; players who are taller, heavier [16,17], faster [18],
have greater strength [19], generate more power [20], and are relatively older compared
to their peers [21], are more likely to be identified as having ‘talent’ and selected for
development programmes. Within Rugby Union, there are also differences in the physical
demands across positional units [22], especially within older age categories where position-
specific fitness profiles are needed [23–25]. Notably, backs are involved in more high-
intensity locomotor workload, whilst forwards perform more static high-intensity efforts
than backs [26–29]. Accordingly, the physiological determinants of selection to talent
development pathways appear to differ for forwards and backs; greater speed and agility
has been shown to be an important talent selection criterion for backs, while greater upper-
body strength, height, and mass are important talent selection criteria for forwards [16,30].

Although the physiological factors predicting selection to regional-age Rugby Union
squads are relatively well understood, psychosocial factors (including personality) have
received far less empirical attention [31]: with the exception being the work of Hill and
colleagues [32,33]. It is generally accepted that selection/progression through elite perfor-
mance pathways in other sports is facilitated by higher levels of emotional stability, coping
strategies, perfectionism, optimism, extraversion, conscientiousness, emotional intelligence,
agreeableness, discipline, self-confidence, resilience, and coachability [34–40]. Conversely,
there is also evidence from other sports to suggest that certain psychosocial characteristics
derail the development process of players [35]. For example, dysfunctional dispositions
such as obsessive passion, maladaptive perfectionism, and dispositional optimism can
negatively impact a player’s progression [41–43]. In accordance with findings from other
sports, Hill et al. [33] reported that coaches perceived youth Rugby Union players as more
likely to succeed if they exhibited greater proactiveness, commitment, growth-mindset,
realistic performance evaluations, and resilience. It was reasoned that these skills help
negotiate key challenges and developmental opportunities. They may also be a factor in
reducing the likelihood of burnout brought forward by excessive perfectionism [32]. For
example, greater resilience may enable individuals to persevere and stay engaged despite
initial failures [33].

A limitation of Hill and colleagues’ [33] work is that conclusions were derived from
retrospective coach opinions, rather than potentially more reliable player-based assess-
ments. Additionally, their investigation primarily centred around progression through
Rugby Union talent development programmes, forsaking psychosocial attributes’ role in
Rugby Union talent selection. To address these gaps in the literature and satisfy recent calls
to further investigate the role of psychosocial factors in Rugby Union talent selection [21],
we utilized extensive primary physiological and psychosocial test batteries to differenti-
ate between selected and non-selected regional age-grade Rugby Union players in North
Wales (i.e., under 16 and 18 age categories). A novel Bayesian pattern recognition tech-
nique was used to identify which attributes (termed features in the analysis) differentiate
between selection and non-selection. Thus, the present investigation offers an arguably
more comprehensive test of factors than previous studies into age-grade selection [21];
is the first attempt to objectively understand the currently subjective decision-making
that determines selection to regional age-grade academies in Wales; and tests the role of
physiological attributes via new and cutting-edge analytical methods. Specifically, the
Bayesian pattern recognition analysis we utilized accounts for the complex interaction be-
tween multiple variables when constructing models [44], provides a rigorous/conservative
method to test the feature models that predict group classification (i.e., selected vs. non-
selected) [45,46], and provides a way to explore interactions without potentially misleading
assumptions/hypotheses [47]. Given the large number of physiological and psychosocial
variables collected and relative exploratory nature of machine learning techniques, precise
a priori hypotheses were not formed. However, it was anticipated that feature selection
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stages would identify similar predictive physiological variables to previous investigations
in rugby union [31] and similar psychosocial variables to previous investigations in other
sports [34–40].

2. Materials and Methods
2.1. Participants

A total of 104 male U16 and U18 Rugby Union players (Mage = 15.47, SDage = 0.80;
U16 n = 62; U18 n = 42) who attended one of two North Wales Rugby ‘Talent Camps’ in
2019 or 2020, volunteered to take part and gave informed consent in-line with institutional
ethics guidelines. Of the 104 players who attended, 66 players were selected and 38 were
not selected to the regional squads. Of the selected players, 37 were forwards (of which
16 = U16 and 21 = U18) and 29 were backs (of which 17 = U16 and 12 = U18). Of the
non-selected players, 19 were forwards (of which 16 = U16 and 3 = U18) and 19 were backs
(of which 13 = U16 and 6 = U18). These selections formed the six classification groups for
analyses (i.e., selected players vs. non-selected players, selected forwards vs. non-selected
forwards, and selected backs vs. non-selected backs).

2.2. Procedure

Players from regional squads and eligible age-grade clubs received an invitation to
participate in a 1-day ‘talent camp’ in early spring 2019 or 2020, to assess their suitability
for selection to a regional U16s or U18s rugby academy. Prior to these talent camps, players
were advised to rest. During the talent camp, players completed a range of physiological
and psychological assessments in a station-format which players rotated around until all
tests were completed, followed by rugby matches. The selection decisions were made
by regional coaches and based on subjective perceptions of performance during matches
held on the talent days. For the purpose of this investigation, players were assessed on
demographics, anthropometric, performance, and psychosocial measures (with the former
3 comprising 21 ‘physiological’ variables and the latter 47 ‘psychosocial’ variables) to
identify differential features between those who were selected and not selected for the
regional academy.

Physiological demographic measures included self-reported weekly physical activity
hours (assessed in 5-h increments, starting at 1–5 and going up to 30 h+), self-reported
weekly training frequency with the academy before the talent camp (to the nearest integer),
self-reported incidence of a significant injury during their career (assessed as ‘yes’ or ‘no’),
and birth quarter (determined via birthday as: quartile 1 = September 1st to November
30th; quartile 2 = December 1st to February 28th/29th; quartile 3 = March 1st to May 31st;
quartile 4 = June 1st to August 31st). For physiological anthropometric measures, players
removed all heavy garments and footwear prior to recording measurements. Players’ body
mass (kg) was measured using electronic column scales (Seca 799, GmbH, Hamburg, Ger-
many). Standing height and sitting height (cm) were measured using a portable stadiometer
(HR001, Tanita Europe BV, Amsterdam, The Netherlands) and leg length was calculated
as the difference between standing and sitting height (cm). Body Mass Index (BMI) was
calculated as weight divided by height (in metres) squared. The Reciprocal Ponderal Index
(RPI), also known as Sheldon’s index [48], was calculated using the following equation:
height (cm)/weight 0.333 (kg). Before measurement of physical performance measures, all
participants completed a standardised (in terms of time and intensity) warm-up adminis-
tered by regional strength and conditioning coaches and were briefed on how to execute
each assessment. The counter movement jump was performed on a jump mat (JustJump,
Probiotics Inc, Huntsville, AL, USA) indoors while wearing trainers, to assess jump height
(cm) and peak anaerobic lower body power (W) using the Sayers Equation [49]; hands were
positioned on the hips and the best jump height from three trials was recorded [50]. A hand
grip strength test (Takei 5001 Grip-A Handgrip Dynamometer, Takei Scientific Instruments
Co, Nigata, Japan) was used to infer strength (kg) within the dominant and non-dominant
arm; participants stood with their back against a wall with their testing arm at 10◦–15◦
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from the shoulder and elbow flexed at 90◦ with the highest score from two attempts (per
arm) recorded [51]. Time (s) taken to sprint 10 and 40 m was recorded using timing gates
(Brower Timing Systems, Draper, USA) on a 3G artificial grass pitch while wearing rugby
shoes with studs; each sprint distance was completed twice with a 2-min rest between each
repetition, with the fastest time recorded for each player. For the 40 m sprint: velocity
was calculated as 40 m divided by the time taken to complete the 40 m; acceleration was
calculated as velocity divided by the time taken to complete the 40 m sprint; force was
calculated as acceleration multiplied by weight (kg); momentum was calculated as the
velocity multiplied by the player’s weight (kg); and average power was calculated using
the Harman Formula [52].

The psychosocial questionnaires were administered in two questionnaires’ packs to
players during the 1-day ‘talent camp’. Players were informed that their responses would
not affect their selection. The first questionnaire pack gathered training behaviours (e.g.,
goal orientation, commitment, athlete identity). Players were also asked to report the
number of hours of employed work they completed every week. The second questionnaire
pack examined competitive experiences and personality traits (e.g., optimism, perfection-
ism, alexithymia). Questionnaires were chosen based on previous research which has
identified these psychological constructs as important for athlete development [38]. In
order to include several components and to circumnavigate issues with excessive ques-
tionnaire length, two items per construct were included. For complete information on the
psychosocial variables collected, original sources, and items used, see Appendix A.

2.3. Data Analysis

To evaluate which features (i.e., predictor variables) best classified (i.e., determined)
group membership (selected vs. non-selected), Bayesian pattern recognition was performed;
a complete list of the features evaluated by the pattern recognition analysis (21 physiological
and 47 psychosocial variables) can be found in Table 1. To explore the relative importance
of factors within their topic-domains and player-positional categories and reduce the
likelihood of machine learning overly reducing the features considered within datasets, we
split analyses by positions (i.e., backs and forwards) and domains (i.e., physiological and
psychosocial). Pattern recognition was performed using the open-source programming
language R (R Core Development, 2021). Within this coding environment, the Tidyverse
package [53] was used to perform advanced data manipulation, and the rWeka package [54])
was used to interface R with WEKA machine learning algorithms [55]. Analysis comprised
three stages: first, features were standardised as part of data pre-processing; second, feature
selection was performed to filter the dataset to a combination of its most predictive features,
thus creating ‘models’ of features that best at differentiated group classification; and third,
the classification accuracy of the created models was tested to evaluate how well the created
models should predict group membership in future.

Table 1. Pattern recognition variable list.

Physiological Variables

Weekly Physical
Activity Hours

Weekly Academy
Training Frequency

Injury Occurrence
During Career Birth Quarter Height

Weight Sitting Height Leg Length Reciprocal Ponderal
Index BMI

Counter Movement
Jump

Dominant Hand Grip
Strength

Non-Dominant Hand
Grip Strength 10 m Sprint Time 40 m Sprint Time

40 m Sprint
Momentum 40 m Sprint Velocity 40 m Sprint

Acceleration 40 m Sprint Force 40 m Sprint Power

Peak Anaerobic Lower
Body Power
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Table 1. Cont.

Psychosocial Variables

Weekly Hours of
Employed Work Goal Orientation Outcome Focus Mastery Focus Commitment to

Training

Burnout Exhaustion Reduced Sense of
Accomplishment Sport Devaluation Life Stress

Training Stress Athlete Identity Optimism Difficulty Describing
Feelings

Difficulty Identifying
Feelings

Externally
Orientated Feelings Perfectionism Perfectionistic

Concerns
Perfectionistic

Strivings Self-Esteem

Extraversion Agreeableness Conscientiousness Emotional Stability Openness to New
Experiences

Motivation Amotivation External Regulation Introjected
Regulation Identified Regulation

Integrated Regulation Intrinsic Motivation
General Resilience Emotional

Intelligence
Appraisal of own

Emotions

Appraisal of
Others’ Emotions

Regulation of own
Emotions

Regulation of
Others’ Emotions

Utilisation of
Emotions Coping Strategies

Coping with
Adversity

Peaking under
Pressure

Goal Setting and
Mental Preparation Concentration Freedom from Worry

Confidence and
Achievement

Motivation
Coachability

Note. A total of 21 physiological variables (comprising demographic, anthropometric, and performance measures)
and 47 psychosocial variables were entered into the feature selection stage.

2.4. Pre-Processing

For all analyses, the data of U16 and U18 players were standardised and amalgamated.
The raw U16 data were transformed into z-scores using the U16 means and standard
deviations, and the raw U18 data was transformed into z-scores using the U18 means and
standard deviations. Therefore, when the z-scored U16 and U18 data were amalgamated, z-
scores indicated how much greater/less athletes scored on a feature (i.e., predictor variable)
compared to their age-group peers. For data processing purposes, each z-scored feature
was converted into a vector that went from 0 to 100 (with a player’s score of 50 representing
a score equivalent to the age-group mean and a score of 60 represented 1SD above the age-
group mean, etc.). The purpose of amalgamating the data of U16 and U18 players was to:
construct/evaluate classification models with greater accuracy via a larger dataset; identify
features which determine overall ‘age-grade’ rugby union selection; and aid interpretation
because similar features and model classification accuracies emerged for U16 and U18
players when analysed separately.

2.5. Feature Selection for Model Creation

Feature selection involved the use of correlation attribute evaluator [56], relief F
attribute evaluator [57], gain ratio attribute evaluator [58], and info gain attribute evalua-
tor [58], to identify (up to) 15 of the strongest features for determining group membership
(i.e., selected vs. non-selected). Only features which were identified as being in the top
15 (this criterion was set arbitrarily based on the number of variables collected, prior to
any data analysis) by at least two feature selection algorithms could become part of a
‘model’ and proceed in the analysis (some of the feature selection algorithms used can
return less than 15 features if they are deemed as insufficiently predictive [56–58]). The
resulting models were the combination of features within the dataset that best predicted
group classification. Feature selection was performed a total of 6 times to create 6 models
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for 3 position conditions (all players, forwards, and backs) × 2 feature subsets (physiology
features and psychosocial features).

2.6. Model Classification Accuracy

Each of the six models created by feature selection stage had its classification accuracy
tested (i.e., how accurate, in percentage terms, a model is in predicting group membership)
via the use of Naïve Bayes [59], J48 decision tree [60], Support Vector Machine [61], and
K-nearest neighbour [62] classification algorithms. These algorithms assigned each player
with an expected group membership (selected or non-selected) based on their score on
features within the model. This process was iterated using a ‘leave one out’ cross-validation
procedure wherein classification algorithms were performed repeatedly but with each of
players’ data left out once [45]. Thus, the final classification accuracy reported was the
average percentage accuracy across each iteration. This ‘leave one out’ cross validation
procedure was chosen over a training/validation sample-split to create the most accurate-
possible models (i.e., via an as-large-as-possible dataset during feature selection), whilst still
minimizing the overfitting of results to the specific dataset and preserving generalizability
(i.e., via the conservative nature of the ‘leave one out’ method) [45].

3. Results

Table 2 contains the models created by feature selection and their overall classification
accuracy. All models comprised between three and six features; naturally, less features
were agreed on by more feature selection algorithms. Classification accuracy of the models
ranged between 60 and 72% and was better than chance.

Table 2. Algorithm agreement among feature selection models and classification.

Models

All Players Forwards Backs

Number of
feature

selection
algorithms in

agreement

Physiological
Features

Psychosocial
Features

Physiological
Features

Psychosocial
Features

Physiological
Features

Psychosocial
Features

4
- Reduced
sense of

accomplishment.
- Life stress.

3 - Power over
40 m.

- Force over
40 m;

- Power over
40 m.

- Momentum;

2

- 10 m sprint;
- 40 m sprint;
- Dominant
hand grip
strength;

- Non-dominant
hand grip
strength.

- Burnout;
- Exhaustion;
- Introjected
regulation.

- 40 m sprint;
- Reciprocal

Ponderal Index
- Non-dominant

hand grip
strength;

- 10 m sprint.

- Reduced
sense of accom-

plishment;
- Difficulty
describing

feelings;

- Birth
quarter;

- 40 m sprint;
- Leg length;
- Dominant
hand grip
strength.

- Reduced
sense of

accomplishment;
- Introjected
regulation;
- Burnout

Classification
accuracy 67.55% 62.26% 70.09% 73.66% 62.5% 60.42%

Note. The columns in this table contain the features within each group’s model from feature selection. A greater
number of algorithms agreeing that a feature is of great predictive validity, gives increased confidence in this
feature belonging in the model. Classification accuracy is the mean accuracy (in percent) across all model levels (2,
3, and 4) and classification algorithms.
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Table 3 displays the classification analysis of the physiological feature model created
from all players. Overall, this model was able to correctly classify players 67.55% of the
time. Specifically, selected players were faster in 10 m sprint (1.81 ± 0.13 vs. 1.83 ± 0.10 s),
had greater power over 40 m (748.96 ± 131.91 vs. 600.72 ± 137.88 W), greater dominant
(43.52 ± 6.54 vs. 39.78 ± 7.96 kg) and non-dominant hand grip strength (40.23 ± 7.07 vs.
36.97 ± 7.80 kg) than non-selected players.

Table 3. Classification breakdown of all players’ physiological model.

Classifier Classification
Accuracy (%) Sensitivity Specificity Area under

ROC Curve

Naïve Bayes 67.31 0.45 0.80 0.63
Support Vector

Machine 63.46 0 1 0.5

K Nearest
Neighbour 69.23 0.45 0.83 0.68

J48 Decision Tree 70.19 0.34 0.91 0.43
Mean 67.55 0.31 0.89 0.56

Note. Sensitivity = 1—false positive. Specificity = 1—false negative. ROC = Receiver operating characteristic.

Table 4 displays the classification analysis of the psychosocial feature model created
from all players. Overall, this model was able to correctly classify players 62.26% of the time.
Specifically, selected players had lower reduced sense of accomplishment (10.20 ± 2.61 vs.
11.08 ± 2.19 questionnaire score), lower burnout (27.12 ± 5.79 vs. 29.37 ± 5.99 questionnaire
score), lower exhaustion (9.15 ± 2.69 vs. 10.24 ± 3.55 questionnaire score), and lower
introjected regulation’ (4.12 ± 2.53 vs. 4.82 ± 3.14 questionnaire score) than non-selected
players.

Table 4. Classification breakdown of all players’ psychosocial model.

Classifier Classification
Accuracy (%) Sensitivity Specificity Area under

ROC Curve

Naïve Bayes 64.42 0.37 0.80 0.61
Support Vector

Machine 63.46 0 1 0.5

K Nearest
Neighbour 59.61 0.24 0.80 0.54

J48 Decision Tree 61.53 0.50 0.68 0.57
Mean 62.26 0.28 0.82 0.56

Note. Sensitivity = 1—false positive. Specificity = 1—false negative. ROC = Receiver operating characteristic.

Table 5 displays the classification analysis of the physiological feature model created
from forwards. Overall, this model was able to correctly classify players 70.09% of the time.
Specifically, compared to non-selected players, selected players had faster 10 m (1.85 ± 0.14
vs. 1.86 ± 0.10 s) and 40 m sprint times (5.74 ± 0.32 vs. 5.90 ± 0.36 s), expressed greater
force (106.96 ± 14.65 vs. 83.60 ± 10.82 N) and power over 40 m sprints (747.92 ± 112.56 vs.
570.04 ± 89.89 W), had lower reciprocal ponderal index (40.63 ± 2.03 vs. 41.78 ± 1.79 cm
kg 0.333) and greater non-dominant hand grip strength (40.18 ± 7.24 vs. 36.26 ± 7.57 kg).
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Table 5. Classification breakdown of the forwards’ physiological model.

Classifier Classification
Accuracy (%) Sensitivity Specificity Area under

ROC Curve

Naïve Bayes 69.64 0.53 0.78 0.74
Support Vector

Machine 76.79 0.53 0.89 0.71

K Nearest
Neighbour 73.21 0.53 0.84 0.73

J48 Decision Tree 60.71 0.58 0.62 0.52
Mean 70.09 0.54 0.78 0.68

Note. Sensitivity = 1—false positive. Specificity = 1—false negative. ROC = Receiver operating characteristic.

Table 6 displays the classification analysis of the psychosocial feature model created
from forwards. Overall, this model was able to correctly classify players 73.66% of the time.
Specifically, selected players had lower life stress (6.97 ± 2.22 vs. 8.89 ± 2.85 questionnaire
score), lower reduced sense of accomplishment (10.05 ± 2.73 vs. 11.21 ± 2.74 questionnaire
score) and lower difficulty describing feelings (3.84 ± 1.64 vs. 5.05 ± 1.93 questionnaire
score) than non-selected players.

Table 6. Classification breakdown of the forwards’ psychosocial model.

Classifier Classification
Accuracy (%) Sensitivity Specificity Area under

ROC Curve

Naïve Bayes 75.00 0.53 0.86 0.67
Support Vector

Machine 62.29 0 0.97 0.49

K Nearest
Neighbour 73.21 0.47 0.86 0.65

J48 Decision Tree 82.14 0.53 0.97 0.51
Mean 73.16 0.38 0.92 0.58

Note. Sensitivity = 1—false positive. Specificity = 1—false negative. ROC = Receiver operating characteristic.

Table 7 displays the classification analysis of the physiological feature model created
from backs. Overall, this model was able to correctly classify players 62.5% of the time.
Specifically, selected players had faster 40 m sprint times (5.40 ± 0.26 vs. 5.61 ± 0.41 s),
greater momentum in the 40 m sprints (540.40 ± 76.31 vs. 481.84 ± 82.26 kg·m·s−1), were
born in an earlier birth quarter (2.10 ± 1.01 vs. 2.68 ± 1.20) and had greater dominant hand
grip strength (43.05 ± 5.99 vs. 40.84 ± 9.13 kg) than non-selected players.

Table 7. Classification breakdown of the backs’ physiological model.

Classifier Classification
Accuracy (%) Sensitivity Specificity Area under

ROC Curve

Naïve Bayes 68.75 0.47 0.83 0.61
Support Vector

Machine 54.17 0 0.90 0.45

K Nearest
Neighbour 58.33 0.26 0.79 0.59

J48 Decision Tree 68.75 0.26 0.97 0.26
Mean 62.50 0.24 0.87 0.48

Note. Sensitivity = 1—false positive. Specificity = 1—false negative. ROC = Receiver operating characteristic.

Table 8 displays the classification analysis of the psychosocial feature model created
from backs. Overall, this model was able to correctly classify players 60.42% of the time.
Specifically, selected players had lower introjected regulation (4.10 ± 2.60 vs. 5.26 ± 3.19
questionnaire score), lower reduced sense of accomplishment (10.38 ± 2.50 vs. 10.95 ± 1.51
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questionnaire score) and lower burnout (27.93 ± 5.66 vs. 30.16 ± 6.69 questionnaire score)
than non-selected players.

Table 8. Classification breakdown of the backs’ psychosocial model.

Classifier Classification
Accuracy (%) Sensitivity Specificity Area under

ROC Curve

Naïve Bayes 62.50 0.26 0.86 0.63
Support Vector

Machine 58.33 0 0.97 0.48

K Nearest
Neighbour 66.67 0.37 0.86 0.69

J48 Decision Tree 54.17 0 0.90 0
Mean 60.42 0.16 0.90 0.45

Note. Sensitivity = 1—false positive. Specificity = 1—false negative. ROC = Receiver operating characteristic.

4. Discussion

The aim of this study was to measure primary physiological and psychosocial factors
in age-grade Rugby Union players and to utilize a novel Bayesian pattern recognition
technique to identify which attributes differentiate between selection and non-selection
to regional U16 and U18 performance pathways. The main findings of this investigation
suggested that the generated physiological models correctly classified 67.55% of all players,
70.09% of forwards, and 62.50% of backs. Greater hand-grip strength, faster 10 m and 40 m
sprint, and power were common features for selection. The generated psychosocial models
correctly classified 62.26% of all players, 73.66% of forwards, and 60.42% of backs. Reduced
burnout and emotional exhaustion, and lower reduced sense of accomplishment, were
common features for selection. Selection appears to be predominantly based on greater
strength, speed, and power, as well as lower athlete burnout. Of note, the greater specificity
and lower sensitivity across all analyses suggests that non-selected players were easier for
the algorithms to identify. This finding is logical when one considers that players who
should not be selected likely stand out more (e.g., particularly slow/weak) compared
to players who should be selected (i.e., where the margins may be finer). The present
investigation offers an arguably more comprehensive test of factors than previous studies
into age-grade rugby selection (e.g., [21]); is the first attempt to objectively understand
the currently subjective decision-making that determines selection to regional age-grade
academies in Wales; and tests the role of psychosocial and physiological attributes via new
and cutting-edge analytical methods.

The findings of this investigation provide a unique insight into differences in psy-
chosocial components between selected and non-selected players. The results suggest that
selected players (generally across positions) reported lower levels of overall burnout and
specifically lower exhaustion and lower reduced sense of accomplishment compared to
non-selected players. Consistent with previous research in Rugby Union [32,33], these
results suggest that burnout is a prominent factor in the sport. Interestingly, the present
pattern recognition analysis did not support previously proposed theoretical explanations
of burnout, exhaustion, and reduced sense of accomplishment, such as perfectionism and
coping [32,63]; it is possible that the mechanisms producing these outcomes were too
individualized within the present sample to be identified at the feature selection stage.
Regardless of the precise mechanisms leading to burnout, results highlight the need for
coaches to consider how it could ultimately derail athlete progression within talent selection
and development [10].

The psychosocial results also reveal differences across forwards and backs. Forwards
report lower life stress, which is logical when viewed in line with results on burnout [64].
The selected forwards also reported lower scores in difficulties describing feelings, which is
a component of the personality trait Alexithymia [65]. Those high in Alexithymia often are
unable to express and recognise their emotions leading to difficulties in regulating emotions
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and difficulties with interpersonal relations [65]. Alexithymia is relatively under-researched
in athletes, but some research has linked those high in Alexithymia with risk-taking [66],
and endurance sports [67]. From a forward’s perspective, it could be argued that the
lower scores related to difficulty describing emotions are indicative of greater emotional
regulation, and their ability to resolve negative emotions that arose from stressful aspects
of life [67] and physical demands of playing forward. This is again logical when considered
with the reports of lower life stress and burnout. Future research should attempt to tease
the present findings apart by further investigating the coping strategies that might differ
across positions.

Whilst research has shown positional differences from a relative age effect [68] and
physiological perspective [69], the present investigation is, to the authors’ knowledge, the
first to reveal positional differences in psychosocial components of selected vs. non-selected
rugby players. Research by Dimundo et al. [21] included one measure of cognitive skills in
rugby union players but found no significant differences across players and went on to call
for future research to include psychosocial characteristics in talent identification/selection
methodologies. Adopting a battery of psychological tests comprising fewer items in the
present investigation provided an opportunity to assess players on a wide variety of
relevant psychosocial components. Recent applied research [70,71] has also adopted this
method of utilizing fewer items per construct to facilitate both a broad assessment and
to encourage athlete engagement. Whilst we would recommend that any psychosocial
investigations such as this are followed up on a more detailed basis between a sport
psychologist and coaches, the method adopted here does facilitate a broad understanding
of psychosocial component relevant to talent identification, selection, and development.

Physiological models correctly classified selected players in the range between 62.50%
and 70.09% and were stronger predictors of selection than psychosocial models, which has
been alluded to previously [21]. In addition, the common features for selection within our
models are generally in agreement with previous research examining differences in physical
and performance measures between selected and non-selected players. For example, in
the present investigation, greater hand grip strength was a performance feature important
for selection across all players and within positional categories. Others have confirmed
that greater strength in general [72,73] and handgrip strength specifically [19,21,74] is
a characteristic of selection to rugby performance pathways and distinguishes between
standard of play in age-grade players [75].

Sprinting speed is an important physical quality in Rugby Union and is associated
with many performance parameters such as evading opponents, line and tackle breaks
and has been shown to distinguish between selected and non-selected age-grade play-
ers [18,31,73,75]. In the present investigation, selected players recorded faster sprint times
over 10 m (all players and forwards) and 40 m (forwards and backs). Indeed, 10 m sprinting
speed was one of the features within the model that correctly classified 67.55% of all players,
and coaches and sport scientists should ensure the inclusion of these assessments into talent
selection programmes.

Previous research has consistently shown that selection for Rugby Union performance
pathways across U15–U21 age grades is biased towards taller [73,75] and heavier play-
ers [21,75]. This may explain the well-established selection bias towards relatively older
players [31,76–78] and to some degree early maturing players [79] (i.e., the relative age
effect). Notably, in the present investigation, stature and body mass were not common
features of selection for all players regardless of positional category. Although earlier birth
quartile (Q1 and Q2) was part of the model for selected backs, this was not a feature for
selection in the physiological models covering all players and forwards and may partly
explain these findings. Despite its absence as a direct feature for selection, body weight did
appear to be an important factor when expressed as momentum (backs), force (forwards)
and power during 40 m sprinting (all players and forwards). Further suggestion of the
importance of body shape and size was evidenced via a lower Reciprocal Ponderal Index
(RPI) as an important feature for selection for forward players. The RPI is an index of
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adiposity calculated as the relationship between standing height divided by the cube root
of body weight and based on allometric modelling has a stronger mathematical foundation
than BMI, as weight is a variable of cubic dimensions [48]. RPI has been associated with
performance in sports such as soccer and tennis [80,81]. The lower RPI found in selected
forwards in the present investigation would infer that greater body mass rather than a
more linear (ectomorphic) body shape is an important factor in terms of selection within
this positional category.

The methods used to derive the aforementioned psychosocial and physiological find-
ings feature several strengths. Firstly, the present investigation was the first to directly
assess the role of primary player-derived psychosocial attributes on talent selection in
Rugby Union. Secondly, the novel pattern recognition analysis performed on physiological
features revealed similar predictive features for talent selection in Rugby Union to pre-
vious correlational studies [31] which, importantly, gives confidence to the psychosocial
features identified as predictive for the first time. Lastly, a rigorous and conservative ‘leave
one out’ cross-validation classification procedure was used. This classification procedure
facilitates more accurate feature models (i.e., via an as-large-as-possible dataset during
feature selection) whilst minimizing the overfitting of results to the specific dataset (i.e., by
testing classification accuracy on the entire sample, instead of a small validation-specific
sample) [45,46]. The newfound knowledge from the present investigation can be used by
coaches, managers, parents, and guardians in making sure youth Rugby Union players are
adequately developed and supported for future success. Coaches may wish to prioritize
the physiological development of relatively stronger and faster players, while parents and
guardians may wish to monitor for signs and causes related to burnout and exhaustion.
Such provision should position Rugby Union players optimally for selection by regional
age-grade academies.

It is important to note however, some of the present investigation’s limitations. Clas-
sification accuracies (60–74%) were less than those of studies utilizing similar machine
learning approaches in other sporting domains [82,83]. However, this result can be expected
for two reasons. The regional academy’s subjective/intuition-based selection criteria likely
introduce inevitable statistical ‘noise’, and the present investigation’s conservative ‘leave
one out’ cross-validation classification procedure likely resulted in lower classification
accuracies. One method to increase classification accuracy despite this, could be the use of
even more comprehensive test batteries (e.g., via evaluations of practice histories, technical
ability, tactical ability, and performance history). For example, evidence to suggest that
the features collected in our study do not capture the role of tactical/technical attributes
in determining selection, can be seen in the backs’ generally lower classification accuracy
(~60%) compared to forwards’ (~70). For backs in particular, tactical and technical skill
may be a particularly important trait when academies evaluate players. Future studies are
encouraged to collect ratings of players’ tactical and technical ability from independent
coaches, alongside developmental variables such as practice histories, which have demon-
strated themselves as important factors in determining future success [83]. Additionally,
subsequent investigations may wish to also evaluate the interactive role of aerobic fitness, a
variable that was not possible to assess in the present investigation due to time constraints
on the talent camp day but has previously demonstrated an ability to differentiate between
selected and non-selected rugby union players [31].

5. Conclusions

This is the first study that has utilized a machine learning approach to examine the
factors that determine selection to a regional age-grade Rugby Union academy in Wales.
The present investigation offers an arguably more comprehensive analysis of factors than
previous studies in this population and informs an objective understanding of the current
subjective decision-making that determines selection to regional age-grade academies
in Wales. From these findings, it appears that physiological factors are more predictive
of selection. Specifically, the findings of this present investigation suggest that greater
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strength, speed, and power during sprint running were important factors for selection
and should be included as routine assessments in talent selection for regional academies.
Nevertheless, psychosocial factors were also shown to be important with reduced burnout
and emotional exhaustion, and lower reduced sense of accomplishment, common features
for selection. Indeed, this is the first study to comprehensively examine psychosocial factors
important for selection to rugby academies and the findings add weight to the argument
that these factors should be considered as part of a holistic selection framework in Rugby
Union. Furthermore, practitioners should also consider position-specific differences in
factors important for selection when planning talent selection frameworks. Future studies
are encouraged to adopt a holistic approach to talent selection through investigating a
comprehensive combination of physiological and psychosocial factors alongside tactical
and technical ratings and developmental variables such as practice histories.
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Appendix A

Table A1. Summary of measures used in psychological questionnaire packs 1 and 2.

Measure and Item
Origin Subscale Items from Original

Construct Factor Loading Author

TRAINING BEHAVIOURS

Perception of Success
(Roberts, Treasure, and
Balague, 1998)

Outcome Focus

1. When doing sport, I feel
successful when I beat other
people.

0.66

Items taken from the
ADFS (Dunn et al.,
2019)

2. When doing sport, I feel
successful when I outperform my
opponents.

0.62

Mastery Focus

1. When doing sport, I feel
successful when I perform to the
best of my ability.

0.62

2. When doing sport, I feel
successful when I show clear
personal improvements.

0.72
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Table A1. Cont.

Measure and Item
Origin Subscale Items from Original

Construct Factor Loading Author

TRAINING BEHAVIOURS

Quality of Training
Inventory (Woodman
et al., 2010)

Commitment to
Training

1. I always produce a high-quality
training session. Items taken from the

ADFS (Dunn et al.,
2019)

2. No matter what is going on in
my life, I still turn in a good
training session.

Inclusion of Others in
the Self Scale (Aron,
Aron, and Smollan,
1992)

Athlete Identity

1. My sport is the most important
thing in my life. Items taken from the

ADFS (Dunn et al.,
2019)

2. My sport offers me more than
anything else in life (e.g., friends,
family, relationships, money).

Behavioural Regulation
in Sport (Lonsdale,
Hodge, and Rose, 2008)

Amotivation
1. but I question why I continue. 0.90

Items taken from the
BRSQ-6 (Lonsdale,
Hodge, and Rose, 2008)

2. but the reason why are not clear
to me anymore 0.89

External
Regulation

1. because people push me to play 0.85
2. because I feel pressure from
other people to play 0.84

Introjected
Regulation

1. because I would feel guilty of I
quit 0.78

2. because I fee; obligated to
continue 0.88

Identified
Regulation

1. because the benefits of sport are
important to me 0.80

2. because it teaches me
self-discipline 0.57

Integrated
Regulation

1. because it’s an opportunity to
just be who I am 0.70

2. because what I do in sport is an
expression of who I am 0.77

IM-General
1 because I enjoy it 0.82
2. because I like it 0.81

Performance-based
Self-Esteem (Hallsten,
Josephson, and Torgén,
2005)

Self-Esteem

1. I think that I can sometimes try
to prove my worth by being
competent.

Range from 0.70
to 0.84

Items taken from the
Pbse-scale (Hallsten,
Josephson, and Torgén,
2005)

2. My self-esteem, is far too
dependent on my daily
achievements.
3. At times, I have to be better than
others to be good enough myself.
4. Occasionally I feel obsessed to
accomplish something of value.

Athlete Coping Skills
Inventory-28 (Smith,
et al., 1995)

Coping with
Adversity

1. I maintain emotional control no
matter how things are going for
me.

0.60
Items taken from the
ACSI-28 (Smith, et al.,
1995)

2. When things are going badly, I
tell myself to keep calm, and this
works for me.

0.58
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Table A1. Cont.

Measure and Item
Origin Subscale Items from Original

Construct Factor Loading Author

TRAINING BEHAVIOURS

Performing
Under Pressure

1. To me, pressure situations are
challenges that I welcome. 0.77

2. The more pressure there is
during a game, the more I enjoy it 0.71

Goal
Setting/Mental
Preparation

1. On a daily or weekly basis, I set
very specific goals for myself that
guide what I do.

0.69

2. I tend to do lots of planning
about how to reach my goals. 0.68

Concentration

1. I handle unexpected situations
in my sport very well. 0.63

2. When I am playing sports, I can
focus my attention and block out
distractions

0.68

Free from Worry

1. While competing, I worry about
making mistakes or failing to
come through (**).

0.76

2. I put a lot of pressure on myself
by worrying how I will perform
(**).

0.66

Confidence and
Achievement
Motivation

1. I feel confident that I will play
well. 0.65

2. I get the most out of my talent
and skills. 0.62

Coachability

1. If a coach criticizes or yells at
me, I correct the mistake without
getting upset about it.

0.77

2. I improve my skills by listening
carefully to advice and instruction
from coaches and manager

0.57

Measure and Item
Origin Subscale Items from Original Construct Factor Loading Author

PERSONALITY TRAITS

The Multidimensional
Inventory of
Perfectionism in Sport
(Stoeber et al., 2006)

Perfectionistic
Concerns

1. During training, I get
completely furious if I make
mistakes.

Range from 0.86
to 0.91

Items taken from the
ADFS (Dunn et al.,
2019)

2. During training, I get frustrated
if I do not fulfil my high
expectations.
3. During competition, I get
completely furious if I make
mistakes.
4. During competition, I get
frustrated if I do not fulfil my high
expectations.
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Table A1. Cont.

Measure and Item Origin Subscale Items from Original
Construct Factor Loading Author

PERSONALITY TRAITS

The Sport Multidimensional
Perfectionism Scale 2
(Gotwals and Dunn, 2009)

Perfectionistic
Strivings

1. I feel that other athletes
generally accept lower standards
for themselves in sport than I do.

0.63 Items taken from
the ADFS (Dunn
et al., 2019)2. I have extremely high goals for

myself in sport. 0.53

Big Five-Inventory-10
(Gosling, Rentfrow, and
Swann, 2003)

Extraversion
1. I see myself as: extraverted,
enthusiastic. 0.77

Items taken from
the ADFS (Dunn
et al., 2019)

2. I see myself as: reserved, quiet.

Agreeableness

1. I see myself as critical,
quarrelsome.

0.712. I see myself as: sympathetic,
warm

Conscientiousness

1. I see myself as: dependable,
self-disciplined.

0.762. I see myself as: disorganised,
careless

Emotional
Stability

1. I see myself as: anxious, easily
upset.

0.702. I see myself as: calm,
emotionally stable.

Openness to
Experiences

1. I see myself as: open to new
experiences, complex.

0.622. I see myself as: conventional,
uncreative.

Life Orientation Test,
(Scheier, and Carver, 1985)

Optimism

1. In uncertain times, I usually
expect the best. 0.56

Items taken from
the LOT (Scheier,
and Carver, 1985)

2. I always look on the bright side
of things. 0.72

3. I’m always optimistic about my
future. 0.61

4. I’m a believer in the idea that
“every cloud has a silver lining”. 0.66

The Brief Emotional
Intelligence Scale (Davies,
et al., 2010)

Appraisal of own
emotions

1. I know why my emotions
change. 0.77

Items taken from
the BEIS-10 (Davies,
et al., 2010)

2. I easily recognise my emotions
as I experience them. 0.62

Appraisal of
others; emotions

1. I can tell how people are feeling
by listening to the tone of their
voice.

0.72

2. By looking at their facial
expressions, I recognise the
emotions people are experiencing.

0.65

Regulation of
own emotions

1. I seek out activities that make
me happy 0.71

2. I have control over my emotions 0.83

Regulations of
others’ emotions

1. I arrange events others enjoy. 0.91
2. I help other people feel better
when they are down 0.68
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Table A1. Cont.

Measure and Item
Origin Subscale Items from Original

Construct Factor Loading Author

PERSONALITY TRAITS

Utilisation of
emotions

1. When I am in a positive mood, I
am able to come up with new
ideas.

0.65

2. I use good moods to help myself
keep trying in the face of obstacles 0.68

Toronto Alexithymia
Scale—20 (Bagby,
Parker, and Taylor,
1994)

Difficulty
Identifying
Feelings

1. I have feelings that I cannot
quite identify 0.77

Items taken from the
TAS-20 (Bagby, Parker,
and Taylor, 1994)

2. I do not know what is going on
inside me 0.66

Difficulty
Describing
Feelings

1. It is difficult for me to find the
right words for my feelings. 0.70

2. I find it hard to describe how I
feel about people. 0.54

Externally
Orientated
Feelings

1. Being in touch with emotions is
essential (**). 0.47

2. I find examination of my
feelings useful in solving personal
problems (**).

0.62

Measure and Item
Origin Subscale Items from Original Construct Factor Loading Author

PSYCHOLOGICAL FACTORS

Athlete Burnout
Measure (Raedeke, and
Smith, 2001)

Emotional
Exhaustion

1. I feel so tired from my training
that I have trouble finding energy
to do other things.

0.66

Items taken from the
ABQ (Raedeke, and
Smith, 2001)

2. I feel overly tired from my
[sport] participation. 0.69

3. I feel “wiped out” from [sport]. 0.70
4. I feel physically worn out from
[sport]. 0.63

5. I am exhausted by the mental
and physical demand of [sport]. 0.70

Reduce Sense of
Accomplishment

1. I’m accomplishing many
worthwhile things in [sport]. 0.67

2. I am not achieving much in
[sport]. 0.60

3. I am not performing up to my
ability in [sport]. 0.57

4. It seems that no matter what I
do, I don’t perform as well as I
should.

0.78

5. I feel successful at [sport]. 0.66

Sport Devaluation

1. The effort I spend in [sport]
would be better spent doing other
things.

0.63

2. I don’t care as much about my
[sport] performance as I used to. 0.50

3. I’m not into [sport] like I used to
be 0.82

4. I feel less concerned about being
successful in [sport] as I used to be. 0.66

5. I have negative feelings towards
[sport]. 0.65
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Table A1. Cont.

Measure and Item
Origin Subscale Items from Original

Construct Factor Loading Author

PSYCHOLOGICAL FACTORS

Perceived Stress Scale
(Cohen, et al., 1983)

Global Stress and
Training Stress

1. In the last week, how often have
you felt that you were unable to
control the important things in
your life?

Range from 0.82
to 0.86

Items taken from the
PSS (Cohen, et al., 1983)

2. In the last week, how often have
you felt confident about your
ability to handle your personal
problems? (**).
3. In the last week, how often have
you felt that things were going
your way? (**).
4. In the last week, how often have
you felt difficulties were piling up
so high that you could not
overcome them?

Key: ** = Reverse Score (i.e., 1 = 5, 2 = 4, 3 = 3, 4 = 2 and 5 = 1).
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Abstract: Sport researchers have warned about the lack of a clear and consistent definition of early
specialization, while others have raised concerns around the validity of methods used to classify
athletes as ‘specializers’. The current investigation includes two studies examining the implications
of varying classification methods for exploring both specialization and early specialization in sport.
Study 1 examined whether different approaches to defining and measuring specialization affected
the classification of athletes throughout development and provided a ‘profile’ of the sample in
terms of developmental milestones related to specialization. Results indicated the proportion of
athletes classified as specializers varied depending on the method used and athletes generally
met specialization milestones after the age of 12. Study 2 examined the proportions of athletes
who achieved ‘elite’, ‘pre-elite’, and ‘non-elite’ status in adulthood who were early specializers as
determined by different methods. Results showed the method used changed the proportion of
athletes classified as specializers at each level and there was no clear advantage or disadvantage to
being a specializer. Combined, these studies provide intriguing data regarding the implications of
different measures for assessing specialization in young athletes.

Keywords: early specialization; development; milestones; classification

1. Introduction

Early specialization has been defined many ways, with little consistency between
studies [1]. Collectively, however, these studies generally indicate early specialization
involves dedicating large amounts of time and effort to one sport from a young age in
pursuit of becoming an elite athlete, e.g., [2–5]. Precise determination of ‘young age’ and
‘early’ have yet to be established across the field [6]; however, the Developmental Model of
Sport Participation (DMSP) suggests 12 years of age or earlier as a critical cut-off point [2].

The number of athletes following the path of early specialization has appeared to have
seen an increase in recent years, arguably due to the professionalization of youth sport [7].
While there is much debate about the potential negative outcomes associated with early
specialization, the need to eventually specialize is strongly supported [8].

Much of the theoretical rationale for early specialization is found in the deliberate
practice framework [9]. Ericsson and colleagues used data from musicians as the foundation
for the framework, noting that expert musicians spend more time in highly focused, effortful
practice aimed at improving performance compared to their lesser skilled peers. The
authors suggested engagement in this specific type of training (i.e., activities that are not
inherently enjoyable, designed for the purpose of improving performance and not instantly
gratifying, which they labeled ‘deliberate practice’) was the key mechanism explaining
differences between those who achieve expertise and those who do not. Essentially, this
framework is grounded in the notion that in order to become an expert, one must engage
in a large quantity of deliberate practice; the greater the time spent in deliberate practice,
the higher the attained level of performance. Importantly for our context, Ericsson and
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colleagues [9] suggested those who started deliberate practice at a later age (i.e., specialized
later) were at a disadvantage compared to their peers who began earlier.

Despite the suggestions that early specialization in sport is increasing, recent studies
have found later specialization (described as specialization after the age of 12) to be more
common among elite athletes. The average age of specialization was 14 years of age in
a study of elite hockey players, with only 12% of athletes specializing before age 12 [10].
Similarly, in a study of Olympic track and field athletes, 17 was the average age of special-
ization [11]. Despite these and other studies providing evidence against the necessity of
specializing early, many parents and athletes still believe early specialization is the optimal
way to become a top performing athlete. In a large study of 3090 athletes playing at high
school, collegiate, and professional levels, 79.7%, 80.6%, and 61.7%, respectively, agreed
that specializing in one sport helps an athlete play at a higher level [12]. Additionally, a
study of over 900 youth athletes found 91% believed specialization in one sport increased
their chances of getting better at their sport and 66% felt it would increase their chances of
making a college team [13]. Unfortunately, early specialization is linked to an increased
risk of injury and potential for burnout [4,14], which is why many sport organizations have
advised against the practice (e.g., American Academy of Pediatrics) [7]. However, findings
regarding early specialization should be interpreted with caution, as multiple authors,
e.g., [12,15–17] have highlighted several methodological shortcomings.

For many years, sport researchers have warned about the lack of a clear and consistent
definition of early specialization [12,15], while others have raised concerns around the
validity of current methods used to classify athletes as ‘specializers’ [16,17]. A recent
systematic review by Mosher et al. [1] found inconsistent definitions of early specialization
across 48 empirical studies, with 18 different methods used to classify athletes as early spe-
cializers. ‘Single sport participation’ was the most common indicator of early specialization
with ~73% of the 129 papers included in the review using this marker. Comparing single
sport versus multi-sport athletes is one of the more common ways researchers have used
to classify athletes as early specializers, e.g., [18]. Some have used a more comprehensive
approach, collecting a complete history of an athlete’s sporting background, e.g., [19] while
others have used a single yes/no item to determine specialization, e.g., [20]. A popular
classification system in sports medicine is the “Sport Specialization Scale” developed by
Jayanthi et al. [4], which classifies athletes on a spectrum from low to high specialization
based on specialization as “year-round intensive training in a single sport at the exclusion
of other sports” (p. 795). This scale, while used in youth populations (ages 7–18), does not
include a measure of age and, therefore, does not distinguish between early specialization
and specialization more generally. This variation in methods used to determine special-
ization can lead to inconsistent classification of who is a specializer. The scientific value
of measuring specialization based on a dichotomized definition using arbitrary nominal
variables needs to be evaluated and researchers are advocating for more adequate ap-
proaches (e.g., measuring a variety of continuous variables) [21]. However, as it is common
practice to define and measure specialization in this way, there is value in examining the
implications of different methods.

Importantly, the lack of a consensus definition can change the relationship and severity
of outcomes associated with specialization. For example, in a study on the prevalence of
specialization and injury history, Bell and colleagues [22] had high school students in the
United States complete two different specialization classification tools, including a self-
report as a ‘single sport’ or ‘multi-sport’ athlete, and the Sport Specialization Scale; both
methods have been used in prior research to distinguish specializers from non-specializers.
They found little agreement between the classification methods, with only 12% of students
being classified as both single-sport and highly specialized and 26% being classified as
multi-sport and low specialization. More troubling, the method used to classify athletes
affected whether there was an association found between injury history and specialization.
Athletes who self-classified as a single sport participant had no association to injury history,

316



Sports 2022, 10, 34

whereas those classified moderate or high specialization were more likely to report a history
of injury [22].

The differing outcomes from different classification methods within the same study
raise concerns about the reliability and validity of research examining specialization in
general and early specialization in particular. While Bell and colleagues’ [22] study indicates
specialization rates appear to be dependent on the classification method used, their study
is only one among a rapidly growing research base focused on both early specialization
and specialization more generally, with little consistency in the definition of the construct.
Further, Bell and colleagues’ [22] study was cross-sectional in design, focused on athletes
between the ages of 13 to 18. Given that much of the debate around specialization is
concerned with early specialization and the dangers of specializing too soon, studies of this
phenomenon in athletes before the age of 13 are needed. To this end, this investigation
includes two studies, described below, examining the implications of varying classification
methods for exploring both specialization and early specialization in sport.

2. Study 1

Given the recommendations from key organizations and athlete development models
to avoid early specialization (e.g., American Academy of Pediatrics; Long Term Develop-
ment Model) [7,23] coupled with issues related to approaches for classifying athletes as
specializers, greater examination of early specialization measurement in youth (12 years of
age and under) samples appears to be warranted. In this first study, we had two objectives.
First, we examined how different approaches to defining and measuring specialization
affected the classification of athletes throughout development. Based on prior work, our
hypothesis was that the method used to determine specialization status would affect the
proportion of the overall sample classified as ‘specializers’. Our second objective was to
provide a ‘profile’ of the sample in terms of developmental milestones related to special-
ization. Few, if any, studies have provided individual milestones related to specialization,
instead providing only the age at which specialization occurred. Examining the age that
each component of specialization was met provides a more comprehensive picture of spe-
cialization patterns. Collectively, this study extends our understanding of the age at which
youth meet different indicators of specialization and determines if early specialization is
occurring in this sample.

2.1. Study 1 Materials and Methods
Participants

Participants included 362 athletes from one of the largest samples of athletes’ de-
velopmental histories [24,25]. In the original study, participants were recruited from all
competition levels (e.g., local, regional, national, international) via advertisements on sport
organization websites, social media and newsletters, or invitations from their coach. The
sample was comprised of 203 females and 159 males with an age range of 14–42 (M = 20.8,
SD = 4.7) from 10 different countries. The majority of participants were from Australia
(n = 255) and Canada (n = 97). The athletes represented 36 different sports with the most
popular being soccer (n = 77) and basketball (n = 46).

2.2. Measures

The indicators used in our studies were chosen mainly on their common use in the
literature and not on their inherent value or evidence-based rationale. Data for this project
came from a larger study of athlete development conducted in 2010–2011, where partici-
pants completed the Developmental History of Athletes Questionnaire (DHAQ) [26,27].
The DHAQ is a comprehensive instrument that gathers quantitative information on several
different areas of an athlete’s history including their main sport practice history, other sport
participation, family sporting history, and attainment of sporting milestones. The DHAQ
has been previously validated [26] and used in samples with both able-bodied and para-
athletes [24,28] While a number of measures included in the DHAQ were demonstrated to
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have questionable reliability or validity, the items analyzed for this study were deemed
to have sufficient validity and reliability to provide valuable insights to the academic
discussion of specialization in sport. A key strength of the DHAQ is that it allows collection
and examination of key markers of specialization (outlined below) throughout athletes’
development.

2.2.1. Single Sport Participation

As mentioned, single sport participation is the most commonly used indicator of
specialization [1]. Subsequently, many studies have used this single qualifier as a method of
classifying athletes as specializers [18,29]. While the merit of this method is debatable [22],
due to its frequency of use, single sport participation was the first method used for compar-
ison in this study. To operationalize this indicator, drawing from the DHAQ variables, we
used the number of sports participated in at each age between 5 and 18 years.

2.2.2. Year-Round Single Sport

Another common indicator of specialization in previous work consists of year-round
participation in one sport [1,20], and reflects a two-indicator method focusing on the ‘single
sport participation’ captured in method one, described above, but within a fixed time frame
(i.e., over the full year). In the current study, we consider these two indicators together as
a method of classifying athletes as specializers. The questions/variables drawn from the
DHAQ to operationalize this indicator were: (a) age of first participation in year-round
training in main sport and (b) number of other sports participated in at each age (5–18).

2.2.3. Sport Specialization Scale Items

While the Sport Specialization Scale [4] was not explicitly used in the DHAQ, the three
indicators that comprise the scale can be inferred from the data collected [26]. Specifically,
the Sport Specialization Scale consists of three self-reported questions pertaining to whether
an athlete is engaged in: (a) year-round training, (b) exclusion of other sports, and (c)
participation in one main sport. The aligning questions/variables drawn from the DHAQ
were: (a) age of first participation in year-round training in main sport, (b) age of deliberate
exclusion of other sports, and (c) number of sports participated in at each age (5–18).
On the Sport Specialization Scale, an athlete responds ‘yes’ or ‘no’ to each of the three
questions; specialization is then scored as low, moderate, or high (i.e., ‘yes’ to one, two,
or three indicators). While the three similar items of the SSS were used as indicators of
early specialization, our analysis was somewhat different from how these data have been
typically considered, as described below.

2.3. Coding

Information collected from the DHAQ was used to classify athletes as specializers at
each age of development based on the three methods described above (i.e., single sport
participation, year-round single sport, and the Sport Specialization Scale items). The
proportion of athletes meeting the criteria of specialization based on each method at each
age from 5 to 18 years was calculated. Unlike Jayanthi and colleagues’ [4] scale, which
allowed for any one of the three indicators resulting in a score from one to three, this
study used specific combinations of indicators (i.e., single sport alone; single sport and
year-round training only; and single sport, year-round training, and exclusion of other
sports). For a visual explanation of coding see Figure 1.

2.3.1. Single Sport Participation

The number of other sports in which an athlete participated was coded to indicate
whether the athlete was a single sport participant and coded as 1 (i.e., response of zero
additional sports) or participated in more than one sport (i.e., ≥1) coded as 2 for each age
of development. In order to distinguish single-sport participation from data for years that
participants had not yet started sport participation, athletes’ age of first participation in

318



Sports 2022, 10, 34

their main sport was established. If, for example, an athlete did not start participating in
any sports until age seven, the zero response for other sport participation at age 5 and
age 6 was coded as a 2 rather than a 1. Additionally, in order to distinguish single sport
participation from those who could not fill out information because they were younger
than the age of study (i.e., any age under 18), the age of the participant during the study
was taken into consideration. This meant if an athlete was 15 years old at the time of the
study, for the ages after 15 (16–18) a zero response for other sport participation was marked
as ‘N/A’ rather than single sport participation. At each age of development, an athlete was
deemed a specializer if they received a score of 1 on this measure and a non-specializer if
they received a score of 2.

Figure 1. Breakdown of the coding for each variable and each method.

2.3.2. Year-Round Single Sport

Year-round participation was coded similarly for each age of development. If the
age of first participation in year-round training was equal to or less than the age being
considered in the analysis (e.g., if the age of first participation in year-round training was 6
and the age being considered was 6 or higher), the athlete received a coding of 1. If the age
of first participation in year-round training was greater than the age being considered for
analysis (e.g., if age of first participation in year-round training was 7 and the age being
considered in the analysis was 6), the athlete was coded as a 2. The same coding described
above was applied to determine single sport participation. The two measures were then
summed, and an athlete was deemed an early specializer if they received a total score
of 2 (e.g., as it would indicate a coding of one for both criteria); they were classified a
non-specializer if they received a score of 3 or 4, indicating they did not meet both criteria.

2.3.3. Sport Specialization Scale items

The same coding of 1 or 2 was applied to age of deliberate exclusion of other sports
at each age of development. Similar to year-round participation, if the age of deliberate
exclusion of other sports was equal to or less than the age being considered (e.g., if the age
being considered in the analysis was 8 and the age of deliberate exclusion of other sports
was 8), the athlete received a coding of 1. If the age of deliberate exclusion of other sports
was greater than the age being considered (e.g., if age being considered in the analysis was
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8 and age of deliberate exclusion of other sports was 9) the athlete received a coding of
2. Year-round participation and single sport participation were coded as described above.
After summing the three measures, an athlete was deemed a specializer if they received a
total score of 3 (i.e., a coding of 1 for all three criteria).

2.4. Analyses

To address objective one, the proportions of athletes classified as specializers at each
age were calculated using each of the methods described above. Objective two involved
calculating the averages for the developmental milestones related to specialization. Aver-
ages were calculated for age of first participation in main sport, age of first participation in
year-round training, and age of exclusion of other sports.

3. Study 1 Results

Analysis revealed athletes’ average age of first participation in their main sport was 9.5
(SD = 5.1) years of age, the mean age of first participation in year-round training was 14.4
(SD = 3.9) years of age, and the mean age of exclusion of other sports was 15.1 (SD = 3.5)
years of age. Only 16.3% of athletes began excluding participation in other sports by the
age of 12, while 26.2% began year-round training by 12 years of age.

As expected, the number of athletes classified as specializers varied depending on the
method used. Across every age, single sport participation resulted in the highest percentage
of specializers. There was a large difference (20% or greater) between the proportion of
specializers based on single sport participation compared to year-round single sport or the
Sport Specialization Scale items between the ages of 5 to 12 (early specialization). By age
thirteen (specialization), the differences between groups ranged from 20% to 6% with the
greatest degree of convergence occurring at 18 years of age. Between the ages of 5 and 12
(early), the proportion of athletes classified as early specializers remained low for the Sport
Specialization Scale items and year-round single sport ranging from 0% to 12%, while the
proportion of specializers based on single sport participation started at a higher percentage
(19%) at 5 years of age and continued to increase (to 32%) up to 12 years of age. After
age 13, there was an increase in the number of specializers based on year-round single
sport and the Sport Specialization Scale items from 30% up to 46%, while the proportion
of specializers for single sport participation fluctuated between 46% up to 54%. For a full
break down of percentages by classification method, see Table 1.

Table 1. Proportion of athletes classified as early specializers by method.

Single Sport Participation Year-Round
Single Sport

Sport Specialization
Scale Items

Age % specializers (n) % specializers (n) % specializers (n)
Age 5 19.61 (71) 0.28 (1) 0.00 (0)
Age 6 23.48 (85) 0.83 (3) 0.55 (2)
Age 7 25.69 (93) 1.10 (4) 0.55 (2)
Age 8 29.01 (105) 2.21 (8) 0.83 (3)
Age 9 30.66 (111) 4.97 (18) 2.49 (9)
Age 10 30.66 (111) 7.73 (28) 3.59 (13)
Age 11 31.77 (115) 9.39 (34) 5.80 (21)
Age 12 32.87 (119) 12.43 (45) 7.73 (28)
Age 13 39.78 (144) 19.61 (71) 13.81 (50)
Age 14 45.86 (166) 30.11 (109) 25.14 (91)
Age 15 54.14 (196) 40.88 (148) 37.57 (136)
Age 16 54.42 (197) 45.58 (165) 42.54 (154)
Age 17 54.14 (196) 46.13 (167) 45.30 (164)
Age 18 50.83 (184) 44.48 (161) 44.20 (160)

Peak number of specializers indicated in bold.

320



Sports 2022, 10, 34

4. Study 1 Discussion

Results from Study 1 highlight several implications for those studying early specializa-
tion. First, based on the average age of first participation in year-round training (~14 years),
exclusion of other sports (~15 years) and the small percentage of athletes who met these
milestones at 12 years of age or earlier, specialization (12 years of age or earlier) does not
appear to be overly prevalent in this sample of athletes. This is in line with a study by
Swindell et al. [30] that found approximately 17% of athletes had specialized at 12 years
of age or earlier. While this is a meaningful minority and each athlete’s experience and
safety is important, these results suggest either the number of children meeting criteria for
early specialization is not as large as the rhetoric would suggest, e.g., [7,31,32] or those who
specialized early are no longer in the system at the age of this sample of athletes.

Second, our hypothesis suggesting differences in proportions of specializers based
on method used was generally well supported, given large discrepancies found; the more
indicators used, the lower the proportion of athletes classified as specializers.

At every age, using single sport participation as the sole indicator resulted in the
highest number of athletes classified as specializers. Such variation in how early special-
ization is determined at younger ages [1] raises concerns regarding the methods used to
generate the evidence for such strong condemnation of the dangers of early specialization,
e.g., [33]. The choice of method has clear implications for how study results are positioned
in the discourse around early specialization. At six years of age, for example, less than
one percent of athletes were participating in year-round-training at the exclusion of other
sports, yet approximately 23% were participating in only one sport. Our understanding
of the appropriate level of sport engagement for youth participating in sport at this age is
very limited. Many children at six years of age may simply be beginning sport participa-
tion, and it seems reasonable to attempt one sport at a time, yet these athletes would be
classified as specializers according to the method used in many studies. The results from
this study indicate that a measure with more indicators may be more suitable to classify
athletes—particularly younger child-athletes—as specializers.

That the proportion of athletes categorized as specializers changes so dramatically
based on the method used raises questions about the conclusions drawn from the evidence
base on early specialization, particularly given the range of definitions reported in this
literature [1] For example, how does the method used affect conclusions about the value of
early specialization for becoming an elite athlete? We explore this issue in study 2.

5. Study 2

As a commonly agreed upon principle of early specialization is that it is a pathway
often followed in pursuit of becoming an elite athlete [2], it is important to examine the
relationship between athletes’ sport development pathway (i.e., early specialization), and
their attained skill level (i.e., elite). In this second study, we explored whether those who
specialized in their youth became elite athletes in adulthood by examining the proportions
of specializers (by each method used in Study 1) who achieved ‘elite’, ‘pre-elite’, and
‘non-elite’ status.

5.1. Study 2 Materials and Methods
5.1.1. Participants

A sub-sample of athletes from Study 1 was included in Study 2 (n = 237). Because
this analysis focused on the highest level of skill attained, participants were limited to
those above 18 years of age at the time of data collection. This age was chosen based on an
assumption that generally, there is still room to improve and increase level of competition
at age 16 or younger but by 18, if an athlete has not yet reached elite status, their chances of
becoming elite decrease dramatically.
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5.1.2. Measures

The same classification methods in Study 1 were used in Study 2 to determine special-
izers (i.e., single sport participation, year-round single sport, and the Sport Specialization
Scale items). For single sport participation, athletes were either specializers meaning they
met the single sport criterion (i.e., participated in one sport, sum of 1) or non-specializers
(i.e., participated in more than one sport, sum of 2). For year-round single sport, athletes
were considered specializers if they met both criteria (i.e., year-round and one sport, sum of
2) and non-specializers if they met one or none of the criteria (i.e., year-round or one sport
or neither, sum of 3 or 4). Finally, in order to get a better understanding of the extremes
of specialization compared to non-specialization, for the Sport Specialization Scale items,
athletes had to meet all three criteria to be a specializer (i.e., year-round and exclusion of
other sports and one main sport, sum of 3) but none of the criteria to be a non-specializer
(as opposed to meeting some but not all criteria, sum of 6). This method provided a greater
contrast than combining the remaining athletes (i.e., combining those who met one or two
or none of the criteria) would have. Additionally, as there was overlap between all three
methods (i.e., all use single sport, two use year-round), we felt much of the information
would be provided by the other two methods and, therefore, the extreme comparisons for
the Sport Specialization Scale items would be more valuable.

To determine highest level of competition and subsequently which skill group (elite,
pre-elite, or non-elite) athletes belonged to, the milestones section of the DHAQ [24] was
used. This section determines the age at which each athlete participated in different levels
of competition (i.e., local, regional, national, international). Using the Athlete Development
Triangle framework [24,34] athletes were categorized into three groups: (a) ‘elite’ athletes
had competed at a senior international level, (b) ‘pre-elite’ athletes had competed at a
junior international or senior national level, and (c) ‘non-elite’ athletes were all those who
competed in remaining lower levels of competition.

5.2. Analyses

We determined the percentage of specializers across ages by each method described
above who achieved elite, pre-elite, and non-elite status. The number of athletes (n) in each
group varied across each age as the number of specializers varied, as described in Study 1.

6. Study 2 Results

Results indicated differences between the proportions of elite, pre-elite, and non-elite
athletes classified as specializers across ages based on the method used. For a complete
profile of percentages across the method used, see Table 2 and Figure 2. Across all skill
levels, single sport participation resulted in the highest percentage of athletes classified
as specializers for each age. The largest differences between percentages classified as
specializers based on method used across skill level occurred in the earlier ages (i.e., 5–12),
with the difference generally decreasing with age.

Using the criterion of single sport participation, at the ages of 5–7, there was a higher
percentage of specializers who became elite compared to pre-elite and non-elite, whereas
when using both year-round single sport and the Sport Specialization Scale items, between
the ages of 6 and 13 there was a higher percentage of specializers who became non-elite
and pre-elite compared to elite. By all three methods, there was a higher percentage of
athletes who were specializers at 18 who became elite compared to non-elite.
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Table 2. Percentage of elite, pre-elite, and non-elite classified as specializers by method used.

% Elite (n) % Pre-Elite (n) % Non-Elite (n)

Age 5 n = 26 n = 13 n = 7
Single sport participation 88% (23) 77% (10) 71% (5)
Year-round single sport n/a n/a n/a

SSS items n/a n/a n/a
Age 6 n = 33 n = 17 n = 10

Single sport participation 88% (29) 59% (10) 60% (6)
Year-round single sport 0% (0) 0% (0) 20% (2)

SSS 0% (0) 0% (0) 20% (2)
Age 7 n = 41 n = 23 n = 11

Single sport participation 73% (30) 65% (15) 55% (6)
Year-round single sport 0% (0) 4% (1) 18% (2)

SSS items 0% (0) 0% (0) 18% (2)
Age 8 n = 52 n = 29 n = 23

Single sport participation 63% (33) 66% (19) 54% (7)
Year-round single sport 2% (1) 7% (2) 15% (2)

SSS items 0% (0) 3% (1) 15% (2)
Age 9 n = 61 n = 33 n = 15

Single sport participation 57% (35) 64% (21) 53% (8)
Year-round single sport 5% (3) 9% (3) 20% (3)

SSS items 0% (0) 6% (2) 20% (3)
Age 10 n = 71 n = 42 n = 20

Single sport participation 49% (35) 48% (20) 50% (10)
Year-round one sport 6% (4) 14% (6) 15% (3)

SSS 0% (0) 7% (3) 15% (3)
Age 11 n = 77 n = 46 n = 23

Single sport participation 45% (35) 50% (23) 52% (12)
Year-round single sport 5% (4) 22% (10) 13% (3)

SSS items 1% (1) 10% (5) 13% (3)
Age 12 n = 85 n = 51 n = 27

Single sport participation 41% (35) 47% (24) 48% (13)
Year-round single sport 8% (7) 22% (11) 11% (3)

SSS items 1% (1) 14% (7) 11% (3)
Age 13 n = 92 n = 58 n = 29

Single sport participation 50% (46) 48% (28) 41% (12)
Year-round single sport 17% (16) 22% (13) 10% (3)

SSS items 10% (9) 15% (9) 10% (3)
Age 14 n = 102 n = 62 n = 33

Single sport participation 51% (53) 45% (28) 39% (13)
Year-round single sport 28% (29) 26% (16) 15% (5)

SSS items 19% (20) 20% (13) 15% (5)
Age 15 n = 110 n = 65 n = 33

Single sport participation 58% (64) 49% (32) 36% (12)
Year-round single sport 38% (42) 34% (22) 18% (6)

SSS items 32% (35) 28% (18) 18% (6)
Age 16 n = 114 n = 67 n = 33

Single sport participation 64% (73) 55% (37) 36% (12)
Year-round single sport 50% (58) 44% (30) 21% (7)

SSS items 45% (51) 39% (26) 21% (7)
Age 17 n = 116 n = 68 n = 34

Single sport participation 73% (85) 65% (44) 47% (16)
Year-round single sport 63% (73) 53% (36) 26% (9)

SSS items 60% (70) 53% (36) 26% (9)
Age 18 n = 119 n = 69 n = 34

Single sport participation 86% (102) 84% (58) 70% (24)
Year-round single sport 77% (92) 74% (51) 53% (18)

SSS items 76% (91) 74% (51) 53% (18)
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7. Study 2 Discussion

The assumptions underpinning the need to specialize are that it improves an athlete’s
performance [13] and helps their chances of playing at a higher level [12]. The results of
this study challenge aspects of these assumptions and highlight a range of implications.
First, reinforcing the results from Study 1, there were large discrepancies between the
proportion of athletes in each skill group based on the method used to classify athletes
as specializers. As mentioned previously, single sport participation is not a nuanced
measure of specialization status. However, even when using a more multi-dimensional
measure (i.e., the Sport Specialization Scale items), the proportion of elite athletes versus
pre-elite or non-elite was low until the age of fifteen. This suggests early specialization
(i.e., specializing at 12 years of age or earlier) has limited benefit to performance and long-
term elite attainment. This supports previous research by Wilhelm et al. [35] suggesting
early sport specialization is not a requirement to compete at the most elite levels of sport.
However, it is important to also recognize the large number of athletes who did go on to
be elite, who had specialized before 18 (as measured by all three methods)—indicating
that specialization in later adolescence is a common pathway to elite performance. More
specifically, these results suggest specialization prior to 18 years of age may be required
to become an elite athlete—but specialization does not need to or should not occur too
early (i.e., not prior to 12–15 years). Further research is necessary to determine more precise
optimal age(s) of specialization (and potential mitigating factors)—for athletes to reach top
skill levels in adulthood.

8. General Discussion

Collectively, both studies demonstrate that single sport participation (i.e., the most
commonly used indicator in prior research) resulted in the greatest proportion of the sample
being classified as specializers. The large number of athletes classified as specializers based
on the single sport participation method indicates there may be many athletes being
classified as specializers who are not ‘true’ specializers (i.e., investing time and effort in
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one sport for the purpose of improving performance). There are many reasons a child
may be participating in one sport, including parental time constraints, family financial
constraints, and/or the child enjoying one sport over others. Simply asking the number
of sports in which a child is participating fails to distinguish those who are deliberately
choosing to play one sport to improve performance from those who participate in one
sport for other reasons. The latter may be less of a concern as the child would likely be at a
lower risk of injury associated with specializing for performance. Much of the increased
injury risk associated with specialization is often attributed to the volume of training and
overuse [36]. A child participating in one sport recreationally would likely not meet the
volume of training that would warrant concern. In future work, if researchers choose to
use single sport participation as a distinguishing factor it should be used in combination
with other variables to ascertain why the athlete only participates in one sport in order to
distinguish true specializers (i.e., the explicit decision to specialize to improve performance)
from single sport athletes (e.g., those who may not be able to afford multiple sports or
participate in low amounts in one sport at a recreational level).

When other variables were considered in addition to single sport participation (e.g., year-
round participation), there were few to no athletes at the younger ages (i.e., 5–12 years)
meeting the criteria for specialization. Much of the caution around specialization concerns
the notion that specializing too soon is dangerous to the physical health and well-being
of the athlete [37]. Collectively, both studies indicate that specialization is not prevalent
at younger ages, but rather, is more common beginning in the early adolescent years
(i.e., 13–16). Further research should focus on specialization in early adolescence, given
similar concerns may arise (e.g., related to physical maturation, psycho-social outcomes)
despite specialization being deemed more acceptable at this stage of development.

Our ultimate goal for this series of studies was to examine the varying approaches to
measuring specialization in the same group of athletes. The inconsistency of classifications
across different methods raises important issues about the validity and reliability of prior
work on early specialization. This is particularly important given the value of research
synthesis approaches (e.g., systematic reviews, meta-analyses) for generating patterns of
evidence to reflect conclusions in a field. Many practitioners advise against specialization
for youth athletes, but without a consistent classification method for specializers, the
evidence behind these recommendations is unclear.

One important next step could be increasing the accuracy of the measure used to
classify athletes by increasing the number of criteria an athlete has to meet. As we note
above, there are potentially important elements of specialized engagement that are not
captured in current approaches (e.g., reason for specialization). It should be noted, however,
that increasing the number of criteria does not guarantee a more accurate measure. A recent
study on the Sport Specialization Scale [16], for example, found that 30% of athletes were
misclassified as moderately specialized, because they had only ever participated in one
sport and, therefore, failed to meet the criteria of exclusion of other sports, when they
should have been considered highly specialized. A strong rationale for item inclusion and
consideration to the way new items are best measured are necessary when attempting to
increase the accuracy of future measures.

A final consideration is the common dichotomizing of specialization. By dividing
athletes into one or two groups, researchers may miss important information that could
help elucidate the links between specialization and negative outcomes. For instance, some
researchers have operationalized specialization as a simple yes or no question, such as “are
you a specializer or not?” [20]. This method provides little information about the indicators
chosen as key markers of specialization and, thus, makes understanding which aspect(s)
of specialization is (are) most harmful or beneficial more difficult. The same issue applies
when asking an athlete whether they are a single or multi-sport athlete. While this provides
some information about the breadth of their participation, it does little to illuminate areas
of potential concern. It would be more valuable to collect information on hours spent
in each sport or months spent training to identify where overtraining may occur, rather
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than a dichotomized single versus multisport variable. While the Sport Specialization
Scale [4] aimed to move away from this trend by creating degrees of specialization (low,
medium, high), some have questioned the validity of the scale [16,17] as it does not account
for volume of training and does not consider athletes who only ever played one sport.
Overall, future research should move away from the simple single sport participation or
dichotomous classification of early specialization and move towards a more comprehensive
understanding of athletes’ full participation history.

While both studies in this paper have several strengths, it is important to also discuss
potential limitations. The data collected was retrospective not prospective in nature and,
therefore, only captures the responses from ‘survivors’ in the sport system. This a common
issue in athlete development research but it means it is possible those who dropped out
from sport may have different participation trajectories that are not captured in this analysis.
Moreover, the retrospective design also raises concerns regarding the accuracy of recall by
participants, with participants attempting recall information from as far back as 30 years.
Additionally, the specialization status of the sports was not considered; examining sports
designed around early specialization (e.g., gymnastics, where peak performance can occur
before 18 years for age) as well as later specializing sports (e.g., triathlon) is an important
next step to gain more nuanced understanding of specialization. Moreover, our sample
contained more elite athletes than pre-elite and non-elite athletes and, therefore, may not
be generalizable to the average sporting population. Finally, development is best seen
as a continuous process, which makes it hard to set ‘cutoffs’ for assessing development.
We decided that having a cutoff would be more useful for analyses, and relevant for
practitioners. Since the age of 18 is often used as an important marker of the transition from
adolescent to adult, we felt this was an appropriate age to use as the cutoff in study two.

Despite these limitations, our results suggest important implications of the use of
different definitions/measures for specialization in research studies. We are not alone
in raising these concerns. Recently, there has been some progress towards a consensus
definition of specialization [38] although whether this definition will be widely used
remains to be seen [21]. While a consistent definition of specialization would be a positive
step forward, this will need to be followed by addressing the methodological concerns
highlighted in this study. Until there is a clear and consistent definition and aligning method
used to classify specialization, position statements outlining risks should be interpreted
with caution. In particular, future research should better measure and distinguish ‘early’
specialization from ‘sport specialization’; this is essential when making specific and age-
based recommendations. Despite the number of position statements and the passion of
the rhetoric in this area, our understanding of the potential costs and benefits of early
specialization is far from complete.
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Abstract: A comprehensive understanding of skill acquisition is important for different performance
domains, and has practical implications for both sport sciences and public health. The study compared
important constraints for expertise development in a physically demanding sport (cross-country
skiing) versus a technically demanding sport (freeskiing). Eighteen world-class athletes reported the
importance of different constraints for their developmental history subdivided into two age spans:
(1) 7–15 years and (2) 16 years until present. The total amount of training did not differ between the
groups, but from the age of 16, the cross-country skiers spend approximately 98% of their training
specific to their main sport, compared to 75% for freeskiers. No differences were found between
the distribution of organized versus non-organized training in main sport, but freeskiers reported
a higher amount of unorganized training in other sports after the age of 16. No differences were
found in perceived importance of facilities, enjoyment of performing their sport, or the need for early
specialization of training. After the age of 16, the cross-country skiers reported a higher need for
coach involvement compared to freeskiers. The two sports mainly share common paths to expertise
but differ in the need for specific training and coach involvement.

Keywords: expertise; specialization; freeskiing; cross-country skiing; deliberate play; deliberate practice

1. Introduction

A comprehensive understanding of the complexity of skill acquisition is important
for different performance domains of all ages and tasks and has practical implications for
both sport sciences and public health (e.g., lifespan skill development, physical education,
rehabilitation, elite sport). Studies of paths to high performance in different domains
have the potential to elucidate and rate knowledge about significant constraints for the
development of specific expertise, and for the improvement in skills in general. Over the
recent decades, there has been an increase in expert performance development, in general,
and, in particular, within sports performance. Expertise development in sport is a result
of an arduous process that emerges as a result of interactions between multiple sport-
specific constraints. There seem to be different pathways concerning how this expertise
is accomplished and how different athletes achieve gold medals in Olympic sports [1].
Researchers have mainly pointed out two different pathways to achieve expert performance
in sports [2]. The pathways are usually described as either a coach-led and highly sport-
specific way termed “deliberate practice” or as a non-organized (peer-led) activity termed
“deliberate play” [1].
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In sports where peak performance is attained before puberty (e.g., women’s gym-
nastics, figure skating), early specialization is often required to reach elite performance;
however, in sports where athletes reach peak performance in their late 20s or early 30s, early
diversification is described as the best pathway to expertise [2]. While there are several
definitions of expertise, sport performance expertise is defined as the ability to consistently
demonstrate superior athletic performance [3].

Expertise in sports is a result of interacting constraints; these different constraints are
described as the numerous variables that form the expert’s developmental trajectory [4].
The literature about expert performance development describes several constraints that
are considered to be crucial to reach a level of expertise within a field. A crucial constraint
that has been studied to a large extent is the amount of time spent on one’s main sport.
Simon and Chase [5] estimated that expert chess players had spent approximately 10,000 to
50,000 h playing or studying chess. They also found that a minimum of 10 years of training
is necessary to reach an expert level, which is also revealed in the power law of practice
by Newell and Rosenbloom [6]. The “10-year rule” has been widely used in the sports
domain [7,8]. The validity of the “10,000-h rule” has been investigated [9–11], and the main
critique is the lack of measures for variation in the amount of training leading to expertise.
Gobet and Campitelli [10] studied the variation in the number of training hours required to
reach the level of expertise and found that chess players spent between 3000 and 23,000 h
of training to reach expertise, with the average number of hours being 11,000. Gobet and
Campitelli [10] concluded that the number of hours with domain-specific training could
not be the only requirement for achieving expertise. In the context of Olympic gymnastics,
research found that the athletes had accumulated 18,835 training hours by the age of 16 [12].
The key point is diversity in accumulated training hours to reach expertise in different
sports and for individual athletes, as shown by Güllich [13].

Another interesting constraint for expertise development is whether the athletes are a
result of early specialization or early diversification. The ongoing debate is whether athletes
become experts through early specialization in their main sport or through a varied and
diverse road of experiences before specialization at a later stage [13]. There is no consensus
in the definition of specialization in sports [14]; but it refers to athletes who focus on one
sport and on specific training, often defined as intensive year-round training in one sport
to the exclusion of other sports, participation in the main sport at least eight months of a
year, or the termination of practice of all other sports to focus on the main sport [15,16].
This corresponds to the widely used conceptual term deliberate practice [7], where frequent
repetitions and coach corrections in training are made, often through a monotone repetition
in a specific context. Ericsson et al. [7] claimed that practice should be domain specific, and
that individuals who started specializing early would always perform better than those
who started late. This is exemplified with expert musicians, figure skaters, and soccer
players who began practice at five years of age [8,9,17]. Deliberate practice is described as
structured and organized activity that requires cognitive or physical effort with the primary
goal of improving an important aspect of current performance [8]. Through coach-led
organized training, the intention is to improve previous performance and deliberate efforts
to change particular aspects of performance without immediate reward. In sports where
peak performance is attained before puberty (e.g., women´s gymnastics, figure skating),
early specialization is often required to reach elite performance [12]. The study by Law
et al. [12] on rhythmic gymnastics demonstrated that Olympic gymnasts participated in
fewer than two additional activities from age 4 to 16, stating that early specialization in
their main sport is necessary to reach a world-class level.

A contrasting pathway to expertise is early diversification. Early diversification refers
to reduced early sport-specific training and, instead, experience throughout various sports
experiences that is hypothesized to facilitate later performance (see Güllich, [1]) for a more
detailed description). Early diversification is related to the conceptual framework of deliber-
ate play, which builds on the idea that sports activities are non-organized and self-regulated
and that the athletes themselves are interested in discovering and exploring activities
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that are peer-led and without coach involvement [18]. Several studies have argued that
deliberate play is important to improving motor skills, such as skill acquisition in Brazilian
soccer players [19], or tactical creativity and tactical intelligence for basketball players [20].

Some evidence from team sports suggests that a considerable number of training
hours in both deliberate practice and deliberate play can contribute significantly to the
development of expertise in sports [21,22]. Furthermore, Soberlak and Côté [22] found
that elite ice hockey players spent the same amount of time in deliberate play activities
as deliberate practice activities before the age of 20. Using an ecological approach [23,24],
sports practitioners can be seen as landscape designers for learning, shaping an environ-
ment, and adopting tasks to explore learning. With an ecological approach, the athletes
are wayfinders that individually learn to self-regulate through unfamiliar landscapes in
a skillful way. However, independent of categorization, training specificity is crucial for
performance enhancement [25]. Presumably, there are several contents that are valuable for
athletes, as Güllich [13] proclaimed, there are many roads that lead to Rome.

Research has shown that expertise in sports develops through interactions between an
individual and their performance environment [26,27]. To understand pathways towards
expertise, it is interesting to evaluate how the athletes themselves perceive the importance
of different constraints on their expertise development. Constraints such as (1) physical
facilities (access to training facilities and equipment) [28], (2) coach involvement [29,30],
(3) athletes needing to be part of an organized group [31,32], (4) athletes feeling the en-
joyment of training and competition [28,33], and (5) the need for specialization in their
main sport [12,34].

The purpose of the present study is to examine potential similarities and differences
in pathways to skill development and world-class expertise in complex technically versus
physically demanding sports: (1) Freeski, which is regarded as a high demand of coordi-
native and technical skills, accompanied by courage [35], compared to (2) Cross-country
skiing which is a very physically demanding sport that mainly requires high endurance
capacity, high peak oxygen uptake (VO2PEAK), movement-specific strength, and only a few
repetitive skiing techniques [36–38].

As freeski is a relatively new discipline in alpine sports; there is limited research on
how expert performance is acquired. Freeskiing has two subgenres: freeriding, otherwise
known as big mountain skiing, which refers to skiing extremely steep runs off-piste and on
exposed terrain; and freestyling, which consists of performing aerial tricks using kickers,
half-pipes, or other obstacles. Performance in competition is scored on dynamical criteria
such as progression, amplitude, variety, execution, and difficulty. Sports that require
complex coordinative skills and techniques (e.g., gymnastics) have firm traditions of early
specialization and coach-led practice. As peak performance is reached at an early age, there
might be reasons to consider that this is the case for freeskiers, as well. There are similarities
in the requirements for complex coordinative skills and techniques between freeskiers and
gymnasts. However, a common perception is that freeskiers, as the term implies, are less or
not dependent on coach-led activity.

In comparison, cross-country skiing is regarded as a very physically demanding
sport where high-performance athletes are associated with high VO2max [36,39–41]. Cross-
country skiing has normally focused on the periodization of different training methods [42],
different physiological [39,43], and biomechanical constraints [44], or a combination of the
above [45]. Due to the high physical demands of cross-country skiing, young cross-country
skiers normally follow a traditional coach-led and specified training regime influenced by
prescriptive “best practices” [40,46].

Study Purpose

Based on the presented considerations, the aim of the current study was to investigate
the impact of significant constraints on expert developmental history for world-class
freeride skiers compared to cross-country skiers. Potential similarities and differences in the
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two groups on the road to expertise are described throughout the following subcategories
of constraints:

1. Comparison of the total number of hours of training.
2. Early specialization versus early diversification: Comparison of time spent on main

sport versus other sports.
3. Comparison of the distribution of organized versus non-organized training.
4. Comparison of the athletes’ perceived importance of different constraints on expertise

development.

2. Materials and Methods

Two groups of world-class winter athletes participated in this study: (1) freeskiers
and (2) cross-country skiers. The selection criteria were that athletes had to be competing
regularly at the highest level in their sport (e.g., World Cup, World Championship, Olympic
Games, Freeride World Tour). The sample included 8 freeskiers (three females and five
males) and 10 cross-country skiers (eight females and two males), 18 participants in total.
See Table 1.

Table 1. Descriptive statistic for biographic information of the athletes in each sport.

Group Freeriders (N = 8) Cross-Country Skiers (N = 10)

Minimun Maximum Mean
(SD) Minimun Maximum Mean

(SD)

Age range of the participants 19 37 27.5 (7.1) 22 32 27.5 (3.4)
Age for first organized training in main sport 6 16 11.3 (4.2) 6 16 9.1 (3.1)

Age for first unorganized training in main sport 4 16 10 (5.1) 4 15 7.3 (4.2)
Start age for systematic training in main sport 13 16 15 (1.2) 12 16 14.6 (1.3)

The participants were recruited by personal communication, and the questionnaire
was sent to the participants by e-mail or social media. All participants received written
consent to sign if they wanted to participate in the study. The participants were informed
of the procedures, including information about the voluntary nature of participation and
the possibility to withdraw from the study at any time without giving any reasons or facing
any consequences. All participants received a survey link to a digital questionnaire. All
participants provided written consent to participate in the study. The study was conducted
according to the guidelines of the Declaration of Helsinki, and approved by the Norwegian
Social Science Data Services (NSD) with reference number 502539.

The questionnaire was adapted from previous research [9,47,48] with some additional
questions and customized adjustments. The study by Hodges and Starkes [47] examined
athletes’ training history by asking the athletes to recall their practice and play throughout
their career and, likewise, examined the relevance of different activities. In addition, some
customized adjustments were made in the questionnaire by adding questions about the
impact of other significant constraints. These new constraints were the athletes’ perceived
importance of facilities, coach involvement, being part of an organized group, enjoyment,
and specialization, which were not investigated in Helsen et al. [9], Hodges and Starkes [47],
or Hodges et al. [48]. Due to the lack of research on athletes’ perceived importance, new
information and knowledge will be vital for a better understanding of athletes’ expert
development. A 5-point Likert-type scale was used to assess the athletes’ ratings of the
importance of the respective constraints.

2.1. Questionnaire

The first section of the questionnaire asked for biographical information about the
athlete: (a) level of competition, (b) the age they initiated both organized and unorganized
training, and (c) the age they began systematic training in their main sport. The second
section asked for information about the athletes’ training history. The training history
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was subdivided into two age spans: (1) 7–15 years and (2) 16 until the present. In both
age spans, the subjects were required to estimate the number of hours of training in: (a)
organized and unorganized training in their main sport, (b) organized and unorganized
training in other sports, (c) training alone in their main sport, and (d) time spent in other
activities in a typical week at this age. In the third and last part of the questionnaire, the
athletes had to rate their perceived importance of different constraints. The questionnaire
took approximately 15 min to complete.

2.2. Data Analysis

Athletes’ recall of training volume was reported as hours of training during a year
from the age of seven until the date of the survey. Mean training time in organized and
unorganized training, as well as hours of training alone in main sport and other sports in
both age groups, was found by multiplying the mean weekly time in practice by weeks
within a year. This was later converted to percentages and used to analyze differences
between the two groups.

Welch’s unequal variances t-tests were used to determine differences between groups
(freeskiers versus cross-country skiers), while dependent t-tests were used to determine
differences between age categories in the respective sports. For independent t-tests, Cohen’s
(dz) was applied as a measure of effect size [49–51], in which the criteria to interpret the
magnitude of the ES were: 0.0–0.2 trivial, 0.2–0.6 small, 0.6–1.2 moderate, 1.2–2.0 large, and
>2.0 very large [50,52]. A 95% confidence interval (CI) on the effect size between groups
was used. All statistical calculations were performed with Predictive Analytics Software
(PASW, IBM, US; previously SPSS) Version 26.0 with an alpha level of significance set at
p = 0.05 as the criterion for statistical significance.

3. Results

Figure 1 reports mean accumulated training hours for both sports and age groups from
the age of seven until the present day. The overall results showed no significant difference
in mean accumulated training hours between the freeskiers and the cross-country skiers,
except at the age of seven [t(16) = 2.79, p = 0.039, dz = 1.32 (95% CI [0.72, 2.34])]. In total, the
mean accumulated hours of training from seven years of age until the time of the survey is
12,162 h for the freeskiers and 10,698 h for the cross-country skiers.
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Figure 1. Total number (mean and standard deviation) of accumulated training hours from the age
of seven until the time of the survey. * Indicates a significant difference between freeskiers and
cross-country skiers.
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3.1. Content and Organization of Training

Table 2 reports accumulated training for the freeskiers and the cross-country skiers for
each age span. Between 7 and 15 years of age, the main sport accounted for approximately
63% of accumulated training hours for both freeskiers and cross-country skiers, while other
sports accounted for the remaining 37% of the total training hours. From age 16 years
until the time of the survey, there is a significant difference in the distribution total amount
of training between the main sport and other sports for the freeskiers compared to the
cross-country skiers. The freeskiers spend 75% of their total amount of training time in
their main sport, while the cross-country skiers spend up to 98% of their total accumulated
training time [t(16) = 3.94, p = 0.009, dz = 01.87, (95% CI [0.72, 2.98])] in their main sport.

Table 2. Comparison of the distribution of total amount of training in main sport (specific training in
main sport) vs. other sports for cross-country skiers and freeskiers. * Indicates a significant difference
between freeskiers and cross-country skiers.

Freeskiers
7–15 Years

Cross-Country Skiers
7–15 Years

Freeskiers
16+ Years

Cross-Country Skiers
16+ Years

% (SD) % (SD) % (SD) % (SD)

Main sport % distribution of hours of
training in main sport

63%
(17.88)

63%
(12.40)

75%
(18.77)

98% *
(2.85)

Other sports % distribution of hours of
training in other sport

37%
(17.87)

37%
(12.27)

25%
(18.77)

2% *
(2.85)

In Table 3, accumulated hours of training are divided between organized versus non-
organized training. No significant differences were found between the freeskiers and the
cross-country skiers in the distribution of organized versus non-organized training in the
span of 7–15 years of age. In the age span from 16 years until the time of the survey, there
is a significant difference in the distribution of organized versus non-organized training
between the freeskiers and the cross-country skiers. The freeskiers spend 24% of their
training in other non-organized sports, compared to only 1.8% for the cross-country skiers
[t(16) = 4.05, p = 0.008, dz = 1.92, (95% CI [0.76, 3.04])].

Table 3. Comparison of the distribution of total number of hours of organized vs. unorganized
training between main sport and other sports for cross-country skiers and freeskiers. * Indicates a
significant difference between freeskiers and cross-country skiers.

Freeskiers
7–15 Years

Cross-Country Skiers
7–15 Years

Freeskiers
16+ Years

Cross-Country Skiers
16+ Years

% (SD) % (SD) % (SD) % (SD)

Organized
training

% distribution of hours of
organized training in

main sport
21.9% (17.1) 29.1% (22.8) 9.8% (0) † 17.5% (49.0)

% distribution of hours of
organized training alone

in main sport
24.4% (29.4) 16.3% (14.9) 23.4% (36.4) 30.1% (27.3)

Unorganized
training

% distribution of hours of
unorganized training in

main sport
28.2% (31) 31.2% (37.2) 42.8% (15.2) 50.7% (14.4)

% distribution of hours of
involvement in other
unorganized sports

25.5% (22.5) 23.3% (25.2) 24.0% * (48.4) 1.8% (9.3)

Note: † explaination of SD = 0; because only one athlete reported practicing the present type of training.
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3.2. The Impact of Athletes’ Perceived Importance of Different Constraints on Expertise
Development

Evaluation of the athletes’ perceived importance of various constraints is presented in
Table 4. The results showed no significant difference in how the freeskiers and cross-country
skiers rate the importance of the respective constraints in the age span of 7–15 years. Never-
theless, the results show that both coach involvement and being part of an organized group
become more important for the cross-country skiers throughout their careers (from the age
of 16 years until the present) compared to the freeskiers, [t(16) = 3.74, p = 0.006, dz = 1.79,
(95% CI [0.65, 2.87])] and [t(16) = 4.48, p = 0.001, dz = 2.13, (95% CI [0.95, 3.29])], respectively.

Table 4. Freeskiers vs. cross-country skiers perceived importance of different constraints upon
expertise development. * Indicates a significant difference between freeskiers compared to cross-
country skiers.

Constraint Freeskiers
7–15 Years

Cross-Country Skiers
7–15 Years

Freeskiers
16+ Years

Cross-Country Skiers
16+ Years

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Facilities 4.0 (1.31) 2.9 (1.10) 4 (1.31) 4.1 (0.57)
Coach involvement 3.25 (1.04) 3.9 (0.74) 2.25 (1.28) 4.0 * (0.67)
Being part of organized group ND ND 2.13 (1.13) 4.1 * (0.74)
Enjoyment 4.13 (0.64) 4 (1.05) 4.25 (0.46) 3.9 (0.88)
Specialization 2.25 (1.58) 2.2 (0.79) 3.75 (0.71) 4.1 (0.57)

Notes: 0 = low; 5 = high. No data (ND).

4. Discussion

The purpose of the present study was to examine potential similarities and differences
in pathways to skill development of complex technically versus physically demanding
sports in general, and the impact of significant constraints on expert development for
world-class freeskiers compared to cross-country skiers in particular.

Essential constraints for expert development are the amount of training and the
distribution of the type of training. While the results showed no difference in the total
amount of training between the cross-country skiers and freeskiers, the distribution of the
amount of training between the main sport and other sports differentiated. From the age of
16 onward, the cross-country skiers define approximately 98% of their training as specific
to their main sport, compared to 75% for the freeskiers. No differences were found between
the distribution of organized versus non-organized training for the cross-country skiers
versus freeskiers in their main sport, but the freeskiers reported that they continued after
the age of 16 with a significantly higher amount of unorganized training in other sports.
In addition, the present study also evaluated how the athletes perceive the importance of
significant environmental, organismic, and task constraints for their expert development.
No differences were found for how the athletes perceived the importance of facilities,
enjoyment of performing their sport, or the need for specialization, but interestingly,
after the age of 16, the cross-country skiers reported a significantly higher need for coach
involvement for their expertise development compared to the freeskiers.

The world-class cross-country skiers and freeskiers have engaged on average between
10,000 and 12,000 h of training, respectively. The present results are consistent with former
research on the number of hours of training expert athletes invest towards their status as
experts, suggesting a relationship between investment in training hours and expert per-
formance [2,22,52]. Previous studies in cross-country skiing have shown an accumulation
of 750–900 h of training per year [39,53], and, in total, an accumulation of 10,709 h from
the age of 13 to 30. The most successful Olympic cross-country skier accumulated 14,300 h
of training throughout her career [42]. While there are no earlier studies of freeskiers
regarding the amount of training, the present results are in line with what is observed in
adolescent alpine skiing and Olympic gymnasts [12,54].
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While hours of training is a constraint for performance development towards exper-
tise, the discussions about the variation in the amount of training leading to expertise
could be more nuanced [13]. It is necessary to underline that several studies have shown a
variation in accumulated training hours in the development of expert performance [10–12].
For example, Gobet and Campitelli [10] found large differences in the number of training
hours required to reach the level of expertise, indicating that chess players spent between
3000 and 23,000 h of training to reach expertise. It is also necessary to emphasize that
even relatively equal numbers of training hours do not ensure equal performance develop-
ment, highlighting that the athletes’ performance might unfold at individual and uneven
speeds. There has been a general myth about differences between sport disciplines that are
seemingly more-or-less organized and the amount of training necessary to reach expertise
(i.e., that traditional organized endurance sports, such as cross-country skiing, are more
demanding regarding training hours than unorganized sports, such as freeskiing). The
present study challenges this point of view, and the results busted this myth. The key
point must be individualized diversity in accumulated training hours to reach expertise, as
shown by Güllich [13].

The present results show no difference in mean age between freeskiers and cross-
country skiers regarding the age they started organized training in their main sport, respec-
tively, 11.3 and 9.1 years of age. Both groups started remarkably later compared to what
previous expertise research has reported, i.e., expert musicians, figure skaters and soccer
players tend to start organized training at five years of age [7,9,17]. In addition, there is
no difference between freeskiers and cross-country skiers in the distribution of training
between their main sport and other sports in the age span of 7 and 15 years. Between
7 and 15 years of age, the main sport accounted for approximately 63% of the accumulated
training hours for both freeskiers and cross-country skiers, while other sports accounted for
the remaining 37% of total training hours. From the age of 16 onward, there is a significant
difference in the distribution of the total amount of training between the main sport and
other sports for freeskiers compared to cross-country skiers. The freeskiers spend 75% of
their total amount of training in their main sport, while the cross-country skiers define as
much as 98% of the total accumulated training in their main sport. Based on these findings,
both sports consider specialization as a necessity for expertise development after the age of
16. However, Gobet and Campitelli [10] concluded that the number of hours with domain-
specific training alone cannot be the only requirement for achieving expertise. Based on the
current results, or former research as such, it is by no means possible to conclude whether
expertise development in either freeskiing or cross-country skiing is dependent on early
diversification or early specialization [14]. However, the results are supported by previous
research, suggesting that training hours related to the conceptual terms deliberate practice
and deliberate play contribute positively to expertise development [21,22].

The third aim of the present study was to compare differences in the organization
of training as a constraint for expert development. The distribution of organized versus
non-organized training for cross-country skiers versus freeskiers in the main sport was
not significant, but the freeskiers reported that they continued after the age of 16 with a
significantly higher amount of unorganized training in other sports. The results showed
that freeskiers and cross-country skiers started participating in unorganized training in their
main sport earlier than organized training. Freeskiers started participating in unorganized
training at 10 years of age, while cross-country skiers started at 7.3 years of age. A plausible
explanation for this is the sporting culture related to winter sports, with an unorganized
entrance to training reinforced by family influence [31,55,56]. No significant differences
were found between groups in their time spent in organized or unorganized training
between 7 to 15 years of age, and both groups reported no significant difference in the
number of hours in organized versus non-organized training during this age span. This
is surprising, considering the nature of the two sports, i.e., cross-country skiing is seen
as a highly organized sport and freeskiing is seen as an unorganized sport. However, a
significant difference between freeskiers and cross-country skiers was found in the number
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of hours of involvement in non-organized sports for the age span of 16 and older. A
plausible explanation for this may be found in the cultures and traditions of the two
sports. Freeskiing is a relatively new discipline and is apparently open and less prescriptive
regarding development. However, cross country skiing has strong traditions regarding
training and best practices in the sport, as seen through the prescriptive developmental
stages proposed by the Norwegian Ski Federation [31,53,57].

The fourth aim of the present study was to compare the athletes’ perceived importance
of the different constraints on expertise development. No significant differences were
found between freeskiers and cross-country skiers in their perceived importance of facilities.
Although the freeskiers rated the importance of facilities considerably higher than cross-
country skiers between 7–15 years of age. It is interesting to note that freeskiers perceive
the importance of facilities similarly in both age spans, while cross-country skiers viewed
facilities to be of increasingly higher importance with age. The significant increase in
training hours in the main sport for cross-country skiers might be an explanation of why
facilities are perceived to be of greater importance above 16 years of age. The present
results are in accordance with previous research and highlight the importance of natural
accessibility to facilities for expert development [58,59].

There is no significant difference in rating between the perceived importance of
coach involvement for freeskiers and cross-country skiers at the age of 7–15 years, but
a significant difference was found between the two sports in the age span of 16 years
and older. Freeskiers rate the importance of coach involvement below average, while
cross-country skiers rate coach involvement as very important. These findings support
the notion about freeskiers with a parallel to their involvement in non-organized activities
(discovering their own pathway to expertise) and in contrast with the cross-country skiers’
organized and prescriptive approach, making the need for coach involvement very different.
The present results for cross-country skiers are in line with former research, showing that
coach involvement is perceived to be necessary for expertise development as athletes
grow older [60]. This could also be related to findings from Ericsson et al. [61] about
deliberate practice, where coaches seemingly have the ability to maximize training time,
make the “right” choices, prioritize what has to be improved, and create an optimal training
environment for the athlete. The contextual differences can pinpoint an essential nuance to
former research about coach involvement for expertise development.

It could be unnecessary to compare how freeskiers and cross-country skiers perceive
the importance of being part of an organized group to develop expertise, since they are
individual athletes. However, former research has shown that being part of a perfor-
mance group with teammates is important for the development of individual athletes [31].
The present results show that cross-country skiers above 16 years of age perceived being
part of an organized group as significantly more important compared to freeskiers. The
cross-country skiers’ ratings of being part of an organized group are supported by other
studies [31,32], which argue that teammates are important to ensure quality in training,
increase the effect of matching in training, and exchange experiences and knowledge. The
findings are in line with previous studies in cross-country skiing, showing that former
Olympic champions Thomas Alsgaard and Marit Bjørgen have emphasized the impor-
tance of discussions with teammates for their expertise development as cross-country
skiers [42,62]. In contrast, freeskiers deviate from traditional rule-bound sport cultures
because skill development is often conducted by individual discovery learning with sub-
cultural similarities found in other action sports [63]. Due to these factors, these athletes
place less importance on being part of an organized group for their expertise development.
Freeskiing athletes have, from the historical beginning of the sport, manipulated task
constraints (i.e., tricks, jumps, and other features in the environment) to create movement
challenges and overload, resulting in the need for teammates, strict organization, coach
instructions, and assessment to be unessential by design.

Both freeskiers and cross-country skiers have spent a substantial number of hours
in organized training throughout their careers, and both groups rate the importance of
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organized training as average for their expertise development. Both groups consider
organized training to be more important in early age (between 7–15 years of age) compared
to older age (16 years and older), but no significant differences between groups were found.
In addition, freeskiers also reported a high importance of extensive unorganized training,
and confirmed their preference of independence, use of discovery learning, and deliberate
play. This is in accordance with Ryan and Deci [64], who emphasized the athletes’ desire to
initiate their own actions, e.g., skiing individual lines off-piste or jumping over obstacles
that are mostly prepared by themselves [65]. In addition, cross-country skiers perceive
unorganized training as important, which might be interpreted as conflicting since they
perceive coach involvement and being part of an organized group as important, as well.
This might be explained by the governing policies in cross-country skiing that, on the one
hand, recommend and encourage the development of independent athletes [57] but, on the
other hand, have an indoctrinated system to emphasize the importance of best-organized
practices and the significance of coaches. This will possibly lead athletes to find support
and knowledge from coaches if they are seen to have a vital role in the planning and
evaluation of training [42], but then execute the training without the coach present, making
the appearance of training to be unorganized when training alone.

Acquisition of expertise requires athletes to invest time and effort, as well as have the
passion and desire to improve performance. A collective term in this matter is enjoyment,
which is seen as fundamental for prolonged activity, no matter the context. Both freeskiers
and cross-country skiers rate enjoyment as highly important for their expertise develop-
ment, and the results showed no significant differences in the rating of enjoyment between
the two groups at either age span. High ratings for enjoyment at an early age can be an
important factor for sport participation later in their career [56]. Nevertheless, nuances in
the factors behind individual enjoyment must not be underestimated. In the original work
of Ericsson et al. [7], deliberate practice towards expertise was not inherently enjoyable. In
light of this alleged notion, a separation between practice that was high on relevance but
low on enjoyment was put forward. A priori, this separation is speculative. Research has
shown that when consequences of an activity are differentiated from its inherent enjoyment,
enjoyment ratings are generally lower, yet still relatively high [48,66]. Studies have shown
that demanding practice activities with high relevance can be enjoyable [9,47,66,67]. The
collective term enjoyment could be viewed as polysemic because there is a range of causes
behind athletes’ personal preferences regarding enjoyment, and future research should
nuance the multifaced nature of individual enjoyment.

Whether athletes become experts through early specialization in their main sport or
through early diversification with various experiences before specialization at a later stage
remains ambiguous. Neither freeskiers nor cross-country skiers reported that they perceive
early specialization as particularly important between 7–15 years of age, but the results
show an increase in the perceived importance of specialization in their main sport above
the age of 16. No significant differences concerning the perceived importance of early
specialization were found between freeskiers and cross-country skiers at either age span.
The increase in the perceived importance of specialization combined with an increase in
the number of training hours in their main sport is supported by previous studies [28,68],
which found that athletes gradually specialized throughout their career. The ongoing
debate of whether early specialization or early diversification is best for athletes is futile.
Arguments are pervaded with agents’ perspectives and confirmation biases concerning
advantages. With certainty and through practical experience, it can be proclaimed that it is
possible for athletes to reach an expert level in sports with either early specialization or
diversification in the early stages of their sporting careers [69,70].

Practical Implications for Researchers, Coaches and Athletes

The results from the present study have to be interpreted according to the modest
sample size. The total n is a consequence of examining the importance of different con-
straints in world-class freeski and cross-country skiing athletes, and when the inclusion

340



Sports 2022, 10, 16

criteria are restricted to top-ranked elite-level performers the total sample size has to be
relatively low. Based upon the nature of expertise, the key practical implication emphasized
to develop expertise is individualization, not generalization. Hence, there are some logical
practical implications related to the present findings. Firstly, the problem when describing
and comparing differences in the organization of training is the unnatural polarization of
categorization. Researchers often attempt to place descriptive data in a distinct dichotomy
manner, which leads to conclusive speculative “evidence” for athletes’ pathways to exper-
tise. Based upon the present results, the invented borders between play and practice are
merely fulfilling a need to categorize training when it comes to expertise development,
instead of providing nuanced directives based upon specific principles. Both coach-led and
unorganized regimes could be helpful for expertise development, instead of biasing one
side, researchers should recognize the individuality of an athlete’s path to expertise. Ob-
servational, empirical, and longitudinal data can contribute to supporting the principle of
individuality. It is perhaps time for researchers to change some of the terms used to describe
experts’ developmental pathways since the unsubtle conceptual frameworks of deliberate
practice and play often act as an argument for “what to do”. In order to reach world-class
performance, there are numerous factors involved, but in general, everyone performing
at the highest level has spent a tremendous number of hours training the sport they are
experts in (specificity). Thus, for coaches, the principle of specificity in combination with
a continuous increase in task and environmental complexity in an individualized setting
is crucial in constructing representative learning conditions. The awareness for coaches
when athletes make the transition into specializing and extensive training is also to “take
the hand of” when the time is right in order to give the athlete self-awareness and allow
them to be more self-regulated when exploring and discovering movement patterns and
possibilities (individualization). Perhaps athletes should participate in more unfolding self-
initiated training and positive competition with others—facilitating subjective enjoyment
components. We proclaim that the multitude of different ways to organize training may
not be captured in single terms. However, as world-class freeskiers reported, specificity is a
crucial constraint to achieve expert performance, although organized training and coach
involvement were less decisive constraints to attain expert performance from the age of
16. As a consequence, it is interesting to discuss whether the term unorganized training
should be shelved or renamed with the more nuanced term self-organized training, and as
a consequence, researchers, coaches, and athletes have to define what self-organize is in
their particular context.

5. Conclusions

The purpose of the present study was to compare the similarities and differences of
the important constraints on the development of expertise for world-class freeskiers versus
cross-country skiers. In conclusion, freeskiers (complex technically demanding sport) and
cross-country skiers (very physically demanding sport) in general share common elements
and roads to expertise. However, interestingly, the observed higher need for specific
training and coach involvement for cross-country skiers compared to freeskiers creates new
questions for future research in the search for arbitrative constraints for specific expertise,
and for skill development in general.
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Abstract: (1) Background: The progression of youth rugby union (RU) players towards senior
professional levels can be the result of various different constraints. The aim of this study was
to examine characteristics that differentiated playing positions and player rankings in an English
Premiership RU academy. (2) Methods: Thirty players (mean age = 18.5 ± 2.8 years) were divided
by playing positions (forwards = 18, backs = 12) and ranked (one to thirty) by coaches based on
their potential to achieve senior professional status. Players were analysed across 32 characteristics
from eight overreaching factors based on task, environmental, and performer constraints. MANOVA
and ANOVA were used to calculate differences among variables in players’ positions (i.e., forwards
vs. backs) and ranks (i.e., top 10 vs. bottom 10), with a Welch’s t-test applied to identify individual
differences amongst groups and effect sizes calculated. (3) Results: Large effect sizes were found
between groups for socioeconomic, sport activity, anthropometric, physical, and psychological factors.
Moreover, environmental and performer constraints differentiated playing positions, whereas task
and environmental constraints discriminated player ranks. (4) Conclusion: Present findings showed
that playing positions and player ranks can be distinguished according to specific constraints.

Keywords: psychology; socioeconomic; social identity; physical; cognitive skills

1. Introduction

One of the main challenges of youth development in rugby union (RU) is to predict
future talents at both professional club and national governing body levels [1]. The tal-
ent development (TD) processes have been observed in sports’ literature [2–7] and more
recently applied to the context of RU [8]. There is currently an acceptance by clubs and
organisations that the progression of RU players towards the top levels of competition
is multifactorial, which can be underscored using an ecological dynamics theoretical ap-
proach [9]. This implies that developing expertise in RU cannot be the result of a single
independent factor and is instead the result of a combination of task (i.e., participation
history), performer (i.e., psychological, technical-tactical, anthropometric, physiological),
and environmental (i.e., relative age, sociocultural) constraints [10,11].

The weaknesses of the TD processes in RU are represented by the limited multidimen-
sional examinations of players within the current literature [8,12–14], which often do not
take into account all the ecological constraints or analyse players’ positions or playing lev-
els [12]. This is despite evidence indicating that athletes’ progression is largely affected by
a range of factors, such as anthropometric [15], physiological [16,17], psychological [18,19],
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social identity [20], socioeconomic [21,22], and perceptual-cognitive expertise (PCE) [1,23]
traits. Moreover, it has been found that the participation in adult-led practice and peer-led
play in sport-specific and multisport activities [24,25], as well as the accumulation of hours
of game-exposure at different ages [26], can impact the development of a young player. In
addition, population density in the town of growth [27,28] and levels of deprivation [29]
have been shown to have a significant impact on the TD opportunities and outcomes in RU.
Indeed, researchers have recommended that future investigations in RU should consider
these aspects in unison when studying professional academy contexts in order to better
understand the holistic demands of the TD process [3,30].

A RU team is comprised of 15 playing athletes with a maximum of eight substitutes.
The squad is generally split into forward (e.g., props, hooker, flankers) and back (e.g.,
inside centre, outside centre, full back) players. Forwards are those who normally engage
first with opponents and are involved in set pieces and close high-force collisions. In
contrast, backs are players who tackle the opposition at a later stage of the game, are
engaged in rapid actions, and cover longer distances in high speed running [31,32]. Since
the two main playing positions require the development of specific characteristics, a
different TD path is often needed for these players [31]. Existing investigations on long-
term athlete development (LTAD) pathways in RU have yet to elucidate the most suitable
qualities to train forward and back players through an ecological lens [33]. In addition,
there are only limited suggestions on how to differentiate playing levels based on player
rankings in RU [34]. Indeed, questions remain surrounding the most appropriate processes
that facilitate players’ progression towards RU senior professional status, since sport
organisations’ modus operandi can often result in missing future professionals due to the
pyramidal structure of the talent identification (TID) system, in which, at each stage of
selection, the number of places for players to follow a development path decreases [35].
Unfortunately, existing research is yet to report a multidisciplinary investigation based on
the aforementioned areas that are important for TD in RU. Thus, the present investigation
aimed to examine a range of task, environmental, and performer constraints in an English
Premiership RU academy. Specifically, both playing positions (i.e., forwards and backs) and
player rankings (i.e., top-10 potentials vs. bottom-10 potentials) were analysed to: (a) offer
a preliminary study to better understand the TD processes in RU, (b) provide professional
RU academies a novel approach of assessing players, and (c) establish a methodological
framework that may be useful for other researchers in the future.

2. Materials and Methods
2.1. Participants

Thirty players (under 16 (U16) = 11, U18 = 9, U21 = 10) from an English Premiership
RU academy agreed to participate in this study. Table 1 reports the descriptive statistics
of the participants. All participants were analysed based on playing position to compare
possible differences (forwards = 18, backs = 12). They were also ranked on their potential to
become a senior professional RU player, regardless of playing position and age, from one to
thirty by three Level 4 academy coaches. Coaches ranked players using subjective criteria
based on both their own vision of the game and personal philosophy of coaching. This
produced a linear classification of higher-ranked players down to their lower-ranked peers,
who were then split into thirds using tertiles. This created a cohort of ‘top-10 potentials’
(n = 10), who represent the top third, and a cohort of ‘bottom-10 potentials’ (n = 10), who
represent the bottom third. This enabled a distinct comparison between the higher- and
lower-ranked potentials across the group, with the middle third discarded from the player
rank analysis (n = 10). Ethical approval was granted by the Faculty of Health, Education,
and Life Sciences Research Ethics Committee at Birmingham City University.
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Table 1. Descriptive statistics for forwards, backs, top-10 potentials, and bottom-10 potentials.

Factors

All Forwards (n = 18) All Backs (n = 12) Top-10 Potentials Bottom-10 Potentials

Mean ± SD
(z-Score)

Mean ± SD
(z-Score)

Mean ± SD
(z-Score)

Mean ± SD
(z-Score)

Age (year) 18.1 ± 3.1 18.4 ± 2.9 19.0 ± 2.9 18.7 ± 2.3
BQs 1.9 ± 1.1 2.0 ± 1.1 1.7 ± 1.0 2.0 ± 1.0
Task constraints
Participation history

Number of sports 2.9 ±1.8 3.7 ± 1.9 3.5 ± 2.1 3.5 ± 2.2
Sport activities

Game exposure U8-U11 (h) 74.1 ± 47.5 99.0 ± 50.1 120.7 ± 52.3 59.8 ± 24.3
Coach-led U8-U11 (h) 300.8 ± 182.3 216.5 ± 131.3 296.4 ± 112.1 216.0 ± 193.8
Peer-led U8-U11 (h) 126.8 ± 159.0 81.0 ± 72.3 139.0 ± 209.1 82.7 ± 62.9
Game exposure U12-U15 (h) 226.1 ± 114.4 222.4 ± 93.0 234.8 ± 122.2 215.5 ± 71.7
Coach-led U12-U15 (h) 411.9 ± 274.1 343.6 ± 150.7 391.0 ± 175.5 368.4 ± 225.3
Peer-led U12-U15 (h) 255.2 ± 233.1 287.5 ± 316.2 311.5 ± 274.8 124.1 ± 48.3
Environmental constraints
Socioeconomic

Town population (AU) 4.7 ± 0.5 4.2 ± 1.0 4.3 ± 1.0 4.3 ± 0.8
IMD decile 7.7 ± 1.8 6.3 ± 1.2 6.7 ± 1.5 8.3 ± 1.2
Performer constraints
Anthropometric

Body mass (kg) 98.7 ± 11.6
(0.606 ± 0.745)

85.4 ± 7.5
(−0.908 ± 0.390)

96.0 ± 11.2
(−0.118 ± 0.906)

94.4 ± 11.9
(0.234 ± 1.017)

Height (cm) 180.4 ± 4.7
(0.025 ± 0.737)

171.9 ± 42.9
(−0.022 ± 1.114)

178.3 ± 6.2
(−0.304 ± 1.057)

163.6 ± 56.8
(0.001 ± 1.017)

Physical factors

Hand grip (kg) 48.2 ± 5.7
(0.022 ± 0.966)

50.4 ± 5.0
(−0.025 ± 1.004)

52.6 ± 4.3
(0.072 ± 1.016)

46.1 ± 5.5
(−0.252 ± 1.102)

IHE (kg) 144.1 ± 16.7
(0.389 ± 0.650)

131.5 ± 20.2
(−0.583 ± 1.091)

147.2 ± 22.8
(−0.088 ± 1.035)

130.5 ± 13.5
(0.057 ± 1.067)

CMJ (cm) 35.6 ± 5.7
(−0.261 ± 0.862)

41.3 ± 3.5
(0.417 ± 1.014)

40.3 ± 4.8
(−0.225 ± 0.999)

35.4 ± 5.4
(−0.209 ± 0.734)

Peak power (W) 4585.53 ± 654.94
(0.539 ± 0.769)

4323.81 ± 476.07
(−0.927 ± 0.695)

4743.9 ± 644.5
(−0.218 ± 1.012)

4339.53 ± 586.3
(−0.084 ± 1.194)

Relative peak power (W/kg) 46.44 ± 3.62
(−0.366 ± 0.797)

50.55 ± 2.27
(0.291 ± 0.829)

49.36 ± 3.15
(−0.201 ± 0.930)

46.30 ± 3.56
(−0.356 ± 0.567)

RSI (m/m·s) 1.2 ± 0.3
(−0.256 ± 0.988)

1.7 ± 0.4
(0.383 ± 0.846)

1.8 ± 0.4
(0.219 ± 0.863)

1.2 ± 0.4
(−0.202 ± 0.845)

20 m sprint (s) 3.11 ± 0.19
(0.233 ± 0.949)

2.98 ± 0.13
(−0.333 ± 0.942)

2.97 ± 0.09
(−0.328 ± 0.537)

3.18 ± 0.19
(0.312 ± 0.906)

20 m momentum (m·s−1)
635.4 ± 76.7

(0.517 ± 0.745)
574.5 ± 57.1

(−0.792 ± 0.709)
647.6 ± 85.5

(−0.036 ± 0.952)
592.8 ± 68.8

(0.075 ± 1.176)

VO2max (mL·kg−1·min−1)
47.6 ± 5.0

(−0.333 ± 0.973)
52.7 ± 3.1

(0.517 ± 0.748)
54.2 ± 5.1

(0.299 ± 1.006)
46.7 ± 2.9

(−0.323 ± 0.844)

Psychological

Factor 1—adverse response to
failure (AU)

2.7 ± 0.6
(−0.083 ± 0.691)

3.2 ± 0.9
(0.117 ± 1.321)

3.1 ± 0.7
(−0.099 ± 1.003)

2.7 ± 0.7
(−0.285 ± 0.822)
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Table 1. Cont.

Factors

All Forwards (n = 18) All Backs (n = 12) Top-10 Potentials Bottom-10 Potentials

Mean ± SD
(z-Score)

Mean ± SD
(z-Score)

Mean ± SD
(z-Score)

Mean ± SD
(z-Score)

Factor 2—imagery and active
preparation (AU)

3.8 ± 0.8
(0.006 ± 0.978)

3.7 ± 0.9
(1.619 ± 0.990)

3.6 ± 0.7
(−0.262 ± 0.757)

3.7 ± 1.1
(0.050 ± 1.194)

Factor 3—self-directed control
and management (AU)

4.4 ± 0.6
(−0.239 ± 0.996)

4.7 ± 0.5
(0.350 ± 0.847)

4.5 ± 0.8
(0.242 ± 0.971)

4.6 ± 0.6
(0.162 ± 1.072)

Factor 4—perfectionistic
tendencies (AU)

3.1 ± 0.6
(−0.078 ± 0.869)

3.3 ± 0.6
(0.117 ± 1.128)

3.3 ± 0.4
(−0.025 ± 0.999)

3.0 ± 0.8
(−0.379 ± 0.997)

Factor 5—seeking and using
social support (AU)

4.6 ± 0.6
(0.117 ± 0.875)

4.4 ± 0.7
(−0.158 ± 1.108)

4.5 ± 0.6
(−0.014 ± 0.938)

4.6 ± 0.6
(0.116 ± 0.836)

Factor 6—active coping (AU) 4.4 ± 0.5
(−0.289 ± 0.896)

4.7 ± 0.6
(0.442 ± 0.931)

4.3 ± 0.5
(−0.099 ± 0.962)

4.6 ± 0.6
(0.299 ± 1.005)

Factor 7—clinical indicators
(AU)

2.0 ± 0.5
(0.167 ± 0.999)

2.0 ± 0.5
(−0.242 ± 0.866)

2.2 ± 0.4
(−0.012 ± 0.742)

1.8 ± 0.5
(−0.252 ± 0.987)

Perceptual-cognitive expertise

PCE (AU) 3.1 ± 1.3
(0.033 ± 0.970)

2.8 ± 1.5
(−0.067 ± 1.013)

2.3 ± 1.5
(−0.431 ± 0.960)

2.7 ± 1.1
(−0.188 ± 0.907)

Social identity

In group ties (AU) 6.1 ± 1.0
(0.128 ± 0.883)

5.7 ± 1.1
(−0.208 ± 1.052)

5.9 ± 0.8
(−0.047 ± 0.912)

5.8 ± 1.4
(−0.117 ± 1.212)

Cognitive centrality (AU) 4.9 ± 1.5
(0.083 ± 0.978)

5.2 ± 1.5
(−0.100 ± 0.989)

5.3 ± 1.7
(0.004 ± 1.034)

5.3 ± 1.6
(0.045 ± 1.160)

In group affect (AU) 6.6 ± 0.7
(0.061 ± 1.035)

6.5 ± 0.5
(−0.050 ± 0.923)

6.6 ± 0.5
(0.178 ± 0.871)

6.7 ± 0.4
(0.222 ± 0.818)

Total score SIQ (AU) 5.8 ± 0.9
(0.094 ± 0.967)

5.8 ± 0.9
(−0.158 ± 1.000)

5.9 ± 1.0
(0.030 ± 0.959)

5.9 ± 0.9
(0.037 ± 1.112)

Note: Shows descriptive difference between forwards and backs and top-10 and bottom-10 potentials. BQs = birth
quartiles; IMD decile = index of multiple deprivation decile; SIQ = social identity questionnaire; IHE = isometric
hip extension; CMJ = countermovement jump; RSI = reactive strength index; PCE = perceptual-cognitive expertise;
VO2max = maximal aerobic capacity; AU = arbitrary unit.

2.2. Procedure

Data were collected during the first 9 weeks of the 2019 pre-season where athletes
were tested before afternoon training. Participants were instructed to follow a standardised
training and recovery procedure in the 48 h before each physical testing session. All
physical tests were proceeded by a familiarisation trial and were conducted during the
same day. Each anthropometric and physical test was explained and demonstrated with
physical assessment preceded by a standardised RAMP warm up, a type of activation
similar to what players usually perform before training and competition (e.g., mobility,
dynamic stretching, low level plyometrics, and running drills). The PCE video simulation
test was performed in a room that comprised a setting similar to a classroom to enhance
players’ concentration and comfort at the club. Psychological, socioeconomic, social identity,
and participation history were collected using validated questionnaires distributed via
an online platform (Online surveys Jisc, Bristol, UK), which participants were asked to
complete in their own time. In total, players were analysed over 32 characteristics from
eight overreaching factors based on task (i.e., participation history and sport activities),
environmental (i.e., socioeconomic), and performer (i.e., anthropometrical, physical, PCE,
and social identity) constraints.

348



Sports 2022, 10, 13

2.3. Task Constraints
Participation History

An adapted participation history questionnaire was used to gather the participants’
engagement in activities throughout their youth [36]. Following the Developmental
Model of Sport Participation (DMSP [24,37]), data were collected using estimated time
(in hours) spent in RU competition, coach-led practice, and peer-led play between the
ages of 8–11 and 12–15 years. The number of sports played until the age of 15 years was
also recorded to provide information on the variety of players’ motor ability and compe-
tency in basic and complex motor athletic skills. This study followed guidelines indicated
previously [36].

2.4. Environmental Constraints
Socioeconomic Factors

The town where participants spent the most of their life during childhood and ado-
lescence was recorded via an online questionnaire. The number of inhabitants and index
of multiple deprivation decile was calculated using the UK government data available
online [38]. The size of the town was ranked using the classification adopted by Cob-
ley et al. [27], where the crescent number of inhabitant per town was labelled accord-
ing to a number ranging from 1 to 5: 1 = 0–9999, 2 = 10,000–19,999, 3 = 20,000–49,999,
4 = 50,000–99,999, and 5 = 100,000–199,999. Moreover, according to the government norms,
the index of multiple deprivation (IMD) decile reflected the players’ socioeconomic situa-
tion from the most deprived (scored with ‘1’) to the least deprived (scored with ‘10’).

2.5. Performer Constraints
2.5.1. Anthropometric

Body mass and height were measured to the nearest 0.1 kg and 0.1 cm using cal-
ibrated Seca Alpha (model 220) scales and Seca Alpha stadiometer (Seca, Hamburg,
Germany), respectively.

2.5.2. Physical

Isometric hip extension (IHE) strength was measured using a portable Takei Back
and Leg Dynamometer (Takei Scientific Instruments Co., Ltd., Tokyo, Japan), whereby
participants stood on a portable platform with knees fully extended, back in a neutral
position, and hips flexed. The length of the handle’s chain was set according to the
participant’s height by asking the subject to stand with extended knees. The handle was
then positioned at the height of the intra-articular space of the knee joint. Subjects were
instructed to lift vertically in order to generate isometric contractions of the extensors of the
knees, hips, and lower back while pulling the handle as hard and as fast as possible for 5 s.
Dominant handgrip strength was measured using the Takei 5401 Handgrip Dynamometer
(Takei Scientific Instruments Co., Ltd., Tokyo, Japan). Participants performed the test sitting
and holding the shoulder at 0◦ flexion, abduction and rotation, the elbow flexed at 90◦

and wrist positioned between 0◦ and 30◦ dorsiflexion and between 0◦ and 15◦ of ulnar
deviation. Participants were instructed to ‘squeeze’ as hard as possible for 5 s and the best
results of three attempts was recorded, with a 3-min rest between tests. Thus, the muscle
strength primarily generated by the flexor muscles of the hand and the forearm could have
been recorded. Strong verbal encouragement was provided during each repetition. These
tests followed standardised validated procedure explained in previous literature [39,40].
All participants’ positions for both the isometric hip extension and handgrip strength test
were checked in a previous recording. The dominant hand was determined by asking
the participants which hand they normally write with. Recorded measure from the two
dynamometers consisted of the maximal force expressed in kg.

All participants were familiar with the CMJ as this was used frequently in testing and
training at the club. Players performed three trials of a CMJ by jumping as high as possible
while positioned between two parallel infrared beams (Microgate, OptoGait, Italy) and
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following a standard procedure already used in literature (e.g., [41]). After circa ninety
seconds of recovery, players then completed three attempts for the reactive strength index
(RSI) test whereby they performed ten consecutive jumps trying to reach maximal height
for every bounce whilst spending as little time in contact with the ground between jumps
as possible. RSI was calculated for each jump as the ratio between height (in metres) and
contact time (in seconds). The best score of the three attempts on both tests was recorded.
Peak power was calculated using Sayers equation [42]:

Peak power (W) = (60.7·H) + (45.3·W) − 2055

where ‘H’ refers to the CMJ height in cm; ‘W’ to body mass in kg.
Relative peak power (W·kg−1) was calculated by dividing peak power by player’s

body mass.
Sprint time over 20 m was recorded using timing gates (Brower Timing Systems, IR

Emit. Draper, UT, USA). Timing gates were placed at the starting point and at 20-m distance.
Following the warm-up, participants completed three maximal sprints from a staggered
start with a 3 min passive rest between attempts. Each sprint started behind the initial
timing gate (0.3 m), with players instructed to set off in their own time and run maximally
through the final 20 m timing gate. Participants’ starting point was checked before they
were allowed to proceed. The best of the three attempts was taken for analysis with times
measured to the nearest 0.01 s. Momentum was simply calculated by multiplying body
mass and estimated final velocity over 20 m sprint, as previously used [16].

The 30–15IFT consisted of a 30 s shuttle run over a 40 m distance, interspersed with a
15-s recovery. The test began at 8 km·h−1 and increased by 0.5 km·h−1 at each successive
running shuttle. All procedures were followed as reported in previous literature [43]. The
test was terminated when participants were no longer able to maintain the imposed speed
of the test or when they did not reach a 3 m tolerance zone on three consecutive occasions.
The velocity from the last completed stage was noted and used to the estimate VO2max
(mL·kg−1·min−1) through the following formula [43]:

VO2max (mL·kg−1·min−1) = 28.3 − (2.15·G) − (0.74·A) − (0.0357·W) + (0.0586·A·VIFT) + (1.03·VIFT)

where ‘VIFT’ is the final running velocity; ‘G’ refers to gender (male = 1; female = 2); ‘A’ is
age; ‘W’ is subject’s body mass (kg).

2.5.3. Perceptual-Cognitive Expertise (PCE)

A perceptual-cognitive video simulation test was used to examine the participants’
decision-making skills based on a combination of tactical situations, which have been
used in RU literature [1] and demonstrated to produce valid and reliable measures for PCE
research in several sport environments, e.g., [44]. Game situations of fifteen video clips were
chosen from live rugby match footage, filmed from different elevated angles to provide a
wide-range view of the pitch. Following moments of build-up play, the screen unexpectedly
froze for 8 s prior to a critical decision-making moment. A game-related question with
four possible options appeared and participants were required to select an answer on their
response sheet before the next clip automatically began. As per examination conditions,
participants were seated and were unable to engage with each other. Participants overall
score was ranked using percentiles (i.e., 90th, 75th, 50th, and 25th) and then classified (i.e.,
1 = excellent, 2 = good, 3 = average, 4 = low, and 5 = poor) for analysis. The total accuracy
of the participants’ responses was recorded for analysis.

2.5.4. Psychological Characteristics of Developing Excellence Questionnaire
Version 2 (PCDEQ2)

To measure psychological characteristics, the seven factor (factor 1 = adverse response
to failure, factor 2 = imagery and active preparation, factor 3 = self-directed control and
management, factor 4 = self-directed control and management, factor 5 = seeking and
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using social support, factor 6 = active coping, and factor 7 = clinical indicators) and 88 item
PCDEQ2 was used [19]. The answers were ranked with a Likert score ranging from 1 (‘very
unlike me’) to 6 (‘very like me’) and then were converted into final scores on the seven
factors. This conversion finally led to a score of one to ten for each of the seven items, as
explained by Hill et al. [19].

2.5.5. Social Identity Questionnaire for Sport (SIQS)

The SIQS was used to evaluate players’ social identity within their respective academy
team. Nine items in a Likert score system (1 = ‘strongly disagree’ and 7 ‘strongly agree’)
reflected three underlying dimensions: (a) in-group ties (items 1–3), (b) cognitive centrality
(items 4–6), and (c) in-group affect (items 7–9). SIQS total score was also calculated [20].
These data were collected via an online questionnaire that players were requested to
complete in their own time.

3. Statistical Analysis

The Shapiro–Wilk test was used to check data normal distribution. Anthropometri-
cal, physical, psychological, PCE, and SIQS scores were then normalised using z-scores
(z = (x − µ)/δ), where x is the raw score, µ is the population (U16, U18, and U21) mean, and
δ is the population standard deviation. A multivariate analysis of variance (MANOVA) was
used to calculate the difference among the combined participation history, socioeconomic,
social identity, psychological, anthropometric, and physical factors between both forwards
and backs and top-10 and bottom-10 potential players. A one-way analysis of variance
(ANOVA) was used to explore the differences for the cognitive test as it was comprised
of one variable. A Welch’s t-test was then conducted for all the variables to compare
differences among players’ positions and ranks. A Cohen’s d was also used to calculate
the effect size of these factors. Cohen’s d effect size was calculated as reported in previous
literature [45] with threshold values of 0.20 (small), 0.50 (medium), and 0.80 (large), with
corresponding 95% confidence intervals (CIs). Significance was set for an α level of 0.05
with the statistical analysis conducted using IBM SPSS Statistics Version 24 (SPSS Inc.,
Chicago, IL, USA).

4. Results

The descriptive statistics are reported in Table 1. The MANOVA for training type
factors, socioeconomic factors, social identity factor, psychological factors, anthropometric
and physical factors, and the ANOVA for cognitive factors are reported in Table 2. The
Welch’s t-test analysis is reported in Table 3.

Table 2. MANOVA results for socioeconomic, social identity, anthropometric, physical, psycholog-
ical, and sport activity factors, as well as ANOVA results for perceptual-cognitive expertise and
participation history.

Factor
All Forwards vs. Backs Top-10 vs. Bottom-10 Potentials

p F p F

Socioeconomic 0.030 * 3.985 0.049 * 3.581
Social identity 0.918 0.231 0.963 0.144

Anthropometric <0.001 ** 22.135 0.604 0.519
Physical 0.004 * 4.340 0.784 0.548

Psychological 0.273 1.354 0.954 0.273
Perceptual-cognitive expertise 0.788 0.074 0.550 0.371

Sport activities 0.172 1.678 0.018 * 3.820
Participation history 0.270 1.268 0.963 0.002

Note: Significance set for p = 0.05; * denotes a statistical significance of ≤0.05; ** denotes a statistical significance
of ≤0.001.
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Table 3. Welch’s t-tests for forwards and backs and top-10 and bottom-10 potentials.

Characteristic
Welch’s t-Test Cohen’s d

(p)

Number of sports

Forwards vs. backs 0.275 −0.41 (−1.15; 0.32)
Top-10 potentials vs. bottom-10 potentials 0.963 −0.21 (−0.87; 0.83)

Game exposure U8-U11

Forwards vs. backs 0.187 −0.51 (−1.25; 0.24)
Ranked top 10 vs. ranked bottom 10 0.003 * 0.80 (0.52; 2.48)

Coach-led U8-U11

Forwards vs. backs 0.153 0.53 (−0.21; 1.26)
Top-10 potentials vs. bottom-10 potentials 0.266 0.50 (−0.37; 1.36)

Peer-led U8-U11

Forwards vs. backs 0.296 0.37 (−0.37; 1.10)
Top-10 potentials vs. bottom-10 potentials 0.404 0.37 (−0.49; 1.23)

Game exposure U12-U15

Forwards vs. backs 0.922 0.03 (−0.69; 0.76)
Top-10 potentials vs. bottom-10 potentials 0.661 0.19 (−0.66; 1.05)

Coach-led U12-U15

Forwards vs. backs 0.439 0.29 (−0.44; 1.02)
Top-10 potentials vs. bottom-10 potentials 0.802 0.11 (−0.74; 0.96)

Peer-led U12-U15

Forwards vs. backs 0.765 −0.11 (−0.84; 0.61)
Top-10 potentials vs. bottom-10 potentials 0.038 * 0.97 (0.05; 1.87)

Town population

Forwards vs. backs 0.177 0.55 (−0.20; 1.30)
Top-10 potentials vs. bottom-10 potentials 0.880 −0.06 (−0.92; 0.79)

IMD decile

Forwards vs. backs 0.020 * 0.88 (0.11; 1.64)
Top-10 potentials vs. bottom-10 potentials 0.015 * −0.79 (−1.08; −0.22)

In group ties

Forwards vs. backs 0.372 0.34 (−0.39; 1.08)
Top-10 potentials vs. bottom-10 potentials 0.870 0.07 (−0.78; 0.92)

Cognitive centrality

Forwards vs. backs 0.622 0.18 (−0.54; 0.91)
Top-10 potentials vs. bottom-10 potentials 0.913 −0.04 (−0.90; 0.80)

In group affect

Forwards vs. backs 0.761 0.11 (−0.61; 0.84)
Top-10 potentials vs. bottom-10 potentials 0.905 −0.05 (−0.90; 0.80)

Total score SIQ

Forwards vs. backs 0.499 0.25 (−0.48; 0.98)
Top-10 potentials vs. bottom-10 potentials 0.939 −0.03 (−0.89; 0.82)

Body mass

Forwards vs. backs <0.001 ** 0.82 (0.53; 1.53)
Top-10 potentials vs. bottom-10 potentials 0.427 −0.35 (−1.21; 0.51)
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Table 3. Cont.

Characteristic
Welch’s t-Test Cohen’s d

(p)

Height

Forwards vs. backs 0.890 −0.05 (−0.78; 0.68)
Top-10 potentials vs. bottom-10 potentials 0.504 0.29 (−0.56; 1.15)

Handgrip

Forwards vs. backs 0.899 0.04 (−0.68; 0.77)
Top-10 potentials vs. bottom-10 potentials 0.505 0.29 (−0.56; 1.15)

IHE

Forwards vs. backs 0.013 * 0.81 (0.25; 1.88)
Top-10 potentials vs. bottom-10 potentials 0.741 −0.14 (−1.00; 0.71)

CMJ

Forwards vs. backs 0.050 * −0.73 (−1.48; 0.02)
Top-10 potentials vs. bottom-10 potentials 0.959 −0.02 (−0.87; 0.83)

Peak power

Forwards vs. backs <0.001 ** 0.81 (0.73; 0.90)
Top-10 potentials vs. bottom-10 potentials 0.718 −0.16 (−1.01; 0.70)

Relative peak power

Forwards vs. backs 0.041 * −0.80 (−1.56; −0.03)
Top-10 potentials vs. bottom-10 potentials 0.633 0.21 (−0.64; 1.07)

RSI

Forwards vs. backs 0.070 −0.69 (−1.44; 0.06)
Top-10 potentials vs. bottom-10 potentials 0.280 0.48 (−0.39; 1.35)

20 m sprint

Forwards vs. backs 0.121 0.59 (−0.15; 1.34)
Top-10 potentials vs. bottom-10 potentials 0.049 * −0.83 (−1.72; 0.06)

20 m momentum

Forwards vs. backs <0.001 ** 0.89 (0.90; 2.67)
Top-10 potentials vs. bottom-10 potentials 0.827 −0.09 (−0.95; 0.76)

VO2max

Forwards vs. backs 0.012 * −0.98 (−1.74; −0.19)
Top-10 potentials vs. bottom-10 potentials 0.128 0.69 (−0.19; 1.57)

Factor 1

Forwards vs. backs 0.637 −0.19 (−0.92; 0.54)
Top-10 potentials vs. bottom-10 potentials 0.624 0.21 (−0.64; 1.07)

Factor 2

Forwards vs. backs 0.988 0.00 (−0.72; 0.73)
Top-10 potentials vs. bottom-10 potentials 0.459 −0.33 (−1.18; 0.53)

Factor 3

Forwards vs. backs 0.094 −0.63 (−1.38; 0.11)
Top-10 potentials vs. bottom-10 potentials 0.851 0.08 (−0.77; 0.93)

Factor 4

Forwards vs. backs 0.619 −0.19 (−0.92; 0.54)
Top-10 potentials vs. bottom-10 potentials 0.417 0.36 (−0.50; 1.22)
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Table 3. Cont.

Characteristic
Welch’s t-Test Cohen’s d

(p)

Factor 5

Forwards vs. backs 0.478 0.27 (−0.46; 1.00)
Top-10 potentials vs. bottom-10 potentials 0.744 −0.14 (−1.00; 0.71)

Factor 6

Forwards vs. backs 0.043 * −0.80 (−1.55; 0.02)
Top-10 potentials vs. bottom-10 potentials 0.351 −0.41 (−1.27; 0.45)

Factor 7

Forwards vs. backs 0.245 0.43 (−0.30; 1.17)
Top-10 potentials vs. bottom-10 potentials 0.544 0.27 (−0.59; 1.12)

PCE

Forwards vs. backs 0.790 0.86 (0.10; −0.63)
Top-10 potentials vs. bottom-10 potentials 0.550 −0.26 (−1.12; 0.59)

Note. Shows difference between forwards and backs and top-10 and bottom-10 potentials post-hoc and Cohen’s
d effect size (90% confidence interval). IMD decile = index of multiple deprivation decile; SIQ = social identity
questionnaire; IHE = isometric hip extension; CMJ = countermovement jump; RSI = reactive strength index;
PCE = perceptual-cognitive expertise; VO2max = maximal aerobic capacity; * denotes a statistical significance of
≤0.05; ** denotes a statistical significance of ≤0.001.

5. Forwards vs. Backs

Results showed that there was a significant difference between playing positions for
both anthropometric (p < 0.001) and physical (p = 0.004) factors. The Welch’s t-tests reported
large differences between players for IMD decile (forwards = 7.7 ± 1.8 vs. backs = 6.3 ± 1.2;
p = 0.020, d = 0.88), body mass (forwards = 98.7 ± 11.6 kg vs. backs = 85.4 ± 7.5 kg; p < 0.001,
d = 0.82), IHE (forwards = 144.1 ± 16.7 kg vs. backs = 131.5 ± 20.2 kg; p = 0.013, d = 0.81),
CMJ (forwards = 35.6 ± 5.7 cm vs. backs = 41.3 ± 3.5 cm; p = 0.050, d = 0.73), peak power
(forward = 4585 ± 654.9 W vs. backs = 4323 ± 476.0 W; p < 0.001, d = 2.00), relative peak
power (forwards = 46.4 ± 3.6 W/kg, backs = 50.6 ± 2.3 W/kg; p = 0.041), 20 m momentum
(forwards = 635.4 ± 76.7 m·s−1 vs. backs = 574.6 ± 57.2 m·s−1; p < 0.001, d = 0.89), VO2max
(forwards = 47.6 ± 5.0 mL·kg−1·min−1 vs. backs = 52.7 ± 3.1 mL·kg−1·min−1; p = 0.012,
d = 0.98 ), and factor 6 (forwards = 4.4 ± 0.5 vs. backs = 4.7 ± 0.6; p = 0.043, d = 0.80). In
addition, there was no significant differences between positions for the other variables.

6. Top 10 vs. Bottom 10

When examining groups based on coaches’ rank, the analysis displayed statistical sig-
nificance for socioeconomic (p = 0.049) and sport activities (p = 0.018) cumulative variables.
The Welch’s t-test showed significant differences among four different factors, whereby
the top-10 players: (a) came from a more deprived area (6.7 ± 1.5 vs. 8.3 ± 1.2; p = 0.015,
d = 0.79), (b) were more exposed to hours of rugby game when they were between 8 and
11 years old (120.7 ± 52.3 vs. 59.8 ± 24.3 h; p = 0.003, d = 0.80), (c) accumulated greater
amount of time in training led by peers between ages 12 and 15 years (311.5 ± 274.8 vs.
124.1 ± 48.3 h; p = 0.038, d = 0.97), and (d) were faster over 20 m sprint (2.97 ± 0.09 s vs.
3.18 ± 0.19 s; p = 0.049, d = 0.83) compared to bottom-10 players. Moreover, despite small
to moderate effect sizes among other variables, these were not statistically significant.

7. Discussion

Key findings revealed that environmental and performer constraints differentiated
players based on positions. Academy forwards came from less deprived areas, were heavier,
stronger, more powerful, and possessed greater momentum. Backs possessed greater rela-
tive peak power, RSI, VO2max, and were characterised by superior active coping strategies
(PCDEQ2 Factor 6) compared to forwards. Moreover, task and environmental constraints
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discriminated player ranks, whereby the top-10 potential players came from more deprived
areas, were exposed to more RU competition between ages 8 to 11 years, accumulated a
greater amount of engagement in peer-led play between ages 12 and 15 years, and were
significantly faster over the 20 m sprint when compared to the bottom-10 potential players.

The IMD decile indicated that forwards originate from less deprived areas compared to
backs (i.e., higher IMD score), possibly implying developmental differences in these players.
Previous research from Winn et al. [29] found that more deprived young Welsh players
engaged in less sports and accumulated less hours of rugby-specific training. In contrast to
Winn et al. [29], however, although the present study revealed that backs originated from a
more deprived areas, it does not reflect the fact that backs were excluded from sports (mean
number of sports = 3.7 ± 1.9) and RU activities (e.g., games, coach-led practice, and peer-led
play from U8 to U15), nor were critically deprived (e.g., IMD below 5). Several studies have
attempted to analyse the influence of socioeconomic status on anthropometrical qualities
in young RU players [21,22,46,47]. These investigations revealed that players with a lower
socioeconomic status were physically smaller and lighter than those players from a higher
status. According to present findings and the importance that some qualities have in
characterising players in RU [31], the results on IMD decile provide an important indicator
to consider when researching and developing young RU players in relation to their position,
suggesting more investigation is needed on this aspect.

When analysing players according to their ranking, top-10 potentials came from more
deprived areas compared to bottom-10 potentials (IMD decile = 6.7 ± 1.5 vs. 8.3 ± 1.2). Thus,
it could be suspected that deprivation may help somehow in shaping characteristics useful
for unlocking players’ potential. As explained in the rocky road theory of Collins et al. [48],
it is possible that the top-10 potentials had both the opportunity to challenge themselves
and to have adequate social support to interpret adversities as positive growth experiences.
Moreover, it could be speculated that deprivation reduces the engagement of young players
with organised sport environments [29], whereas from another perspective it might increase
vital opportunities of practice sport-related activities in deliberate play settings with parents,
peers, and siblings [49]. In fact, a more enjoyable and peer-led environment has already been
adopted from international professional RU teams to stimulate self-awareness, decision-
making, tactical awareness, and in general, athlete functionality in adult players [50].
Therefore, this social discrepancy can lead to the possible theory that the IMD decile variable
could help in forming attributes relevant to diverse playing positions (e.g., anthropometric,
physical, psychological, social identity, PCE), as well as a higher ranking in RU academies.
In this light, professional RU environments could add this parameter in a novel format of
players’ assessment.

From an anthropometric perspective, this investigation revealed that forwards were
heavier than backs (98.7 ± 11.6 kg vs. 85.4 ± 7.5 kg, p < 0.001). This is in agreement with
previous results across RU academies [31], senior squads [51], and clubs from different
countries [12]. Due to players’ positional requirements, a higher body mass in forwards aids
in attenuating impacts during tackles and collisions [52]. The variation in anthropometric
measures among playing positions consolidates how forwards and backs require diverse
anthropometric characteristics in order to perform position-specific tasks during games [31].
From a ranking viewpoint, although not statistically significant, top-10 potentials were
heavier than bottom-10 potentials, indicating this may be important for players to succeed
in an academy. Recent studies demonstrated how body mass was pivotal to distinguish
selected and non-selected academy players in England [53], predict players’ progression
in an Italian academy [54], as well as to discriminate positions in South African [52],
Zimbabwean [55], and Argentinian [56] academy environments. Therefore, coaches should
consider the importance of body mass in developing players and their progression across
an academy. However, practitioners should be aware that players of the same chronological
age can differ in their maturity status, and therefore caution should be placed when
selecting players based on morphology parameters only.
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Physical parameters have been shown to differentiate both playing positions [31]
and age-grade players [56], as well as to distinguish levels [53] in RU academies. In the
present investigation, forwards were significantly stronger than backs in the IHE test
(144.1 ± 16.7 kg vs. 131.5 ± 20.2 kg, p = 0.013), demonstrating the importance of this
physical characteristic for this playing position. One of the reasons why forwards are
typically stronger than backs is because these players are required to produce higher
maximal isometric force during games in holding scrums and competing for the ball in
rucks and mauls when compared to backs [32,52]. Together, these findings indicate that
different aspects of strength should be developed in RU academies according to players’
individual needs.

Sprint momentum has been defined as a key parameter for performance in RU, as
well as differentiating playing levels [56,57] and playing positions [31] in various academy
settings across the globe. In the current study, forwards performed 20 m sprint momentum
similar to results from U18 forwards in a previous investigation [33] (637.6 ± 91.9 m·s−1 vs.
635.4 ± 76.7 m·s−1). Present results suggest that forwards outperformed backs due to their
heavier body mass. Specifically, when a heavier body reaches a higher velocity, it possesses
a greater kinetic energy compared to a lighter body. For instance, maximising sprint
momentum through increasing body mass while maintaining linear speed capabilities
appears to be an important characteristic for forwards to possess, since such a position
involves ball carrying in situations where contact is unavoidable [57]. From a ranking point
of view, momentum did not statistically differentiate top-10 from bottom-10 potentials,
however, top-10 potentials recorded a medium effect size difference compared to bottom-10
potentials, suggesting that this parameter should be trained in TD environments.

Findings from the CMJ and power-related measures reported that backs jumped sig-
nificantly higher and possessed greater relative peak power than forwards, indicating that
these players could had superior jumping technique and were able to express more power
per kg of body mass when compared to forwards (CMJ = 35.6 ± 5.7 cm vs. 41.3 ± 3.5 cm,
p = 0.05, d = −0.73; relative peak power = 46.44 ± 3.62 W/kg vs. 50.55 ± 2.27 W/kg,
p = 0.041, d = −0.80). Similar results were found between positions in a LTAD study
within RU academies on CMJ [58] and relative peak power analysis [33]. An explanation
for backs’ possessing greater jumping performance and relative peak power is that these
factors contribute to optimising linear sprints, changes of direction, agility, and to achieving
higher speed from different starting positions during games. Similar to the findings of
Howard et al. [59], peak power was significantly greater in forwards than backs in this
current study (4585 ± 654 W vs. 4323 ± 476 W), indicating that, in general, players from this
playing position often rely on this physical parameter during powerful actions of a match
(e.g., closer stance explosive tackles). From a rank perspective, although top-10 potentials
recorded superior CMJ, peak power, and relative peak power compared to bottom-10
potentials players, it was not statistically significant. Together, these results indicate that
the evaluation and development of power-related qualities should be included in the RU
TD process.

In the present study, 20 m sprint was the only physical factor that distinguished
the top-10 and bottom-10 potentials, whilst no significant differences were found among
positions. Sprint time has recently been shown to be a key factor in TID and TD processes
in RU [53]. Moreover, sprint ability was linked both to different levels of RU [17,57], as well
as different age groups and positions in different countries [31,56,57,60]. Speed has been
increasingly recognised as important by RU practitioners since RU games are becoming
more dynamic and faster than previous years [61]. Another possible explanation is that, as
per body mass characteristics, sprinting speed has been correlated to momentum, which is
a key component in RU matches [57]. Therefore, practitioners are encouraged to focus on
maximising the development of the different phases of sprint mechanics in academies.

Aerobic capacity was estimated using the 30–15IFT. The only statistically significant
difference was found between positions, whereby backs had a greater VO2max when com-
pared to forwards (52.7 ± 3.1 mL·kg−1·min−1 vs. 47.6 ± 5.0 mL·kg−1·min−1, p = 0.012),
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which aligns with previous literature [62]. Indeed, backs are generally leaner and have
a lower body fat percentage when compared to forwards, which may have facilitated a
superior aerobic profile when expressed relative to body mass [31]. Moreover, the specific
demands of forwards requires them to cover less distance in a game when compared to
backs [63], which may be explained with the present findings. Although not statistically sig-
nificant, the top-10 potentials possessed greater VO2max when compared to the bottom-10
potentials (d = 0.69), suggesting that this may have a certain degree of importance to differ-
entiate ranks in players. Therefore, aerobic capacity should be trained based on position
during a LTAD pathway [35] and be part of an assessment battery in RU.

Previous studies attempted to distinguish psychological traits in different playing
positions [34,64,65], ranking [34,64,66], and based on coaches’ perspectives [67] across RU
players. Specifically, existing literature shows that forwards generally possess greater psy-
chological skills, such as relaxation, stress reaction, and fear control [64,65] when compared
to backs. Indeed, only one study [34] has shown that both forwards and backs possess
equally good psychological traits (i.e., determination, goal directedness, self-confidence,
concentration, and mental preparation). On the contrary, however, the results from the
present study showed how backs were characterised by superior perceived active coping
strategies (PCDEQ2 Factor 6) when compared to forwards. It is plausible to suggest that
backs may experience more pressurised situations during competitive match-play when
compared to forwards, since their role includes critical moments, such as executing penalty
kicks and kicking conversions which require quick decision-making skills. Moreover, since
the current study showed how backs come from higher deprivation, it could be speculated
that a greater perceived active coping was a result of an adaptation to a more challenging
socioeconomic environment during their development. However, further research is re-
quired to substantiate these suggestions and explore the association between socioeconomic
status and the development of psychological characteristics in talent pathways. No signifi-
cant differences were reported in psychological variables between top-10 and bottom-10
potential players. Thus, the present findings could be used to help explain the role of the
environment and psychological development in RU players and guide future research.

With regards to the engagement in sport activities (i.e., game exposure, coach-led practice,
and peer-led play), there were no positional differences at both aged 8–11 and 12–15 years.
In comparison, however, the top-10 potentials engaged in more hours of game exposure
at a younger age (i.e., aged 8–11 years) and accumulated more time in peer-led play
during late childhood and early adolescence (i.e., aged 12–15 years) when compared to the
bottom-10 potentials. An early exposure to competition has been considered an important
part of the athlete development process [26,68], which aligns with the understanding that
young players should be exposed to various enjoyable games that gradually produce more
demanding performance-specific situations with an older age [18]. Similar to the present
results, in a recent meta-analysis from Güllich et al. [68] it was reported that although
world champions started their main sport at a later stage in life, higher performing athletes
accumulated significant early exposure of their main sport than lower performers (p = 0.010;
d = 0.20). In handball, for instance, Bjørndal et al. [26] stated that an early exposure to the
competitive experience represented a vital part for player development towards their high
performer status. Thus, coaches should take into account the potential long-term benefits
that high-quality game exposure could have on players’ status. With regards to player
rankings, the top-10 potentials accumulated a greater number of hours in peer-led play
between aged 12–15 years when compared to the bottom-10 potentials. Although these
findings report controversies with conclusions of a recent study on athletes’ progression [69],
they align with rugby league research that has shown the importance of peer-led activities in
development of professional players [64,70]. Thus, more varied learning experiences during
early-adolescence could facilitate a later rugby-specific skill learning and refinement [71].
From an ecological dynamic perspective [9,10], it is possible to explain present results
through the variation in learning tasks and environments, which may facilitate a players’
ability to adapt their actions in learning and to familiarise their movement across various

357



Sports 2022, 10, 13

unpredictable environments (i.e., enhanced athlete functionality, see Rothwell et al., [50]).
As such, a players’ later exposure to peer-led play may continue during the transition from
childhood to adolescence, which is a crucial stage for young RU players since they are
generally selected to be part of a professional academy for the first time (i.e., at U15).

Overall, these findings offer a preliminary study to better understand the TD processes
in RU, provide professional RU academies a novel approach of assessing players, and
establish a methodological framework that may be useful for other researchers in the future.

8. Limitations and Future Directions

One limitation of this study was the small number of participants. A larger sample
may have altered the outcomes of the current findings, especially those in relation to
ranked players [72]. Another limitation of this study was that no age-related differences
were investigated (i.e., it could be possible that different ages influenced players’ ranks).
However, the novelty of this study also compares those who have already been selected
into an academy environment through analysing potential to achieve senior professional
status, rather than the traditional approach of comparing ‘elite’ vs. ‘non-elite’ or ‘selected’
vs. ‘non-selected’, thus further limiting the prospective pool of participants. Moreover, it
is important to mention that present results only reflect the status of a single Premiership
RU academy, and thus it is possible that this is not representative of other environments in
RU. However, other studies surrounding TD in RU [16] and football [44] adopted similar
methodological procedures when analysing academies of professional clubs. Furthermore,
some data were collected retrospectively (e.g., game exposure, peer-led play, and coach-led
training), and therefore recall bias may have influenced findings. Nevertheless, previous
research has applied these tools and demonstrated a good level of reliability and validity
(e.g., [69]). In addition, due to the large number of data collection methods required to
be completed in order to be included in the current study, only those academy players
who conducted all the measures were analysed. Therefore, it is important to recognise
that this study may have not considered participants whose results may have changed the
outcomes should they have completed all the protocols. However, due to these limitations,
this study was denoted as a preliminary investigation to ensure the reader acknowledges
the exploratory nature of the research being performed. Thus, the present investigation
can be used to guide future research methodologies which are encouraged to maintain
a multidisciplinary approach and use a longitudinal protocol with a greater and more
diverse sample.

9. Conclusions

To the authors’ knowledge, this is the first multidisciplinary study that has analysed
32 characteristics from eight overarching factors in an English Premiership RU academy
through an ecological dynamic lens. Present findings showed how playing positions can
be differentiated by environmental and performer constraints. Moreover, top-10 potential
players were distinguished from bottom-10 potential players in task and environmental
constraints. Rugby practitioners are encouraged to follow a similar multidisciplinary
approach and use these findings as framework when assessing professional academy
players. Researchers could also use the methodology employed in this investigation as the
basis for future work in this area.
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Abstract: Introduction: The main aim of this study was to examine which criteria coaches considered
in the talent identification of youth male soccer players aged 13–16. The second aim was to describe
how the coaches considered these criteria when identifying players for their club or regional teams
and how these criteria take the impact of the relative age effect into consideration. Methods: We
conducted qualitative, semi-structured interviews with six male coaches from a professional club
academy or a regional team within the Norwegian Football Federation. Results: In line with earlier
research, the results showed that the coaches considered the technical, tactical, and mental factors
as the most important in talent identification. Further in line with earlier research, they considered
that the physiological and sociological factors were of secondary importance, while anthropometric
measures were considered the least important. Regarding the relative age effect, the coaches were
aware of the effect and its consequences, while few of them had ways to reduce the effect and its
impact on their talent identification process. Even so, the coaches highlighted the importance of
considering a holistic approach to talent identification. Conclusion: The results show similarities
with earlier research, but there is still a need for more longitudinal studies that investigate criteria for
talent identification in youth football.

Keywords: talent development; TID; relative age effect

1. Introduction

Talent identification (TID) in soccer involves identifying talented players with the
prerequisites and potential to become a professional player based on specific criteria [1].
It is considered to be a complex process due to the many factors and skills that affect the
performance in soccer, often considered dynamic, impacting each other, and influenced by
exercise, which increases the complexity even further [2,3]. It has also traditionally been
based on coaches or scouts watching players in matches or training contexts over time who
judge their performance and future potential to reach the elite level [4]. The concept of
talent has also been related to TID and has usually been understood and used on players
who have an above-average level of ability within a domain [5]. This traditional approach
is a process seldom based on objective criteria, but on the coach’s subjective perceptions
of the ideal player, skillset, and/or potential, where previous experiences and intuition
of the recruiter influence the assessment [6]. Such a subjective assessment practice has
been demonstrated by earlier research to be the norm in professional soccer around the
world [1,7–9] as well as a practice that can lead to repeated misjudgments and limited
continuity in identifying talent [10].

Since the review paper by Williams and Reilly [11] and their model on potential
predictors of talent in soccer, research has tried to elaborate on which of the predictors
would be considered the most important. In 2000, they introduced the physical, physio-
logical, sociological, and psychological predictors, while Williams et al. [1] reintroduced
the potential predictors of adult high performance in soccer with four predictors: skills,
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physical, psychological, and social. In the meantime, research has highlighted several skills
that have shown to be of high importance for later success at the senior level, on both
the motorial and cognitive levels [1]. In general, technical performance characteristics,
such as ball control, dribbling, and passing, have proven to be important predictors of
future success in elite-level soccer [12,13]. Huijgen et al. [12] found that technique was
a discriminating factor already in youth soccer and that it was a potential indicator of
which players would later succeed at the elite level. The sport-specific perceptual-cognitive
skills, such as tactical skills, game understanding, creativity, positioning, and orientation,
have also proven to be valid predictors of future success in football [12–14]. When de-
veloping tactical skills and specifically perceptual–cognitive skills, the content of training
and the learning environment that the players are exposed to have shown to have great
influence [15–17]. When it comes to physiological factors, young elite athletes generally
tend to score higher than their less skilled peers, which is in line with what one sees in
senior football [18]. Physical characteristics and anthropometric proportions are factors that
the practitioner has little or no influence on him/herself, such as height, growth, physique,
and muscle composition [11]. Research has also identified psychological factors, such as
self-confidence, resilience, concentration, commitment, discipline, adaptability, motivation,
and the ability to cope with different challenges, as significant predictors of development
and later success [19–24]. Furthermore, there seems to be an increasingly broad consensus
that this is an area of importance and has gained more attention in both the identification
and development of young talented players [25].

The identifiers in the process, the coaches, highlight technique as highly important
among coaches and practitioners [6], especially related to ball control [26], dribbling,
first touch, passing/shooting, and technique under pressure [6,27]. Perceptual–cognitive
characteristics such as decision making, positioning, and game understanding have been
highlighted as especially important by coaches and practitioners [6,26,28], while anthro-
pometric, physiological, mental, and social factors have been deemed less important by
coaches and practitioners [6,28]. However, in the recent study by Bergkamp et al. [26], the
anthropometric and physiological factors were deemed as important as tactical skills by
the participating scouts. The coach’s role in relation to the identification of talent is also
related to the coach’s perception of skills that are important to succeed at the elite level and
awareness of how they develop them most effectively [16,29]. Due to the complexity of
soccer as a sport, there are many factors to consider [1]. Therefore, the research suggests
that a holistic approach to identifying and developing talent, which includes technical
factors, mental factors, physiological factors, and social factors, such as family relations,
parental support, and training load, etc., may provide better insights and decisions when
trying to identify talent [1,30,31].

An essential factor to consider when identifying and selecting players is the relative
age effect (RAE), which is prominent when dividing players into chronological age groups
with a span of one year [32], reinforcing the physical, cognitive, and emotional differences
based on maturation [33]. However, there appears to be little or no difference in technical
skill performance between early and late matured players [34]. This has been related to the
compensation phenomenon [1], where players compensate for poor skills in one area with
good skills in another to be able to compete with their lower maturation. This is reflected
in the fact that academy players born in the last quarter have a higher chance than those
born in the first quarter of achieving professional status in senior football in the end [35].
Studies have shown that football coaches usually do not take the RAE into account in the
selection process, despite knowledge of the phenomenon [36].

The main aim of this study was to examine which criteria coaches considered in the
TID of youth male soccer players aged 13–16. The second aim was to describe how the
coaches considered these criteria when identifying players for their club or regional teams
and how these criteria take the impact of the RAE into consideration.
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2. Materials and Methods

In this study, we adopted a qualitative research design, using semi-structured interviews.

2.1. Participants

This study is based upon six semi-structured interviews with active male coaches in
regional teams under the auspices of the Norwegian Football Federation and academy
coaches connected to professional Norwegian soccer clubs. The coaches had a mean age
of 34.16 (std 6.36), with an average of 6.66 (std 2.06) years’ experience as coaches. Two
coaches had a UEFA-A license and the other four a UEFA-B license. Two of the coaches
had a master’s degree in sport science, while one of the coaches had a bachelor’s degree in
sport science.

2.2. Data Collection

The semi-structured interviews were conducted to gain further insight into the coaches’
perceptions of talent, TID, and the selection process. A formal interview guide was used to
gain insight into the coaches’ perspective of talent, TID, identification criteria, and selection
mechanisms. The interview guide was also open to relevant follow-up questions in relation
to the coaches’ responses to the questions asked to gain relevant perspectives and insights
from each of the participants. All interviews were individual and conducted digitally, using
either Zoom or Microsoft Teams. The interviews were approximately one hour each and
were transcribed in their full length by the interviewer.

2.3. Data Analysis

The interviews were audio-recorded and transcribed. To provide anonymity, the
coaches were given identification codes, I1–I6 (Informant 1–Informant 6). Following the six
steps suggested for qualitative analysis by Braun et al. [37], the following steps were used
when analysing the data: (1) transcribing, reading, and re-reading the data; (2) generating
initial codes, such as TID and perception of skills; (3) making use of deductive codes and
identifying lower-order themes under the initial codes (e.g., ball control under technical
skills), the data was coded by the second author and thereafter by author one and three with
the intention to increase inter-rater reliabilities, and furthermore; (4) laying out the main
topics from the data material with the use of ongoing member reflections; (5) reviewing
the final categories and sub-themes; and (6) writing a report and presenting the data.
Having processed all the data from the six interviews, we ended up with four central
topics: perception of talent, talent development, talent identification, and relative age
effect, reflecting the interview guide and presented in the results section. In the following
presentation of the results from the six participants from the clubs and the local football
federation (FA), I1, I5, and I6 represent region 1, and I2–I4 represent region 2.

3. Results
3.1. Coaches’ Perception of Talent

To get an impression of how coaches in the end identify talents, the coaches were
asked about how they view talented players in soccer in a broader perspective. Mostly, the
coaches said they viewed talent as someone who possessed abilities out of the ordinary. In
addition, they point to talent as the potential to be a top-level athlete later in their career:

I3: There is someone who has special abilities, and it can be in football or music ( . . . )
and it is that you as a player have something more than what the others have.

One of the coaches, however, had quite a different view on talent when linking it with
interest in the sport, the willingness to train, and feeling joy when practicing.

I2: No, it is a comprehensive concept, which deals with a lot. But for me, the talent is
about the one who likes to play football the most and who is willing to go to great lengths
to play football. It is in a way the first thing I think of as a talent concept, and then I know
for myself that it is much more comprehensive than just that.
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Overall, the coaches view talent as something extraordinary, regarding either perfor-
mance or skills or regarding an extraordinary interest for the sport, which again leads to
many accumulated hours of practice activity and joy when practicing the sport.

3.2. Talent Development: The Skills That Count

Asked about which skills characterise a talent in the age group of 13–16 years, the
coaches varied a bit in their perceptions, but all of them somehow mentioned technical and
tactical skills as the main characteristics of talent in this age group. Three of the coaches
highlighted the technical and tactical aspects, such as first touch and decision making, as
the most important skills when judging players’ potential and talent:

I4: Creativity and choices. I am interested in football players who have good close-up
technique, good touch ( . . . ) I think it is very important to have a good deal of self-training
with the ball ( . . . ) And it is now an experience I have had, that those who I have had,
and whom I have seen are our best, creative players; they have spent a lot of time with
the ball ( . . . ) so I look at skills, choice, execution, what you do with the ball rather than
the physical.

The other three coaches also mention technical and tactical aspects as highly important,
but they are also concerned with factors such as interest, motivation, drive, and the will
to train as important characteristics in that specific age group, considering the ability to
practice and, through practice, developing soccer-specific skills:

I3: You must have a presence, motivation, an inner drive. That is probably what is
most important. And if you have it, then you usually have something else too, I think. And
it must come from a young age; you must have played a lot with the ball since you were
little. Technical and tactical, as I said, you can be very technical, but you lack everything
else within the mental or the psychological aspect, like that you are not a nice person.
Football is a team game, so it is clear to me that the psychological factors that we are talking
about in a football context are very important.

Regarding how the coaches take their own skill valuation into account in their daily
work with their players, all the coaches again point to the technical and tactical skills as
the focal starting point for their coaching sessions. However, the two that get the most
attention and the reasoning behind them differ among the coaches:

I3: ( . . . ) technique and tactics are a bit connected, but technique, call it basic skills, if
you do not have it when you are 14 years old, then it limits the possibilities, I think. Tactical
is like . . . you learn a lot through play and games at a younger age, and then it comes more
and more into the 13–19 age group, and then it’s about cracking the codes quite quickly.

One of the coaches (I3) considers technical skills as the most important at an early
stage for young players and considers tactical skills as something that comes later in the
development process. This points to a fragmented understanding of the developmental
process, such as developing one skill at a time. I1 also considered the technical skills as
more important than the tactical skills but still pointed out that, in his club, the tactical
skills tended to have more focus in the daily work:

I1: It is difficult to say that we look more at one or the other, but at the same time I
can add that the club I am in has been very concerned with the decisions they make, the
understanding of the game, and making good choices. And I may have been a little soft
for it myself, which players make good choices. Then you can, to a certain extent, imagine
that it is easier to develop (decision making) than the technical execution, so a slightly
subjective answer to that ( . . . ).

3.3. Talent Identification

All the coaches in this study pointed out that their assessment of players’ talent and
potential was based on subjective measures, and usually, a player’s performance in match
situations was an essential factor:
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I1: ( . . . ) The assessments we make on who we think fits and does not become
subjective. And we are concerned with getting them into our context, to come in and train
with us, to see if they can adapt to our tactics ( . . . ).

The coaches’ answers indicated some differences between the club and regional team
coaches, where factors concluded as important by the Norwegian Football Federation
were also highlighted by the regional teams’ coaches. The coaches at the club level were
guided more by their club’s playing style and tried to identify players who would fit
within that specific way of playing. Both, however, were still based on subjective measures
and opinions.

Coach 2 coupled the definition of talent with interest and motivation towards the
sport, which also influenced his perception of how early a talent could be identified:

I2: If you just take . . . that of finding a player who is genuinely interested in playing
football, then you can see it quite early. We have a couple of examples from our own club.
We have two players who were born in 2010 and are in their eleventh year, and you see
they are genuinely interested in playing football. Whatever opportunity they have, they
play football. And that is a starting point for something that can help them in later years.
( . . . ) They will lay an insanely good foundation in relation to the others, who are there
only on team training, for example.

The reasoning behind this perception is that an extreme interest and joy in playing the
sport itself will cumulate in more hours of practice on their own.

The coaches considered it possible, but challenging, to identify talented players quite
early, especially if you use the players’ current abilities as the benchmark, even if they
are 6, 10, or 13 years old. At the same time, they were clear about the complex nature of
identifying talent regarding future potential as the following citations illustrate:

I1: ( . . . ) it is clear that a six-year-old can be much better than the other six-year-olds,
and then he is better than the others at that time. And then the question is whether you can
call it a talent or not. So, it’s probably easy to mix talent with the one who is good there
and then, but I think more that it is aimed at the one who has potential. So, you can see if
players are good already when they are six years old, but if it is a talent is very difficult to
say, because it is impossible to say who will succeed.

I6: Basically, in my opinion, you see the football technical and coordinative abilities
when they are 12–14 years of age, but then it differs even more when they are 16 years
old. When you see the choices they make regarding school, you start to make some life
choices ( . . . ).

Even if the coaches state that it is possible to identify the talented players quite early
based on their current abilities, they are also very clear about the difference between current
abilities, which may be better than others, and the future potential to reach the top level
and develop the already good skills even further. Some also point out that different factors
such as motivation, personal traits, and choices in life when they are old enough to make
their own choices play a big role in determining the level of success a young player will
have at the senior level. Those factors, according to the coaches, are harder to identify early,
and they make a point out of differing between abilities and potential.

3.4. Relative Age Effect: The Consequence?

Identifying talented footballers at an early age often involves an impact from the RAE.
The coaches in this study all answered that they knew about the concept of RAE and the
potential challenges that it leads to. They answered that they do not consider physical
skills or characteristics as important as the technical and tactical skills, which again plays a
role when considering the RAE in their decisions. Even so, as Coach 5 pointed out, there is
still an advantage if you are physically well-developed from an early age, because players’
abilities in real time often are higher, regarding obtaining results here and now. Coach 5
also made the point that the early-developed players may allow themselves bad habits
technically and tactically because they can compensate with their physique.
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I5: The advantage is that you are very efficient if you are well-developed physically.
The disadvantage of this is that one then tends to acquire some bad habits, which they
must unlearn when things level out more physically. In the same way, if one is very weak
physically, then one can acquire some good habits to cope.

Another challenge related to selecting early developed players is that they will get
more and better follow-up from coaches and clubs in their path, which, again, may lead to
other talented players getting too little attention in their important development years.

When asked if they believe that talented players slip under the radar because of the
RAE, the coaches partly disagreed, where some meant that they absolutely missed out on
potential elite players, while others did not. Some of the arguments were that the deselected
players potentially could give up too early or that the focus was on results, while some
meant that the best players would always be identified:

I3: Yes, I think so. I think the players may not even reach their maximum level because
they give up maybe a little early. And then we see that we may also be a little impatient not
to give them the time they need to grow up then, as they call it.

I2: No, I do not think so. I think in a way that we can pick up those who can be the
best or are the best; we will probably get them, I think. And then you can ask yourself the
question of whether you might lose out on a broader group with potential to get to an OK
Norwegian level. Maybe, but the best I think we will get.

4. Discussion

The main aim of this study was to examine which criteria coaches considered in the
TID of youth male soccer players aged 13–16. The second aim was to describe how the
coaches considered these criteria when identifying players for their club or regional teams
and how these criteria take the impact of the RAE into consideration. The results indicated
that the complexity of soccer makes it a very challenging task to identify the most talented
players who will go on to succeed at the senior level from an early age [38]. These coaches,
like earlier studies, show a high appreciation for the technical and tactical factors [11,30].
This also corresponds well with what has been seen in previous studies on coaches’ criteria
for selection [6,28]. This also highlights the tradition of identifying and selecting talented
players based on subjective criteria, which vary across cultures and clubs [1,6,7,9].

The coaches’ overall perspective is in line with earlier research’s definition of talent
as someone who possesses abilities above average [8]. In particular, technical and tactical
skills, such as ball control, dribbling, passing, creativity, positioning, and decision making,
have proven to be valid predictors of future success [12–14]. Several of the coaches in
this study also emphasised game understanding and positioning as important tactical
qualities, which is in line with previous research in both qualitative studies [27,39,40] and
quantitative studies [6,26,28]. This also relates to the complexity of judging talent, which
corresponds well to earlier research on players who later succeed at the senior level [4].
The coaches also mention the player’s motivation, willingness to learn and train, and,
maybe most importantly, the joy they get from playing the game as important factors.
This differs a bit from the sport-specific focus of many coaches but nonetheless shows a
broad understanding related to the complexity of identifying and nurturing talent. This
also falls in line with research into traits and personalities who have reached the top
level in their sports, which highlights the inner drive, discipline, and motivation of the
succeeding athletes but also shows the differences between personalities, even if some
traits are alike [19,21–23]. Earlier research has highlighted that interest, motivation, and joy
lead to more self-organized training [41]. Part of the reasoning behind this perception is
that an extreme interest and joy in playing the sport itself will cumulate into more hours of
practice on their own, which research has shown to be a discriminating factor regarding
later success at the elite level [41].

This study also found that the coaches, to a lesser degree, focused on the physiological
attributes, which is also in line with earlier research and often related to the fact that these
skills are trainable [42] and that differences may result from more systematic training over
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time [11]. Research has still shown that, for example, running velocity may be a useful
predictor for later success at the elite level [12], but in general, one should still be careful
about selecting talent based on physiological superiority. Another challenge related to
selecting early developed players has been the access to better and more follow-up from
coaches and clubs in their path, which, again, may lead to talented players receiving
too little attention in their important development years, which studies have pointed to
in the past [1,34,43]. This has also often been related to the RAE and the awareness of
the effect, which have been found to be prominent in the TID process [4]. The coaches
in this study, however, highlighted that the late-blooming players probably still could
succeed later, even if they were not selected at the first crossroad. Even so, studies have
pointed to the possible benefits one receives from early selection, which may reinforce the
differences between players’ abilities because of better coaches and closer monitoring of
their development [1]. Club coaches have this impression of players breaking through
even if they are not selected because their potential and talent might be expected since
they mostly work on a short-term basis. A valid point that the coaches make is that the
differences between players, based on the RAE, are smaller when it comes down to technical
and tactical skills, which they emphasise as most important in their view [12,32], and this
may even lead to compensational development from the less physically developed players
to be able to cope in games.

It is interesting to note that all the coaches seem to think that they can identify talent
quite early based on players’ technical abilities here and now, even if they also point to the
complexity of the development and especially the identification process. What supports
the notion of being able to identify talents early on based on their technical abilities are the
earlier findings that point to the technical skills as a potential early discriminator between
elite and sub-elite players [12]. The technical skills are also less affected by the RAE, as we
have seen earlier [12,32]. Even if the technical abilities might give an early indication, many
coaches tend to mix the technical abilities and potential with early achievements, which,
again, can stem from physical superiority and so forth.

4.1. Limitations and Methodological Issues

The small sample size must be considered as a limitation of this study. Furthermore,
interviews with the use of teams have disadvantages because of the lack of closeness to the
coaches interviewed. This might have impacted the results in the way that the participants
might have misunderstood the questions or the reduced access to the interviewers’ body
language might have been misunderstood or vice versa.

4.2. Future Studies

There is still a need for more longitudinal studies that investigate criteria for TID in
youth football. Furthermore, studies comparing coaches with different roles, such as club
coaches both at grassroot and elite levels and football federation coaches representing the
national TID system, are needed. The TID process will most likely be impacted by the
context in which the coaches are coaching, such as the degree of follow up and responsibility
in everyday training, where club coaches have a much bigger impact on the players’
development compared to regional federation coaches in this study. Another vital question
would be the background of the coaches related to both experience (years and level)
and coach education. Knowledge and experiences from different levels (club, federation,
school, etc.) might impact the coach’s perception on both talent development and the TID
process. Matin and Sæther [44] found in a study on male and female football players in a
sport specialization program (SSP) and elite sport specialization program (ESSP) in upper
secondary schools in Norway that the players from the SSP school considered the school
coach to focus significantly (<0.01) more on technical skills than the club coach. The players
from the ESSP, however, considered the club coach to focus on technical skills as compared
to the school coach. Furthermore, the players from the ESSP regarded the club coach to
be significantly (<0.01) more focused on physical skills as compared to the players from
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the SSP. As discussed in the study, there are obvious reasons as to why coaches in different
contexts (club vs. school) have different focuses in their training sessions and periods
since only club coaches are responsible for a team, while school coaches are more naturally
focused on individual physical and technical development.

Even though the intention of the present study was not to address the coaches’ back-
ground, which impacted the TID process, a vital question would be to address how their
experience, education, and knowledge impacted the TID process. Earlier research has
shown that coaches refer to “gut feeling” [40] and “practical sense” in the TID process.
Peterson [45] has furthermore raised the question if football players succeed despite the
talent selection system (the case of Sweden), both based on the prevalence of the RAE in
the TID processes and the lack of precision in the TID criteria. He even questioned the idea
of identifying talent at an early age based on the lack of success in most TID systems [2].
Future studies on perceptions of TID and RAE should also include the issue of bio-banding
and how it impacts the coaches’ TID process—an issue raised in the newly published book
by Kelly et al. [46].

Another issue future research should also address is the impact of how the national
TID system and football federation impacts the coaches’ approach in the TID process. The
coaches in this system may have an impact on each other’s approach in the TID process,
with the risk of group thinking when the coaches discuss the players in the TID process.

5. Conclusions

This study has provided qualitative insight into the process of TID among youth soccer
coaches in Norway. The results implied that the coaches considered the technical, tactical,
and mental factors as the most important in TID—more specifically, ball control, decision
making, and motivation (inner drive). They furthermore considered, in line with earlier
research, that the physiological and sociological factors were of secondary importance,
while the anthropometric measures were considered the least important. Regarding the
RAE, the coaches were aware of the effect and its potential consequences, while few of
them had ways to reduce the effect and its impact on their TID process. Even so, the
coaches highlighted the importance of considering a holistic approach to TID, with all four
potentially predicting categories of Williams et al.’s [1] model. There is still a need for
more longitudinal studies that investigate the criteria for TID in youth football and studies
comparing coaches with different roles in the TID system.

Key findings:

• Coaches considered the technical, tactical, and mental factors as the most important
TID criteria.

• Despite awareness of the relative age effect and its potential consequences, few of
them had ways to reduce the effect and its impact on the TID process.

The results show similarities with earlier research, still indicating a need for longitudi-
nal studies that investigate criteria for TID in youth football.
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Abstract: This study aimed to: (1) examine differences in physical performance across birth-quartiles
and maturity-status, and (2) determine the relationships among relative age, maturation and physical
performance in young male soccer players. The sample included 199 males aged between 8.1 and
18.9 years, from two professional soccer academies in the English Football League. Data were collected
for height, weight, self-reported biological parent heights, 30 m sprint time and countermovement
jump (CMJ) height. Relative age was conveyed as a decimal, while maturity status was determined
as the percentage of predicted adult height (PAH). There were no significant differences in any
measure between birth quartiles, however early maturers outperformed on-time and later maturers
in most performance measures. Pearson-product-moment correlations revealed that maturation
was inversely associated with 30 m sprint time in U12 to U16 (r = −0.370–0.738; p < 0.05), but only
positively associated with CMJ performance in U12 (r = 0.497; p < 0.05). In contrast, relative age was
unrelated to sprint performance and only significantly associated with superior CMJ performance in
U16. This study indicates that maturity has a greater association with sprint performance than relative
age in English male academy soccer players. Practitioners should monitor and assess biological
maturation in young soccer players to attempt to control for the influence on physical performance,
and avoid biasing selection on absolute performance rather than identifying the most talented player.

Keywords: sprint; countermovement jump; youth; maturation; predicted adult height; football

1. Introduction

Soccer academies are a vital pathway in the long-term development of youth players,
with the primary objective of identifying and developing talented individuals to compete
at senior levels [1,2]. Two factors that have been shown to impact both player performance
and selection in youth soccer are relative age and biological maturation [3–5]. Contrary to
lay opinion, relative age and biological maturation are distinct constructs that exist and
operate independent of one another [6].

Relative age is determined by date of birth and the selection cut-off date and refers
to a player’s chronological age within their specific age group. Due to the application
of arbitrary and chronologically aged (bi)annual groupings for soccer academies (e.g.,
U9, U10, U11, etc.), players within the same age group can be by almost twelve months
apart in chronological age. This results in the phenomenon known as the relative age
effect (RAE), where players born earlier in their selection year (e.g., birth quartile [BQ] one
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and BQ2) have a greater likelihood of being selected into talent pathways (~38–40% and
~24–30%, respectively) when compared to those born later in the year (BQ3: ~15–21% and
BQ4: ~13–16%, respectively) [4,7].

Biological maturation is the process of progressing toward a mature state and varies in
magnitude (extent of change), timing (onset of change) and tempo (rate of change) between
different systems in the body [8] and between individuals [9]. Variance in biological matu-
ration is a result of genetic and environmental factors and players of the same chronological
age can vary by as much as five to six years in skeletal age [10], an established index of
maturation in youth. As such, it is entirely possible for a player to be both the youngest and
most mature player within their age group, as well as vice versa. Youth can be classified
as biologically “ahead of” (early maturer), “on-time with” (average maturer) or “behind”
(late maturer) their chronological age [11].

Whereas chronological age is predictable and easily assessed, biological age is sig-
nificantly more difficult to assess. The gold standard method of assessing maturation is
using skeletal age, but due to the expense and requirement for specialised radiographers
using this method [9], other methods are often utilised. Somatic age refers to the use of
growth in stature or specific dimensions of the body for the estimation of maturity [9]. The
most simple level of assessment involves longitudinal anthropometric assessments [9],
and the repeated collection of height over a period of time would enable the analysis of
growth curves that allow information related to the initiation of the growth spurt and
peak-height-velocity (PHV) to be obtained. Considering the limitations associated with
collecting longitudinal data to identify PHV, predictive equations can be used to predict the
age at PHV from single measurements of anthropometric variables [12,13]. Mirwald and
colleagues [12] proposed a predictive equation based on the theory of differential growth
rates between the lower limbs and torso. Despite this method being a popular tool for mea-
suring maturity, it does have potential limitations. In particular, the method has received
criticism from researchers who suggest a bias is prevalent towards chronological age at the
time of estimation, or low sensitivity to identify early and late maturing individuals [14].
The percentage of predicted adult height (%PAH) can be calculated at a given time point
during childhood and adolescence and this can be used to determine the maturational sta-
tus of a young athlete [15]. This approach may be useful to differentiate between those who
are early-maturing and those who are naturally predisposed to being tall, especially as it is
possible that two individuals in this situation could present with the same absolute stature
at a given chronological age [9]. Khamis and Roche have proposed a prediction equation to
calculate final adult height, using mid-parental height but also included the child’s current
stature and weight in addition to specific coefficients for each of these variables at 0.5-year
intervals serve to improve the accuracy of the prediction model [16]. Recent longitudinal
analysis to observe timing of PHV illustrated that %PAH was accurate 96% of the time,
with maturity offset correct only 61% of the time [17]. The error of prediction in the %PAH
equation has been estimated to be ~2 cm [16] and %PAH has been shown to correlate with
skeletal age [18]. This has resulted in %PAH being used as a popular method of estimating
maturity in youth [19] and has become increasingly popular within soccer [20] where it is
used throughout the Premier League’s management application.

Differences in the maturity status and timing of individuals has been shown to
have implications on the physical, psychological and athletic development of adoles-
cent males [3,21,22]. Boys who mature in advance of their peers experience the adolescent
growth spurt at an earlier age and, thus, are invariably taller and heavier from late child-
hood and possess greater absolute and relative lean mass [3,5,22]. As a consequence of their
advanced maturity, early maturing players also tend to tend to outperform their less mature
counterparts on tests of speed, power, strength, momentum, and agility [5,21]. In addition
to these physical advantages, early maturing boys also tend to perceive themselves as more
athletic and competent in sport [22]. Given the inherent benefits associated with advanced
maturation, it is therefore not surprising that early maturing males are more likely to be
represented and selected for sports where greater size, strength and power are desirable
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attributes, such as in soccer [3]. The selection bias towards advanced maturity in males
emerges from late childhood/early adolescence and increase in size and magnitude with
age and level of competition [11].

While players born earlier in the selection year are heavily represented in youth
soccer [4,23], there is limited evidence to suggest that relatively older players possess
advantages in functional capacities. Relatively older players are often assumed to be
biologically more mature and, thus, physically superior in comparison to their relatively
younger peers [24]. Despite these assumptions, relative age does not necessarily imply more
advanced maturity [23], with relative age shown to be weakly correlated with maturity
status in young athletes [25,26]. There is some research to suggest that players born earlier
in the selection year have greater anthropometric characteristics, in addition to greater
physiological attributes, which are associated with successful performance in elite youth
football, however the differences between players in BQ1 and BQ4 were often unclear and
predominantly trivial or small [26].

Further evidence of the independent nature of relative age and maturation can be
seen in their associations with both physical and psychological variables. In a recent
study investigating predictors of physical fitness in male academy soccer players, matu-
ration was found to have a significant association with a range of physical performance
measures, whereas relative age was only weakly correlated with 20 m speed and CMJ
performance [27]. However, U12 to U16 were pooled together for the analysis and the
effects of maturity and relative age on physical performance were not established for indi-
vidual age groups. Similarly, an investigation of the ‘underdog hypothesis’ revealed that
delayed maturity, but not younger relative age, was associated with greater use of adaptive
self-regulated learning strategies in academy football [23]. In light of this evidence, the
primary aim of the current study was to investigate the relationships between relative age,
maturity and physical performance in soccer players from U9 and U18 age groups. In
accordance with previous research, it was hypothesised that advanced maturation, rather
than greater relative age, would be associated with superior performance on tests of sprint
and jumping ability in English male academy soccer players.

2. Materials and Methods
2.1. Participants

One hundred and ninety-nine elite male junior soccer players from two professional
soccer academies in the United Kingdom, between the ages of U9 and U18, volunteered
to participate in the cross-sectional study. In line with the Elite Player Performance Plan
(EPPP), participants trained two to four days per week, depending on age group, and
typically had one competitive match per week. All players participated in a structured
strength and conditioning programme, delivered by qualified coaches within the academy.
Data collection occurred within the academies during the 2018–2019 and 2019–2020 seasons.
None of the players reported injuries at the time of testing, nor had a major injury six
months prior to testing. Parental consent and participant assent were collected for all
elements of the study, in addition to a standardised health questionnaire. Ethical approval
was granted by the University Research Ethics Committee for all elements of the study.

2.2. Procedure
2.2.1. Anthropometrics

Standing height was measured using the nearest 0.1 cm with the use of a stadiometer
(SECA, 321, Vogel & Halke, Hamburg, Germany). Body mass was measured to the nearest
0.1 kg on an electronic scale (SECA, 321, Vogel & Halke, Hamburg, Germany). During both
anthropometric assessments, participants were instructed to stand in normal posture with
weight equally distributed between feet [27].
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2.2.2. Birth-Date Distribution

The selection year for youth soccer in the UK spans 1st September to 31st August and
consistent with previous research [4], the year was split into four quartiles. September,
October and November were classified as ‘BQ1’, December, January and February classified
as ‘BQ2’, March, April and May classified as ‘BQ3’, and June, July and August as ‘BQ4’.
The measure of relative age was also expressed as a decimal, using the difference between
a participant’s birthdate and the selection cut-off date, divided by the number of days in a
year [23].

2.2.3. Biological Age

To estimate biological maturation, the Khamis-Roche method was used, which requires
chronological age, current height and weight of the child, and calculation of mid-parental
height of the biological parents, to estimate final adult height (Equation (1)) [16]. When
predicting final adult height of males between 4.0 and 17.5 years of age, the median error
associated with the use of the Khamis-Roche method is 2.2 cm [16]. The standing height of
participants’ biological parents was collected by academy staff or, where collection was not
possible, self-reported by the parents [27]. In instances where the heights were self-reported,
these were adjusted for overestimation using sex-specific equations [28] (Equation (2)).

Predicted adult height = β0 + β1 height + β2 weight + β3 mid − parent height (1)

Equation (1). Equation for predicting final adult height [16].
β0 is a sex- and age-specific intercept and β1, β2, and β3 are sex- and age-specific coeffi-
cients, in which height, weight and mid-parent height should be multiplied [29].

Male adult height (inches) = 2.316 + (0.955 × height [inches])
Female adult height (inches) = 2.803 + (0.953 × height [inches])

(2)

Equation (2). Equation to adjust for self-reported heights in adults [29].
To estimate biological maturity, %PAH attained was calculated by dividing current

height by PAH and multiplying by 100 [15]. Players with a greater %PAH can be expected
to be more advanced in maturation compared to those further away from their PAH [27].
To estimate each participants timing of maturity, %PAH was calibrated with age- and
sex-specific reference standards obtained from the UK 1990 growth reference data [30].
The age that the participants current %PAH aligned with was identified as participants
biological age [31]. Maturity status was then determined using the discrepancy score
between biological age (BA) and chronological age (CA). Using the traditional method
of +1.0 and −1.0 for early and late maturers, respectively, fails to differentiate between
individuals who differ markedly in maturity (e.g., BA-CA of +0.99 and −0.99 are both
deemed on-time) [32]. Therefore, a less conservative set of criteria was applied (currently
employed in the Premier League Player Management Application), and those participants
with a BA-CA score of below −0.5 were classified as “late maturers”, between −0.49 and
0.49 as “on-time”, and those above +0.5 as “early maturers” [32].

2.2.4. Physical Performance Tests

Countermovement Jump (CMJ): Participants performed three trials of the CMJ on a
mobile contact mat (Smart Jump; Fusion Sport, Queensland, Australia), with the best jump
being used for further analysis. Participants were instructed to keep their hands on their
hips, and lower themselves rapidly from an initial standing position to a self-selected squat
position, followed immediately by an explosive vertical jump [33]. This protocol has been
reported to be a valid and reliable assessment of neuromuscular performance in youth
(Intraclass correlation coefficient [ICC] = 0.83 [34]).

30 m Sprint: Sprint times during three trials of maximal sprinting over 30 m were
assessed using photo-electric timing gates (Smart Speed, Fusion Sport, Queensland, Aus-
tralia) on an outdoor 3G pitch. The timing gates were placed at 0 m, 5 m, 10 m, 20 m and
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30 m. Participants were instructed to begin their sprint in a split stance on a line 50 cm
from the first gate, to avoid starting the timer early when in their set position. Participants
were then instructed to “get ready” and “go”, and were given verbal encouragement
throughout each trial to ensure they were sprinting maximally through the final timing
gate. A minimum of four minutes passive rest was given between trials to ensure sufficient
recovery [35]. The best 30 m time was used for further analysis.

2.3. Statistical Analyses

The assumption of normality was assessed via the Shapiro-Wilk test, and descriptive
statistics were calculated for all variables as mean and standard deviation (SD). Separate
one-way analysis of covariance (ANCOVA) tests, with age as the covariate, were used to
determine the differences in all measured variables between age groups, birth quartiles
and maturity classifications, with a Bonferroni post-hoc analysis applied to identify any
significant between-group differences.

Frequency counts were used to determine the number of players within each birth
quartile (BQ1–4) and each maturity classification (early, on-time, late). Chi-square (χ2)
analysis was then used to compare maturity distributions from within each birth quar-
tile to what would be expected based on a normal distribution (30.3% as early and late
maturers, and 38.3% as average maturers). Cramer’s V was also calculated to determine
the magnitude of difference in frequency counts and interpreted as a value of 0.06–0.16
as a small effect size, 0.17–0.28 as a medium effect size and >0.29 as a large effect size [36].
Furthermore, analysis of the adjusted standardized residuals was completed to identify
frequencies that were greater than 1.96 or less than −1.96 z-scores (p < 0.05), highlighting a
significant difference to the expected distribution for each age group.

Relationships between both relative age and percentage of PAH, and CMJ jump height
and split times from the 30 m sprint (0–5 m, 0–10 m, 0–20 m and 0–30 m) were assessed via
Pearson’s correlation coefficients and interpreted as: <0.2 (no relationship), 0.2–0.45 (weak),
0.45–0.7 (moderate) and >0.7 (strong) based on previous recommendations [37].

3. Results

The descriptive statistics of each age group for height, weight, PAH, percentage of
PAH (%PAH) and performance parameters including 5 m, 10 m, 20 m, 30 m speed and
CMJ jump height are presented in Table 1.

Table 1. Frequency count of birth quartile (BQ) and maturity classification, and descriptive statistics for anthropometric
characteristics for each age group (mean ± SD).

Age
Group

BQ1
(n)

BQ2
(n)

BQ3
(n)

BQ4
(n)

Early
(n)

On-
Time
(n)

Late
(n) Height (cm) Body Mass (kg) PAH (cm) %PAH

U9 4 6 2 0 2 10 0 135.6 ± 4.7 31.2 ± 2.7 178.6 ± 5.7 0.75 ± 0.01

U10 9 2 5 2 2 16 0 137.8 ± 4.8 32.7 ± 3.8 175.3 ± 5.6 0.78 ± 0.01

U11 11 5 1 0 2 11 3 143.3 ± 6.3 38.8 ± 6.1 177.0 ± 6.9 0.81 ± 0.02 #ª

U12 5 7 9 1 3 18 1 148.7 ± 6.8 #ª 40.8 ± 6.2 #ª 178.2 ± 4.9 0.84 ± 0.02 ˆ#ª

U13 14 6 7 9 8 23 5 154.1 ± 8.4 ˆ#ª 44.6 ± 7.9 #ª 180.4 ± 6.9 0.86 ± 0.03 ˆ#ª

U14 13 9 7 5 8 21 5 161.6 ± 7.5 ¢§ˆ#ª 51.4 ± 9.1 ¢§ˆ#ª 181.2 ± 5.5 # 0.89 ± 0.03 ¢§ˆ#ª

U16 15 19 6 4 14 22 8 170.7 ± 7.0 ∞¢§ˆ#ª 60.0 ± 8.9 ∞¢§ˆ#ª 180.3 ± 4.8 # 0.95 ± 0.03 ∞¢§ˆ#ª

U18 12 3 2 0 4 13 0 180.1 ± 5.3 * 75.3 ± 7.0 * 180.5 ± 5.2 1.00 ± 0.02 *

ª significantly different to U9; # significantly different to U10; ˆ significantly different to U11; § significantly different to U12; ¢ significantly
different to U13; ∞ significantly different to U14; * significantly different to all groups.

Older age group players were significantly taller, heavier and more mature than the
younger age groups (p < 0.05). However, there were no differences between the U11,
U10 and U9 for height, weight, or PAH (p > 0.05), but the U11 were significantly more
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mature than the U10 and U9 (p < 0.05). From a physical performance aspect, older players
significantly outperformed younger players across most sprint distances and in the CMJ
(p < 0.05). However, there were no significant differences in sprint performance at any
distance between U9 to U13, other than U12 being significantly faster than U10 at 20 m and
30 m. Specific differences in anthropometric and performance scores between age groups
are shown in Tables 1 and 2.

Table 2. Descriptive statistics for sprint times and CMJ height for each age group (mean ± SD).

Age Group 5 m (s) 10 m (s) 20 m (s) 30 m (s) CMJ (cm)

U9 1.12 ± 0.04 1.96 ± 0.05 3.55 ± 0.13 5.16 ± 0.22 24.0 ± 3.5

U10 1.15 ± 0.04 2.02 ± 0.07 3.64 ± 0.14 5.27 ± 0.26 22.8 ± 2.4

U11 1.13 ± 0.06 1.99 ± 0.10 3.60 ± 0.19 5.18 ± 0.30 24.5 ± 3.4

U12 1.09 ± 0.05 1.92 ± 0.08 3.42 ± 0.18 # 4.92 ± 0.27 # 27.2 ± 3.7

U13 1.15 ± 0.08 1.99 ± 0.12 3.50 ± 0.20 4.96 ± 0.29 # 30.6 ± 5.9 ˆ#ª

U14 1.10 ± 0.12 1.90 ± 0.14 ¢#ª 3.34 ± 0.21 ¢ˆ#ª 4.73 ± 0.28 ¢ˆ#ª 32.4 ± 5.4 §ˆ#ª

U16 1.08 ± 0.09 ¢# 1.85 ± 0.11 ¢ˆ#ª 3.19 ± 0.16 ∞¢§ˆ#ª 4.46 ± 0.22 ∞¢§ˆ#ª 36.9 ± 6.2 ∞¢§ˆ#ª

U18 0.99 ± 0.05 * 1.71 ± 0.06 * 2.96 ± 0.09 * 4.15 ± 0.12 * 41.9 ± 6.5 *

ª significantly different to U9; # significantly different to U10; ˆ significantly different to U11; § significantly different to U12; ¢ significantly
different to U13; ∞ significantly different to U14; * significantly different to all groups.

The adjusted means of each birth quartile for height, weight, PAH, %PAH and per-
formance parameters including 5 m, 10 m, 20 m, 30 m speed and CMJ jump height are
presented in Table 3. There were no significant differences between any birth quartile for
any of the measured variables.

Table 3. Descriptive statistics for all measured variables across birth quartiles (adjusted mean ± adjusted SD).

BQ Height (cm) Body Mass (kg) PAH (cm) %PAH 5 m (s) 10 m (s) 20 m (s) 30 m (s) CMJ (cm)

1 156.4 ± 7.1 48.5 ± 7.4 178.7 ± 5.8 87.4 ± 2.7 1.10 ± 0.08 1.92 ± 0.11 3.40 ± 0.18 4.84 ± 0.26 30.3 ± 5.4

2 158.5 ± 7.1 50.0 ± 7.3 179.7 ± 5.8 88.4 ± 2.2 1.09 ± 0.08 1.89 ± 0.10 3.35 ± 0.18 4.75 ± 0.25 31.3 ± 5.3

3 156.4 ± 7.1 47.8 ± 7.4 179.5 ± 5.8 87.1 ± 2.5 1.10 ± 0.08 1.90 ± 0.11 3.34 ± 0.18 4.73 ± 0.26 32.8 ± 5.4

4 157.8 ± 7.1 50.7 ± 7.3 181.5 ± 5.8 87.2 ± 2.3 1.14 ± 0.08 1.96 ± 0.11 3.42 ± 0.18 4.84 ± 0.26 32.1 ± 5.3

The adjusted means of each maturity classification are presented in Table 4. Early
maturers were significantly taller and heavier compared with both on-time and late ma-
turers (p < 0.05). From a performance aspect, early and on-time maturers significantly
outperformed late maturers in 5 m,10 m, 20 m and 30 m sprint times (p < 0.05), but there
were no differences in CMJ height between groups (p > 0.05).

Table 4. Descriptive statistics for all measured variables across maturity classifications (adjusted mean ± adjusted SD).

Maturity
Classifi-
cation

Height (cm) Body Mass
(kg) PAH (cm) BA-CA

(Years) 5 m (s) 10 m (s) 20 m (s) 30 m (s) CMJ (cm)

Early 164.4 ± 6.4 56.5 ± 6.1 182.3 ± 5.9 0.89 ± 0.35 1.07 ± 0.08 1.87 ± 0.10 3.29 ± 0.18 4.69 ± 0.26 32.9 ± 5.5
On Time 156.1 ± 6.2 * 48.9 ± 5.9 * 178.7 ± 5.7 * 0.04 ± 0.29 * 1.09 ± 0.08 1.90 ± 0.10 3.37 ± 0.17 4.80 ± 0.26 30.7 ± 5.4

Late 153.3 ± 6.3 * 42.1 ± 6.0 *# 179.6 ± 5.8 −0.73 ± 0.21 * 1.16 ± 0.08 *# 2.00 ± 0.10 *# 3.49 ± 0.18 *# 4.92 ± 0.26 *# 31.7 ± 5.5

* significantly different to “early” maturers; # significantly different to “on time” maturers. BA: biological age; CA: chronological age.

The maturity distributions within each birth quartile were significantly skewed with
a large effect size compared to normal distribution (χ2 (df = 2) = 73.1, p < 0.05, V = 0.429)
(see Figure 1). The adjusted residuals showed that there were significantly more on-time
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maturers and significantly less early and late maturers for the BQ1 and BQ3 than expected
(p < 0.05).
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Figure 1. Frequency count for number of players in each maturity band from each birth quartile. * significantly fewer early
maturers than expected based on normal distribution (p < 0.05). ˆ significantly more on time maturers than expected based
on normal distribution (p < 0.05). # significantly fewer late maturers than expected based on normal distribution (p < 0.05).

The relationships between relative age, maturity and sprint and jump performance are
displayed in Table 5. There was a significant, weak relationship between relative age and
CMJ height in U16 (r = 0.416; p < 0.05), however there were no other significant associations
between relative age and physical performance in any age group. U12 to U16 showed
weak to strong relationships between maturity and sprint performance (r = 0.366 –0.711;
p < 0.05), except for 30 m time in U13. There was also a moderate, significant relationship
between maturity and CMJ height in U12 (r = 0.497; p < 0.05).

Table 5. Pearson correlations between relative age and biological age for each age group.

Age
Group

Relative Age Maturity Status

5 m (s) 10 m (s) 20 m (s) 30 m (s) CMJ (cm) 5 m (s) 10 m (s) 20 m (s) 30 m (s) CMJ (cm)

U9 0.152 −0.179 −0.109 −0.091 −0.012 −0.264 −0.552 −0.467 −0.423 −0.291

U10 0.295 0.293 0.321 0.322 −0.077 −0.034 0.087 0.275 0.286 −0.045

U11 −0.005 −0.118 −0.105 −0.025 0.136 −0.167 −0.153 −0.163 −0.102 0.150

U12 −0.073 −0.114 −0.148 −0.146 0.216 −0.738 * −0.655 * −0.686 * −0.680 * 0.497 *

U13 −0.058 −0.096 −0.052 −0.071 −0.045 −0.477 * −0.427 * −0.366 * −0.291 −0.305

U14 −0.062 −0.051 −0.008 0.013 −0.222 −0.706 * −0.711 * −0.652 * −0.607 * 0.026

U16 0.190 0.179 0.141 0.057 0.416 * −0.497 * −0.654 * −0.609 * −0.616 * 0.200

U18 −0.236 −0.122 −0.289 −0.272 0.265 −0.257 −0.261 −0.296 −0.299 0.348

* significant correlation (p < 0.05).
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4. Discussion

The main finding of the current study was that maturity status and relative age were
differentially associated with sprint performance in young soccer players. Specifically,
advanced maturity was associated with superior sprint performance in most age groups,
whereas relative age was, in the majority of cases, unrelated to sprint performance. CMJ
performance was significantly associated with more advanced maturity at U12, and older
relative age at U16. Collectively, these findings generally support the conclusion that
advanced maturity, but not older relative age, is associated with superior sprint speed in
English male academy soccer players. Thus, the arguments that relatively older players
possess superior speed are not supported in this context, and the initial hypothesis can
be accepted.

There were a number of significant associations observed between maturity and sprint
performance in U12 to U16, however, there were no significant relationships between
relative age and sprint performance in any age groups. There was also a significant
association between maturity and CMJ performance in U12, whereas U16 had a significant
relationship between relative age and CMJ performance. Similar findings have recently
been reported, where maturity status was shown to have a much greater influence on sprint,
change of direction and CMJ performance in young soccer players [27]. The findings from
the current study expands on this previous research, identifying that maturity influences
sprint performance between 12 and 16 years, but has limited influence prior to and after
these age groups. Considering that the onset of PHV is ~85% PAH [17], the majority of
players U12 and below within the current study were yet to experience their growth spurt
(66/68 players < 85% PAH) and therefore may explain why maturity has no influence
on sprint speed prior to this age group. Additionally, the weakest significant association
between sprint performance and maturation was within the U13 age group, and this group
had an average PAH of 85.7%, suggesting they were at the onset of the adolescent growth
spurt. It is possible that some of the challenges associated with adapting and adjusting to
the growth spurt may mitigate some of the advantages associated with advanced maturity
at this stage of development.

As expected, CMJ performance significantly increased with advancing age across the
entire population. However, when considered within specific age groups, which become
more homogenous, relationships between maturity and CMJ were mostly non-significant.
The only group where a significantly relationship did exist was for the U12, an age which is
associated with the start of the growth spurt and may represent a time of more variability
in maturity and performance across players [38]. Furthermore, players within the same age
group would have similar resistance training ages, due to starting at the academy at the
same time. These similar training ages of players may have off-set any potential benefits of
advanced maturity status on CMJ performance within individual age groups.

In accordance with previous research [39–41], the older age groups were significantly
taller, heavier and closer to their predicted adult height compared to younger age groups,
while the older groups also outperformed the younger groups in sprint and jump tests. In-
terestingly, there were no significant differences in anthropometric characteristics between
each birth quartile. This may suggest that BQ4s need to be relatively taller and heavier
to be selected into soccer academies, which supports previous findings where the mean
height and weight of relatively younger soccer players lay above the normal development
curve, whereas the means of relatively older players lay on or under that curve [42].

Although superior values were reported across the majority of the fitness variables
in players born in the first three quarters of the year compared with the last quarter, the
between-group differences were not significant. As with comparable studies, these findings
may be limited by the small number of BQ4 compared to the other quartiles. However,
similar outcomes have been reported in previous literature [1,43], where the only difference
between young players from each birth quartile was in chronological age and %PAH, with
no significant difference in physical performance across birth quartiles. One explanation of
these findings may be that the BQ4s who are entering into academies are better physically

380



Sports 2021, 9, 171

than the average, school-aged BQ4, and one of the reasons why they are being selected in
the first instance. This could explain the lack of differences between BQ’s in performance
and the lack of relationship between relative age and performance.

The current study found that early maturers were taller, heavier, faster and jumped
higher than the on time and late maturers. Typically, research has reported that earlier
maturing athletes have greater anthropometric characteristics (height and body mass) than
later-maturing athletes [7], with previous research highlighting improvements in sprint
performance with increasing maturation in young soccer players [43,44]. Cumulatively,
the findings from the current study suggest that maturity status has a significant influence
on sprint performance in English male academy soccer players, whereas relative age did
not. As children mature, they will experience natural increases in strength and power [11],
underpinned by structural and neural changes [45–47]. Recently, increases in muscle thick-
ness throughout maturation were shown to be the underpinning factor in improvements
in sprint speed in a cohort of school-aged boys [46]. Considering that relative maximal
force is a strong predictor of sprint performance in boys [48], the increased force producing
capabilities in boys as they mature may explain the influence of maturation on sprint
performance.

There was a relative age bias present within the academies assessed within the current
study, whereby ~70% of players were born in the first half of the year, with ~41% born in
BQ1. Interestingly, although the percentage of late maturers was similar from each birth
quartile (~10–12%), a greater percentage of BQ4′s were early maturers (33%) compared to
the other birth quartiles (10–30%). It is often assumed that relatively older academy soccer
players are further advanced in maturation and, thus, possess greater anthropometric qual-
ities and superior performance characteristics [6]. However, the findings from the current
study supports the notion that maturation and relative age are different constructs [6],
and that being BQ4 does not mean that an academy soccer player will be a later maturer.
However, these findings suggest that it may be important for players born in BQ4 to be
early maturing to increase their likelihood of overcoming the relative age bias and being
selected into an English male soccer academy. Previous research has also reported that
early maturing soccer players were overrepresented in the last BQ, whereas late maturing
athletes were overrepresented in the first BQ, suggesting that relatively younger soccer
players may only have an opportunity of selection if they were early maturing, whereas
relatively older athletes have an increased likelihood for selection independent of their
biological maturity status [49,50].

Maturation influences physical performance, with early maturing boys outperforming
on-time and late maturers, which has a subsequent impact on match-performance in soc-
cer [51]. While advanced maturity offers an initial benefit in performance and selection [52],
it may be detrimental in the long term, due to early maturing players neglecting their
technical and tactical development in favour of using their physical prowess [52]. Research
has suggested that ‘elite’ status in soccer gradually excludes early maturing boys and
favour late maturing boys as age increased [53]. Those involved in the identification and
development of academy players should be aware of, and accommodate for, individual
differences in maturation. Bio-banding is the process of periodically grouping athletes on
the basis of attributes associated with growth or maturation, rather than chronological
age [38]. This approach has been used as a method to ensure holistic development of
soccer players in academies and can theoretically benefit both early and late maturers, by
levelling out physical requirements, ensuring that players develop technical and tactical
abilities as well as using their physical qualities [20,38]. Bio-banding exists as an adjunct
to, and not a replacement for, age group competition, meaning late maturing youth can
also continue to experience the challenges of competing against their more mature peers in
the traditional formats, which is important in the context of the underdog hypothesis [4].
Late maturing players have been found to possess superior technical skills [54] and more
adaptive self-regulated learning strategies [23], and it may be important for these later
maturers to compete against more mature peers in order to develop these traits that result
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in their success transitioning towards adulthood. One key use of bio-banding in soccer
may be when comparing fitness testing data across age groups [55]. The current study has
identified the influence of maturation on sprint speed, and therefore it seems prudent to
identify and develop boys of the same maturational stage, as well as chronological age.

A limitation of the current study was that maturity was not assessed using the gold
standard method of skeletal imaging [9]. This method requires access to specialist equip-
ment and expertise, and is not accessible to most practitioners working in youth sport.
Instead, maturity was estimated using %PAH, which is widely used in youth sport and
particularly soccer, and has been shown to be a reliable method for estimating matu-
rity [18,27]. While the current study has made a significant contribution to the literature
surrounding the relationship between maturity status and performance, field-based meth-
ods were used to assess performance. Future research should attempt to collect more
detailed metrics, such as force-time characteristics to better understand the influence of
maturity on performance.

The RAE is well established within soccer academies, despite no clear benefit of
being relatively older in terms of physical performance in those selected into an academy.
Therefore, future research should aim to identify the processes and mechanisms that
underpin the RAE in soccer, with a particular emphasis upon developmental attributes
that afford a distinct advantage from early childhood. Moreover, the differences in physical
performance outcomes between BQs who are selected into academies compared to those
who are not should be explored to help better understand the role of sprint and power
attributes as part of the selection process, as well as take the existing literature beyond the
current academy soccer context.

5. Conclusions

The current study aimed to establish the relationship between maturation, relative age
and physical performance. Sprint performance was associated with maturation, but not
relative age, while there was no consistent relationship between relative age or maturation
and CMJ performance. It is key for practitoners to understand that the RAE and maturity
status are two distinct constructs, highlighted by the signifcant associaiton between sprint
performance and maturation, but not relative age. Practitioners should be encouraged to
monitor growth and maturation (frequent assessments of height and weight to establish
predicted adult height and maturity status) to help interpret changes in physical perfor-
mance of young English male academy soccer players. Furthermore, maturity status should
be considered when comparing fitness scores in players to ensure practitioners are not
comparing early and late maturers within the same age group, but rather are comparing
boys of the same maturity status.
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Abstract: Professional soccer clubs invest significantly into the development of their academy
prospects with the hopes of producing elite players. Talented youngsters in elite development
systems are exposed to high amounts of sports-specific practise with the aims of developing the
foundational skills underpinning the capabilities needed to excel in the game. Yet large disparities in
maturation status, growth-related issues, and highly-specialised sport practise predisposes these elite
youth soccer players to an increased injury risk. However, practitioners may scaffold a performance
monitoring and injury surveillance framework over an academy to facilitate data-informed training
decisions that may not only mitigate this inherent injury risk, but also enhance athletic performance.
Constant communication between members of the multi-disciplinary team enables context to build
around an individual’s training status and risk profile, and ensures that a progressive, varied, and
bespoke training programme is provided at all stages of development to maximise athletic potential.

Keywords: long-term athlete development; soccer; growth and maturation; performance monitoring;
injury surveillance

1. Introduction

Professional soccer clubs invest significant amounts of time and money into the devel-
opment of academy prospects with the hopes of producing elite players (e.g., individuals
formally registered to a professional soccer club) [1,2]. Popularity, competition, and new
codes of conduct have contributed to a new scientific approach to the development of
the academy soccer player, delivered by multi-disciplinary teams focussed on optimising
training strategy. This approach aims to improve training methods and monitoring systems
within developmental programmes to enhance long-term athletic development (LTAD),
mitigate the relative risk of injury, and subsequently, improve chances of progression into
the professional game to compete in their first team or at another club [3–6]. Increased
investment into evidence-based talent identification and development models often apply
systematic training in a single sport from a young age in an attempt to accumulate training
exposure and practise [1,7–9]. Talent development models in soccer often create pathways
of ‘early specialisation’ for young athletes, whereby early age involvement in one chosen
sport (typically early- to middle-childhood), is partaken at the expense of participation in
other sports or activities. In the United Kingdom (UK), the adoption of the Elite Player
Performance Plan (EPPP) by elite soccer organisations is an example of such a model [10].
The EPPP was introduced by the English Premier League in 2011, aiming to provide an
increased volume of on-pitch weekly training hours for talented youth soccer players [10].
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The number of required contact hours for coaching has increased to 8500 h for clubs in
the highest academy classification category, in contrast to the original 3760 h required
in the original UK academy system set out in 1998. Furthermore, the linear approach
adopted by the EPPP will mean that training exposure for individuals participating in
these programmes may systematically increase by 20–50% as they progress through the
age groups (from the age of 5 through to 16) [10,11].

There still remains much debate as to whether early-specialisation versus early-
diversification practises are more effective training methods [12,13]. Researchers have
provided evidence for the positive effects a high exposure to technical and tactical skill
development from an early age has on fitness and motor control [13], which may thus
provide a physical and technical foundation for the sports-specific capabilities needed in
the game [14,15]. However, these types of talent development structures may expose the
youth soccer player to an increased risk of injury [9,16–18]. This can not only be catas-
trophic in the sense of withdrawal from training and competition, but also means the end of
participation in physical activity and sport for the youth athlete that may lead to long-term
detrimental outcomes [19]. This increase in injury risk may be in part attributed to an
increase in musculoskeletal system demands without allowing sufficient time for recovery
and adaptation [16]. Chronic overuse injuries can account for up to 40% of all injuries
in youth athletes and 20% of which can typically be classified as severe (i.e., an injury
absence from sport for 4 weeks or more) [20]. Resultantly, a conflict may exist whereby the
accumulated training hours necessary to exceed at the highest level (i.e., skill development)
may come ‘hand-in-hand’ with an increased injury risk. Indeed, it has been shown that
youth soccer players may be up to 3 times more likely to sustain an injury since the onset
of the EPPP [21], which in turn will reduce a player’s availability to train, improve their
sports-specific skill, and potential chances of progression [22]. Opposingly, other work has
found a decrease in injury incidence when comparing pre-EPPP to post-EPPP (3.0/1000 h
vs. 2.1/1000 h, respectively) [23], highlighting the role different management strategies
play in these outcomes. Consequently, sports science and medicine practitioners working
in highly-specialised elite development programmes should strive to ensure effective man-
agement systems are in place that maximise player availability and potential, reduce the
likelihood of injury, and fundamentally ensure a long sporting career and healthy life [19].

Youth athletes (categorised as children≤ 13 years and adolescents between 14–18 years [24])
face unique challenges with regards to the inconsistency of the timing and tempo of their
physical growth and maturity [25,26]. Pertinently, individuals of the same chronological
age can vary in maturity status by as much as 5–6 years in biological age [27]. Importantly,
individuals who possess advanced maturity in comparison to their age-matched peers
can possess advantages in sporting performance through improvements in aerobic and
anaerobic capacities, muscular strength, power, and sprint speed, as a product of pubertal
development [25,28]. Growth and maturation are not synonymous, as growth rate is
defined as changes in an individual’s body size or parts of the body (e.g., lower limb
growth) over time, whereas biological maturation refers to the status, timing, and tempo
of progress towards a fully ‘adult’ state (Figure 1) [28,29]. Additionally, ‘maturity status’
can be defined as the state of maturation at the time of observation and ‘maturity timing’
is defined as the age at which a specific maturational event occurs [28,29]. During the
pubertal growth spurt, academy soccer players can have growth rates of up to 7.5 to
9.7 cm/year between 10.7 and 15.2 years of age [30,31]. These aforementioned factors
are important elements to monitor in youth athlete settings, whereby growth [32–34]
and maturation [35–37] have both been identified as dynamic moderators for potential
injury risk.
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Figure 1. Longitudinal overview of an individual’s growth curves throughout their academy journey. Key: PHV = 90–92% 
PAH; Adolescent Spurt = 88–96% PAH. PHV: Peak height velocity; PAH: Predicted adult stature. Percentage figures on 
bars represent % of predicted adult stature; the black line indicates growth rate. Dashboard produced in Tableau Desktop 
Software (version 2021.1, Salesforce Company, Seattle, Washington). 
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Figure 1. Longitudinal overview of an individual’s growth curves throughout their academy journey. Key: PHV = 90–92%
PAH; Adolescent Spurt = 88–96% PAH. PHV: Peak height velocity; PAH: Predicted adult stature. Percentage figures on
bars represent % of predicted adult stature; the black line indicates growth rate. Dashboard produced in Tableau Desktop
Software (version 2021.1, Salesforce Company, Seattle, WA, USA).

It is important to have an understanding of the sport’s physical requirements to make
informed decisions on training prescription at the individual level [8,38–40]. Undoubt-
edly, the most realistic approach to reveal the game’s demands is via analysis of actual
match play [39]. At the senior level, advanced automated analysis systems [38,41–45] allow
for the tracking of work rate and activity patterns during match play, through external
volume metrics—such as distance covered at various intensities [40,46–48], exercise inten-
sity distribution [41,42], indications of fatigue [41,45], and position-specific differences in
running performance [42,49]. The tracking of external measures can outline the physical
output completed by a player, which can help identify an individual’s physical capacities;
however, the utility of internal measures as a means of identifying the relative physiolog-
ical and psychological stress imposed on an individual is also vital in determining the
game requirements and subsequent adaptation imposed by these demands [50]. Thus,
the combination of both external and internal volume, intensity, and frequency parame-
ters can highlight the relative physiological and biomechanical demands of soccer for an
individual. This will enable the identification of strengths and deficits within a player’s
fitness capabilities, which can provide practitioners with a ‘data-informed’ framework
from which to develop optimal conditioning strategies for the preparation of the team
and the individual [51]. These methods have become commonplace within elite senior
soccer team settings and have allowed for the monitoring and periodisation of players’
fitness and fatigue throughout a competitive season to optimise performance levels and
mitigate injury risk to improve player availability [52–54]. However, the financial, time,
and sometimes ethical constraints (e.g., philosophical differences) faced by scientists and
coaches working at the junior level can create barriers in their application [55]. Thus, those
working with youth athletes require practical, yet scientifically driven, monitoring systems
that can be implemented which ensures their athletes are supported during years of rapid
growth, maturation, and development.

This review will therefore aim to provide a theoretical and practical reference for
sports science and medicine practitioners to help them navigate through the complexities
of managing the exercise demands of youth soccer players during their academy journey.
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It is acknowledged that barriers may exist in the application of best practice; however,
through an understanding of growth, maturation, and how these elements interact with
the youth soccer player’s relative injury risk, performance capabilities, and welfare, these
obstacles can be overcome. Those working in academy soccer clubs should be able to
implement foundational, age-appropriate, and progressive training methods to optimise
athletic performance, reduce injury risk, and ensure the attainment of future potential.

2. Holistic Approach within the Multi-Disciplinary Team

A coordinated and systematic approach to training development and exercise mon-
itoring in youth soccer as a means of guiding decisions on training and match exposure
can serve to maximise positive training outcomes (e.g., athletic and technical skill devel-
opment), player welfare, and minimize negative effects (e.g., illness, injury, overtraining,
and drop-out) [56]. With that said, the ability to consistently capture and aggregate all
aspects of a developing athlete’s training demands remains extremely difficult in youth
sport, which may stifle the effectiveness of the intended monitoring practises [57]. As such,
at the forefront of any youth athlete management strategy should be the communication
feedback loop between the athlete, coach, and members of the multi-disciplinary team
(MDT) [58]. Although there is now a breadth of craft knowledge available to us within
members of the MDT (i.e., technical coaching, sports science, physiotherapy, psychology,
nutrition, player social care and education, etc.), it is crucial that contributions do not
become siloed points of view and instead synergistically contribute to a holistic picture
of the youth athlete in question. Furthermore, the MDT should avoid a reactive ‘red-flag’
culture with a risk-averse approach to athlete management (i.e., prevention rather than
cure). Instead, it should be the goal of the MDT to strive towards a forward-planning,
progression-oriented culture, where appropriate support structures are already in place
for identified ‘at risk’ individuals. Subsequently, adjustments to the training programme
for these individuals can be planned prospectively, which can reduce their relative risk
of injury and subsequently maximise the attainment of athletic potential. A crucial tenet
of this approach should be to maximise the exposure and subsequent development of
each youth soccer player through a progressive, varied, and bespoke stage-appropriate
training programme.

Adolescent soccer players have the capacity to train and improve physical perfor-
mance in response to training demands imposed in the soccer training environment [59].
They may also be exposed to a heightened injury risk through greater frequencies, volumes,
and intensities of training, particularly when coupled with the complexities of growth,
maturation, sub-optimal physical conditioning, and reduced movement quality associated
with adolescence [25,60–62]. It remains a major challenge for those working with athletes
to determine the nature and magnitude of specific training stressors required to induce
positive responses and balance these stressors with adequate recovery to avoid maladap-
tation and promote supercompensation [59]. Although increasingly complex models are
attempting to expand on our understanding of these causal mechanisms underpinning
performance and injury risk [63–66], the ability to predict such outcomes can still aptly be
described as the “Quest for the Holy Grail” within sports science and sports medicine [67].
Thus, the use of and regular monitoring of growth, maturation, performance, and training
data within a youth setting should not be used as definitive predictive tools for these as-
pects, but rather, guide our ongoing decision-making processes that are based on scientific
rationale, fundamental training principles, and framed through a performance and training
progression mindset [58]. The following sections will detail how these elements can be
used to inform decisions on youth athlete training management.

3. Physiological Considerations for Injury Risk

As mentioned previously, growth [32–34] and maturation [35–37] have been high-
lighted as potential injury risk factors in the adolescent athlete population. Research find-
ings have shown that episodes of rapid growth and the period around peak-height velocity
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(PHV) are associated with increased injury risk in elite adolescent sports [32,37,68–70].
The rapid growth of bone length and mass contrast with the ‘lag’ in the adaptation of
the muscles, tendons, and apophyses, which can increase the stress on muscle-tendon
junctions [32,37,68–70]. This potentially explains the development of traction apophyseal
growth-plate injuries, such as Osgood-Schlatter’s disease, in youth athletes [71]. These
types of injuries, often classified as ‘overuse’ injuries, are prevalent in adolescent soccer
populations [72]. Overuse injuries (e.g., tendinopathies and stress fractures) are defined
by the concept of an injury occurring in the absence of a singular, identifiable traumatic
cause [73], and can result from the failure of the musculoskeletal system to withstand
repetitive, submaximal forces over much longer time frames [74]. In theory, the structural
tolerance of growth plates and developing bone may be exceeded if a rapidly growing
youth athlete is exposed to excessive or repetitive stresses on their musculoskeletal struc-
tures [75]. Furthermore, it has been shown that sports specialisation is an independent
risk factor for injury in youth athletic populations [16,17] and the prevalence of Osgood-
Schlatter’s disease is 4 times greater in highly-specialised athletes [76]. The high exposures
to repetitive patterning of soccer activities (e.g., kicking) typically seen in highly specialised
academy soccer players can also lead to morphological maladaptations (i.e., Cam-type
deformities and femoral acetabular impingement) [75,77,78]. The sensitivity to these issues
can be exacerbated during the stage of skeletal maturation (i.e., typically in boys between
12 and 14 years) when the growth plates are open [77–79], coincident with the increases in
circulating growth hormone and insulin-like growth factor-1, which heightens the bone’s
osteogenic responsiveness to joint loading [80].

The lags in musculoskeletal growth and subsequent changes in body segment inertial
parameters (i.e., mass, position of COM, moments of inertia, and radii of gyration) apparent
in the growing athlete can lead to compromised neuromuscular control during dynamic
activities (e.g., running, cutting, and landing) and is suggested to be a key mechanism for
lower-limb ligament injuries [81,82]. A high proportion (20%) of injuries in male youth
soccer players are acute traumatic ligament sprains at the ankle and knee [72,83,84]. This
may be explained by deficits in active muscular protective mechanisms that are unable
to adequately support joint torques during dynamic movements involving deceleration
and high forces [85], although a causative link is yet to be substantiated. The compro-
mised neuromuscular control, coupled with the vulnerability of bodily tissues—including
musculotendinous junctions, ligament structures, growth cartilage, and bone mineral
density—during this period may subject the highly specialised elite youth soccer player
to increased injury risk; particularly if movement competency is not maintained, loading
variability is limited, and tissue-specific weaknesses are not addressed.

4. Elite Training Programme

The training practises of highly-specialised elite youth soccer players are a key compo-
nent in ensuring players receive the appropriate coaching and training exposure necessary
to develop their skillset. Yet it should also be acknowledged that early-specialisation prac-
tises have been shown to predispose these individuals to an increased injury risk [70,72].
Therefore, a technical training programme that fails to consider the aspects of growth,
maturation, and fundamental training principles may exacerbate these risks, if not ad-
dressed through appropriate compensatory programming [15,16]. A highly popular train-
ing method in soccer is the use of small-sided games (SSGs), which can be manipulated
using various constraints to elicit an intensified physiological stimulus that typically serves
as a form of sports-specific high-intensity interval training [86]. Further, pedagogical
principles can be integrated to help the youth athlete improve specific technical skills
or tactical behaviours aligned to a club’s coaching philosophy [87]. As such, SSGs can
provide simultaneous development of physical, technical, and tactical performance quali-
ties [87,88]. However, academy systems may fall guilty of an over-emphasis on small-sided
games in order to enhance technical skill development [89]. This may increase the risk of
over-use injury through the performance of high and repeated exposure to mechanically
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demanding activity, repetitive movement patterns, and sports-specific skills [75], as well as
under-expose players to the high-speed running demands of match play [89].

Elite academies often partake in seasonal domestic or international tournament
matches, whereby condensed fixture schedules require players to perform multiple matches
within a few days (typically between 2–4 days). Youth athletes may in fact be more fatigue-
resistant than senior athletes [90]; however, the periods of intense competitive match play
during these tournaments are reflective of the physical demands placed their elite senior
counterparts, who are required to repeat performance in over-intensified competitive
schedules with limited recovery opportunities [91]. These experiences certainly represent
a challenge and are valuable development opportunities from technical, tactical, phys-
ical, and psychological perspectives. Practitioners should also be wary of the reduced
loading capabilities of the rapidly growing athlete, which needs to be managed during
dense periods of match play to allow sufficient time for rest and recovery for tissue home-
ostasis [16]. Moreover, disparities in growth and maturity status between individuals
performing within the same chronological age groups are often apparent and have been
identified as factors that may affect the injury risk [62,92]. This may be explained by the
large inter-individual variation in physical and neuro-developmental pathways between
players, which brings with them a contrast in morphological structures and neuromuscular
control [62,92]. This relationship remains unclear; however, the same way an individual
may demonstrate a physical competitive ‘advantage’ by being more mature, their underde-
veloped counterpart may demonstrate a physical ‘disadvantage’ which predisposes them
to increased risk of sustaining an injury [32,69].

5. Developing a Framework for Performance Monitoring and Injury Surveillance

Elite soccer clubs aim to offer an advanced soccer development and education pro-
gramme, with age groups starting potentially starting from under-5 s through to under-23 s,
supported by expert and dedicated staff. A soccer academy high-performance training
programme should strive to facilitate an environment where success is inevitable, using
every available resource and knowledge base to maximise appropriate player exposure at
any age, whilst still mitigating injury risk [93] and promoting player welfare. As such, the
goal of the MDT should be to push athletic boundaries and inspire athletes to unlock their
true potential [93]. Furthermore, a performance-oriented approach may in fact present as
a dual benefit in progressing athletic performance while simultaneously reducing injury
risk [94–101]. Resultantly, practitioners should aim to evaluate the effectiveness of their
programmes by establishing global and specific key performance indicators (KPIs) [93].
This approach is common in business strategy and facilitates the objective assessment and
monitoring of organisational performance relative to its objectives [102], which in this
instance would be to improve athletic performance, reduce injuries, and maximise player
availability. The use of the following global statistics are therefore suggested for these
means and can be presented at both the squad- and individual-level:

1. Match exposure: The total number of soccer match hours or minutes.
2. Training exposure: The total number of training hours or minutes.
3. Match availability: Percentage of the total available team matches against those

missed due to injury or illness.
4. Training availability: Percentage of the total available training sessions against those

missed due to injury or illness.
5. Injury incidence: Number of injuries per 1000 h of exposure (training, match play, or

combined) [103].
6. Injury burden: The total number of days lost to injury per 1000 h of exposure (training,

match play, or combined) [103].
7. Bradford factor: Time absent multiplied by the square of the number of injuries [19].

As such, benchmarks can be established for specifically identified KPIs (e.g., strength,
power, speed, endurance, movement quality, growth, and maturation) which may be
assessed, trained, and monitored cross-sectionally and longitudinally (Tables 1 and 2) [93].
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In addition, with recognition of maturity- and population-specific injury risk patterns,
and how these may interact with the elite youth soccer player’s training programme, the
development of ‘injury-risk profiles’ can be established as a key initiative for effective
performance monitoring and surveillance frameworks for youth athletes [104]. This infor-
mation will inform more bespoke training strategies that are relative to the individual’s
needs. Recent work has shown that youth soccer players may sustain specific injuries at
different percentages of their final adult stature [105]. In this instance, growth injuries may
appear to follow a chronological distal to proximal pattern, with muscle and joint injuries
occurring more frequently in mature players [104,105]. Importantly, although the period of
PHV may represent an increased incidence of growth-related injuries [32,37,68–70], the high
growth rates of the lower extremities pre-PHV—and the trunk post-PHV—increase the sus-
ceptibility of these areas to injury without necessarily being in a period of rapid increases
in stature [105]. Consequently, estimating and longitudinally monitoring the percentage
of player’s predicted adult stature (PAH) may represent a viable basis for which effective
maturity-specific injury mitigation programmes can be implemented (Table 2) [105–107].

Table 1. Injury risk profile and potential mitigation strategies for the elite adolescent soccer player with reference to the
technical training programme. A periodised, multi-component athletic training programme is advised at all stages of the
programme in addition to these specific strategies.

Injury Risk Mechanism Rationale Assessment and
Monitoring Considerations

Intervention Strategy
and Exercise Example (s)

Highly specialised sports-specific
technical practise [70,72]

Increase movement diversification
and variability to reduce
repetitive soccer-specific

movement patterns

• Monitor soccer-specific,
gym-based, multi-sports
and extra-curricular training
exposure [19,108].

• Supplement or replace
soccer drill exposure with
multi-sports activity (e.g.,
rugby, basketball, hockey,
American football,
gymnastics, free running,
swimming, tennis, combat
sports) [15].

Over-exposure to SSG format
technical practise with reduced

pitch dimensions [75,89]

Reduce over-exposure to
mechanically demanding activity
and ensure players are prepared
for HSR demands of match play

• Monitoring acute and
chronic acceleration,
deceleration, COD *, and
HSR volumes [109].

• Quantitative and qualitative
assessment of sprinting
intensity [110] and
technique [96].

• Supplement technical
training with HSR exposure
in athletic development
training [89,111].

• Ensure weekly attainment of
>95% MSS intensities [110].

Large disparities in maturation
within chronological age groups

[32,62,92]

Reduce variation in maturity
status between individuals to

balance physicality

• Regular growth and
maturation assessment (e.g.,
2–3 months) [29].

• Bio-banded training and
match play [112–114].

• Individualised and
stage-appropriate training
targets and standards
[14,15,115].

Key: SSG = small-sided games; LSG = large-sided games; HSR = high-speed running; COD = change of direction; MSS = maximum
sprinting speed. * COD count and distance should be monitored during athletic development training due to current limitations of
tracking technologies.
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Table 2. Injury risk profile and potential mitigation strategies for the elite adolescent soccer player with reference to
maturity-based injury risk factors. A periodised, multi-component athletic training programme is advised at all stages of
maturation in addition to these specific strategies.

Injury Risk Mechanism Rationale Assessment and
Monitoring Considerations

Intervention Strategy and
Exercise Example (s)

Pre-PHV (<88% PAH)

Higher incidence of
growth-related injuries in

extremities (e.g., Sever’s) and
ankle joint/ligament injuries

[104,105]

Develop foot/ankle strength,
neuromuscular control, and

localised tissue robustness and
mobility.

• Movement quality,
neuromuscular control (e.g.,
QASLS [116], LESS [117],
TJA [118]).

• Symptomology [119].

• Linear and curvilinear
sprint exercises (e.g., sprint
races and sprint drills)
[61,98].

• Jumping/landing
competency and impact
attenuation training (e.g.,
plyometrics in various
directions, intensities, and
surfaces) [120,121].

• GSA complex training (e.g.,
pogo hop variations,
end-range isometrics) [121].

Circa-PHV (88–96% PAH)

Higher proportion of knee
joint/ligament injuries [81,105]

Improve movement competency,
frontal plane neuromuscular
control, and localised tissue

robustness.

• Movement quality during
COD, jump-landing and
squatting patterns (e.g.,
CMAS [122], QASLS [116],
LESS [117], TJA [118]).

• Multi-joint lower-limb
maximal and rapid force
production (e.g., IMTP, CMJ,
RSI, horizontal jumps/hops)
[123–127].

• Symptomology [119].

• MDS competency training
(e.g., deceleration and
cutting technique)
[61,100,101].

• Jumping/landing
competency and capacity
training (e.g., plyometrics in
various directions,
intensities and surfaces)
[120,121].

Higher incidence of
growth-related injuries more

proximally (e.g., Osgood’s and
pelvic avulsions) [104,105]

Improve knee flexor and extensor
strength.

• Isolated strength qualities
during single- and
multi-joint actions (e.g.,
isokinetics, Nordics)
[127–129].

• Symptomology [119].

• Compound and isolated RT
(e.g., multi-planar SL
compound lifts, Nordics)
[130,131].

Post-PHV (>96% PAH)

Higher proportion of groin/spine
injuries [104,105]

Develop glute, groin, hip and core
strength, and stability.

• Multi-joint lower-limb
maximal and rapid force
production (e.g., IMTP, CMJ,
RSI, horizontal jumps/hops)
[123–127].

• Isolated strength qualities
during single- and
multi-joint actions (e.g.,
isokinetics, adductor
squeeze, abductor pull)
[127–129].

• Symptomology [119].

• Multi-component RT (e.g.,
heavy DL compound lifts *,
glute bridge progressions,
Copenhagen exercises).

• MDS capacity training (e.g.,
high-intensity deceleration,
pivoting and maximal
velocity sprinting)
[61,98,100,101].

Higher prevalence of muscular
injuries [105]

Increase physical capabilities to
tolerate the systematic increase in

training exposure and physical
demands

• Quantification of training
volume, intensity, frequency,
type and response (e.g., GPS,
RPE, wellness) [132–134].

• Establish age, maturity and
positional benchmarks for
match and training
demands [11,108,135–137].

Soccer-specific overuse injuries
Avoid repetitive actions and

provide variation in
soccer-specific activity

• Quantification of kicking
volume, intensity, frequency
and type (e.g., wearable
monitoring devices).

• Gradual and progressive
overload of kicking
volumes.

Key: PAH = predicted adult height; LESS = landing error score system; TJA = tuck jump assessment; QASLS = qualitative analysis of
single leg squat; IMTP = isometric mid-thigh pull; CMJ = countermovement jump; RSI = reactive strength index; GPS = global positioning
system; RPE = rating of perceived exertion; GSA = gastrocnemius-soleus-Achilles; MDS = multi-directional speed; RT = resistance training;
SL = single leg; DL = double leg. * Strength training intensities at >85% 1 RM.
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6. Longitudinal Training Monitoring

Youth soccer match play is an essential part of a player’s physical development across
all stages of development. It is frequently underlined that young athletes should not be
treated as ‘miniature adults’ [38,138,139] as they possess markedly different physical and
physiological processes that attribute to their soccer performance [139]. These differences
are observed in match play, where recent studies have suggested that age and maturation
impact match running performance in soccer [137,140–145]. As such, the relative physio-
logical demands for young soccer players playing the game within the same age category
may be hugely variable within different contexts [8]. These more nuanced elements should
be considered when evaluating match performance capabilities at the individual level and
efforts should be made to ensure comparisons within chronological age bands are coupled
with standardised scores relative to their maturity [115,145]. Importantly, such data can
provide age-appropriate insights into the athletic and technical requirements of the game,
allowing for bespoke training methods [146] and improvement of long-term training man-
agement of an academy player [140], thus avoiding the replication of methods utilised
in senior players [8]. Moreover, when considered in absolute terms, this data can also
be used to inform when talented young players are physically capable of demonstrating
performance outputs that are sufficient to compete when moving up to play in older age
brackets [8]. Such information facilitates the effective ‘scaffolding’ of age group require-
ments around a LTAD framework, allowing practitioners to reverse-engineer their weekly
training programmes at the micro- and meso-level to guide developmentally appropriate
training prescription.

In contrast to the senior game, those working in academy settings are afforded the
opportunity to evaluate a training programme with a long-term vision in mind. Therefore,
the use of periodisation strategies should permit the structure of a training programme
in logical and appropriately sequenced phases and cycles, following specificity and pro-
gressive overload principles. With the correct balance of training (i.e., stress) and recovery
(i.e., adaptation), training strategies can be used to physically prepare the youth soccer
player for the increasing physical demands as they progress towards the senior game [147].
For this management to be effective, an understanding of the longitudinal structure of
the adolescent player’s programme is important to define suitable training doses and risk
thresholds which can optimise performance and recovery (Figure 2). Limited published
information is available with regards to the longitudinal training demands in youth soccer
academies (i.e., ≤16 years). To date, studies have been reduced to quantifying youth player
match and training demands over one-to-two weeks [11,148], or have solely reported the
training durations [108], internal [11], or external demands of training [135]. Collectively, a
general trend is reported towards a progressive increase in overall physical loading (i.e.,
exercise volume) as chronological age increases. More detailed investigations are certainly
warranted that examine the chronic physical demands and exercise volumes of academy
soccer players from different academy environments with different training philosophies.
This detailed insight will enable practitioners to suitably design contextualised training
methods which considers the interaction between training, growth, and maturation over
longer time frames. It is, therefore, advised that data specific to the individuals in question
be collected to inform practitioners in this regard, where possible. This will allow more
appropriate physical trajectories to be established, risk thresholds to be identified, and
enable long-term training decisions to be informed through a progressive standpoint.
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The need to monitor the short- and long-term implications of the internal and ex-
ternal training stressors remain key in longitudinally managing young soccer players.
Injury patterns in youth athletes follow a specific aetiology according to their stage of
maturation [105], which will have implications for how these stressors interact with the
youth athlete at both the acute and chronic level [149]. In addition, the intermittent and
multi-directional nature of soccer means the variation in stimuli and response will im-
part varying degrees of physiological and musculoskeletal demands [61,98,99,150]. For
example, neuromuscular fatigue driven by high-speed activity may cycle more transiently
within the physiological system [151] and numerous investigations have found associations
between acute weekly rapid increases in high-speed running volumes and increased risk
of soft tissue injury [109,110,152–154]. Conversely, high cumulative totals (i.e., 2- to 4-week
accumulative totals) of distance covered [152,155], number of decelerations [152], as well
as ‘relative velocity change’ (e.g., algorithmically derived total accelerations, decelerations
and change of directions) [155] have been linked to overuse injury. This may be explained
by a ‘mechanical fatigue failure’ phenomenon, in which the mechanical fatigue of tissue
is perpetuated by accumulated damage as a result of summative and repetitive loading
events, subsequently surpassing the remodelling rate of the biological tissue [156]. The
heightened responsiveness of the musculoskeletal structures to joint loading in the rapidly
growing athlete [80] points towards the importance of monitoring chronic external training
volume (Figure 2), alongside individual growth and maturation data (Figure 1), to support
informed decisions on youth soccer players during their intensive training programme.

Equally, the evaluation of internal stress should remain a central component within
monitoring practises, and the utility of practical, subjective measures allow this data to be
readily collected on the youth soccer player [52,157–160]. Indeed, the psychophysiological
response experienced from a specific exercise bout may vary depending on a host of modi-
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fiable and non-modifiable contextual factors [161]. The complexities of rapid and varied
growth, maturation, and development within a group of adolescent athletes may exacer-
bate these differences in the response to the prescribed the same training [28]. Furthermore,
it should be acknowledged that common indices of training intensity (e.g., session-RPE)
may still only provide a ‘global’ evaluation of the internal response and will not detect the
mechanical stresses and strains experienced within the muscles, tendons, ligaments, bones,
and cartilage (i.e., musculoskeletal tissue). As such, being able to differentiate between the
physiological and biomechanical internal response to various external stressors may assist
in developing more appropriate and specific loading paradigms in youth soccer [150]. For
example, using differential-RPE, a player may be specifically asked to rate their degree
of ‘breathlessness’ and ‘leg muscle exertion’ during a session or activity [157,162–164],
or—through a wellness questionnaire—gage their degree of ‘muscle or joint soreness’
and ‘fatigue’ in the days following a session, and also sleep quality [52,158]. In addition,
monitoring symptomology and encouraging the youth athlete to delineate specifically
the location of their pain or soreness may deliver further insights [119,165]. This data
can be used on the daily level to adjust training or analysed longitudinally to evaluate
trends with respect to the external versus internal demands of training, and subsequently,
inform periodization strategies. More research is certainly warranted to validate these
novel methods, particularly in their applicability for use in youth athletes [163,166]. The
harmony of the MDT is pivotal in situations such as these, where roles and responsibilities
are clear, expertise is channelled suitably, and athletes are continually educated to maximise
the outcome of these measures [93].

7. Applying Theory to Practise

Practitioners working in soccer academies should be able to readily apply the tools
and theoretical considerations discussed in this article to support their ongoing man-
agement processes of the elite soccer player. Regular assessment (e.g., 2–3 months) of
anthropometrics (e.g., standing stature, sitting stature, body mass), in addition to parental
stature, can support the development of growth and maturity calculations which can be
tracked longitudinally [29,149]. Although a detailed discussion on maturity assessment
methods is beyond the scope of this current discussion, the authors advocate the use of
the Khamis-Roche predicted adult stature method [106,107], and readers are referred to
the following texts for more detailed discussions on this topic [28,29,149]. As illustrated in
Figure 1, some of an individual’s highest growth rates can occur within the generic PHV
thresholds (e.g., 88% to 95% of predicted adult stature) that have been substantiated by
previous findings [107] and utilising these growth and maturation indicators can provide
valuable insights to inform training. Indeed, recent work [167] has demonstrated a positive
linear relationship between smoothed week-to-week changes in total exposure and injury
incidence (p = 0.001), resulting in a 168% increase in injury likelihood with a 2 SD change
in training duration. Furthermore, a positive linear relationship between growth rate and
injury incidence (p = 0.031), as well as a non-linear relationship between the percentage of
predicted adult stature (peak risk occurring at 92%) with injury incidence. In follow-up
work, Johnson [168] found that identifying these aforementioned risk factors, and sub-
sequently providing a modified programme, could significantly reduce injury incidence
and burden in adolescent soccer players. This adapted training programme involved
small adjustments of team-based soccer training volume, which was replaced with low
intensity individual sport-specific skills, balance, coordination, impact attenuation, and
individualised strength sessions [15,169,170].
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As such, by no means do these situations have to become reactive ‘red flag’ scenarios.
Instead, when planned for proactively and with appropriate rationale, instances such as
these should be seen as an opportunity to provide an individualised stage-specific training
programme and progress their athleticism, while reducing the likelihood of injury. Regular
assessment of an individual’s athletic profile (e.g., strength, power, speed, flexibility, and
movement quality) can determine an individual’s strengths and weaknesses which can
inform training prescription. This can be further supported by the numerous performance
models [14,15,61,171] and training guidelines that exist within the LTAD area, which can
be used to guide athletic development training (e.g., resistance training [24,172–174] and
multi-directional speed training [61,175–177]).

Using evidence-based training programmes which conform to the scientific principles
of training, not only can these individuals’ relative injury risk be reduced, but they may
also concurrently enhance their biomotor and physical performance capabilities which are
fundamental for a successful transition into the senior game [178].

A Case Study Example

Using the working example presented in Figure 2, a deeper look into ‘Player 107’ was
warranted due to their high growth rate (i.e., 7.2 cm/year; “very high”) combined with
their current maturity status (i.e., 91.6% AH; “PHV territory”). Notably, the heightened
training volume experienced during ‘Week 31’ due to training with an older age group
caused the player to reach a high relative loading threshold for several external training
volume measures. With acknowledgement of this, alongside the utility of the global
(e.g., training availability, Bradford factor, etc.) and specific (e.g., strength, power, and
speed profile) KPIs discussed in earlier sections, objective information around the youth
athlete can be aggregated, enabling a ‘decision tree’ process to formulate and context to
build around an individual’s training status and risk profile. Consequently, conversations
between members of the MDT can be implemented, centring around both preparation
for the approaching weeks, as well as a potential reduction in soccer-specific training
volume during the following weeks, as demonstrated by the individual’s relative ‘3-Week
Accumulated Load’ for total distance at ‘Week 33’ [109,167,179]. As a result, a balance may
be reached between mitigating the risk of overuse injury while appropriately exposing the
player to ‘challenging’ situations, which is key for their continued development.

The resource hierarchy often observed in academy settings means that more advanced
monitoring systems (e.g., player tracking technology) tend to be incorporated with older
age brackets (e.g., >U15), or an academy with limited resources may not have this facility
at all. However, getting the ‘basics’ right, and obtaining simple, accurate, and standardised
information on a few research-validated measurement tools can still readily be scaffolded
over an entire academy as an effective management system. As mentioned previously,
the use of such data within an academy environment should not be solely relied upon,
but rather, used to build context around the player and allow subsequent conversations
between the MDT to be informed through an objective perspective.

8. Conclusions

The information we now have on players is becoming increasingly more applica-
ble to the end-user with the development of new technologies and data visualisation
software. For example, there is now the availability for athletes to remotely self-report
psychophysiological measures on their devices away from the training facility increasing
digital accessibility [159,160]. However, the art of face-to-face communication becomes
important as ever in distilling the swathes of information into meaningful messages, in
particular to the ‘non-experts’ who are typically at the centre of which all decisions are
impacting (i.e., the athlete and technical coach) [58]. Furthermore, the role of the coach
and sports scientist in educating their youth athletes on understanding the “why” of these
abovementioned strategies is important in achieving their long-term goals [93]. The young
athlete needs to build trust in the process, and eventually possess the tools and under-
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standing to become a self-sufficient, resilient individual who thrives in the senior game on
their own.

The large disparities in maturation status within academy settings and the growth-
related issues, particularly for individuals going through accelerated periods of growth,
necessitates an individualised approach to the management of the adolescent soccer player.
Furthermore, elite youth soccer players are inherently predisposed to greater injury risk
due to their large involvement in highly-specialised sports-specific practice, and so practi-
tioners have a duty of care to provide safe and effective sports science practise for their
athletes. Developing a performance monitoring and injury surveillance framework within
an academy system can be supported by an understanding of growth, maturation, youth
soccer performance, and epidemiology. Subsequently, bespoke programming can be pro-
vided which may offset these inherent injury risks elite soccer players are predisposed to,
while developing athletic performance. Practitioners should possess a sound theoretical
understanding of the training process, and utilise data, where available, to guide ongoing
decision-making. Those with limited resources, however, can still use practical methods
discussed in this review as evidence-based alternatives when managing their youth athletes.
To conclude, a summary list of practical strategies, ordered from simple to more advanced,
is provided for consideration:

1. Communication between the MDT and the player—Utilising the extensive resource of
the MDT to establish context around an individual while continuing to have ongoing
discussions with players to understand their needs.

2. Monitoring exercise activity—Using exercise duration to track exposure and further
categorising into specific activity types (e.g., match play, sports-specific, athletic devel-
opment and extra-curricular activity). Establishing normative values and thresholds
for an individual’s activity to determine relative increases or decreases in exposure
(e.g., ‘time on feet’).

3. Collection of growth and maturity data—Regular anthropometric assessment (e.g.,
2–3 months) to allow for cross-sectional (e.g., maturity status) and longitudinal (e.g.,
growth curves) evaluation of individuals.

4. Establish athlete profiles, plan and progress athlete training—Evaluate key athletic
qualities and establish benchmarks specific to age, maturity, and position. Tracking
of specific athletic development exercises (e.g., gym-based and field-based activity)
and using published literature as well as previous experience as a guide for age-
appropriate training prescription. Using fundamental scientific training principles
while using the above points to inform progression or regression of training.

5. Monitoring subjective indices of load—Daily collection of RPE and wellness (e.g.,
sleep, fatigue, soreness, and stress) to establish values and thresholds for individuals
to detect changes. Further classifying scores relative to the physiological (e.g., “breath-
lessness”) and biomechanical (e.g., “leg exertion”) characteristics to establish more
specific load-response profiles.

6. Monitoring of training activity using tracking technology—Establish age-, position-,
and maturity-specific match activity profiles and extending this longitudinally to
map out a progressive training framework over a LTAD pathway. Monitor chronic
exposure to training stressors, understanding the unique physiological and biome-
chanical load-adaptation pathways underpinning KPIs, and how these may interact
with growth and maturation.
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Abstract: The aim of this investigation was to analyze significant differences in performance depend-
ing on the level of play (elite vs. amateur) in youth soccer players (under 17 years. old (U17) and
U19). A cross-sectional study was conducted, and 45 elite and amateur male youth soccer players
(16.56 ± 0.9 years old) were evaluated in their performances in squat jump (SJ), 10 m linear sprint
(LS), 20 m LS, 505 agility test (505) and Illinois agility test (IAT). Differences in performances were
analyzed with a 2 × 2 MANOVA, post-hoc ANOVAs, and Hedges’ g (g) for pairwise comparisons of
subgroups (level of play and age group). This investigation showed that the elite player performance
was significantly (p < 0.05) better in all performance tests than amateur players in both age groups.
Interestingly, this investigation showed that the more complex the target exercise, the larger the
effect sizes for group differences (SJ: g = 0.64–1.18, LS: g = 0.05–2.23, change-of-direction (COD):
g = 3.01–6.84). The SJ, LS, 505, and IAT may prove useful in talent selection test batteries to separate
between competitive levels in youth soccer players.

Keywords: talent identification; speed; football; performance diagnosis

1. Introduction

For match-play demands in soccer, players have to perform several high-intensity tasks
during a game [1]. Because of changes in technical, tactical, and physical requirements,
soccer matches have become more dynamic and fast paced [2,3]. It is becoming increasingly
essential to consider physiological factors, such as the capacity of soccer players to produce
various forceful and explosive actions, for players to exhibit optimal performance [4]. In
addition to jumps, shots, and linear sprints (LS), athletes must also perform sprints with
directional changes [5]. The capacity to perform change-of-direction (COD, excluding the
decision-making process) is an essential physical fitness factor needed to perform effective and
efficient COD maneuvers in multiple sports [6]. In modern soccer, which is speed-oriented,
dynamic, and fundamentally more demanding, the physical demands of speed, especially
COD speed, are of central importance for the development of the best possible performance
and corresponding sports success [7–9]. Therefore, the ability to accelerate, change direction,
and rapidly decelerate could increase the chance of players winning one-on-one duels or
performing effective defending maneuvers in the match [10]. Soccer players perform approxi-
mately 727 ± 203 turns during a match [1]. A soccer player changes direction every 2–4 s and
makes 1200–1400 changes of direction during a match [11]. LS, COD, and jump performances
are therefore determinants of performance in soccer matches. The assessment of field-based
physical performance can help coaches in evaluating the level of players, thus positively im-
pacting the talent identification processes and training implications [12]. Since LS, COD, and
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jump performances also have a significant influence on the outcome of the match, it is to be
expected that these performances differ between different performance levels. The literature
shows performance differences between elite and sub-elite players [13] and elite and elite
youth soccer players [14]. However, the literature is not exhaustive and is concordant on per-
formance differences between elite and amateur soccer players. The literature reports small to
large differences in squat jump (SJ) performance in favor of elite compared to amateur soccer
players (Hedges’ g (g) = 0.3–0.97) [13,15] and 16 years old elite and youth amateur soccer play-
ers (g = 0.3) [16]. For LS (10 meters (m)), the literature shows quite large differences in favor
of elite compared with amateur soccer players (g = 0.79) [13], and also for elite compared to
amateur youth soccer players (12–16 years old), small to moderate differences for LS 10 m
(g = 0.22–0.65) [16–18], large differences for 20 m (g = 0.89–0.94) [18,19], moderate to large
differences for LS 30 m (g = 0.5–1.2) [20] and moderate differences for LS 40 m (g = 0.5) [21].
Comparisons between elite and amateur soccer players for distances over 30 m in LS
showed moderate differences as well [13]. Only two studies analyzed different COD tests
in elite youth soccer players and youth amateur players. Trajković et al. [18] found large
differences in COD tests with one 45◦ turn (left and right direction in separated run) on a
10 m course (g = 0.8–0.95) and large differences for the Illinois test (IAT) (63–65 m, 9 turns
of 90◦–180◦, g = 1.5) and Trecroci et al. [17] found significant differences (g = 0.69) for a
COD test with six 90◦ turns on a 15 m course in favor of elite and regional youth soccer
players (15–16 years old).

In light of the considerations above, it would be important to assess whether elite and
amateur players between 16 and 19 years old are distinguishable by means of field-based
physical tests or whether this difference is even more pronounced than in the studies
with younger subjects [16–21]. The outcomes could provide coaches additional data on
the physical performances of their under-19-year-old (U19) and under-17-year-old (U17)
players to make appropriate choices in terms of talent identification at this particular
age stage. From this, the research question is whether there are statistically significant
differences in LS, COD, and jumping performance as a function of playing level (elite vs.
amateur) in youth soccer players. It was hypothesized that performance would differ by
playing level in favor of elite soccer players.

2. Materials and Methods

In order to answer the research question, a cross-sectional study was conducted. Forty-five
elite and amateur male youth soccer players were evaluated in their performances in SJ, 10 m
LS, 20 m LS, 505 agility test (505), and IAT and checked for differences in performances (elite
vs. amateur players). Tests were carried out on 2 test days within a 1-week period. On test day
1, the LS was performed first, followed by the SJ. Two days later, on test day 2, the COD tests
were determined. Based on the total distance in ascending order, to avoid fatiguing effects,
first the 505, then the IAT test, was performed. The elite players were familiar with the IAT,
505, LS, and SJ tests because these tests were part of their semi-annual performance diagnostics
routine. The amateur players do not conduct regular performance tests; therefore, one week
before test day 1, the subjects completed a familiarization session on two separate days (day 1:
LS, SJ; day 2: 505, IAT).

2.1. Subjects

Forty-five male youth soccer players (16.56 ± 0.9 (range: 15–18) years old; body mass:
70.7 ± 9.4 kg; height: 1.78 ± 0.08 m, body mass index: 22.3 ± 2.6) were recruited from
U17 and U19 teams of two youth training centers. The teams of the two training centers
played in different competitive levels. Within the two age groups, a comparison was made
between a soccer team in the highest German junior divisions (youth Bundesliga, elite
players (U17: n = 14; U19: n = 12)) and a youth soccer team in the lowest German youth
league (club level, amateur players (U17: n = 8; U19: n = 11)). The soccer teams were
classified elite in reference to the definition used by Lorenz et al. [22], who considered
elite athletes as those who played at a higher level than peers within a sport (national
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(junior Bundesliga, highest league in Germany) vs. club level (district league, lowest league
in Germany)). The elite players of both age groups performed 4 to 5 soccer sessions per
week (1.5–2 training sessions/day), whereas the amateur soccer players of both age groups
performed 1 to 2 soccer sessions per week. Both groups regularly competed in their league
on weekends during the season. The subjects did not participate in fatiguing training
sessions for a minimum of 3 days before testing. None of the subjects reported any injuries
at the time of testing.

Each subject and their parents (if the subject was not yet 18 years old) were informed
about the aims of the study and the experimental risks involved with the research. All
subjects and their parents (if the subject was not yet 18 years old) provided written informed
consent to participate in the present study. Furthermore, this study was approved by the
Ethics Committee of the German University of Health & Sport (DHGS-EK-2021-002). The
study was performed with human subjects in accordance with the Helsinki Declaration.

2.2. Procedures

Body mass was analyzed using a personal scale (PSD, Neuss, Germany). Body height
was determined by means of a meter stick and spirit level attached to a wall. The spirit
level was placed on the head of the subjects in order to be able to read the body height.
The warm-up for the jump and sprint tests consisted of nonspecific running at low-to-
medium intensity for approximately 5 min. Then, coordination exercises, such as running
with lifted knees, heeling, and sidestepping, were performed for approximately 5 min.
Subsequently, 3 acceleration runs over approximately 30 m were performed with short
intervening walking breaks. Jumping performance was measured using a contact mat
(Refitronic, Schmitten, Germany) that operates as a switch. This system sent information
to the computer regarding whether the mat was loaded. From this information, the flight
time and the jump height were determined for all jumps. The jump height was calculated
from the flight time (gt2/8; g = the gravitational acceleration (9.81 m·s−2) and t = flight
time). The squat jump was initiated at a knee angle of 90◦ without counter-movement. The
subjects had 5 trials in which to achieve their best result. Between every jump, the athletes
received a 1 min break. The test-retest reliability is reported to have an ICC = 0.97 [23].
The subjects performed three attempts per COD test, which were separated by a 3 min
break. The best trial was used for the statistical analysis. The description of the test setups
can be found in the literature [24,25]. As different COD tests have different requirements
(e.g., length, turns), these tests seem to evaluate task-specific requirements [26]. There-
fore, two tests that have a heterogeneous requirement profile (IAT: 63–65 m, 9 turns of
90◦–180◦ vs. 505: 10 m, 1 turn of 180◦) were selected. IAT and 505 tests were frequently
used in studies with soccer players [17,18]; the choice of the same tests should lead to
better comparability of own results and other studies. If the pylons or hurdle bars were
knocked down or touched during COD testing, a follow-up attempt was completed. The
tests were separated by a break of 15 min. LS performance was measured for a distance of
10 m and 20 m. Each athlete also had three attempts. Between each completed sprint, the
athletes received a 3 min break. The time was measured for all COD and LS tests with a
double-timing gate system (wk7 time watch, Ditzingen, Germany). The starting point was
marked with a small cap 0.75 m away from the starting gate to avoid early triggering, e.g.,
by a hand movement or a bent body position. The subjects independently chose when the
measurement began according to the activation of the barriers. Thus, the reaction time was
excluded from the measurement. The test-retest reliability is reported to have an ICC = 0.85
for 505, ICC = 0.97 for IAT, and ICC = 0.89 for LS [23].

2.3. Statistical Analyses

Statistical analysis was performed using SPSS software version 27 (IBM, Ehningen,
DE, Germany). Data were tested for normality using the Shapiro–Wilk test to determine
whether parametric or non-parametric statistical methods were appropriate. Reliability
analyses were performed using intraclass correlation coefficients (ICCs) and a 95% confi-
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dence interval (95% CI). For the reliability analyses, the ICCs and 95% CIs were calculated
from the 3 trials of the testing day. ICCs greater than 0.70 indicate suitable reliability [27].
Additionally, variability was determined using mean coefficients of variation (CV %). Ac-
ceptable thresholds were determined using a CV of <10%. In addition, the variance of
homogeneity or variance of heterogeneity was determined by the Levene test of equal
variance. The homogeneity of covariances was assessed by Box’s test. A 2 × 2 MANOVA
was calculated to show a statistically significant difference between the age group and
playing level on the combined 5 dependent variables (LS 10 m, LS 20 m, SJ, IAT, 505). A
second 2 × 2 MANOVA was calculated to show a statistically significant difference between
the age group and playing level on combined anthropometric data (body mass, height,
BMI). Furthermore, partial eta-squared values (η2) were computed for all the analyses as
an indicator of the effect size. A partial eta-squared value between 0.01 and 0.06 indicates
a small effect size, and a partial eta-squared between 0.07 and 0.13 indicates a medium
effect size, whereas a value equal or higher than 0.14 indicates a large effect [28]. Post-hoc
univariate ANOVAs were performed for each dependent variable when a significant result
was observed in the MANOVA. Significant effects of ANOVA were tested by post-hoc
Scheffé test for effects in the subgroups. Effect sizes Hedges’g were calculated and were
defined as trivial effects between 0.01 and 0.19, as small between 0.2 and 0.49, as moderate
between 0.5 and 0.79, and as large above 0.8.

3. Results

The Shapiro–Wilk test showed normally distributed data for variables in all subgroups
and the total group. The results of the reliability analyses are displayed in Table 1. All ICCs
are clearly above the limit value of 0.7 and under the limit of CV (< 10%) and can therefore
be classified as suitable reliability [27].

Table 1. Mean coefficients of variation, intraclass correlation coefficients, ninety-five percent confi-
dence intervals of the performance tests.

Tests ICC (95% CI) CV (95% CI)

Linear sprint 10 m 0.97 (0.95–0.98) 1.4% (1.1%–1.6%)
Linear sprint 20 m 0.98 (0.97–0.99) 1.2% (0.1%–1.4%)

Squat jump 0.97 (0.95–0.98) 4.4% (3.6%–5.2%)
IAT 0.98 (0.97–0.99) 1.5% (1.0%–2.0%)
505 0.96 (0.94–0.98) 2.9% (2.3%–3.5%)

CV = coefficients of variation; ICC = intraclass correlation coefficients; 95% CI = ninety-five percent confidence intervals.

Levene’s test calculated homogeneity of the error variances (p > 0.05), except for the
variables body mass and BMI (p = 0.031, 0.005). There was heterogeneity of covariances, as
assessed by Box’s test (p < 0.001). MANOVA showed no statistically significant difference be-
tween age groups and playing level for the combined anthropometric variables (F(3,39) = 0.122,
1.786, p = 0.166, 0.953, partial η2 = 0.009, 0.121, Roy’s largest root ϕ = 0.009–0.137). MANOVA
showed no statistically significant difference between age groups (F(5,37) = 2.233, p = 0.071,
partial η2 = 0.232, Roy’s largest root ϕ = 0.302), but between playing level (F(5,37) = 81.782,
p < 0.001, partial η2 = 0.917, Roy’s largest root ϕ = 11.052) on the combined dependent perfor-
mance variables. Post-hoc univariate ANOVAs showed for every depending performance
variable statistically significant results between level of play, F(1,41) = 10.225–365.256, p < 0.003,
partial η2 = 0.200–0.899). Tables 2–4 provide an overview of the mean values ± SD and effect
sizes for subgroups of both anthropometric data (height, body mass, and BMI) and perfor-
mance tests (SJ, LS and COD) in age groups and the total group. Elite player performance was
significantly better in SJ, LS, and COD than amateur players. The results show that the more
complex the target exercise, the larger the effect sizes for group differences (SJ: g = 0.64–1.18,
LS: g = 0.05–2.23, COD: g = 3.01–6.84).
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Table 2. Mean, standard deviation, absolute and relative difference, t-value, p-value, and effect size
within the age group of under 19 years old.

Tests Elite (n = 12)
Mean ± SD

Amateur (n = 11)
Mean ± SD

abs. Mean ∆

(%) Effect

Height (cm) 179.2 ± 6.7 176.6 ± 10.9 2.6 (1.5%) 0.27
Body mass (kg) 74.0 ± 7.7 67.0 ± 14.6 7.0 (9.5%) 0.59

BMI (%) 23.0 ± 1.3 21.4 ± 4.3 1.6 (7.0%) 0.48
Linear sprint 10 m (s) 1.67 ± 0.06 1.82 ± 0.08 0.15 (9.0%) * 2.03
Linear sprint 20 m (s) 2.89 ± 0.08 3.19 ± 0.17 0.30 (10.4%) * 2.24

Squat jump (cm) 40.45 ± 2.91 34.61 ± 6.21 5.84 (14.4%) * 1.18
IAT (s) 13.66 ± 0.36 17.19 ± 0.61 3.53 (25.8%) * 6.84
505 (s) 2.15 ± 0.06 2.64 ± 0.16 0.49 (22.8%) * 4.18

505 = 505 agility test, IAT = Illinois agility test, cm = centimeter, s = seconds; * = significant (p < 0.05), effect
size = Hedges’ g.

Table 3. Mean, standard deviation, absolute and relative difference, t-value, p-value, and effect size
within the age group of under 17 years old.

Tests Elite (n = 14)
Mean ± SD

Amateur (n = 8)
Mean ± SD

abs. Mean ∆

(%) Effect

Height (cm) 175.8 ± 5.0 182.0 ± 7.4 6.20 (3.5%) 1.00
Body mass (kg) 70.8 ± 7.2 70.7 ± 8.4 0.10 (0.1%) 0.02

BMI (%) 22.9 ± 1.8 21.3 ± 1.5 1.60 (7.0%) 0.93
Linear sprint 10 m (s) 1.80 ± 0.05 1.80 ± 0.12 0.00 (0.0%) 0.05
Linear sprint 20 m (s) 3.06 ± 0.09 3.22 ± 0.14 0.16 (5.2%) * 1.40

Squat jump (cm) 34.87 ± 2.64 32.51 ± 4.74 2.36 (6.8%) 0.64
IAT (s) 14.52 ± 0.22 16.23 ± 0.60 1.71 (−11.8%) * 4.12
505 (s) 2.25 ± 0.09 2.53 ± 0.08 0.28 (−12.4%) * 3.01

505 = 505 agility test, IAT = Illinois agility test, cm = centimeter, s = seconds; * = significant (p < 0.05),
effect = Hedges’ g.

Table 4. Mean, standard deviation, absolute and relative difference, t-value, p-value, and effect size
within the total group.

Tests Elite (n = 26)
Mean ± SD

Amateur (n = 19)
Mean ± SD

abs. Mean ∆

(%) Effect

Height (cm) 177.3 ± 6.0 178.9 ± 9.7 1.6 (0.9%) 0.20
Body mass (kg) 72.3 ± 7.4 68.5 ± 12.2 3.8 (5.3%) 0.38

BMI (%) 23.0 ± 1.5 21.4 ± 3.4 1.6 (7.0%) 0.63
Linear sprint 10 m (s) 1.74 ± 0.08 1.81 ± 0.10 0.07 (4.0%) * 0.80
Linear sprint 20 m (s) 3.98 ± 0.12 3.20 ± 0.16 0.22 (7.4%) * 1.62

Squat jump (cm) 37.45 ± 3.92 33.73 ± 5.60 3.72 (9.9%) * 0.78
IAT (s) 14.13 ± 0.52 16.79 ± 0.77 2.77 (18.8%) * 4.11
505 (s) 2.20 ± 0.09 2.60 ± 0.14 0.40 (18.2%) * 3.40

505 = 505 agility test, IAT = Illinois agility test, cm = centimeter, s = seconds; * = significant (p < 0.05),
effect = Hedges’ g.

4. Discussion

Elite player performance was significantly better in SJ, LS, and COD than amateur
players. Interestingly this investigation showed that the more complex the target exercise,
the larger the effect sizes for group differences (SJ: g = 0.64–1.18, LS: g = 0.05–2.23, COD:
g = 3.01–6.84).

Performance differences in favor of elite populations are basically consistent with
the literature [16–20]. Playing soccer (and, therefore, sprinting, changing direction, and
jumping) may be an effective training stimulus for improving SJ, LS, and COD [29]. The
higher performance in the elite subjects might be attributed to the higher volume of playing
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soccer. The analysis of data in this study cannot clarify why the level of significance was
not reached for LS 10 m and SJ (g = 0.64) in subgroup U17. It is possible that from a
statistical perspective, the non-significant differences in the SJ of both subgroups (elite
vs. amateur) in U17 can be explained by the heterogeneous performance of the subgroup
amateur players. Although, the variation (CV = 4.4%) of SJ, which could be explained by
the generally unusual concentric-only movement of soccer players, may have influenced
the calculation. It should be noted that the two groups in the U17 age group differ with
a moderate effect in SJ (g = 0.64). The non-significant results in the LS 10 m variable are
contrary to the findings of performance differences depending on the playing levels of
LS 10 m in U19, as well as LS 20 m in both age groups and contrary to other findings in
the literature [16,18,19]. Only Trajković et al. [18] also found non-significant differences
between elite and amateur soccer players in LS 10 and argued that this might be related
to the maturity stage of players, which can affect sprint performance. This effect may
also mask group differences in LS 10 m and SJ between the level of play in U17 in this
study, as effect sizes in body height were calculated to be large (g = 1.0) in favor of the
amateur players. However, a clear justification of the non-significant differences in LS 10 m
and SJ between the level of play in subgroup U17 in this study cannot be found in the
anthropometric data, as this study did not calculate significant differences between the
subgroups (amateur vs. elite) in accordance with the literature [17].

The effect sizes of performance differences in COD tests of this study (g = 3.01–6.84) far
exceeded the effect sizes found by Trecroci et al. [17] and Trajković et al. [18] (g = 0.69–1.5). It
is fundamentally difficult to compare the studies, and thus also the results, with each other
because different studies may have used different definitions of the subject categorization
into elite, sub-elite, and amateur [17]. Here, the demand for a uniform definition of the perfor-
mance level for team sports and its consistent use in the literature must be established [22].
Nevertheless, even in comparison with studies that used an identical definition of playing
status and comparable or identical COD tests in terms of the requirement profile, significantly
higher performance differences between elite and amateur players were confirmed in this
study (g = 0.95 vs. g = 3.01–6.84) [18]. Trajković et al. [18] recruited elite, sub-elite players
from national championships without naming the country of the championship. It is possible
that a difference in performance between the national leagues explains the difference in
effect sizes. It is also possible that the difference in the magnitude of the effects is due to
the fact that the subjects measured in this study were older compared with other studies
(16.56 ± 0.9 vs. 15.7 ± 0.6 years old) [18]. Here, selection factors could be used again as an
explanation for larger training volumes and intensity of older elite players. Nevertheless, on
the basis of the available data, it is unclear why the effect sizes differ between the studies
mentioned and thus points to a further need for scientific research on this topic. COD test
performance represents the performance parameters that showed the highest effect sizes
in this study (SJ: g = 0.64–1.18, LS: g = 0.05–2.23, COD: g = 3.01–6.84). Cometti et al. [13]
also found higher effect sizes for performance differences depending on the level of play
in linear sprint compared to jump performance; however, Trajković et al. [18] did not. It
may be possible that the more complex target performances (COD, LS) benefit more from a
higher training volume and intensity of the elite players than simpler exercises (e.g., SJ).

A limitation of this study is the difference in sample size between the groups (elite
vs. amateur), which is due to the limited scheduling availability of the amateur athletes.
Unbalanced sample sizes may increase the error in difference calculations, but this is
mitigated by appropriate corrections to the calculations (e.g., Roy’s largest root or Hedges’
g instead of Cohen’s d). An additional limitation is the ad hoc sample, which can generally
increase the sampling error. However, the data set is valuable because only a few studies
have investigated and compared young male soccer players [16–21].

5. Conclusions

The data from this study show performance differences in performance tests depend-
ing on the level of play. The SJ, LS, 505, and IAT may prove useful in talent selection test
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batteries to separate between competitive levels in youth soccer players. The more complex
the performance tests were, the larger the effect sizes of the performance differences were.
Therefore, the LS and COD tests should be integrated into test batteries. On the contrary,
anthropomorphic factors do not significantly differentiate between the level of play and
should therefore not be used for selection.
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10. Trecroci, A.; Milanović, Z.; Rossi, A.; Broggi, M.; Formenti, D.; Alberti, G. Agility profile in sub-elite under-11 soccer players: Is

SAQ training adequate to improve sprint, change of direction speed and reactive agility performance? Res. Sports Med. 2016, 24,
331–340. [CrossRef]

11. Bangsbo, J.; Mohr, M.; Krustrup, P. Physical and metabolic demands of training and match-play in the elite football player. J.
Sports Sci. 2006, 24, 665–674. [CrossRef]

12. Young, W.B.; Dawson, B.; Henry, G.J. Agility and Change-of-Direction Speed are Independent Skills: Implications for Training for
Agility in Invasion Sports. Int. J. Sports Sci. Coach. 2015, 10, 159–169. [CrossRef]

13. Cometti, G.; Maffiuletti, N.A.; Pousson, M.; Chatard, J.-C.; Maffulli, N. Isokinetic Strength and Anaerobic Power of Elite, Subelite
and Amateur French Soccer Players. Endoscopy 2001, 22, 45–51. [CrossRef] [PubMed]

14. Lehance, C.; Binet, J.; Bury, T.; Croisier, J.L. Muscular strength, functional performances and injury risk in professional and junior
elite soccer players. Scand. J. Med. Sci. Sports 2008, 19, 243–251. [CrossRef]

15. Keiner, M.; Sander, A.; Wirth, K.; Hartmann, H. Differences in the performance tests of the fast and slow stretch and shortening
cycle among professional, amateur and elite youth soccer players. J. Hum. Sport Exerc. 2015, 10. [CrossRef]

16. Gissis, I.; Papadopoulos, C.; Kalapotharakos, V.I.; Sotiropoulos, A.; Komsis, G.; Manolopoulos, E. Strength and Speed Characteris-
tics of Elite, Subelite, and Recreational Young Soccer Players. Res. Sports Med. 2006, 14, 205–214. [CrossRef] [PubMed]

17. Trecroci, A.; Longo, S.; Perri, E.; Iaia, F.M.; Alberti, G. Field-based physical performance of elite and sub-elite middle-adolescent
soccer players. Res. Sports Med. 2018, 27, 60–71. [CrossRef]

413



Sports 2021, 9, 149
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Abstract: Sport confidence is a psychological characteristic considered vital for youth soccer players
to possess. However, only limited research has explored the types and sources of sport confidence
important to elite youth performers in professional soccer academies. Semi-structured interviews
were conducted with 11 academy footballers (aged 10 or 11). Abductive hierarchical content anal-
ysis identified types of confidence to include achievement, skill execution, psychological factors,
superiority to opposition and tactical awareness. Key sources of confidence identified by players
were performance accomplishments, coaching, social support, and preparation. Even though the
dimensions reported were similar to previous research, a number of unique sub-themes of confidence
sources emerged, including pre-training/competition emotions, coach and team-mate feedback. The
results demonstrate the importance of considering maturation levels and context when seeking to
understand and develop confidence in youth performers.

Keywords: self-confidence sources; self-efficacy; elite youth athletes; soccer

1. Introduction

Numerous factors (physiological, technical, tactical, sociological and psychological)
have been proposed to be important predictors of talent development and long-term play-
ing success in soccer [1]. One psychological factor that appears pivotal is self-confidence [1].
Within high level youth soccer, confidence has been implicated as a central requirement not
only for development and the transition through youth to elite performance [2,3] but also
for the maintenance of positive psychological well-being [4]. Despite this, we still know
relatively little about the determinants of confidence in high-level youth sport, yet alone
in soccer.

In sport, understanding of confidence has been largely informed by the work of Ban-
dura’s [5] concept of self-efficacy and by the work of Vealey and colleagues [6–8]. These
approaches conceptualise confidence as a dynamic psychological state influenced by a
range of personal, demographic and environmental factors. In their general model of sport
confidence, Vealey and Chase [8] propose that sport-confidence (one’s belief that one can
be successful in a chosen sport) is a multidimensional construct made up of confidence
in executing skills (SC—physical skills and training), decision-making and concentration
(SC—cognitive efficiency) and dealing with setbacks (SC—resiliency). Vealey and Chase [8]
further propose nine sources of confidence nested within 3 domains (Achievement (includ-
ing mastery or improvement of personal skills and demonstration of ability by showing
others or demonstrating superior ability to opponents), Self-regulation (including physi-
cal and mental preparation and physical self-presentation) and Climate (including social
support, vicarious experiences, coach’s leadership, environmental comfort and situational
favourableness). Importantly, Vealey and Chase [8] propose that, rather than being uni-
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versally important, the importance of each of the sources of confidence will differ across
individuals and contexts.

The principles of the model have received broad support in the literature. Hays,
Maynard, Thomas and Bawden [9], in a study of world-class, adult performers, provided
support for the multi-dimensionality of confidence types and sources but differed from
Vealey and Chase’s [8] model in two ways. First, performers reported six, rather than three,
types of confidence (skill execution, achievement, physical factors, psychological factors,
superiority to opposition and tactical awareness). Second, whilst preparation, performance
accomplishments, coaching, and social support all emerged as sources of confidence from
the data, little evidence was found to support the role of vicarious experiences, physi-
cal self-presentation, environmental comfort or situational favourableness. In addition,
Hays et al. [9] found that trust, competitive advantage and self-awareness emerged as
sources of confidence information.

Even though this model and research provide some insight into sources of confidence
in sport, extrapolating these findings to elite youth sport is problematic for a number of
reasons. First, Vealey and Chase [8] stress that age influences the sources of confidence that
are most relevant to an individual. Vealey et al. [7] argued that schemas concerning sources
of confidence are developed during childhood and adolescence and so this age period may
witness fundamental changes in sources of confidence. Research in youth sport settings
(for reviews see [4,10]) has shown that, compared to adult and older adolescents, children
utilise fewer sources of competence information, show less ability to integrate and differ-
entiate between different sources of information, and rely more on concrete and external
information sources (in the form of actual performance outcomes and coach/parent/peer
feedback). Second, Vealey and Chase [8] also propose that organisational and cultural
characteristics (such as expectation levels, the quantity and quality of feedback provided
and the nature of the social relations) will also influence the types and sources of confidence
that are most relevant to performers. Thus, whilst findings from adult performers [9] and
from children engaged in youth sport [10] may not truly reflect the types and sources
of confidence important to performers in the unique and rarefied environment of elite
youth soccer.

In acknowledgement of the potential lack of generalisability from elite, adult perform-
ers to youth athletes, Thomas, Thrower, Lane and Thomas [11] explored types, sources
and debilitators of confidence in elite (signed to the academy system of professional foot-
ball clubs), adolescent soccer players. The ages of these players ranged from 12–15, with
a mean of 14.28 years. Even though their results were broadly consistent with Vealey
and Chase’s [8] and previous research [9] in terms of the types and sources of confi-
dence reported, they also showed that there were differences in the number of sources of
confidence reported and the importance of different sources of confidence. Specifically,
whilst Thomas et al. [11] did find that performance accomplishments, preparation and so-
cial support were important sources of confidence, their results did not match the work of
Hays et al. [9] or Vealey and Chase’s [8] model in demonstrating the importance of sources
such as environmental comfort, situational favourableness, self-awareness or experience.
This research demonstrates the need for more research to explore the distinct profiles of
confidence types and sources across a range of populations and settings.

In light of this, the aim of the current research was to explore the types and sources of
confidence of elite youth soccer players at the younger age range (10–11 year olds) than
those used in Thomas et al.’s [11] research (early adolescents aged between 12 and 15).
This age was chosen for three reasons. First, our sample represents an earlier stage of
development than players included in Thomas et al.’s research. Whilst Thomas et al.
sampled from the early adolescent stage, our players were in middle to late childhood
according to established criteria [4]. This, theoretically, will entail different sources of
confidence being used due to different self-perceptions and complexity of self-perceptions
at this age [4]. Specifically, it could be predicted that our sample would rely on fewer
sources of confidence, would rely on tangible achievements to gain confidence (e.g., scoring
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goals, being made captain) and would have a greater tendency to rely on others to interpret
and evaluate their competence [12]. Second, research has highlighted the importance of
confidence at this age for the development of youth soccer players [3]. Thus, it seems
a particularly important age range to explore sources of confidence within. Third, the
origins of this project were rooted in informal discussions with coaches at the soccer club
involved which identified confidence in this age group as being particularly important
to understand.

2. Materials and Methods
2.1. Philosophical Underpinning

A critical realist [13] philosophical perspective informed the current project. This per-
spective proposes that there is a reality that exists independently of subjective perceptions
(ontological realism) but that access to this depends on fallible perceptions and subjective
interpretations that are limited, incomplete and theory-dependent (epistemological relativism).

2.2. Context

Within English soccer, academies are run by professional clubs with the aim of pro-
ducing professional players from the age of nine. Academies are classified from Category
One to Four, with one being the highest level. Categorisation is determined by factors such
as training facilities, productivity of the academy, welfare and development provisions.
Places are highly prized and competitive but difficult to retain with regular rounds of
re-selection [14] based on individual progression. The academy that this research was
situated in considered itself a progressive academy with player development and welfare
firmly at its heart. However, competition for places was high and, as a result, players (and
their parents) were acutely aware of the need to impress coaches to retain their place in
the academy.

2.3. Participants

In this case, 11 male academy players (aged between 10 and 12) from a Category
One academy of an English Premiership club participated in the study. Participants were
either in the under 11’s (9 players) or 12’s squad (two players) and all player positions
(goalkeeper, defender, midfielder and forward) were represented. The average age of the
participants was 11.57 years. Time spent at the academy ranged from one to four years. All
participants self-reported as White-British.

2.4. Procedure

Ethical approval was provided by the Research Ethics Committee of the authors’
university. Following approval for the study being provided by the football club and
relevant coaches, informed written consent was provided by parents. Then, all players
in the targeted squads were provided with written information and a verbal summary of
the project from the academy’s lead sport psychologist and asked if they would want to
volunteer. We used a stratified purposeful sampling strategy [15] to select participants
from those who volunteered. Participants were selected to represent a range of confidence
levels, playing positions and years of experience. Written consent was provided by all
participants prior to the data collection commencing. All interviews were conducted on a
one-to-one basis in a quiet area of the football club’s training facilities and lasted between
31 and 51 min (M = 42 min).

Interview Guide

A semi-structured interview guide, based on information provided by Hays et al. [9],
was developed. This guide was divided into five sections. First, introductory comments
reminded participants of the study’s purpose and reinforced confidentiality and anonymity.
Second, participants were asked general questions about self-confidence (e.g., “what does
the term self-confidence mean to you?”). Similar to Hays et al., we did not provide a
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standardised definition of self-confidence as the aim was to develop greater knowledge
of the participants’ perspectives. Next, participants were asked questions related to their
perceptions of the types and sources of confidence within youth football. The fourth section
of the interview asked about times of high and low confidence and situations in which they
had experienced changes in confidence. The interview concluded with an invitation for
the participants to provide further information concerning their confidence. Throughout
the interview, clarification and elaboration probes were used to ensure that participants
provided a rich and detailed response to the questions asked [16].

2.5. Data Analysis

In line with similar approaches used in research examining youth sport experiences
(e.g., [2,11]), qualitative data were analysed using an abductive hierarchical content analysis.
Here, the transcripts were examined and any meaningful units of information (such as
key words or phrases) relating to the types and sources of confidence were identified. The
first and second author independently listened to the recordings and read and re-read the
transcripts to ensure familiarity with each script before any analysis took place. The second
author then completed initial coding which was developed in discussion with the first
author, who acted as a critical friend. After the inductive stage, we used a more deductive
phase whereby the existing literature (e.g., [7,9,11]) was compared with our findings. The
deductive phase was also used to prompt the use of terminology to increase consistency
with previous research findings. Themes which did not fit any of the underlying dimensions
were grouped together, sorted into common themes and subsequently labelled according
to the meaning of the data. This approach permits the emergence of new raw-data themes
(units of information) whilst ensuring that the theoretical frameworks underpinning the
research retains a central position in the enquiry [2].

2.6. Enhancing Ontological Plausibility and Validity

In line with our critical realist perspective, and the writings of Maxwell [17], we accept
the inherent fallibility of the research methods and analytical procedures that we have used
but also took a number of steps to address threats to descriptive (the factual accuracy of the
research account), interpretive (the extent to which our interpretations accurately reflect
the participants’ experience) and theoretical (the extent to which our findings explain the
experiences of participants) validity. In doing this, we were guided by the suggestions of
Ronkainen and Wiltshire [18]. Specifically, to enhance descriptive validity the interviewer
(second author) made notes following each interview and transcripts were checked by
two authors. To enhance interpretive validity, we considered competing explanations of
the evidence through the lead and second author independently coding the data before
comparing interpretations, the use of critical friends, discussions with the participants’
coaches and sport psychologists to consider emerging themes and to offer reflections on
our findings and, ultimately, via peer-review. The discussions with coaches and sport
psychologists involved the presentation of research findings to coaches in a workshop
that sought to discuss the findings and to consider ways in which the information could
be used to inform practice. This confirmed our interpretations and also provided further
support for the powerful role of moods in determining self-confidence. In addition, the
second author kept a reflexive diary [19]. Diary entries were made after each interview
allowing a focus on internal responses to being a researcher and emotional feelings in the
process of data collection to be noted [20]. Finally, we argue that theoretical validity was
enhanced as the research project was developed with the coaches in light of a perceived
need to enhance their knowledge of self-confidence in academy soccer players and through
the practical suggestions that were developed in light of our research findings.

3. Results

We present the results in two parts. First, we cover types of confidence and, second,
we present sources of confidence. The data are presented in Tables 1 and 2 and through the
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use of representative quotations (with pseudonyms used throughout). A fuller outline of
the content analysis can also be found in Supplementary Materials Tables S1 and S2. Even
though we recognise the limitations of response frequencies, we present them to facilitate
comparison with previous findings [9,11].

3.1. Types of Confidence

In this case, 22 raw-data themes were categorized into seven global dimensions. These
related to skill execution, achievement, psychological factors, superiority to opposition,
tactical awareness and athlete specific factors. These are summarised in Table 1 below.

Table 1. Numbers of participants referring to specific confidence types.

Type of Confidence
Number of Athletes

Citing Type.
N = 11

Total % of Athletes
Total % Citing in Hays

et al. (2007)
N = 14

Total % Citing in
Thomas et al. (2021)

N = 28

Skill Execution 9 82% 71% 100%
Achievement 6 64% 71% –
Outcome – – 64% –
Performance – – 29% –
Physical Factors – – 64% 61%
Psychological Factors 3 27% 57% 46%
Superiority to
Opposition 3 27% 50% –

Tactical Awareness 2 18% 14% –
Athlete Specific Factors 2 18% 50% –

3.1.1. Skill Execution

Nine of the 11 athletes found skill execution to be a type of confidence important to
them, referring to their belief in their own ability to execute skills in soccer. This often
included specific skills during a match. As Bailey put it “I think I’m quite good at passing.
I’m not, I’m not the best at shooting, so I just, I don’t shoot, I just assist people”.

3.1.2. Achievement

Six athletes identified achievement. This concerned belief that certain outcomes or
performance-based skills could be achieved. Athletes talked about the need to be confident
in their own ability: “You have to be confident in yourself and your ability to play football
and like confident that you can actually achieve things.” (Will). Only Felix mentioned
achievement in outcomes, highlighting his need to be confident in “scoring a good goal
and winning”.

3.1.3. Psychological Factors

Three athletes spoke of their need to be confident of psychological factors, including
having a positive mind set for soccer. “You have to have a good mentality, like if you
have a bad mentality then your confidence won’t be like, it will just drop, it will keep
dropping.” (Freddie).

3.1.4. Superiority to Opposition

Three athletes identified superiority to an opponent as a type of confidence, with one
player needing to feel confident in “beating players with skills and dribbles.” (Will).

3.1.5. Tactical Awareness

Tactical awareness was identified as a type of confidence by only two athletes. This
referred to being confident about their own tactical ability, such as ball placement or
decision making.
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3.1.6. Athlete Specific Factors

Two athletes identified unique types of confidence which were individual to them.
This included having confidence in their communication with team-mates and having
confidence in team-mates and their soccer ability.

3.2. Sources of Confidence

Inductive analysis of confidence sources yielded 117 raw-data themes. We conceptu-
alised these into 24 lower order and sub-themes and 15 higher order themes. These are
summarised in Table 2 below.

Table 2. Numbers of participants referring to specific confidence sources.

Source of Confidence Number of Athletes
Citing Source (N = 11) Total % of Athletes Total % Citing in

Hays et al. (2007)
Total % Citing in

Thomas et al. (2021)

Preparation 9 82% 100% 82%
Physical preparation 7 64% 100% 75%
Mental preparation 1 9% 76% 50%
Holistic preparation 7 64% 57% 14%
Performance Accomplishments 11 100% 100% 100%
Competition accomplishments 11 100% 100% 96%
Training accomplishments 9 82% 50% 96%
Other accomplishments 4 36% – 64%
Coaching 11 100% 93% –
Individual interactions with
coach 11 100% – –

Interactions with coach in group 3 27% – –
Social Support 10 91% 57% 100%
Family 7 64% – –
Team-mates 9 82% – –
School/Friends 3 27% – –
Other 2 18% – –
Innate Factors 4 36% 50% 29%
Experience 4 36% 43% –
Athlete Specific Factors 4 36% 50% –
Competitive Advantage – – 36% –
Trust – – 14% –
Self-Awareness – – 14% –

3.2.1. Performance Accomplishments

This consisted of three higher order themes, competition accomplishments, training
accomplishments and other accomplishments. All 11 players highlighted performing
successfully and mastering specific skills, both in matches and training. Competition
accomplishments included in-game performance elements, being selected, gaining awards
and general wins and losses. For example, Dan reported increased confidence when he
“scored a great goal from like the half-way line then that gave me confidence and I done
this good run, beat 2 players and scored again and I set up another goal” (competition
performance accomplishment) whilst Luke stated:

“I got an assist about 30 s as soon as I came on cos someone got injured and then I
kept doing good passes and keeping the ball and then it made me feel happy so then I
could like play better and like forget anything bad that happened in that game.”

A range of training accomplishment sub-themes were apparent. These included skill
development and mastery, general performance levels, displaying superiority to others
and being given the captaincy. The importance of training performance accomplishments
was encapsulated by Bradley when he commented:

“I did well in training so like I kept trying it and then whenever I try I get better at it
and then you get more confident doing it. If I keep practicing it and get really good at it
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then I can like do it in matches and then it will like work all the time and then I will just do
it all the time.”

Players also identified how achieving success in school level football and in other
sports could enhance their feelings of soccer-specific confidence.

3.2.2. Coaching

All players identified the coach as a confidence source. Recognition, praise/criticism,
attention/feedback and athlete-handling were identified as important. Praise and criticism
appeared to be a big contributor, with Bradley stating, “when they encourage you to do
stuff and like praise you it boosts it so much cos you know you’ve achieved something”
and a second stating:

“If like you get more praise, if you keep getting praise in training and you are doing
everything right they’ll give you more praise and it will make you play better and then
your confidence will rise but if you’re playing bad and they’re like moaning at you it can
affect some players.”

Recognition from coaches played a role in increasing confidence levels. Bailey spoke
of recognition within the academy when he said “Getting a two-year contract I think, cos
then you know that you’ve done it, like then you know that you’re good” whilst others
spoke of recognition in terms of selection to their preferred position or being selected to be
the captain. As Freddie put it:

“We were playing at the xxxxx [home stadium] and whoever got trainer of the night
that Friday would be captain and I go through the training session and get trainer of the
night and I’m, I walk out onto the xxxxxx with the captain’s armband on and I just felt
really good. Wearing the captain’s arm band on the actual xxxxxxxx [home stadium] makes
you feel really good!”

Whilst performance accomplishments were important, a number of the performers
relied on their coaches to inform them when a performance was good and to recognise,
beyond obvious markers of good play such as goals scored, when they had performed
well. As Felix commented “Yeah, cos if I think that I’m not playing well at all then someone
(coach) comes over to me and say what I have done well and then I feel more confident”.

3.2.3. Social Support

Ten players discussed social support. This consisted of the higher order themes of fam-
ily, team-mates, school/friends and external others (other coaches and spectators) support.
Within the higher order family support theme, lower-order themes of atmosphere, feedback
and support were seen. Having family support was seen as important, as was gaining
positive feedback from family members with Max stating “if I’ve played well then my dad
gives me more confidence and he says ‘oh you’ve done well.’”. The participants reported
both positive, negative and neutral impacts of parental feedback on their confidence, with
Ashley explaining “If I’ve played well then like my dad gives me more confidence and he
says oh you’ve done well and if my mums says I played well and I have played well then
it sort of stays the same”. For some, the negative impact of parental feedback and criticism
appeared to be exceptionally strong. For example, Max said “Like sometimes my dad will
moan at me [pause], a lot. He won’t stop until I’m like almost in tears and that will affect
my confidence” whilst Jordan commented:

“They [referring to parents] say it in kind of a bad way and they should just say “that
wasn’t very good today, try and do better tomorrow” but they say “that was terrible, if
you’re gonna carry on doing that you’re gonna get kicked, there’s better boys out there
who want to be there and it looks like when you’re on the pitch you don’t even wanna be
there.”

Further social support was found from teammates and team support. The dangers of
a negative, critical team atmosphere was highlighted frequently, with Bailey stating:

“If you didn’t have team work then you would just be like running with the ball, no
one’s passing, everyone’s moaning at each other and everyone’s confidence will be down.”
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Furthermore, Sam commented:
“Sometimes my teammates don’t give me as much confidence because sometimes

they put me down. Especially coming to the end of the season it’s really hard because they,
they’re fighting for the same position that you are so they are trying to knock you down.”

Finally, participants also mentioned the important role of people outside of the immedi-
ate family and academy in developing and maintaining their confidence levels. References
were made to school friends, teachers and opposition and neutral spectators in developing
and reducing confidence.

3.2.4. Preparation

This consisted of two higher-order themes, physical/mental preparation and holistic
preparation. Whilst physical/mental preparation encompassed a range of sources (e.g.,
having warmed up well), we were struck by the seeming importance attached to what we
referred to as holistic preparation. Specifically, the players commonly reported that general
life-events and hassles had an important influence on their confidence (both negatively and
positively) that seemed to reflect the effect of general mood on confidence. The following
quotes illustrate this:

“Home, so say somethings going on at home, it would make it [referring to con-
fidence] lower. So say if something is going on in school maybe it’ll make it lower or
something’s . . . like you’re doing well in school, you’re doing well in something it will
make it higher (Will).”

“Well I want to do well most of the time but sometimes like I wake up and I’m a bit
like I don’t really feel like playing football and I don’t really have a good game. Yeah, it
makes me . . . cos I don’t really feel like playing, my confidence just drops (Freddie).”

“If you’ve just had like a row with someone or your family you wouldn’t really
want to be there because you know you’re not going to play as well if you’re, like,
confident (Ashley).”

3.2.5. Innate Factors

Innate factors mostly comprised of players having a good mentality for soccer, with a
good mind-set giving them confidence to train and compete. Dan stated:

“You have to like start again because you might be a bit disappointed but if you stay
disappointed you will just keep on losing, you gotta try and like boost so you can have
confidence on the field.”

3.2.6. Experience

Four players identified experience to be a source of self-confidence. This included
playing experience and knowledge of teammates and the academy. It became apparent that
becoming acquainted with aspects of the club was a determinant in confidence level for
some performers, with Felix stating, “starting to know everyone and just starting playing
up has just like increased my confidence a lot”.

3.2.7. Athlete Specific Factors

These were factors that were unique to individuals and their confidence levels. This
included role models performing well, seeing others fail, impression of opponents, crowd
criticism, referee decisions, decision making in game, physical inferiority, situational
favourableness, opposition comments and environment comfort.

4. Discussion

The present study represents the first attempt to examine the sources and types of
confidence salient to academy football players, aged 11–12. We predicted that whilst Vealey
and Chase’s [8] model and previous research [9,11] would provide a useful base from which
to view our results, we would see differences in the types and sources of confidence deemed
important to the performers due to maturational and environmental factors. Overall, this
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prediction was broadly supported. Our interpretations of the data do fit reasonably well
into the dimensions generated in previous research but notable differences emerged in the
lower- and higher order themes that contributed to these global dimensions.

In terms of the types of confidence, we found support for Vealey and Chase’s [8]
contention of the multi-dimensionality of sport confidence and also found support for some
of the dimensions seen in previous research. What is striking about our data is the relatively
low quantity of raw data themes that emerged in the discussions with the participants.
Whilst the need to be confident in their psychological factors (3 participants), superiority
to the opposition (3 participants), tactical awareness (2 participants) and athlete specific
factors (2 participants) was evident, the majority of the participants focused on either
skill execution or achievement (confidence in their ability to gain selection/a continued
contract). This is in contrast to the findings of Hays et al. [9] but is in line with the limited
types of confidence identified by Thomas et al. [11]. In addition, a number of athletes found
difficulty identifying their types of confidence. There are a number of reasons why this
finding may have been seen. First, as Vealey et al. [7] noted, youth athletes are developing
their own self-confidence and so the rather narrow types of confidence deemed important
to the participants may reflect developing perception of competence and the determinants
of success. Second, theory and research [12] within the achievement goal literature suggests
that children may not develop a mature concept of ability and the ability to differentiate
the determinants of success (e.g., the relative roles of luck and ability) until they are at
least 11. Thus, the current findings may reflect a relative lack of knowledge of, or the ability
to differentiate between, different determinants of performance.

In terms of confidence sources, we were able to categorise the responses of the par-
ticipants into a number of the dimensions that have been identified in previous research.
However, in contrast to the sources of confidence reported by elite, adult athletes [9], partic-
ipants did not mention competitive advantage, trust, or self-awareness. Further, although
our findings were in line with Thomas et al.’s [11] findings showing that the youth soccer
players did seem to rely heavily on accomplishments, preparation and social support, the
players in our research seemed to feel that the coach was a particularly powerful source
of confidence. However, differences between the lower- and higher-order themes that
emerged in our and previous research were more notable. First, whilst performance accom-
plishments were mentioned by all athletes in the Hays et al. paper, and all athletes in the
current research, the range of responses in our study seemed to be less wide-ranging. From
our analysis, participants relied on tangible indicators of accomplishment, such as goals
scored/assisted and man of the match awards. This is consistent with the broader develop-
mental literature which would suggest that the primary sources of competence information
used by children in the childhood years (7–12 years old) are concrete in nature [4].

Such reliance on concrete sources of information is also consistent with the importance
attached to social support and significant others. In our study, the information and feedback
provided by coaches was identified by all participants as being influential in determining
their confidence. Interestingly, our findings concerning the specific impact of coaching
seems to be qualitatively different to the way in which coaches informed the confidence
of participants in Hays et al. [9]. In Hays et al.’s research, lower order themes were more
concerned with general support and belief in the coaches’ ability than with the provision of
praise and criticism as seen in this study. From a development perspective, coach feedback
represents a concrete source of information (Horn, 2004). Equally, the environment of the
elite youth soccer academy is one in which selection is an ever-present stressor [21] and
coaches are the people who make such decisions. As Will commented, “at the end of the
season, they’re the ones who are going to decide whether I stay or go”.

A further difference from our results and both Hays et al.’s [9] and Thomas et al.’s [11]
research is the role of holistic preparation and general mood as a determinant of confidence.
In Hays et al.’s research, holistic preparation seems to refer predominantly to the perception
that training had gone well whilst Thomas et al. focused on the practical impact of good
preparation (e.g., tactical awareness, sound nutrition). Whilst we saw this within the current
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data, confidence was also influenced by general mood prior to competition or training.
This can be seen through references to the moods and through references to the impact
of external events such as events in the family or at school. Equally, the perception that
family and team “atmospheres” could be interpreted as evidence of how an individual’s
confidence may be influenced by their general feelings of contentment and happiness.
The importance of mood resonates with Bandura’s [5] theorising concerning the role of
emotional states as a source of efficacy beliefs. Specifically, Bandura argues that mood
may influence perceptions of self-efficacy in a number of ways. First, negative life events
and depressed mood may activate feelings of personal inadequacy and low self-worth,
which may contribute to lower perceptions of one’s own competence. Second, negative
moods activate memories of past failings, thus creating more negative self-efficacy, whilst
a positive mood will activate memories of past successes, thus creating more positive
self-efficacy. Finally, Bandura proposes that moods can influence the way in which events
are evaluated so that mood may influence perceptions of the demands of the task at hand
as well as perceptions of the resources available to oneself. Whilst our findings do not shed
light on the ways in which mood may influence perceptions of confidence, they do suggest
that the potential impact of mood on self-confidence should not be underestimated when
working with children.

4.1. Applied Implications

There are two broad directions to take when considering the applied implications of
this research. First, we can consider how best to enhance confidence by working through
the sources of confidence known to be most salient for the client population [8]. In this
instance, coaches and parents should be mindful of the role of concrete performance
accomplishments, coaching feedback, peer and parental support and general mood/affect
in determining confidence. That is, our findings first suggest that structuring practices
and drills to provide the opportunity for concrete performance accomplishments and
being mindful that feedback, particularly the beneficial effects of positive feedback, could
be one way for coaches to enhance the confidence of the children they coach. A second
suggestion that stems from our findings is to consider ways in which positive moods can be
induced in youth performers before, during and after competition and training. This may
be achieved through the actions of coaches and/or parents to provide activities that are
enjoyed by the participants and are designed to lift moods or through the systematic use of
positive psychology interventions such as the practice of grateful thinking or visualising
best possible selves [22].

The second intervention option is to change the range of sources of confidence that
are salient for the individual, so that (a) performers draw confidence from a range of
sources and (b) performers become more reliant on controllable sources of confidence,
such as mental preparation [8]. The results of this study suggest that young performers
may be most reliant on the information provided by others and on the achievement of
concrete performance accomplishments. Self-awareness and the ability to self-reflect and
self-evaluate have been proposed [23,24] to be essential to the development of strong and
stable perceptions of personal efficacy/confidence and have also been implicated in the de-
velopment of elite level soccer players [25]. Thus, any strategy that develops self-reflection
and self-evaluation, such as performance evaluation sheets [26], may be worthwhile.

4.2. Limitations

Even though this study provides an insight into the types and sources of confidence
of elite level youth athletes, it does have limitations. First, the sample was, due to access
issues, limited to one soccer academy. Given that Vealey and Chase [8] acknowledge that
context and culture will influence sources of confidence then it is unclear the extent to
which the current findings reflect the broader population of young soccer players or the
context of this specific academy. Further research is needed to confirm these findings in a
broader sample. Second, again mainly due to access and ethical reasons, we were not able
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to mitigate against some threats to validity as identified by critical realist researchers [18].
Specifically, although the lead researcher had completed a period of supervised experience
within the academy, they had not prolonged engagement within the academy setting to
collect triangulating data (e.g., observations, interviews with coaches/parents) or to build
rapport and trust with the performers that may have led to richer data.

5. Conclusions

The sources of confidence identified by the athletes in this study broadly supported
previous literature [8,9,11], but some notable differences were observed. Specifically, the
young, male, elite-level, soccer performers interviewed provided evidence to suggest a
relatively narrow range of types of confidence used (possibly indicative of a less mature
understanding of the determinants of performance) and a reliance on more concrete sources
of information such as tangible performance results (goals scored, goals saved, assists) and
feedback from others (coaches predominantly but also family members and team-mates).
We also saw the potential importance of general mood/affect in determining confidence
levels. These results support the idea that sources of confidence are not universal and that
they may be influenced by internal factors such as maturation levels and external factors
such as coaching climate.
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Abstract: Purpose: To examine how coaches differentiate athletes with successful and non-successful
development during a cross-country (XC) skiing talent transfer (TT) program. Methods: We con-
ducted qualitative, semi-structured interviews with seven Norwegian coaches working with a group
of 23 Chinese summer endurance athletes transferring from running, rowing, and kayaking to the
winter endurance sport XC skiing over a six-month training period. The athletes were grouped as
either high (n = 9), moderate (n = 3), or low responders (n = 11) based on objective performance
development, quantified using laboratory testing. The interview guide contained six sections: physi-
ological development, technical development, psychological characteristics, training and recovery
routines, athlete background, and considerations about the effectiveness of TT initiatives in general.
Results: The assessments of the coaches revealed that greater development of both physiological and
technical capacities among the high-responding TT athletes were associated with higher motivation,
as well as superior ability to deal with adversity in the development process. Conclusion: The
coaches considered the TT program to be effective; however, successful transfer of athletes to a world
class level in a complex sport such as XC skiing requires a multidisciplinary selection process and a
longer time frame than the six-month period used in the current project.

Keywords: endurance sport; performance development; cross-country skiing; talent transfer; training
responses; Winter Olympic Games

1. Introduction

For several decades, coaches, athletes, and researchers have searched for keys to
optimize performance development among elite athletes [1]. Most of the previous literature
has focused on the development process of athletes within a specific sport [2]. However,
an alternative approach is talent transfer (TT, also referred to as athlete transfer). TT can
be defined as the process in which athletes make a change from their original sport (i.e.,
donor sport) to a new sport (i.e., transfer sport). TT has been adopted by various sport
government bodies as a means of capitalizing on the developmental investment made in
previously identified athletes (‘recycling’) and fast-tracking athletes to new sports where
they might have a greater chance to succeed [3]. The overall idea of TT initiatives is to
recruit athletes who have shown a high level of performance in a sport, through investment
in both time and effort, without taking the last step to an elite level, and they are therefore
provided the opportunity to transfer to a new sport where they might have better potential
for success. These programs have been conducted in various sports during the last several
decades, despite claims of low success rates and a high degree of serendipity, such as
in Great Britain prior to the London Olympics in 2012 [4]. The TT approach has mainly
been used in summer sports, but the latest approach by China is directed towards select
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winter sports, aiming to develop athletes for the upcoming Olympic Games in Beijing 2022
(https://www.chinadaily.com.cn/china/2017-08/08/content_30364992.htm, accessed on
11 August 2021). Research has found a close relationship between the host country and
the number of medals won in the competitions [5]. The Olympics has become a showcase,
making the host country want to invest in their own games to win the overall medal
count in their host Olympics. To be able to be among the most successful nations in the
medal count, the host nations are dependent on developing athletes that can compete at an
international level in most sports held during the Olympics. Investing in a TT program
could increase the possibility to perform in sports that the nations, historically, have been
less successful in. Still, a recent systematic review showed that the available evidence on
TT is scarce and included only five studies, and it concluded that similarities between
donor and transfer sports are associated with success and that psychological factors play
an important role for individual athletes’ development in the TT program [6]. Furthermore,
most studies, both on talent development and TT, have been conducted on western athletes,
even though some recent examples of studies are done among Chinese athletes [7].

One vital aspect of TT programs is to understand the connection between ‘donor’
sports (the original sport an athlete used to practice in) and ‘recipient’ sports (the destination
sport to which an athlete has transferred) [8]. Currently, the connection between ‘donor’
sports and ‘recipient’ sports is less examined; although, Talsnes et al. [9] found runners
to improve more than kayakers and rowers when Chinese athletes were transferred to
cross-country (XC) skiing over a six-month training period. Another important aspect
is to find the appropriate selection criteria, in which previous studies have criticized TT
programs for adopting inappropriately narrow criteria, focusing mainly on physical and
anthropometric factors [10]. Accordingly, studies have emphasized the importance of
assessing athletes’ abilities to learn in new, knowledge-rich environments. Furthermore,
the role of psycho-behavioral factors and self-regulation to foster the use of knowledge and
skills that should facilitate effective transfer has been emphasized [11,12]. In other words,
the authors argue that a greater effort should be placed on identifying an athlete’s capacity
to learn instead of measuring what has already been learned.

In an approach by Talsnes et al. [9], a group of 24 Chinese runners, rowers, and
kayakers were transferred to XC skiing, one of the most technically and physiologically de-
manding endurance sports, over a six-month training period using state of-the-art training
methodology [13] and high-level coaches. Here, large improvements in the development of
sport-specific capacities (i.e., roller skiing and double-poling ergometry) were measured in
the laboratory, with fewer changes in more general capacities (i.e., running) [9]. In a follow-
up study by Talsnes et al. [14], they compared high and low responders in the same group
of TT athletes, and better physiological adaptations were found among high responders,
whereas technical capacities were largely improved in both groups. To separate the athletes
that best responded to the six-month training period, a quantitative performance index was
used to classify high- and low-responders. Relative changes from pre to post peak velocity
during an incremental treadmill running and roller-ski skating test, in addition to average
power output during both 30 sec and 5 min double-poling ergometry tests, were used
to determine this index. Superior physiological improvements coincided with a higher
training load, higher training volume, and less injury and illness during the training period
in the group of high responders [14]. However, the underlying mechanisms related to the
ability to concurrently respond both physiologically and technically, as well as the factors
associated with high training tolerance and low injury rates, are not known. Here, the study
by Talsnes et al. [14] indicated that high motivation and strong coach–athlete alliances
played a significant role, which are aspects that require more attention in future studies.

While the selection and identification process related to talent development is widely
investigated (for a review, see Till et al. [1]), the TT process could be considered an explo-
ration of the rest of the potential from athletes that have achieved a high-performance level
without reaching a world-class level within their original sport. The idea of doing a TT
is to use the athlete’s potential in a donor sport and invest training in a ‘recipient’ sport,
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where the athlete is regarded to have the potential to reach a high international level. The
athlete’s level of progress (response) is therefore vital in the TT process. Building upon the
previous study by Talsnes et al. [14], the primary aim of the present study was, therefore,
to examine how coaches differentiated high- from low-responding athletes in a six-month
XC skiing TT program. Since both the TT process and identification of athletes have been
studied to a lesser degree, a secondary aim was to examine how coaches perceived the
value of such TT initiatives based on their experience as elite coaches.

2. Materials and Methods

In this study, a qualitative approach was chosen to gather detailed information from
Norwegian XC-skiing coaches working with TT athletes about their reflections on differ-
ences between successful and less successful development in their respective TT program,
used to develop XC skiers aiming for success in the Beijing 2022 Winter Olympics. Labo-
ratory tests were performed to determine the TT athletes’ development in performance,
physiological, and technical capacities as described in detail by Talsnes et al. [9]. These
data further defined the groups of responders and non-responders and thereby formed
the basis for the qualitative interviews presented in this study. The coaches were aware of
these results when they were interviewed regarding the TT athletes.

2.1. Participants

The seven interviewed coaches (six men, one woman) were all experienced Norwegian
XC-skiing coaches who worked on the project during the entire six-month period (see
Table 1). The age and years of coaching experience for the group was (mean ± standard
deviation [SD]) 29 ± 4 and 6 ± 5 years, respectively. The group consisted of some younger
coaches with 1–2 years of coaching experience and some older coaches with 7–15 years of
experience, including one previous national team head coach in XC skiing for Norway and
one previous head coach for the development team in the biathlon for Norway. The project
was conducted in Meråker, Norway from November 2018 to May 2019. All participants
volunteered for this study and signed informed consent forms prior to their participation.
The research was undertaken according to the ethical guidelines of the Norwegian Centre
for Research Data (NSD).

2.2. Data Collection

Prior to the interview, participants were informed both verbally and in writing about
the study and interview. During the interviews, a semi-structured approach was adopted
where an identical set of questions was employed in a similar manner. Although this
procedure resulted in a certain element of structure to each interview, the ordering of
questions varied depending on the responses of each participant, where some of the issues
raised were explored further by the interviewer. Although the discussions varied in their
content due to the participant responses, a variety of probe (e.g., ‘Why do you think this is?’)
and elaboration (e.g., ‘What do you mean by that?’) questions were employed to ensure that
all issues were investigated in depth (see Table 2). At the end of all interviews, participants
were asked if all appropriate factors had been discussed and if they wanted to add anything
regarding some of the aspects, and none of them did. All of the interviews were conducted
face-to-face in an environment comfortable for the participant, and the interviews were
also tape-recorded in their entirety (30–45 min duration) and transcribed verbatim.
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Table 1. Coach demographic information.

Coach Gender of
Coach Sport Gender of Athletes Coach Experience

Coach 1 Male Cross-country skiing Male/Female Medium 3–6 years, regional/national
Coach 2 Male Cross-country skiing Male/Female Highly 6+ years, elite/international
Coach 3 Male Cross-country skiing Male/Female Little 1–3 years, local/club
Coach 4 Male Cross-country skiing Male/Female Little 1–3 years, local/club
Coach 5 Male Cross-country skiing Male/Female Medium 3–6 years, regional/national
Coach 6 Male Cross-country skiing Male/Female Little 1–3 years, local/club
Coach 7 Female Cross-country skiing Male/Female Little 1–3 years, local/club

Table 2. Examples of interview questions.

1. Physiological development: How is the correspondence between the development in cross-country skiing performance and
the physiological development of the athletes?

2. Technical development: How crucial is the technical development in cross-country skiing for performance?

3. Psychological characteristics: What mental qualities characterize the skiers with best performance-development?

4. Training and recovery routines: How do athletes balance training and recovery?

5. Athlete background: What would you say are the sports backgrounds of those with the greatest performance-progress?

6. Considerations about the effectiveness of TT initiatives: What do you consider as the success factors for a successful TT?

2.3. Data Analysis

The interviews were audio recorded and transcribed. All players were given an
identification code, C1–C7 (Coach 1–Coach 7), to provide anonymity. According to the six
steps suggested by Braun et al. [15] for qualitative analysis, the data were analyzed using the
following process: (1) transcribing, reading, and re-reading the data; (2) generating initial
codes, such as physiological and technical development; (3) applying deductive codes and
identifying lower-order themes, such as motivation within psychological characteristics;
(4) outlining of the overall topics from the data, such as training and recovery routines;
(5) reviewing and refining the subthemes and final categories; (6) writing a report and
presenting the data (p. 191). Having gone through all the data from the interviews, we
ended up with our six topics presented in the results section.

In this manuscript, rigor is considered through the meaningful coherence between the
purpose of the study, the procedure, and the findings [16]. Building on Tracy [16], we have
sought to ensure transparency by making a detailed description of the research process
and role by creating distance when reflecting and interpretating our findings. Moreover,
we have continually sought to verify and validate the analysis and provide critical interpre-
tations of the data. During the data collection, the research team discussed various results
thereby ensuring peer validity [17]. Additionally, ongoing member reflections took place
during the individual studies [16], with the intention of making sure that the descriptions
and explanations were rich, bountifully supplied, generous, and unstinting.

2.4. Performance Index

The athletes’ development of performance, physiological, and technical capacities
were measured in the laboratory as described in detail by Talsnes et al. [9]. A perfor-
mance index was developed to classify high and low responders to the six-month training
period [14]. Pre- to post-relative changes in performance measures during incremental
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running and roller-ski skating tests, in addition to average power output in a 30 s and
5 min double-poling ergometry test, were used. These four performance measures were
further summated, resulting in the performance index with cutoffs set to classify high
(n = 9), moderate (n = 3), and low responders (n = 11). Moderate responders were excluded
from further analyses to establish distinct group differences. High responders consisted of
eight men and one woman, whereas low responders consisted of six men and five women,
respectively. Furthermore, eight athletes in the high responder group and five athletes
in the low responder group had a previous sports background in running (i.e., long or
middle distance), whereas the remaining athletes in both groups had a sports background
in kayaking or rowing.

3. Results

The current investigation examined how coaches differentiated athletes with success-
ful and non-successful development in a XC skiing TT program. These are presented for
each of the interview topics below (see Table 3).

Table 3. Emerging themes and sub-categories following the process of thematic analysis.

Physiological
Development

Technical
Development

Psychological
Characteristics

Training and Recovery
Routines Athlete Background Effectiveness of Talent

Transfer Programs

-Sport-specific
physiological
capacities (5)

-Most crucial factor for
performance

development (3)
-Motivation (7) -Balance optimizing (7) -Runners positively

responders (7) -Short-term progress (7)

-Lack of development in
general physiological

capacities (5)

-Positive response to
feedback (2) -Curiosity and desire (3) -Training load

adjustment (3)

-Younger athletes
positively

responders (7)
-Positive impressions (7)

-Training developed
both sport-specific and
general physiological

capacities (1)

-Combination of
physiological and

technical capacities (7)
-Dealing with adversity (2)

-Lack of ability to adjust
training load and

training response (2)

-Rowers and kayakers’
disadvantage (2)

-Positive development,
less in XC skiing (3)

-Variation in
development of

physiological
capacities (1)

-Self-criticisms,
reflections, and
wellbeing (5)

-Adjustment of training
load challenge during

the TT program (5)

-Men positive
responders (7)

-More specific selection
criteria (3)

-Maximal oxygen
uptake (5)

-‘Extra sessions’
characterized highest

responders (1)

-More play and less
seriousness in the

beginning (2)

-Initial aerobic
endurance capacity (3)

-Catch up training not
the way to go (1)

-‘Donor athletes’ with
experience with XC

skiing (5)

-Endurance capacity of
young male runners (2) -Injuries and illness (4)

-Self-challenging
athletes more injury

days (1)

Numbers in parentheses represent number of coaches highlighting each themes/sub-category.

3.1. Physiological Development

In general, most coaches (5) stated that the greatest development was seen in sport-
specific physiological capacities (i.e., roller-ski skating and double-poling ergometry),
whereas more general physiological capacities (i.e., running) were less changed. Regard-
ing the development of general capacities, there were different opinions between the
coaches. Although, most of the coaches (4) that perceived those general physiological
capacities seemed unchanged in the entire group, one of the coaches reported that the
athletes who responded positively to the training developed both sport-specific and general
physiological capacities:

C2: ‘The ones who have a positive development, have development in all capacities I
would say. Even general physiological capacities.’

One coach points out that the development of physiological capacities for the athletes
varied, and some of them had good development also in this aspect:
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C4: ‘For some, the development of physiological capacities has been good. Others had
almost no development, while some had negative development of their physiological capacities.’

Most of the coaches (5) experienced that the highest responders had good develop-
ment in maximal oxygen uptake (VO2max), while the lowest responders had little or even
negative changes.

In addition, a high initial aerobic endurance capacity is highlighted by several coaches
(3) as one of the most important characteristics of high responders. In particular, the high
endurance capacity of the young runners, especially the men, seems to be a determining
factor for a successful transfer to XC skiing, and several of the coaches (2) point this out in
the following quotes:

C6: ‘It seems that athletes transferring from running improved more than athletes
transferring from kayaking and rowing. Also, the boys revealed better development than
the girls, together with athletes with high initial endurance capacities. The youngest
athletes had also better physiological and technical development than the older ones.’

C7: ‘It’s the former runners who developed the most . . . They had a good endurance
capacity when entering the project, and you may think that running is more comparable to
the technical patterns in XC skiing than rowing or kayaking. Thus, runners had endurance
capacities and muscular characteristics more relevant for the demands of XC skiing.’

While all of the coaches agreed that strength and endurance capacity is important in
XC skiing, they also highlight the importance of a good perception of the technical aspects
of XC skiing as crucial:

C4: ‘Several of the athletes had better physiological capacities than their Norwegian
peers, but this does not reflect their actual performance in competitions. It’s the ski
perception of skiing that matters the most and how to efficiently go on skis. They still miss
this feeling.’

C3: ‘You have to obtain a minimum level of VO2max but still, it is not necessarily the
one with highest VO2max who is the best performing skier.’

3.2. Technical Development

Three of the coaches emphasized technical development as the most crucial factor for
performance development, as outlined in the following quote from a coach:

C5: ‘It’s clear that technical development is the most important factor. The ones
who perform best in competitions are the ones in the program who have had largest
technical development.’

The coaches seem to have different opinions on the main factors associated with
technical development. Some coaches (2) consider the ability to positively respond to
feedback as the most important factor of technical development, and they highlight the
importance of a strong coach–athlete relationship in this context. They state that the ones
with the largest technical development are the ones who are constantly seeking technical
feedback from their coaches:

C6: ‘The ability to positively respond to feedback, so they can work with the things
they are instructed to the highest responders understand they have to work with the
technical tasks provided, not only for that specific session, but over a long period of time,
even the times when there is no one watching them’.

The coaches seem convinced that concurrent development of both physiological and
technical capacities is crucial for performance development in XC skiing. However, due to
the large demand for rapid technical development in athletes transferring from summer
sports to XC skiing, the coaches argue that more emphasis should be placed on the athletes’
technical capacity, to learn technique, enjoy skiing, respond well to feedback, and develop
motivation to work with technical tasks over time.

3.3. Psychological Characteristics

All of the coaches point out motivation as crucial for performance development in
the process of transferring to XC skiing, and many coaches (3) also highlight the athlete’s
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curiosity and desire to develop as important for inducing positive training responses. As
one of the coaches says:

C1: ‘Motivation, enjoyment and passion. Curiosity and the desire to develop and
become better. These are clearly characteristics of the highest responders if you are not
happy and motivated with what you are doing in life, then it doesn’t matter what you do.
If you have the best coaches, the best training program, it doesn’t matter If they don’t like
what they are doing, then it doesn’t work.’

Others (2) emphasize the ability to deal with adversity, as quoted below:
C7: ‘Maybe the lowest responders give up easier due to lack of inner passion to improve.’
C6: ‘The best athletes give it several tries before they give up; they react constructively

to feedback, and don’t give up and this motivation can be hard to maintain in this project.
That’s why the athlete’s wellbeing is highly important. To keep up their motivation.’

When asked about characteristics of the highest responding athletes, the coaches
showed many similarities in their opinions, with high motivation as a main point described
from the following statements:

C6: ‘It’s the ones who have been most motivated. The most motivated athletes do
as they are told, and you see they are more focused and have more discipline. They are
ready for training sessions early, are concentrated during the sessions, and you see that
they want to become better athletes.’

C4: ‘It’s the ones who have maintained the highest motivation, have been most
satisfied with living here in Norway, and have established a good environment and
training group.’

In addition to a high motivation, other mental capacities associated with a large
development in XC skiing were outlined, such as self-criticisms, reflections, and wellbeing:

C6: ‘The ones who are critical to themselves and to the training program we carry out
develop well. The best have always asked a lot of questions, reflect if they do things good
enough, and are constantly looking after better ways to develop the ones who doesn’t [sic]
try and fail hard, have stagnated.’

C1: ‘They see the joy in training, like the new life situation here. And their wellbeing.’

3.4. Training and Recovery Routines

The coaches also highlighted the importance of optimizing the balance between
training and recovery, of individual adjustments of training load, and of the absence
of injuries and sickness. Some of the coaches (3) perceived athletes with the greatest
performance development as the ones who were more able to adjust their training load.
Especially early in the project, one coach felt that the best responders were the ones who
made more adjustments in their training:

C5: ‘Some of the athletes were better than others at making small adjustments in their
training load. These ones probably perceived the balance between load and recovery better,
and therefore had a more positive performance development.’

Other coaches (2) perceived that there was no clear relationship between the athlete’s
ability to adjust their training load and their subsequent training response. Here, most
athletes completed the same training sessions and thus had a similar overall training load;
although, each athlete’s training response differed extensively. As coach 3 mentions:

C3: ‘I see no clear relationships between making adjustments in load and performance
development among these athletes. I feel that some of the ones who have responded
negatively to the training also have tried to do everything right, including adjustments of
load, but just without having the same training response and performance development
as others.’

Most of the coaches (5) point out that this aspect has been a challenge during the
TT program since most athletes were not familiar with making individual adjustments in
their daily training. One coach also felt this had been a challenging aspect of the entire
TT project:
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C5: ‘Either it’s us [sic] who hasn’t [sic] communicated this well enough, or it’s cultural
differences between Norway and China in the training and development of endurance
athletes which explains this challenge.’

One of the coaches felt that it was the athletes who performed ‘extra sessions’ who are
the highest responders, as pointed out in the following quote:

C2: ‘It’s like the ones who become the best are the ones you often see out on an extra
training session, the ones who dare to train a little more than the others.’

However, coach 7 has a different opinion on this:
C7: ‘On rest days, some of the athletes performed individual training sessions. These

ones are not the highest responding athletes, but the ones to strive to catch up with the rest
the best ones are normally better at recovery so it’s often the ones who are a little behind
and think they have to do some extra training between the sessions. But these ones are not
the best.’

One other factor that is pointed out as important for the athletes’ development is conti-
nuity in their training process (4). Injuries and illness can negatively influence adaptations
and performance development, and the highest responders seem to have more continuity
in their training and less injuries:

C3: ‘It’s the athletes who have continuity in their training, stay healthy and free of
injury in addition to finding the optimal balance between load and recovery which had the
largest performance development . . . ’

C1: ‘Yes, you can see that it’s the ones in the lowest responding group who have most
cases of sick days and days with injuries, that is clearly.’

One of the coaches had another take on this and claimed that the athletes who chal-
lenged themselves the most also had more injury days due to falling on the slopes:

C2: ‘but the ones with best development are also the ones that dare to challenge
themselves, and due to this, the highest responding group has some more days with
injuries as a result of falling on roller-skis/skis.’

3.5. Athlete Background

When asked about the athletes’ sports background and how this may have influenced
differences in performance development between athletes, all coaches shared the same
opinion that runners most positively responded to a XC skiing TT initiative:

C3: ‘The rowers seem to have “heavy legs” and poor development; the kayakers seem
to fit a little better, and have somewhat better development, but it’s definitely the runners
who developed the most during the six-month training period.’

All of the coaches seemed to agree that many of the oldest athletes struggled to
develop, especially technically, and seemed to have a harder time adapting new movement
patterns, as coach 7 pointed out:

C7: ‘It’s like the older ones are harder to adapt to a new movement pattern. So, it
seems to be preferable with the younger athletes. And also, mentally, the younger ones
seem to be more curious and unexperienced’.

In addition, some of the coaches (2) point out that athletes from rowing and kayaking
had more muscles and higher body mass than the runners, which could be a disadvantage
for developing as skiers. As coach 5 says:

C5: ‘You have to carry your own body weight when you are skiing, and some of them
seemed untrained they were a little bit too big, strong in the upper body, but weak in the
core and the lower parts of the body.’

Furthermore, it seems to be an agreement among the coaches that the men displayed
better development than the women. As the coaches highlight:

C2: ‘It can be the differences in gender, in how we are built. It can be the amount of
testosterone in the boys, it can be the toughness within the boys because of the testosterone,
and it can be that the girls perform better at lower intensity but struggle to develop high
top speed.’
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C5: ‘It seemed like the boys liked it better here. They were like a boy’s club who were
at a training camp here and had an awesome time together with each other both during
and between the training.’

The last quote is related to the athlete’s motivation, which was regarded as one of the
most important characteristics of high responders.

3.6. Considerations about the Effectiveness of Talent Transfer Programs

All coaches pointed out that the athletes’ development during the six-month period
had been impressive. However, the development was not linear and leveled out during
the last weeks of the project, as coach 4 points out:

C4: ‘Isolated, they have developed a lot. In the beginning, the progression curve was
steep, while now, we are finding us in a period where we have somewhat less progress
in performance.’

Coach 1 points out that even though he is satisfied with the development they have
seen, his satisfaction is limited because of the ambitious goal of the project:

C1: ‘On one side, I am very satisfied with the development the athletes have had on
skis. In a 10 km race, they came 30 min behind their Norwegian peers in the beginning,
while they are now only 2–5 min behind the same athletes today. But on the other side,
when the project has the 2022 Olympics as a goal, the athletes’ performance is far from a
level good enough for World Cup and Olympic races.’

The coaches’ impression of TT initiatives as a development model seemed to differ, but
all of the coaches pointed out many positive aspects of the TT model, and it seemed to work
pretty well, with some precautions. One coach pointed this out in the following quote:

C2: ‘It works well if you start with 2000 athletes you select from, and always narrow it
in I’m sure that when you come down to 10–20 highly motivated athletes, who work hard
and like to train, and if you work with these ones over a long period, maybe 6 to 10 years,
then I am 100% sure you would get results in XC skiing.’

Some of the coaches (3) pointed out that they think it is a good model for development
of sporting talents, but it can be a challenging approach in XC skiing because of the complex
demands of the sport. Coach 1 outlines this in the following quote:

C1: ‘The project has worked well but regarding TT and XC skiing, it’s something I
wouldn’t recommend. I think it is an advantage to have more “ski feeling” from early
stages in life.’

This is something another coach also points out:
C6: ‘They have absolutely no history with XC skiing from before, and they started

pretty late I think the transfer model would work better in some other endurance sports,
because XC skiing has so many technical aspects, so to perform well is hard I think it would
be easier to transfer their physical capacities to for example cycling or rowing.’

When the coaches were asked about what changes they would have made if they
could have started the project over again, they have different answers. Three of the
coaches pointed out that the selection process was not optimally handled, as highlighted in
the following:

C7: ‘I would have spent more time with the selection process, had more specific tests
and conducted personal interviews with each athlete, to hear their thoughts about the
project and how their motivation was.’

Two of the coaches also highlighted more playing and less seriousness in the beginning
of the project as something they would have changed in retrospect. This would have made
the skiing-specific technical aspects easier to manage for the athletes. One of the coaches
pointed this out in the following quote:

C4: ‘A little more playing on skis in the beginning. Even more than we did. In the
beginning this was forgotten, and things got a little too serious in retrospect this would
have helped them become better in downhills.’
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Another aspect pointed out is that the ‘donor athletes’ should have had more expe-
rience with XC skiing when arriving. This would have made the technical development
easier and would have made the progression faster. One coach said it as:

C6: ‘If you had taken a group that had tried skis before, maybe a group of runners for
example with some kind of experience with skiing then I would assume they would have
had better development.’

This section may be divided by subheadings. It should provide a concise and precise
description of the experimental results, their interpretation, as well as the experimental
conclusions that can be drawn.

4. Discussion

The present study examined how coaches differentiated athletes with successful and
non-successful development during a six-month XC skiing TT initiative. The main findings
were as follows: (1) The coaches experienced that a greater development of both physio-
logical and technical abilities in high responders was coupled with a superior motivation
for learning a new sport and the development process, which led to higher performance
development in XC skiing compared to low responders. (2) Athletes transferring from
running, especially men, adapted more rapidly to XC skiing and tolerated XC skiing-
specific training better. (3) The coaches were more ambiguous about the importance of the
ability to perceive and adjust training load or to deal with adversity in the development
process for differentiating high responders from lower-responding peers. (4) The coaches
considered the TT program to have potential for athlete development, although the TT
program seemed less appropriate for such a complex and technically demanding sport as
XC skiing.

As expected, all athletes improved their sport-specific performance following six
months of XC ski-specific training. However, as previously described by Talsnes et al. [14],
the coaches perceived that the highest-responding athletes concurrently improved physio-
logical capacities in both general (i.e., running) and sport-specific (i.e., roller-ski skating
and double-poling ergometry) exercise modes. Here, the coaches emphasized that high
responders especially developed their XC skiing technique more rapidly due to a higher
motivation for learning a new sport and for the development process in general leading
to a larger performance development in XC skiing, in comparison to the low responders.
This consequently influenced the ability to work hard with given technical assignments,
that involved searching for individual solutions in addition to a superior ability to react
to feedback from coaches. A vital challenge for most athletes was, however, the lack of
perception for the technical aspects related to skiing, which, according to the coaches,
limited their ability to develop as XC skiers.

In this context, the athletes’ age and gender seemed to have influenced their technical
development, as some coaches stated that the youngest male athletes in the project devel-
oped their technical capacities the most. The fact that the youngest athletes demonstrated
better technical development than the older ones corresponds with previous literature on
TT initiatives [8]. Furthermore, the fact that athletes with backgrounds in running were
most represented in the high-responder group is further supported by the findings of Tal-
snes et al. [9], which found a significantly larger sport-specific performance development
among runners than kayakers and rowers. Furthermore, this also agrees with Vaeynes
et al. [8], who pointed out that some sports are more likely to act as donor sports in TT
initiatives, and additionally, they outlined rowing and kayaking as sports that may be
more suitable as recipient sports than donor sports. Furthermore, anthropometric factors,
such as body height and weight, were highlighted by the coaches as important factors, as
runners with lower body weight developed more than rowers and kayakers with higher
body weights, which also agrees with the findings of Rees et al. [18]. Overall, the most
successful athletes of the project were able to concurrently develop their physiological and
technical capacities, which coincided with a high level of motivation for the development
process, and thereby an improved working alliance with their coach.
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These findings are supported by previous literature, emphasizing psychological fac-
tors as a main determinant of successful performance development in sports [18,19]. As
mentioned above, the coaches particularly pointed out motivation as the most important
factor associated with a successful transfer from summer sports to XC skiing over a six-
month training period. Here, the coaches related high motivation to have an influence
on several aspects among the high responders, such as a superior ability to reflect upon
their own training process and to deal with adversity. The coaches were, however, more
ambiguous on how the ability to reflect upon the training process and to deal with adversity
was different between the two groups of athletes. This might be explained by the normally
high training load expected by XC skiers [9]. Altogether, these findings are supported by
the existing literature, which highlights motivation as a key factor with influence on several
underlying mechanisms related to sports development [12,19,20].

When we asked the coaches how they considered this TT initiative as a model for
developing world-class XC skiers, the coaches had two-sided opinions on its effectiveness.
On one hand, the coaches were satisfied with the large progress of the athletes during the
six-month training period in Norway. On the other hand, all of them pointed out several
challenges with the ambitious goal of the project, developing XC skiers in such a short
period. Thus, XC skiing takes, most likely, longer time to learn and may therefore not be the
optimal sport for TT initiatives. In addition, some of the large differences in development
between athletes may have been caused by the selection process of the current TT program.
Thus, this process should have been performed in a more sophisticated manner, involving
experts in XC skiing, which could have resulted in fewer low responders, due to a selection
of younger athletes with a larger physical (including sports background) and motivational
potential for a transfer to XC skiing.

Seen in retrospect, the coaches stated that it would have been preferable if the athletes
had more experience with XC skiing before they came to Norway and started the TT
process. Lastly, the coaches would have put more focus on play and less on seriousness in
the initial phase of the project. Such aspects were suggested to have a positive influence on
the technical development in the later phases of the project, which was considered the most
crucial skill to develop within the project. Here, the coaches’ assumptions corresponded
well with previous findings on TT initiatives [8,19], as a more thorough selection process
by recruiting athletes from sports with similar physical characteristics, such as the coaches
highlighted, could have made the program more efficient in the goal of developing high-
level XC skiers.

4.1. Methodological Considerations

The present study extended upon previous findings by Talsnes et al. [14], using a
qualitative research design to provide a more holistic understanding of the underlying
mechanisms explaining successful versus less successful TT development to XC skiing.
We believe that the main strength of the study is the comprehensive amount of data. This
is supported by Martindale et al. [20] who argued that an athletic development process
should be considered in a holistic manner to gain insight into what an effective talent
development environment (TDE) is. The main limitation is related to cultural differences
and the language barrier since these aspects could lead to wrong interpretations by the
coaches. Another obvious limitation is the lack of athletes’ perspective on the TT process
in our design, which most likely would have given complementary insights into the
mechanisms explaining successful versus less successful TT to XC skiing.

4.2. Practical Implications

Conducting a TT initiative has obvious challenges for an athlete, which is particularly
related to changing from a well-known sport to a less known sport and to trying to reach an
elite level over a relatively short time. As earlier research has highlighted [6], such transfer
initiatives would be easier when there are large similarities between the donor and the
transfer sport, indicating that both athletes and coaches should highlight the importance of
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choosing a relevant transfer sport. Still, the same research has shown that psychological
factors play an important role in TT with the high quality required associated with effective
talent development. Our study confirmed the earlier studies on both these topics, indicating
that there are donor sports that seemed more physiologically suitable for recruitment to XC
skiing, even though the athletes’ psychological skills were considered additionally essential
by the coaches. Overall, the coaches in this study believed in the general concept of TT,
but they highlighted that the identification process must be performed more thoroughly
and should be based on experts in the transfer sport. These results would indicate that
TT is an aspect to consider for most sport governing bodies to supplement their talent
development process. Still, the coaching TT athletes would probably require different
approaches compared to their “normally recruited” athletes.

5. Conclusions

The assessments of coaches working with a group of summer endurance athletes
transferring to XC skiing revealed that greater development of both physiological and
technical capacities among the high-responding TT athletes were associated with higher
motivation, greater ability to perceive and adjust their training, as well as superior ability to
deal with adversity in the development process. More specifically, superior motivation for
learning a new sport and the development process leading to a higher performance in XC
skiing seemed to be key differences between high and low responders. Most of these high
responders, who also adapted faster to XC skiing and tolerated the training better than low
responders, had a background in running and were younger men. Furthermore, according
to some of the coaches, the better ability to perceive and adjust training load appropriately
might have induced higher compliance to training, and thereby larger training loads as
well as fewer injuries and less sickness, even though other coaches did not share this
opinion. The coaches agreed that superior ability to reflect upon their own training process
and deal with adversity differentiated high responders from their lower-responding peers.
In general, the coaches considered the TT program to be positive; however, successfully
transferring athletes to a world class level in a complex sport such as XC skiing requires
a multidisciplinary selection process and a longer time frame than the six-month period
used in the current project.
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Abstract: The aim of this study was to explore differences in the physical fitness and anthropometric
profiles between birth year quartiles of players attending the Australian Football League (AFL)
National Draft Combine. Date of birth, anthropometric, 20 m sprint, vertical and running vertical
jump, AFL planned agility, and 20 m Multi-Stage Fitness Test (MSFT) data were obtained for players
selected to attend the Combine between 1999 and 2019 (n = 1549; Mage = 18.1; SDage = 0.3). The
underlying density distributions of the data were visually explored using violin plots overlaid with
box and whisker plots. A multivariate analysis of variance (MANOVA) was then used to model
the main effect of birth quartile (four levels) on the physical and anthropometric scores. Results
showed that physical and anthropometric test scores did not significantly differ according to birth
quartile (V = 0.008, F = 0.880, p = 0.631). We conclude that the physical and anthropometric profiles
of high-level junior Australian Football players were similar according to birth year quartile across
the modeled period. Therefore, how players utilize their physical and anthropometric attributes
during game-play via contextualized, representative assessments, such as small-sided games, should
be considered when examining potential causes of a RAE.

Keywords: talent identification; talent development; performance assessment; relative age effect

1. Introduction

Annual age-grouping policies are common across most team sports and involve orga-
nization of athletes into defined chronological age groups. The Australian Football League
(AFL) participation pathway has two competition streams: the local participation pathway
and the talent pathway that flows into the elite competition. The local participation path-
way consists of age-grouped levels from Under (U) 10 years old to open age competition,
with the talent pathway encompassing regional and development squads, state squads at
the U14–U16 levels, and national squads at the U16–U18 levels, with players then poten-
tially selected for a professional senior club. Players identified as talented within the local
participation pathway are selected by coaches and talent managers to join their regional
team to compete in state-level competitions (see Woods [1]). The relative age effect (RAE)
is a demographic phenomenon involving a bias towards the selection of athletes born
earlier in an age group year compared to those born later in the same year [2–4]. Further,
the RAE is commonly observed in male invasion sports that require physical precocity,
such as Australian football [3,5,6], basketball [7–9], ice hockey [10–12], rugby [13–15], and
soccer [4,16–22].

Talent in sport is not dependent on birth month, though, but rather on a complex inter-
action of multifactorial performance attributes including physiological, technical, tactical,
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psychological, and sociological influences [23,24]. The RAE has been reported to occur early
in the development pathways of junior athletes in invasion sports, implying a bias towards
the selection of early maturing athletes over late-maturing talented athletes [5,25–28]. Phys-
iological growth and maturation have been proposed as the underlying mechanism for the
RAE in invasion sport development pathways [25], with the superior physicality of early
maturing players often confused as talent by coaches and talent scouts [6]. However, the
chronological age of players may have a greater impact on an athlete’s playing experience,
perceptual and motor skills, and social and psychological development, more than their
physiological maturation [29].

Additionally, in popular team invasion sports, such as Australian football, which
have a large grass-root participation base, the RAE may be amplified across key stages
of development, given the high participation rates, creating selection pressure at both
local participation and talent levels [30]. In Australian football, specifically, the RAE has
been reported within the U10-U12 competitions [6], amplifying as players are selected
into the talent pathway [5,6,28]. To mitigate the RAE within the AFL talent pathway,
two rule changes to the age-policy of National U18 draft attendees in 2003 and 2009
were implemented. While policy changes removed birth month bias in the first half of
the selection year, the RAE was still evident in the first and last quarter of the selection
calendar [28]. Selection bias also occurred at the State U16 level and likely carried through
to the National Draft level (i.e., U18), making age-policy changes at the National U18
level irrelevant [28]. In mature-aged AFL draftees (>20 years-old), birth month bias was
reversed, with 63% of mature-aged players drafted to elite AFL teams having been born in
the latter half of the year [3]. Therefore, given this known RAE in Australian football [28]
it is possible that the physical fitness and anthropometric attributes of junior (U18) talent
selected Australian football players is influenced by their birth quartile, manifesting in the
noted selection bias. This distribution is, however, yet to be examined.

Despite increased interest and proposed solutions to address the issue, researchers
acknowledge there is limited impact of research outcomes on talent selection practices [31].
Current talent selection practices within the AFL talent pathway involve coaches and
selectors inviting talent identified players to attend State and National Draft Combines.
AFL clubs then select players at the annual National Draft to join their club playing lists [32].
The annual National Draft Combine places a heavy focus on selected anthropometric
measures (i.e., height and body mass) and physical tests including 20 m sprint, vertical
and running vertical jump, AFL planned agility, and aerobic endurance, previously the
20 m Multi-Stage Fitness Test (MSFT), and now the YOYO Intermittent Recovery (IR)
2 [33,34]. Birth quartile and birth half of the selection year did not seem to have a major
impact on physical and anthropometric profiles of players drafted to the AFL following
their attendance at the National Draft Combine between 2010 and 2013 [5]. However,
birth quartile may have a greater impact on physical and anthropometric profiles of
players selected to attend the National Combine. While anthropometric and physical
fitness attributes have a role in talent selection, training, and management, there is limited
understanding of the implications of the physical profile of Australian football players
born in different birth quartiles on the RAE over an extended period within the AFL
talent pathway.

As Haycraft and colleagues [28] identified a RAE within a high-level junior sample
(U18 age group) attending the National Combine, the aim of this study was to conduct
a 20-year retrospective cross-sectional analysis of the AFL National Draft Combine. As
the National Draft Combine places an emphasis on physical performance, this analysis
would determine whether the RAE identified by Haycraft and colleagues [28] is influenced
by physical and anthropometric differences between the birth year quartiles. Given the
reported RAE within this U18 age group sample [28], we expected that physical and
anthropometric profiles would differ relative to birth year quartile.
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2. Materials and Methods

This study used a 20-year retrospective cross-sectional design to examine differences
in the physical and anthropometric profiles between male Australian footballers born in
differing age-group quartiles. Date of birth (DOB), physical fitness, and anthropometric
data were obtained for U18 players who were selected to attend the AFL National Draft
Combine (n = 1549; Mage = 18.1; SDage = 0.3; Mattendees/year = 79; SDattendees/year = 16)
between 1999 and 2019. National player data were available for all years between 1999
and 2019. Players were classified into the following birth quartiles: Q1: January–March,
N = 1396, 34%; Q2: April–June, N = 1068, 26%; Q3: July–September, N = 913, 23%; Q4:
October–December N = 694, 17%. In 2003 and 2008, changes to age eligibility policies were
imposed at the National U18 level to target the RAE of players invited to attend the AFL
National Draft Combine. Specifically, between 1999 and 2003 players were required to
turn 17 years of age by June 30, with this cut-off date shifting to April 30 in 2008. Player
birth quartiles of those attending National U18 drafts in these years were classified based
on the first month of the new age eligibility date (e.g., 2004–2008 Q1: May–July). All
players 17 years of age were excluded from analysis between 2010 and 2013, as during
these years the acquisition of these players was limited to trades, given the introduction
of two new AFL teams [28]. The study was approved by the university’s human research
ethics committee.

The following test data were provided by the AFL: anthropometric measures (standing
height (cm), Typical Error (TE) = 1.0 cm; body mass (kg), TE = 1.0 kg); 20-m sprint (s),
TE = 0.03 s; stationary vertical and running vertical jump (cm), TE = 1.4 cm; AFL planned
agility (s), TE = 0.04 s; and aerobic endurance (20 m MSFT, measured via total distance
reached, TE = 3%); with the best of three efforts recorded for all tests except the 20 m
MSFT [34,35]. The 20 m sprint was performed from a standing stationary start, with time
recorded using electronic timing gates. The vertical jump test was also performed from
a stationary start, with the running vertical jump test requiring players to take a 5 m run
up and perform three jumps off both their left and right legs. The AFL agility course was
measured via a timed trial through a course of cones positioned 5 m apart and included
three left and two right 90◦ angle turns. Aerobic endurance was measured using the 20 m
MSFT, which is a repeated 20 m interval test that progressively increases speed until players
are no longer capable of keeping pace [36,37]. All testing was conducted over a 3–4-day
period at the conclusion of the junior competition season (October) and preceded the AFL
National Draft by approximately 5–6 weeks.

Statistical Analysis

First, the underlying distribution of each assessment relative to each year was visually
inspected using overlaid density distribution plots in the ggplot2 package (Wickham, 2016)
in the R computing language (R Core Team, 2019). This step enabled us to confidently pool
the dataset. Next, to explore the underlying density distributions of the data, violin plots
with an overlaid box and whisker plot (showing the median and interquartile range, with
minimum and maximum test values as jittered points) were developed for all physical
and anthropometric tests relative to birth quartile. This analysis was completed using the
ggplot2 package (Wickham, 2016), with the plots arranged and annotated using the cowplot
package (Wilke, 2017) in the R computing language (R Core Team, 2019, Vienna, Austria).
A multivariate analysis of variance (MANOVA) was then used to model the main effect of
birth quartile (four levels) on the physical and anthropometric test scores. This modeling
was completed using the “manova()” function, with significance set α < 0.05. Pending the
outcomes of the MANOVA (noted via a significant Pillai’s Trace), univariate analysis of
variance was planned to identify which (if any) of the physical and/or anthropometric
tests differed significantly according to birth quartile.
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3. Results

Visual inspection of the density distributions of the data using the violin plots
(Figure 1) indicates that physical and anthropometric test scores do not appear to meaning-
fully differ relative to birth quartile. In support of this observation, the MANOVA did not
yield a significant Pillai’s Trace (V = 0.008, F = 0.880, p = 0.631), indicating the physical and
anthropometric profiles of players were similar across all four birth quartiles. Given this
outcome, follow up univariate analysis was not performed on the data. Mean data for the
physical and anthropometric characteristics relative to birth quartile are provided in the
online Supplementary Materials.
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4. Discussion

The aim of this study was to explore if the physical and anthropometric attributes of
players attending the AFL National Draft Combine differed according to birth quartile.
Results did not yield a significant effect of birth quartile, with all players at this U18 level
possessing a relatively homogenous physical and anthropometric profile. Therefore, it
appears that players are largely selected for the AFL National Draft Combine based on
relatively homogenized physical and anthropometric profiles, supporting previous studies
which have suggested this occurs in professional adult populations [38,39]. Therefore,
the RAE in this population may manifest in technical and tactical skills, not necessarily
physical precocity.

Several studies have investigated the prevalence of RAE within talent development
programs and elite senior competitions of invasion sports [3–5,19,40]. However, there has
been limited investigation into the physical profile differences relative to birth quartile
in Australian football. Our results indicate that, over the 20-year period, there was a
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relatively uniform physical and anthropometric profile for high-level junior Australian
football players attending the National Draft Combine. This outcome supports the earlier
work of Woods, Robertson [5] who, on a smaller sample, demonstrated that physical and
anthropometric assessments did not differ according to birth year quartile or half year in
drafted National U18 Australian football players. The RAE reported by Haycraft et al. [28]
may, therefore, be the result of other factors that influence player performances, such as
the technical and tactical skills needed to compete within Australian football [29], rather
than physical capabilities. Taken together these data imply that, in late adolescence, early
maturing athletes may not be able to maintain their physical advantages–an observation
seen in soccer [37] and rugby league [13,14]. This outcome is in contradiction to several
studies showing that athletes born early in a selection year are more biologically mature
than those born later in the same year, with substantial differences in body size, height,
strength, and power, and who may, therefore, possess an advantage during physical
testing [5,28,33]. Physical and anthropometric profiles may only assist players in gaining
initial access into the talent development pathway [26,28,41], with the RAE manifested by
other domain-specific attributes at later stages in development. Future work in Australian
football should ascertain more contextual information on how players utilize their physical
and anthropometric attributes during game-play (e.g., winning the ball in a tight position
and then breaking clear from the pack) to explain the observed RAE.

While the AFL National Draft Combine provides a detailed assessment of the physical
and anthropometric qualities of talented U18 players [34,42], they are limited in their
contextualization. This shortcoming has been highlighted by Bonney, Berry [43] who
proposed that isolated, decontextualized laboratory assessments provide information on
movement patterns or physical capabilities, but do not identify the proficiency of a player’s
skill under match conditions within Australian football. To better understand the impact of
RAE on talent development and selection in Australian football, contextualized and more
representative tests should be considered, such as small-sided game assessments [44,45].
The likely benefit of incorporating such assessments is the integration of both physical
and technical components in game-like contexts [36,43]. Future work should investigate
whether incorporating a small-sided game assessment into the Australian football and
other sporting talent pathways mitigates the RAE on talent development and selection [28].

While this study examined the influence of physical and anthropometric profiles on
RAE at the National Draft Combine over a substantial time period, the outcomes should
be considered with respect to limitations. A key limitation of the current study is the
representativeness of the cohort analyzed. We acknowledge that the athletes assessed at
the National Combine are selected to attend this event by coaches and selectors. Therefore,
there is potential for an inherent bias within the sample based on how the players were
invited to participate in the testing Combine. Further, while not a specific aim of this study,
future research should examine whether the current findings are replicated between the
local competition levels (i.e., U12′s to U18′s), and the entry levels of the talent development
pathway (i.e., State U15’s and U16′s). This work will establish whether players who do not
exhibit a physical profile within the associated bandwidths are discriminated against in
relation to selection for more high-level talent development programs.

5. Conclusions

This study examined the physical and anthropometric profiles of high-level junior
Australian football players attending the AFL National Draft Combine according to birth
year quartile over a 20-year period. There were no significant differences in the physical
and anthropometric profiles across the birth year quartiles, despite there being a known
RAE across the same cohort. Therefore, it appears that players are selected for the AFL
National Draft Combine based on relatively homogenized physical and anthropometric
profiles, and that the RAE is influenced through other aspects of performance, such as
technical and tactical skill. We recommend that future work examines the performance of
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players attending the National Combine via contextualized, representative assessments,
such as small-sided games, when examining potential causes of a RAE.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10.3
390/sports9080111/s1, Table S1: Physical and anthropometric characteristics of players relative to
birth quartile.
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Abstract: Relative age effects (RAEs) appear consistently prevalent throughout the youth basketball
literature. However, the selection into and successful transition out of a national talent pathway in
basketball is yet to be explored. Thus, the primary aim of this study was to explore the influence
of relative age, gender, and playing time based on the selection into the Regional Talent Hubs and
Basketball England youth teams (U16, U18, and U20) and the successful transition into the England
National Senior Teams. Participants who were selected into the male (n = 450) and female (n = 314)
Basketball England Talent Pathway were allocated into one of three cohorts: (a) Regional Talent
Hubs (U12 to U15; n = 183), (b) England National Youth Teams (U16, U18, and U20; n = 537), and (c)
England National Senior Teams (n = 44). A chi-square test was used to compare the birth quarter
(BQ) distributions of each cohort against the expected distributions, with a Cramer’s V (Vc) used
to interpret effect sizes. Odds ratios (OR) and 95% confidence intervals were also calculated to
compare the likelihood of each BQ being represented. Males revealed significant RAEs across both
the Regional Talent Hubs (p < 0.001, Vc > 0.29, OR = 10) and England National Youth Teams (p < 0.001,
Vc > 0.17, OR = 3.1). In comparison, females only had significant RAEs in the Regional Talent Hubs
(p < 0.001, Vc > 0.29, OR = 2.3). Despite RAEs being prevalent throughout youth levels, there were
no significant differences in the BQ distribution based on playing time and those who made the
successful transition to the England National Senior Teams. These findings demonstrate the potential
mechanisms of RAEs in basketball, as well as the impetus to explore more equitable competition
structures within the England Basketball Talent Pathway.

Keywords: talent identification; talent development; athlete development; expertise; sports coaching;
growth and maturation

1. Introduction

Achieving expertise in basketball is a complex and multidimensional process [1]. For
instance, a diverse sporting background during childhood [2], high jump and fast sprint
capabilities [3], and advanced achievement and competitiveness motivation [4] have all
been revealed as contributing factors towards greater long-term player development in
basketball [5]. However, despite these multiple factors, senior professional and interna-
tional basketball players must often acquire one common characteristic if they are to be
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selected: being tall [6]. For example, although the national average height for an American
adult male is 5 ft 9 in (180 cm; [7]), the average height for a male professional basketball
player competing in the National Basketball Association (NBA) is 6 ft 6 in (201 cm; [8]).
Similarly, females competing in the Women’s NBA (WNBA) are on average taller (6 ft;
183 cm; [9]) when compared with the average American adult female national norm (5 ft
4 in; 165 cm; [7]). Taller players can have an advantage in basketball due to their shots
travelling less distance to the basket, they start closer to the rebound, and their ability to
reach higher into the air offers a greater opportunity of blocking shorter players’ passes and
shots [10]. Since being taller can offer advantages in senior professional and international
basketball competitions, it may also have important implications on talent identification
and development processes in youth basketball [6].

Common selection and participation biases in youth sport are based on relative age
effects—RAEs [11]. Relative age effects are based on a concept that demonstrates how
youth athletes who are born at the beginning of a (bi)annual age group (e.g., under-16,
under-18, and under-20) are more likely to be selected and/or participate in youth sport
compared with their relatively younger peers [12]. For example, in their systematic review
of 57 studies across a range of sports, Smith et al. [13] revealed 25% more female athletes
born in the first birth quarter (BQ1; January, February, and March) of an annual age
group were selected and/or participated in youth sport compared with those born in
the last BQ (BQ4; October, November, and December). A possible explanation for this
overrepresentation of relatively older athletes is due to the physiological and psychosocial
advantages of being born earlier [14]. In basketball, for instance, height, body mass,
running speed, and explosive power are important factors for greater performance [15],
and these can be greatly affected by relative age [16]. In a systematic review of nine studies,
de la Rubia et al. [17] demonstrated that RAEs had a significant impact on basketball
performance, particularly within males and at formative ages (14–18 years). Since there
appears to be a reliance on advanced physiological and anthropometrical characteristics
for greater selection opportunities and performance levels in basketball, these factors may
fortuitously exacerbate RAEs in youth settings [18].

Pronounced RAEs in youth basketball have been previously reported in various
mixed-gender case studies from Brazil [19,20], France [21], Germany [22], Japan [23], North
America [24], Poland [25], Portugal [26], and Spain [27]. The prevalence of RAEs has
also been revealed in international competitions, such as the Olympic Games [28], World
Championships [29], European Championships [30], and the Adidas Next Generation
Tournament (the top European competition for under-18s; [31]). As an example, Arrieta
et al. [32] found a significant overrepresentation of those born earlier in the selection
year, as well as an association between relatively older age and performance outcomes
(e.g., increased playing time), during the under-16, under-18, and under-20 International
Basketball Federation (FIBA) European Championships. Further research has suggested
competition level, age, and gender are important considerations when examining who is
at risk of RAEs. For instance, García et al. [33] found weaker RAEs in the female youth
FIBA World Championships compared with their male equivalents. Furthermore, they
illustrated how RAEs decreased with older age, whereby they were highest in the under-17
competition, slightly less but also significant in the under-19 competition, and insignificant
in the under-21 competition. Together, these findings highlight the importance of exploring
a nation-specific context, as well as considering the influence of competition level, age,
gender, and performance outcomes as contributing sources of RAEs in youth basketball.

Although RAEs are common throughout youth sport and especially in team sports,
findings at senior levels appear mixed. On the one hand, some research in basketball has
reported knock-on effects of RAEs during adulthood [34]. For instance, López de Subijana
and Lorenzo [27] revealed long-term success at the senior professional level in Spanish
basketball (e.g., BQ1 30% vs. BQ4 19%) was due to a relative age bias in selection at
youth level (e.g., BQ1 38% vs. 9%). On the other hand, however, some literature has
highlighted no RAEs at the senior professional level when compared with their youth
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cohorts (e.g., [35]). In the context of basketball, no RAEs were demonstrated at the senior
international level in athletes who participated in the Olympic Games of London 2012 [36],
and Rio de Janeiro 2016 [28]. In fact, reversal effects of relative age (e.g., [37]) or an underdog
hypothesis [38] have been reported during the transition from youth levels to senior status
in some team sports. For example, Kelly et al., [39] demonstrated potential late birthday
benefits in soccer through the lens of the underdog hypothesis, whereby those born in
BQ4 were approximately four times more likely to achieve a professional contract once
selected into a youth academy compared with those born in BQ1. In sum, the variabilities
in the outcomes at the senior level suggest RAEs may be associated with a combination of
socio-environmental factors and sport-specific performance demands [40]. Interestingly,
however, it appears the transition from youth level to senior representation in international
basketball is yet to be explored. In doing so, it may offer further evidence of RAEs, while
also depicting the effectiveness of existing talent identification and development processes.

Basketball England has participated in male and female international youth compe-
titions at under-16, under-18, and under-20 age groups for over two decades. The main
aim of these national youth teams is to develop and prepare young players for the senior
Basketball England teams [41]. More recently, Basketball England created a pool of ten
Regional Talent Hubs as an entry level into their Talent Pathway. The main purpose of these
Talent Hubs is to identify talented young players aged 11 to 15 years, and offer them the
greatest opportunity to develop towards the national teams in the future [42]. Despite the
range of literature exploring the talent identification and development processes in youth
basketball, the selection into and successful transition out of a national talent pathway in
youth basketball is yet to be explored across both male and female cohorts. As such, the
first aim of this current study was to explore the BQ distribution of the male and female Re-
gional Talent Hubs (i.e., under-12 to under-15) as the entry level to the Basketball England
Talent Pathway. Next, the BQ distribution of the male and female England National Youth
Teams (i.e., under-16, under-18, and under-20) was analysed. Further analysis explored
the BQ distribution of those who successfully transitioned from these England National
Youth Teams to the male and female England National Senior Teams. Lastly, to test the
competition opportunities once participants were selected for the England National Youth
Teams and England National Senior Teams, differences between the average number of
minutes played per game between BQs were compared. Based on the pre-existing literature,
it was hypothesised that there would be an overrepresentation of relatively older players
who played more minutes at youth levels. In comparison, it was hypothesised that there
would be no RAEs at senior levels.

2. Methods
2.1. Sample and Procedures

The sample comprised of 764 participants who were selected into the male (n = 450)
and female (n = 314) Basketball England Talent Pathway. Participants were allocated into
one of three mixed-gender cohorts based on their playing level: (a) Regional Talent Hubs
(under-12 to under-15; n = 183), (b) England National Youth Teams (under-16, under-18, and
under-20; n = 537), and (c) England National Senior Teams (n = 44). Prior to 2016, the home
nations of England, Scotland, and Wales held FIBA licences individually and competed in
European competitions as England, Scotland, or Wales. As a result of an Olympic legacy
agreement, the three home nations gave up their individual licences with Great Britain
Basketball holding the licence for senior competition, which accordingly meant that the
under-16, under-18, and under-20 teams came together and competed internationally as
Great Britain rather than individual nations (i.e., England). Thus, those selected after 2016
may have represented Great Britain rather than England at youth and senior levels in
certain competitions (e.g., Olympic Games), although Basketball England still competes
in other competitions (e.g., Commonwealth Games). Male and female cohorts were also
analysed independently in order to investigate gender-specific contexts. Participants from
the Regional Talent Hubs were registered during the last three seasons since their inception
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(2017/18, 2018/19, and 2019/20). Participants from the England National Youth Teams
were selected for the under-16, under-18, and/or under-20 age groups during the last
20 years (2000 to 2020) since data collection began. Participants from the England National
Senior Teams only included those who were previously selected for the England National
Youth Teams in order to explore the selection into and successful transition out of a national
youth development programme. Data were provided to the research team by Basketball
England in an attempt to better understand their existing organisational structures, which
is part of an ongoing collaboration.

This methodology divided the year into four three-month BQs in accordance with
each respective cohort’s selection cut-off date. Thus, international regulation age group
cut-off dates were applied, with the 1st of January as month 1 and 31st December as month
12 (e.g., [43]). Each participant was subsequently assigned a BQ corresponding to their
birthdate to create an observed BQ distribution within each of the cohorts. The observed
BQ distributions from each cohort were compared against the expected BQ distribution
calculated from average national live births (i.e., National Norms applied from the Office for
National Statistics [ONS], 2015). In addition, the average number of minutes played across
the England National Youth Teams and England National Senior Teams were analysed to
test the competition opportunities between BQs. This study was ethically approved at both
organisational (Basketball England) and institutional (Birmingham City University) levels.

2.2. Data Analysis

A chi-square (χ2) goodness of fit test was used to compare the BQ distributions of each
cohort against the expected BQ distributions (ONS, 2015), following procedures outlined
by McHugh [44]. Since this test does not reveal the magnitude of difference between the
BQ distributions for significant χ2 outputs, a Cramer’s V (Vc) was also used. The Vc was
interpreted as per conventional thresholds for correlation, whereby a value of 0.06 or more
indicated a small effect size, 0.17 or more indicated a medium effect size, and 0.29 or more
indicated a large effect size [45]. Odds ratios (ORs) and 95% confidence intervals (CIs) were
calculated in order to compare the likelihood of each BQ being represented (CIs including
one marked no association). In addition, the differences between the average number of
minutes played per game across each BQ were analysed using a one-way ANOVA. Results
were considered significant for p < 0.05.

3. Results

There was a significant difference between the BQ distributions of the Regional Talent
Hubs compared with the National Norms for the male, female, and combined cohorts
(p < 0.001), with large effect sizes (Vc > 0.29). The ORs showed an increased likelihood of
relatively older players being selected, with the highest OR being BQ1 vs. BQ4 (ranging
from 2.27 to 9.98). Similarly, there was a significant difference between the BQ distributions
of the England National Youth Teams compared with the National Norms for the male
and combined cohorts (p < 0.001), with medium effect sizes (Vc > 0.17). The ORs showed
an increased likelihood of relatively older players being selected, with the highest OR
being BQ1 vs. BQ4 (ranging from 2.11 to 3.07). However, there were no significant
differences between the BQ distributions of England National Youth Teams compared with
the National Norms for the female cohort (p = 0.153). Moreover, there were no significant
differences between the BQ distributions of the England National Senior Teams compared
with the National Norms for the male, female, and combined cohorts (p = 0.35). Table 1
and Figure 1 show the χ2 analysis and BQ distributions, respectively. Lastly, the ANOVAs
for the England National Youth Teams (F(1.529) = 0.071, p = 0.79) and the England National
Senior Teams (F(1.42) = 0.095, p = 0.76) revealed no significant differences between the
average number of minutes played across BQs.
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Table 1. BQ distributions compared with National Norms (ONS, 2015) with chi-square analysis and BQ1 vs. BQ4 analysis.

Pathway Cohort BQ1 BQ2 BQ3 BQ4 Total χ2 (df = 3) p Cramer’s
V

BQ1 vs. BQ4 OR
(95% CI)

Regional Talent
Hubs Male 40 28 16 4 88 32.338 <0.001 0.43 9.98 (3.05; 32.59)

Female 38 29 14 14 95 17.365 <0.001 0.3 2.27 (1.18; 6.23)
Combined 78 57 30 18 183 47.052 <0.001 0.36 4.33 (2.25; 8.32)

England
National Youth

Teams
Male 129 101 65 42 337 52.105 <0.001 0.28 3.07 (1.94; 4.85)

Female 51 62 44 43 200 5.264 0.153 0.11 1.18 (0.64; 2.08)
Combined 180 163 109 85 537 44.858 <0.001 0.2 2.11 (1.49; 3.00)

England
National Senior

Teams
Male 6 9 7 3 25 3.264 0.35 0.26 1.99 (0.34; 11.71)

Female 5 5 6 3 19 1.095 0.778 0.17 1.66 (0.14; 4.59)
Combined 11 14 13 6 44 3.806 0.283 0.21 1.83 (0.92; 6.68)

Figure 1. Regional Talent Hubs, England National Youth Teams, and England National Senior Teams BQ distributions.

4. Discussion

The main purpose of the current study was to explore the influence of RAEs through-
out the Basketball England Talent Pathway according to gender. Key aims included the
analysis of: (a) the BQ distributions of the Regional Talent Hubs (i.e., under-12 to under-
U15) as an entry level into the Basketball England Talent Pathway, (b) the BQ distributions
of the England National Youth Teams (i.e., under-16, under-18, and under-20), (c) the
BQ distributions of those players who successfully transitioned from England National
Youth Teams to the England National Senior Teams, and (d) the BQ distribution differences
of the England National Youth Teams and England National Senior Teams based on the
average number of minutes played. Key findings revealed RAEs were prevalent across the
Regional Talent Hubs in both males and females, whereby BQ1s were up to ten times more
likely to be selected compared with BQ4s. However, the BQ distributions across the Eng-
land National Youth Teams were only significant in males. When exploring the youth- to
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senior-level transitions and the average number of minutes, the results show no differences
between the BQ distributions in both males and females. In sum, the results of this study
help to better understand the potential mechanisms of RAEs, as well as providing the
impetus to explore more equitable selection and competition structures within the England
Basketball Talent Pathway. As such, this discussion will attempt to offer considerations
to reflect upon when designing implementing, and evaluating organisational structures
in youth basketball, including: (a) gender, (b) age and competition levels, (c) youth- to
senior-level transitions and playing time, and (d) proposing potential relative solutions
and alternative group banding strategies.

According to gender, the impact of RAEs was greater in males compared to females,
particularly in the England National Youth Teams and England National Senior Teams.
In this regard, several studies revealed stronger RAEs in male youth sports compared to
females [33,46]. The latest Sport England data show 26% of people aged 16+ years who play
basketball regularly are female. Thus, similar to other sport contexts, English basketball
comprises of lower participation in females compared to males [41]. As a result, the number
of English teams and leagues is also lower (males = 99 teams, 9 leagues; females = 26 teams,
2 leagues), while the male top league is professional (i.e., players are salaried full-time)
whereas the female top league is not. Therefore, a lower number of active players [13],
and a lower depth of competition [47] could initially explain why these results showed
a weaker prevalence of RAEs in females. Moreover, diverse developmental dynamics at
puberty [48], an accelerated stabilisation of conditional-biological differences [32], and a
variation in game demands [49] may have also contributed to weaker RAEs in females.
Notwithstanding, RAEs in females are present in the Regional Talent Hubs. Accordingly,
Smith et al. [13] revealed a higher relative age magnitude in female sports contexts among
players aged 12 to 14 years. Furthermore, Delorme and Raspaud [21] observed significant
RAEs in all youth categories of French female basketball players aged from 7 to 17 years,
which appears more pronounced during puberty. These findings demonstrate that the
current understanding of the mechanisms that explain RAEs in female players still needs
to be improved.

The presence of RAEs decreases along the England Basketball Talent Pathway, which
coincides with an increase in age and competition level. As in other talent identification and
development systems (e.g., [50]), the physical and anthropometric advantages of relatively
older players tend to reduce as the chronological age of the player increases. Thus, the
selection processes may gradually become less affected by RAEs to the detriment of other
factors, such as sport-specific skill level [51]. Nevertheless, and especially in basketball,
factors such as height [25] or years at peak high velocity [52] are considered determinants
in participation and competition performance, favouring relatively older players due to
possible greater maturational development. On the other hand, however, it seems that a
larger pool of potentially eligible basketball players at the senior levels would allow the
recruitment methodology to solve itself [53]. Furthermore, the selection and re-selection
processes at high-performance levels (e.g., talent pathways) have undergone significant
changes in recent years, balancing the presence of relatively older and young players
(e.g., [20,54]). In addition, Kalén et al. [30] demonstrated that relatively young players
were 20–25% more likely to be reselected until age 20 than relatively older players due
to initial selection age and long-term performance. Overall, it appears RAEs reduce with
age and competition levels in high-performance basketball settings across both genders.
Moving forward, selection processes should aim to recruit players based on their potential
to achieve expertise in the long-term rather than focusing on individual and collective
performance levels in the short-term.

Given the number of studies analysing the relative age phenomena in basketball,
the information focused on the consequences of (bi) annual age group selection and
performance is limited. Key findings showed the overrepresentation of relatively older
players at youth levels did not translate into RAEs at senior levels or more minutes played
for these players. More specialised sport contexts [55] and higher training levels [56] would

454



Sports 2021, 9, 101

imply an adjustment in the performance of players participating in talent pathways. Thus,
players born at the end of the selection year would have the opportunity to overcome
initial disadvantages (e.g., poorer access to training facilities, less expert coach support,
and lower playing time among quality players), which may help them to acquire superior
sport-specific skills compared with those born at the beginning of the selection year [39].
This reversal effect of relative age [37] or underdog hypothesis [38] may subsequently lead
to higher performance levels for relatively younger players in the long-term. For instance,
psychological characteristics, such as resilience, would help to reduce the differences caused
by RAEs. Moreover, experiencing more stressful [57] or traumatic situations [58], greater
effort in the learning process [59], training in pressurised conditions [60], and playing
matches with higher levels of achievement [61] are factors that are often present in the
sport transition processes of relatively younger players. Indeed, these experiences could
enhance their performance capabilities in the long-term and, thus, increase the increased
likelihood of successfully transitioning to senior levels or the number of minutes played.
Furthermore, relatively younger players could suffer fewer injuries due to a low exposure
to competition at formative ages, which could reduce their dropout rate and allow them to
reach high-performance levels in the long-term [62]. On the other hand, however, those
relatively younger players who are selected may be advanced in their maturation status
and, thus, may have the physical skill set required in order to compete with their relatively
older peers (e.g., [63]). Indeed, this may be why minutes played across the BQs were
equally distributed. Overall, this study provides a relevant contribution in guiding the
actions of coaches, clubs, and governing bodies to mitigate age unbalances in order to
reduce the influence of RAEs. Further research is required to better understand the impact
of RAEs on long-term performance, participation, and personal development outcomes to
substantiate these suggestions.

4.1. Practical Implications and Future Research

Since there appears to be pronounced RAEs throughout the Basketball England Talent
Pathway, it is important to consider possible relative age solutions and offer directions
for future research. In the context of soccer, Mann and van Ginneken [64] designed an
age-ordered shirt numbering system by providing stakeholders with the knowledge that the
numbers on individuals’ playing shirts corresponded with relative age. Bennett et al. [65]
recommended a selection quota, whereby stakeholders endorse policies that ensure clubs
select a minimum number of players from each BQ. Tribolet et al. [66] proposed avoiding
early deselection by encouraging stakeholders to avoid releasing players at young ages to
ensure they have continued exposure to practice, competition, and resources without the
option of being deselected. Romann et al. [67] suggested clubs and governing bodies
should delay the selection process preferentially until post-maturation in order to make
more fair and accurate decisions based on potential and negate the possible drawbacks of
early specialisation. Grossmann and Lames [68] advised governing bodies to include the
relative age phenomena into coach education, with the purpose of enhancing knowledge and
understanding of RAEs as part of coaches’ formal coaching courses and/or training. Kelly
et al., [39] conceptualised a flexible chronological approach, whereby early birth quartiles (i.e.,
BQ1s) and late birth quartiles (i.e., BQ4s) should be offered the opportunity to “play-up”
(e.g., [69,70]) and “play-down” annual age groups, respectively. Kelly et al. [54] introduced
birthday-banding, in which young athletes move up to their next birthdate group on their
birthday with the aim to remove particular selection time points and specific chronological
age groups. However, despite this range of possible relative age solutions, they are yet
to be empirically evaluated in a basketball setting. As such, future research is required to
explore the practical implications of these strategies within a youth basketball context.

The literature on alternative grouping strategies to moderate RAEs is limited when
compared with the body of research demonstrating its prevalence. Moreover, where
proposed grouping strategies have been suggested, little evidence has documented their
effectiveness or directly implemented those strategies [71]. A useful strategy that may
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be utilised in basketball could be from the organisational policies incorporated in youth
American football. More specifically, contrary to many other youth team sports, previous
research has identified no RAEs in American football, which may lend credibility to the age
and anthropometric bandings that are often employed to group their players (e.g., [72,73]).
Another recent grouping approach that has produced promising results in youth soccer
is bio-banding, which groups young players based on anthropometric and maturational
status (see [74]). For instance, during their maturity-matched soccer competition, Bradley
et al. [75] demonstrated how later-maturing players believed the bio-banded games offered
greater opportunities to express themselves, adopt positions of leadership, and have a
more important influence on gameplay. In comparison, early maturing players believed
the bio-banded games were more physically and technically challenging. Both age and
anthropometric and biological bands appear to systematically address one of the key
mechanisms of RAEs, whereby relatively older athletes may have an advanced maturity
status [14]. However, it is important to consider how these may look in the context of youth
basketball, while the interaction effect of relative age and maturational status requires
further study. Indeed, current studies have primarily focused their attention on academy
soccer, thus, it is difficult to fully interpret how it will be conveyed within a basketball
setting that is comprised of diverse talent development systems. Overall, although these
banding approaches remain unproven in their impact on RAEs, an introduction to grouping
players by height, weight, and/or some maturational variables may prove beneficial in
moderating RAEs in youth basketball and, thus, warrants further research.

4.2. Limitations

It is important to consider the limitations of this study when interpreting its findings.
First, playing position was not included because these data were not available. Previous
research into playing position in basketball has shown a greater prevalence of RAEs in the
guard position, whereas the centre position appears less affected [31]. Thus, it is important
to consider playing position in future research to better understand who is more vulnerable
to RAEs throughout respective talent pathways. Second, only one appearance for the
England National Youth Teams and the England Senior National Teams were required to be
included in this study. Since some players may have competed in considerably more games
at both these levels, performance outcomes and career duration should be considered in
future studies to examine the implications of RAEs on long-term development outcomes.
Lastly, only within-1-year effects were explored based on annual competition cycles (i.e.,
BQ1 to BQ4), whereas constituent year effects based on biannual cycles (i.e., BQ1 to BQ8)
as the national youth competition is organised were not measured. Previous research has
shown how constituent year effects can impact opportunities to be selected into talent
development pathways in basketball [22], thus, further study examining the impact of
biannual age grouping is warranted.

5. Conclusions

It is evident that there is a complicated relationship between the BQ a player is born
in, their opportunities to be selected into the Basketball England Talent Pathway, and their
likelihood of successfully transitioning to senior levels. Key findings showed how RAEs
were prevalent across the Regional Talent Hubs in both males and females, although they
were only significant across the England National Youth Teams in males. When exploring
the youth- to senior-level transitions and the average number of minutes played, the results
show no differences between the BQ distributions in both males and females, suggesting
possible reversal or underdog effects. Since there appears to be RAEs throughout the
Basketball England Talent Pathway, researchers and practitioners are encouraged to work
collaboratively to design, implement, and evaluate relative age solutions and alternative
grouping strategies to create more equitable opportunities in youth basketball.
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Abstract: Background: In football, annual age-group categorization leads to relative age effects
(RAEs) in talent development. Given such trends, relative age may also associate with market values.
This study analyzed the relationship between RAEs and market values of youth players. Methods:
Age category, birthdate, and market values of 11,738 youth male football players were obtained
from the “transfermarkt.de” database, which delivers a good proxy for real market values. RAEs
were calculated using odds ratios (OR) with 95% confidence intervals (95%CI). Results: Significant
RAEs were found across all age-groups (p < 0.05). The largest RAEs occurred in U18 players (Q1
[relatively older] v Q4 [relatively younger] OR = 3.1) ORs decreased with age category, i.e., U19
(2.7), U20 (2.6), U21 (2.4), U22 (2.2), and U23 (1.8). At U19s, Q1 players were associated with
significantly higher market values than Q4 players. However, by U21, U22, and U23 RAEs were
inversed, with correspondingly higher market values for Q4 players apparent. While large typical
RAEs for all playing positions was observed in younger age categories (U18–U20), inversed RAEs
were only evident for defenders (small-medium) and for strikers (medium-large) in U21–U23 (not
goalkeepers and midfielders). Conclusions: Assuming an equal distribution of football talent exists
across annual cohorts, results indicate the selection and market value of young professional players
is dynamic. Findings suggest a potential biased selection, and undervaluing of Q4 players in younger
age groups, as their representation and market value increased over time. By contrast, the changing
representations and market values of Q1 players suggest initial overvaluing in performance and
monetary terms. Therefore, this inefficient talent selection and the accompanying waste of money
should be improved.

Keywords: talent selection; talent development; return of investment; market value; drafts

1. Introduction

During childhood and adolescence, young football players are categorized by annual
age groups. However, the chronological age gap of up to 12 months between players
born in early (January) and late (December) in the year leads to substantial differences
in performance and biased talent selection decisions [1,2]. The result of participation or
selection bias, specifically the overrepresentation of chronologically older soccer players
within one age category, is called relative age effects (RAEs). RAEs have been shown to
affect talent development systems in a wide range of team and individual sports, e.g.,
ice hockey, football, swimming, tennis, in both females and males from 4 years of age
to adulthood [2,3]. Relatively older children within annual cohorts are more likely to
be selected in talent development teams, with selection commensurate with additional
training, and access to higher quality coaching likely leading to accumulated performance
advantages [4,5]. By contrast, the relatively younger children are underrepresented, are less
likely to be selected to talent development systems, and are more likely to withdraw from
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the sport [6–8]. Interestingly, research has subsequently shown how relatively younger
players, who are selected for a talent development system, actually have a greater chance
of becoming a professional player than their relatively older counterparts [9]. Such obser-
vations have become synonymous with the proposition of a “underdog hypothesis” [10].
In talent development contexts, late-born players have been shown to be more likely to
achieve senior professional status, as they may benefit more from competitive play with
their older counterparts [10–12]; that said multiple factors and processes may contribute to
the outcome. Furthermore, a study of German professional soccer players has shown that
players born late (Q4) had systematically higher wages than their fellow Q1 players [13].

For football clubs, the capability to accurately identify athletic potential, and recruit
potential, in the early stages of development has several organisational benefits [14]. Given
how athletic talent can influence team achievements, being able to secure athletic potential
can have performance benefit [15]. That said, research which examines the hiring decisions
in professional sports, recognized the difficulty of being able to accurately identify youthful
talent, which may lead to future performance productivity [16].

In addition to the traditional assessment methods of talent scouts, fans and football
experts have established a large online community called “transfermarkt.de”. Transfer-
markt.de assesses the market value of professional footballer players at an age range from
U15 to retirement. The community has become the main source for reporting on market
values [17,18]. From an economic perspective, the aim of many professional football clubs
is to buy undervalued players to achieve both higher performance and higher returns on
investment [18]. Moreover, a rapidly growing body of literature emphasizes the impor-
tance of collective judgements for assessing actual and future values [17,19]. Recent studies
showed that the variance of actual transfer fees paid (for players) in the German Bundesliga
can almost entirely be explained (R2 = 0.90) by the market values reported on transfer-
markt.de [17]. Current literature suggests that player market values on transfermarkt.de
are good proxy estimate indicators of current as well as future players’ real market values
and will, therefore, play an increasing role in talent recruitment, sports economics and
talent development [17,19].

Given the relevance of RAEs and market values for professional soccer clubs this
study had two objectives. The first objective was to identify the presence of (changing)
RAEs in professionally contracted players across the developmental to professional years
(e.g., 18–23 years of age). The second objective was to assess the relationship between RAEs
and player market values (as indicated on Transfermarkt) and whether age-group and
playing position moderated the relationship.

2. Materials and Methods
2.1. Participants

Participants were n = 11,738 players included in this study. Inclusion criteria were
2000 players with the highest market valuein every age categories from U18 to U23. In the
U18 category all 1738 listed players were analysed (Table 1).

Table 1. Subject characteristics per age category.

under
(U) n Age

(Years)
Height

(cm) Market Value (€) n
(Clubs)

n
(Countries)

18 1738 17.4 ± 0.5 180.0 ± 7.0 326,252 ± 1,878,569 941 98
19 2000 18.6 ± 0.3 180.6 ± 6.8 399,588 ± 1,957,796 1149 105
20 2000 19.6 ± 0.3 180.5 ± 7.0 853,200 ± 4,360,673 1140 110
21 2000 20.6 ± 0.3 180.6 ± 6.9 1,255,337 ± 4,761,941 1118 118
22 2000 21.6 ± 0.3 180.6 ± 6.8 1,367,525 ± 6,070,609 1119 119
23 2000 22.6 ± 0.3 180.8 ± 6.9 1,968,675 ± 5,863,952 1077 117

Total 11,738 20.1 ± 1.7 180.6 ± 6.9 1,043,561 ± 4,552,652 2861 153
Note: Data presented as mean ± the standard deviation or frequency (n).
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Data were provided by the owner of the open-source football database transfer-
markt.de, with permission to anonymously analyse and publish the results. All data were
extracted on 17 July 2020 and included current data of players age, height, market value,
club and nationality. The website provides independent estimates of players’ market value
and is regularly updated (last update in March 2020) by more than 190,000 professional
and non-professional individuals with the approval of Transfermarkt.de experts [17,20].
Transfermarkt.de has been used in several previous studies [20–23], and has been shown to
be a valid and useful database for game performance indicators and market values [17].
Data exported for this study included birthdate, market value, nationality, club and playing
position. The study was pre-approved by the institutional review board of the Swiss
Federal Institute of Sport Magglingen (Reg.-Nr. HLP-2021-131) and is in accordance with
the Declaration of Helsinki.

2.2. Procedures and Data Analysis

The cut-off date for age group selections in international football in all countries and
according to FIFA rules is 1 January. Players were categorized into four relative age quarters
(Q) and two relative age semesters (S) according to their birth month, independently of
birth year (i.e., S1 = January to June; S2 = July to December and Q1 = January to March;
Q2 = April to June; Q3 = July to September; and Q4 = October to December). Due to the
multi-nation sample (n = 152) within the current investigation, potential national differences
in birth rates per month could not be taken into consideration which has to be considered
as a limitation. Therefore, equal distribution of births across all months and years was
assumed for the expected birth distribution of the general population [1,5]. The following
age categories were analysed for their relative age distributions: U18 to U23. RAEs were
calculated using odds ratios (OR; Q1 vs. Q4) with 95% confidence intervals (95%CI). The
OR was interpreted as an effect size as follows: we assumed a significant RAE if the CI did
not include 1 and interpreted 1.00 ≤ OR < 1.22, 1.22 ≤ OR < 1.86, 1.86 ≤ OR < 3.00, and
OR ≥ 3.00, as negligible, small, medium and large, respectively [24]. If the OR was <1 and
the CI did not include 1, this finding was interpreted as a significant inverse RAE. Inverse
ORs < 0.33 (1/3), 0.33 ≤ OR < 0.53 (1/1.86), 0.53 ≤ OR < 0.81, 0.81 ≤ OR < 1.0 were, respec-
tively, interpreted as large, medium, small, and negligible. Market values were extracted
in €, playing positions were categorized as goalkeepers, defenders (central and outside),
midfielders (central and outside) and strikers. Using these data mean market values per
age category and Q were calculated using crosstabulations. In a second step the difference
of observed and expected market values (∆) were calculated. Observed market values were
the sum of the market values of all players per age category and per Q. Estimated market
values were calculated in the same way, but with the assumption of an equal distribution of
players per Q. For instance, if the expected number of players in each Q is 500, the observed
number in Q4 is 400 and the mean market value of the Q4players of the age category is
1,000,000€, the calculated ∆ is 400 − 500 = −100 × 1,000,000€ = −100,000,000€.

3. Results

Distribution of players per Q with 95% CI are illustrated in Table 2. There were
medium RAEs in the U18 to U22 and small RAEs in the U23. With a large OR of 3.1, RAEs
were highest in the youngest age category (U18) and consistently/continuously decreases
to small RAEs demonstrated by an OR of 1.8 in the U23 (Table 2).

Table 3 shows market values across each age group and all playing positions separated
by birth quartile. In the U19 a small effect with an OR of 1.2 was found. The RAEs in the
U18, U20, and U21 were negligible. A medium inverse effect (OR 0.5 [95%CI 0.4, 0.5]),
where Q4 players had a higher market value, were found in the U22 and a small effect in
the U23 (OR 0.7 [95%CI 0.6, 0.8]).

Table 4 shows the difference of observed and expected market values across each
age group and Q. In Q1 and Q2 observed values were constantly higher than expected
values. In contrast, in Q3 and Q4 observed values were constantly lower than expected.
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Within the age categories, there was a constant decrease in values from Q1 to Q4. In
the overall group, this leads to a deviation/overestimation of €1.2 billion in Q1 and a
deviation/underestimation of €1.4 billion in Q4.

Table 2. Distribution of players per age category and quarter (Q).

under (U) n Q1 Q2 Q3 Q4 OR Q1/Q4 95% CI Effect Size

18 1738 705 (40.6%) 462 (26.6%) 340 (19.6%) 231 (13.3%) 3.1 * (2.6, 3.6) large
19 2000 746 (37.3%) 574 (28.7%) 402 (20.1%) 278 (13.9%) 2.7 * (2.3, 3.1) medium
20 2000 783 (39.2%) 509 (25.5%) 410 (20.5%) 298 (14.9%) 2.6 * (2.3, 3.0) medium
21 2000 722 (36.1%) 537 (26.9%) 439 (22%) 302 (15.1%) 2.4 * (2.1, 2.8) medium
22 2000 700 (35%) 560 (28%) 417 (20.9%) 323 (16.2%) 2.2 * (1.9, 2.5) medium
23 2000 659 (33%) 531 (26.6%) 452 (22.6%) 358 (17.9%) 1.8 * (1.6, 2.1) small

Total 11,738 4315
(36.8%) 3173 (27%) 2460 (21%) 1790

(15.2%) 2.4 * (2.2, 2.6) medium

Note: RAEs of players listed in Tranfermarkt.de. Q1 to Q4 = Quartile 1 to 4; OR = Odds ratio; CI = Confidence Interval; * p < 0.05; OR < 1.22,
1.22 ≤ OR < 1.86, 1.86 ≤ OR < 3.00, and OR ≥ 3.00, was interpreted as negligible, small, medium and large.

Table 3. Mean market values per age category and relative age quartile (Q).

under
(U) n Q1 (€) Q2 (€) Q3 (€) Q4 (€) OR

Q1/Q4 95% CI Effect
Size

18 1738 318,950 320,963 328,971 327,597 1.0 (0.9, 1.0) no
19 2000 469,437 373,563 317,910 383,993 1.2 * (1.1, 1.3) small
20 2000 942,593 711,690 809,939 919,547 1.0 (1.0, 1.0) non
21 2000 1,183,587 1,311,778 1,252,790 1,330,215 0.9 * (0.9, 0.9) non
22 2000 1,136,464 1,285,982 1,052,338 2,416,563 0.5 * (0.5, 0.5) medium
23 2000 1,789,416 2,112,712 1,519,967 2,651,536 0.7 * (0.7, 0.7) small

Total 11,738 960,002 1,031,007 913,638 1,445,796 0.7 * (0.6, 0.7) small
Note: Q1 to Q4 = Quartile 1 to 4; OR = Odds Ratio; CI = Confidence Interval; * p < 0.05; 1.00 ≤ OR < 1.22,
1.22 ≤ OR < 1.86, 1.86 ≤ OR < 3.00, and OR ≥ 3.00, was interpreted as negligible, small, medium and large.
Inverse ORs < 0.33 (1/3), 0.33 ≤ OR < 0.53 (1/1.86), 0.53 ≤ OR < 0.81, 0.81 ≤ OR < 1.0 were interpreted as large,
medium, small and negligible.

Table 4. ∆ of total market values per age category and relative age quartile (Q).

under (U) n ∆ Q1 (€) ∆ Q2 (€) ∆ Q3 (€) ∆ Q4 (€)

18 1738 86,276,071 8,826,488 −31,087,721 −66,666,071
19 2000 115,481,501 27,643,641 −31,155,224 −85,246,403
20 2000 266,753,704 6,405,206 −72,894,512 −185,748,490
21 2000 262,756,371 48,535,801 −76,420,216 −263,382,616
22 2000 227,292,857 77,158,929 −87,344,065 −427,731,734
23 2000 284,517,109 65,494,068 −72,958,407 −376,518,156

Total 11,738 1,243,077,614 234,064,133 −371,860,145 −1,405,293,470
Note: Difference of observed and expected market values (∆). Q1 to Q4 = Quartile 1 to 4.

Distribution of player positions per Q with 95% CI are illustrated in Table 5. There
were medium to large RAEs in all positions from U18 to U22. The highest ORs were found
in the U18 age category, except for goalkeepers. There were no significant differences
between the different playing positions.
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Table 5. Distribution of player positions per age category and quarter (Q).

Position under (U) n Q1 (%) Q2 (%) Q3 (%) Q4 (%) OR Q1/Q4 95% CI Effect Size

Goalkeeper

18 240 89 (37.1) 65 (27.1) 49 (20.4) 37 (15.4) 2.4 * (2.3, 2.5) medium
19 191 67 (35.1) 52 (27.2) 44 (23.0) 28 (14.7) 2.4 * (2.3, 2.5) medium
20 149 62 (41.6) 38 (25.5) 30 (20.1) 19 (12.8) 3.3 * (3.1, 3.4) large
21 144 55 (38.2) 34 (23.6) 27 (18.8) 28 (19.4) 2.0 * (1.9, 2.1) medium
22 109 43 (39.4) 31 (28.4) 23 (21.1) 12 (11.0) 3.6 * (3.4, 3.7) large
23 114 39 (34.2) 35 (30.7) 21 (18.4) 19 (16.7) 2.1 * (2.0, 2.1) medium

Defender

18 431 212 (49.2) 114 (26.5) 89 (20.6) 50 (11.6) 4.2 * (4.0, 4.4) large
19 558 226 (40.5) 161 (28.9) 101 (18.1) 70 (12.5) 3.2 * (3.1, 3.4) large
20 560 219 (39.1) 143 (25.5) 116 (20.7) 82 (14.6) 2.7 * (2.6, 2.8) medium
21 609 230 (37.8) 165 (27.1) 120 (19.7) 94 (15.4) 2.4 * (2.4, 2.6) medium
22 639 224 (35.1) 169 (26.4) 136 (21.3) 110 (17.2) 2.0 * (2.0, 2.1) medium
23 676 238 (35.2) 172 (25.4) 144 (21.3) 122 (18) 2.0 * (1.9, 2.0) medium

Midfielder

18 606 236 (38.9) 164 (27.1) 119 (19.6) 87 (14.4) 2.7 * (2.6, 2.8) medium
19 711 255 (35.9) 218 (30.7) 141 (19.8) 97 (13.6) 2.6 * (2.5, 2.7) medium
20 713 272 (38.1) 183 (25.7) 144 (20.2) 114 (16.0) 2.4 * (2.3, 2.5) medium
21 681 243 (35.7) 173 (25.4) 171 (25.1) 94 (13.8) 2.6 * (2.5, 2.7) medium
22 669 250 (37.4) 204 (30.5) 120 (17.9) 95 (14.2) 2.6 * (2.5, 2.7) medium
23 627 179 (28.5) 179 (28.5) 155 (24.7) 114 (18.2) 1.6 * (1.5, 1.6) small

Striker

18 461 202 (43.8) 119 (25.8) 83 (18) 57 (12.4) 3.5 * (3.4, 3.7) large
19 540 198 (36.7) 143 (26.5) 116 (21.5) 83 (15.4) 2.4 * (2.3, 2.5) medium
20 578 230 (39.8) 145 (25.1) 120 (20.8) 83 (14.4) 2.8 * (2.7, 2.9) medium
21 566 194 (34.3) 165 (29.2) 121 (21.4) 86 (15.2) 2.3 * (2.2, 2.4) medium
22 583 183 (31.4) 156 (26.8) 138 (23.7) 106 (18.2) 1.7 * (1.6, 1.8) small
23 583 203 (34.8) 145 (24.9) 132 (22.6) 103 (17.7) 2.0 * (1.9, 2.1) medium

Note: Q1 to Q4 = Quartile 1 to 4; OR = Odds Ratio; CI = Confidence Interval; * p < 0.05; 1.00 ≤ OR < 1.22, 1.22 ≤ OR < 1.86, 1.86 ≤ OR < 3.00,
and OR ≥ 3.00, was interpreted as negligible, small, medium and large.

Table 6 displays position specific RAEs between Q1 and Q4 players for each age group
based on market values. Market value was greater for relatively older goalkeepers (Q)1
compared to Q4, with a small to large effect depending on age group. The market values
of defenders, midfielders and strikers were significantly higher for Q4 compared to Q1
players in the U21, U22 and U23 with small to large effects. Over- and undervaluing due to
RAEs were highest for strikers, followed by defenders, midfielders, and goalkeepers.

Table 6. Market values per playing position, age category and relative age quartile (Q).

Position under (U) n Q1 (€) Q2 (€) Q3 (€) Q4 (€) OR Q1/Q4 95% CI Effect Size

Goalkeeper

18 240 159,238 140,860 33,724 24,024 6.6 * (6.4, 6.9) large
19 191 107,090 90,385 101,705 83,929 1.3 * (1.2, 1.3) small
20 149 318,548 265,789 251,667 236,842 1.3 * (1.3, 1.4) small
21 144 1,750,909 217,647 432,407 413,393 4.2 * (4.0, 4.4) large
22 109 786,628 1,112,903 370,652 581,250 1.4 * (1.3, 1.4) small
23 114 2,008,333 1,289,286 1,257,143 707,895 2.8 * (2.7, 3.0) medium

Defender

18 431 192,191 265,570 114,326 74,500 2.6 * (2.5, 2.7) medium
19 558 473,341 385,093 135,891 261,786 1.8 * (1.7, 1.9) medium
20 560 689,954 455,944 560,129 1,484,146 0.5 * (0.5, 0.5) medium
21 609 1,016,739 1,233,636 1,392,292 1,347,340 0.8 * (0.7, 0.8) small
22 639 1,221,205 999,260 767,463 2,872,045 0.4 * (0.4, 0.4) medium
23 676 1,457,248 1,458,285 1,083,854 2,216,189 0.7 * (0.6, 0.7) small

Midfielder

18 606 501,907 334,146 271,639 245,690 2.0 * (2.0, 2.1) medium
19 711 288,431 329,128 324,823 177,835 1.6 * (1.6, 1.7) small
20 713 694,210 877,869 479,688 664,035 1.0 * (1,0, 1.1) non
21 681 1,331,173 1,533,671 1,350,585 615,160 2.2 * (2.08, 2.3) medium
22 669 1,311,600 1,616,299 1,373,958 1,462,895 0.9 * (0.9, 0.9) non
23 627 2,199,581 2,425,279 1,407,903 2,472,368 0.9 * (0.9, 0.9) non

Striker

18 461 318,688 492,731 808,735 863,158 0.4 * (0.4, 0.4) medium
19 540 820,707 531,294 550,000 829,217 1.0 (1.0, 1.0) non
20 578 1,645,109 871,034 1,587,292 868,976 1.9 * (1.8, 2.0) medium
21 566 1,035,696 1,382,727 1,159,298 2,391,570 0.4 * (0.4, 0.5) medium
22 583 875,683 1,199,038 1,167,029 3,006,368 0.3 * (0.3, 0.3) large
23 583 1,775,123 2,701,897 2,169,129 3,724,029 0.5 * (0.5, 0.5) medium

Note: Difference of observed and expected market values (∆). Q1 to Q4 = Quartile 1 to 4; OR = Odds Ratio; CI = Confidence Interval; * p < 0.05;
1.00 ≤ OR < 1.22, 1.22 ≤ OR < 1.86, 1.86 ≤ OR < 3.00, and OR ≥ 3.00, was interpreted as negligible, small, medium and large. Inverse
ORs < 0.33 (1/3), 0.33 ≤ OR < 0.53 (1/1.86), 0.53 ≤ OR < 0.81, 0.81 ≤ OR < 1.0 were interpreted as large, medium, small and negligible.

465



Sports 2021, 9, 99

4. Discussion

Results from the present study, illustrate the following main findings: (i) the analysis
of relative age distribution illustrated significant overrepresentations of Q1 players in all
age categories. Effect sizes diminished progressively from the U18 (large) to the U23 (small).
This trend only existed when analyzing the whole sample, not when separated by playing
positions. (ii) Relative age was also associated with biased market values. Initially, higher
market values were apparent for Q1 players at U19. Thereafter, the effect was inversed,
with Q4 players showing a significantly higher market value across U21, U22, and U23.
(iii) Playing positions analysis revealed higher market values for Q4 defenders, midfielders,
and strikers at U23, compared to Q1. By contrast, relatively older goalkeepers (Q1) had a
higher market value than Q4 goalkeepers in all age categories.

Present findings align with previous studies, where RAEs biases were evident in
the sample [2]. Biased selection during youth talent development programs may reduce
a relatively younger athlete’s chances of succeeding later in their career. The relatively
younger are disadvantaged by lower selection quotas, which in turn may lead to less
competition experience, lower motivation, as well as a lower opportunities of accessing
high-quality training [2]. However, particular RAE studies identify inverse RAEs in talent
development programs post-puberty [9,12], suggesting delayed benefits if the relatively
young can remain within the sporting development system. For instance, Deaner (2013)
showed how compared to those born in Q1, Q3 and Q4 players were twice as likely to
reach professional career benchmarks. Similarly, Fumarco (2017) identified how Q4 players
scored more often, and receive higher salaries, than Q1 players. When considered alongside
present findings, the underdog effect is supported, reflected by the increased likelihood
of being drafted, career length, performance productivity, and now market value at the
professional level [25].

The phenomenon that Q4 athletes are over-represented among those who successfully
transition from youth systems to senior professional status has been called the ‘underdog
hypothesis’. Being younger essentially facilitates long-term development by necessitating
them to overcome the relative age disadvantage, through being challenged by their older
and more advanced peers [10–12]. A previous study by Doyle and Bottomley (28), who
analyzed the market values of the top 1000 players on transfermarkt.de in the season of
2013–2014, noted that relatively older players had greater opportunities due to assessment
selection bias, but were valued equally to players born later in the year. Although the
current study confirms these results, the market values of players do represent the underdog
effect. As such, selected Q4 players are often initially undervalued, but later are valued
higher than Q1 players [9]. Additionally, a recent study of Perez-Gonzalez et al. [26]
analyzed the market value of 2577 adult professional players of the biggest European
football leagues. Small to medium RAEs were shown in all leagues (p < 0.05). However,
this bias did not affect the market value of the professional elite soccer players examined.
The authors concluded that identification and promotion of talent at young ages are often
biased by RAEs, however once players have reached the professional stage, their market
value is independent of RAEs [26]. In our study, from a return of investment point of
view, market value of Q1 players increases by 560% from U18 to U23, whereas market
value of Q4 players increases by 810%. This phenomenon is even more pronounced when
differentiated by playing position. The value of Q4 goalkeepers and defenders increases
by approximately 3000%, while the value of Q1 players “only” increases by 1260% and
760%, respectively. In the U23, the highest mean values in terms of playing positions were
found for defenders, midfielders and strikers born in Q4, except for goalkeepers. This leads
to the assumption that the underdog effect exists as well if the sample is subdivided by
playing positions. To sum up, RAEs and biased market values likely lead to inefficient
selection and return of investment of football talent. To gain further insight into this issue,
longitudinal studies analyzing the evolution of market values of players throughout talent
development should be conducted.
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Limitations: while the present analysis was performed using a cross sectional dataset,
future studies should use a longitudinal design to analyze the evolution of market val-
ues and their interrelationships with RAEs. Furthermore, as financial loss due to over-
and undervaluing was calculated on a theoretical estimate assuming an equal distribu-
tion of players between birth quarters, future studies which particularly focus on this
aspect, should also include factors such as the evolution of market values in the long run,
differences between female and male sports and the optimal talent development from
a sports-scientific and economic point of view.

5. Conclusions

The analysis of relative age distribution illustrated significant overrepresentations
of Q1 players in all age categories. This trend only existed when analyzing the whole
sample, not when separated by playing positions. Relative age was also associated with
biased market values. Initially, higher market values were apparent for Q1 players at
U19. Thereafter, the effect was inversed, with Q4 players showing a significantly higher
market value across U21, U22, and U23. Playing positions analysis revealed higher market
values for Q4 defenders, midfielders, and strikers at U23, compared to Q1. By contrast,
relatively older goalkeepers (Q1) had a higher market value than Q4 goalkeepers in all age
categories. Assuming an equal distribution of football talent exists across annual cohorts,
findings suggest the selection and market value of young professional players is dynamic.
Findings suggest a potential biased selection, and undervaluing of Q4 players in younger
age groups, as their representation and market value increased over time. By contrast, the
changing representations and market values of Q1 players suggest initial overvaluing in
performance and monetary terms.
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Abstract: The search for overarching factors involved in both sport and broader lifestyle and achieve-
ment domains may help to understand the early drop-out phenomenon. This study aimed to analyze
the association between early sport drop-out and strategic learning skills, checking for the individual
and joint role of nationality, school type, gender, age and sport habits. Six hundred and fourteen Ital-
ian and Spanish students aged 14–18 years completed two self-assessment questionnaires concerning
physical activity, sports habits and learning strategies. Outcomes were analyzed with frequency
analysis. Higher affective–motivational strategic learning skills were associated with lower drop-out
rates in Italian but not Spanish students. In high schools with an enhanced sports curriculum,
drop-out rates were negligible compared to other Italian and Spanish curricula. A lack of persistence
in the same sport type was significantly associated with a higher drop-out rate in males but not
in female students, who had overall higher drop-out rates. This study suggests that overarching
personal skills, cultural characteristics and sports habits may independently and jointly contribute
to sport drop-out. Specifically, affective–motivational learning skills may play a key role in sport
persistence and in strategies tailored to drop-out prevention.

Keywords: physical activity; strategic skills; affective; motivational; sport habits

1. Introduction

Physical and sports activities provide benefits to physical, mental and socio-emotional
health [1]. All people who exercise regularly improve their quality of life at any age and
without gender differences [2,3]. Moreover, in young people, sports training promotes good
health, an optimal psycho-physical development and the acquisition of healthy lifestyles
that will persist even in later ages [4]. Generally, children start playing sports to socialize,
improve motor skills and have fun [5]. The more the approach is enjoyable and gratifying,
the stronger the motivation to continue doing sports over time and the probability to ensure
greater investment in sport and talent identification [6,7].

Nevertheless, young athletes, especially the talented ones, may quit the sport prema-
turely during their school education before reaching their potential peak performance due
to personal, social and contextual factors [8,9]. The combination of socioeconomic [10] and
parental/coaches/peers support factors can predict sports participation/abandonment
during childhood [11]. Therefore, sports drop-out has been identified as a multifactorial
and complex phenomenon, strongly influenced by different cultural backgrounds [10] and
behavioral factors, as well as by personal characteristics, types of sports, attitudes and
motivations [12]. The drop-out rates from sports gradually increase across adolescence [13];
this is associated with physical inactivity later in life, thus contributing to unhealthy
lifestyles [14]. Conversely, young people who exercise keep healthy lifestyle habits, such
as continued physical activity and healthy nutrition [15]. Findings in Sport and Physical
Activity surveys [16,17] showed that the percentage of young people aged 15–24 years who
exercise regularly decreased in ten years from 14% to 9%. In this group, 15% were males
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and 33% females (expressed in percentage of the whole sample interviewed: 15–55 years).
In addition, several authors confirmed the drop-out rates from sports being higher in
females than in males [18,19].

Reasons for dropping-out of sports have been classified into performance and training
factors, education and work obligations [20,21], motivational factors, social environment
and other interests [22,23]. Most recently, Crane & Temple [24] and Witt & Dangi [25] dis-
cussed the leisure constraints theory [26] and categorized the variables associated with drop-
out from sports as intrapersonal, interpersonal and structural constraints. The findings
related to this theoretical model showed drop-out rates being associated with sport-specific
attrition factors at intra-personal and interpersonal levels. According to the cognitive–
affective model [27], as well as Sorkkila et al. [28], demands, critical situations and personal
resource deficit are associated with the development of sport and school burnout. On the
other hand, Cosh and Tully [29] observed that playing sport could upskill young athletes
by enhancing time management, self-care, self-efficacy and specific strategies for coping
with stress in different life areas in young people. Moreover, transferring these skills to
academic commitment may help young people successfully achieve their goals in other
life domains. Adolescent sports participation [30] and, more broadly, physical activity are
linked to academic achievement [31,32]. This is consistent with the evidence that systematic
exercise programs may actually enhance the development of cognitive and metacognitive
skills known to be important in addressing challenges of achievements both academically
and beyond [33].

In summary, these studies confirm an important relationship linking sport and phys-
ical activity to functional personal resources. Furthermore, these resources have a cross-
boundary influence on every learning context and are relevant to dealing with challenges,
changes and critical situations. The linkage of cross-functional personal skills in more
domains encourages the investigation of unspecific dimensions and factors, which could
play a role in drop-out from, or persistence in, sports activity but are still underexplored.

In the framework of the soft skills that have to be promoted in the educational field,
Bay, Grządziel and Pellerey [34] define specific learning skills as strategic. These skills
are cognitive, metacognitive, affective, motivational and volitional in nature, and refer to
the capacity for self-determination and self-regulation. Self-determination is related to
motivation, choice and intention of the action in different salient and emotionally laden
life conditions. Self-regulation refers to the monitoring, evaluation and control system
of an action to monitor its consistency, stability and orientation, and to regulate its func-
tionality [35]. These capacities enable positive behaviour towards challenges and changes;
they are functional in order to carry out personal objectives. The strategic learning skills
are general and transferable, and seem to constitute stable internal dispositions indispens-
able to dealing with study, work, sport and any relevant tasks in life autonomously and
successfully. From an early age, good management of these skills allows the person to
play a self-orienting role in different learning and life domains [36]. In other life contexts,
the sport experiences may provide a favorable environment to promote positive youth
development through sport participation [37].

While the search for factors associated with sport drop-out rates is ongoing, the role
played by skills that may affect performance in broader life domains, different from sport,
is still under-investigated. Thus, the main aim of this study was to explore the associa-
tion between early drop-out from sport in adolescence and strategic learning skills. We
hypothesized that these skills functional to learning processes, mainly studied in academic
achievement research [38], may also be associated with sport participation and, vice versa,
an insufficient level/lack of such skills could be associated to early drop-out from sport.
The hypothesis is grounded on indirect evidence of piecemeal associations between strate-
gic learning skills, sport participation and academic achievement [39]. These associations
have been mainly studied in a unidirectional manner, focusing on the beneficial effect of
the sports activity on other life domains and academic achievement [40,41]. However, it is
possible that these relations are bidirectional and the co-variation of sport participation
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and academic achievement is due to commonalities in the underlying domain-general
of functional skills that rely on high-level cognitive function [42,43]. Thus, we expected
that strategic learning skills considered functional to academic achievement might also be
supportive of sport participation adherence. We tested this hypothesis in an exploratory
manner, looking for associations with a cross-sectional design. Since early drop-out seems
influenced by demographic variables such as gender and age [23], and by the quantitative
and qualitative characteristics of sports activity [44,45], we further explored the hypothe-
sized association of sport drop-out rates with strategic learning skills as a function of these
variables. This association was investigated also as a function of nationality in Italian and
Spanish adolescents to perform a cross-country comparison and extend the generalizability
of results.

2. Materials and Methods
2.1. Participants

Participants were sampled in a stratified manner, purposefully identifying different
types of high schools and urban areas of the cities of Rome (Italy) and Murcia (Spain) before
sampling. Both are large cities located in a central region of their respective countries,
close to the Mediterranean coast. To reduce possible influences determined by the socio-
economic status of students participating in the research, school structures operating in
districts characterized by a prevailing middle social status were included in the study.
All participants were screened and selected based on three criteria: age (14 to 18 years);
high school students; eligible senior high school curriculum. The Spanish participants
attended the compulsory secondary school (ESO) that is the unique eligible curriculum
until compulsory school. In contrast, Italian students have the option to choose among
different school curricula. To the aim of this study, we recruited Italian students who
attended upper secondary schools with an enhanced sports curriculum (sports senior high
school), and other non-sport enhanced (scientific, applied sciences, linguistic) senior high
schools. In this way, we could perform a cross-country comparison between Spanish and
Italian students attending non-sport enhanced senior high schools, as well as a comparison
of students attending senior high school with an enhanced sport curriculum with the other
traditional Italian and Spanish school curricula. Since the Italian students could attend
many different high-school curricula, it was deemed appropriate to recruit a larger number
of Italian rather than Spanish students to have a representative sample for each type of
eligible Italian high school. Thus, the sample consisted of 188 Spanish (109 male, 79 female)
and 426 Italian (257 male, 169 female) students aged 14–18 years. The students consented
to fill in the questionnaires and their parents/guardians (if younger than 18 years) signed
an informed written consent before participating in the study.

2.2. Instruments

The students, in their own native language, completed two self-assessment question-
naires after forward–backward translation of the Italian version of the CAPAFD (originally
developed in Spanish) and of the Spanish version of the QSA-R (originally developed
in Italian).

The first questionnaire asked about the motivation and training of physical-sporting
activity: Questionnaire for the Analysis of the Practice of Physical-Sports Activities, CA-
PAFD [46]. This questionnaire was developed to evaluate physical and sport habits asso-
ciated with different socio-demographic variables. It has been proven suitable to collect
descriptive data on objectively reportable demographics and behavioral habits [46]. The
original questionnaire is made of eleven blocks comprising twenty-six questions targeted
at people aged 15–64 years. In order to collect information on sport habits and drop-out
relevant to the aim of the present study, two sections comprising seventeen questions
were selected. These questions included information concerning sport drop-out, sport
participation and background variables relevant to the study. Specifically, the selected
items allowed collecting information about: age, gender, type of attended school, onset age
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of sports activity, current/past registration to a sports Federation, sport practice/drop-out,
current and past sports practiced (years of practice for each type of sport practiced, if any),
workout frequency (hours/days and days/week), competitive sports activity performed
(if any) and sport practiced in organized club/association. This information was collected
with three types of questions. Five of the 17 items were open-ended questions regarding
demographic information (e.g., School attended); 5 items were close-ended questions with
dichotomous answer (yes or no; e.g., Have you dropped-out of sports?); the remaining
7 items were multiple choice with three to six answers (e.g., How much time do you spend
working out daily on average?).

The second questionnaire, the Questionnaire on Learning Strategies (reduced ver-
sion) QSA-R validated by Margottini [47], was about students’ strategic competences for
learning to self-evaluate their studying habits and/or the critical situations encountered in
schoolwork. The QSA-R estimates the perceived mastery of eight strategic skills, grouped
in two dimensions of four scales each: cognitive/metacognitive (C1, C2, C3, C4) and
affective/motivational (A1, A2, A3, A4). Each scale refers to a specific strategic competence
(Table 1). The questionnaire is composed of 46 questions about school and homework.
Twenty-one items are grouped in the four cognitive–metacognitive scales as follows: C1
(n = 6; e.g., I try to find relationships between what I learn and what I already know),
C2 (n = 7; e.g., I organize my study based on the time I have available), C3 (n = 5; e.g., I
build diagrams, graphs or summary tables to summarize what I study) and C4 (n = 3; e.g.,
While the teacher explains, I get distracted). Twenty-five items are grouped in the four
affective–motivational scales as follows: A1 (n = 6; e.g., I quickly get nervous for a question
or problem that I don’t understand immediately), A2 (n = 6; e.g., Even if I don’t like the
subject, I equally work hard to succeed), A3 (n = 8; e.g., When an oral exam goes well, I
think I have done well studying hard) and A4 (n = 5; e.g., I feel capable of successfully
completing my study commitments). The answers were given on a four-point Likert-type
scale from 1 (never or almost never) to 4 (always or almost always).

Table 1. QSA-R: Scales and Dimensions.

Dimensions Scales C. α *

Cognitive
Metacognitive

C1 Processing strategies for understanding and remembering 0.74

C2 Self-regulation strategies 0.64

C3 Graphic strategies to understand, summarize, and memorize 0.71

C4 Attention control strategies 0.63

Affective
Motivational

A1 Emotion management strategies 0.79

A2 Volition 0.74

A3 Causal attribution-Locus of control 0.52

A4 Perception of competence 0.72

Note: * Cronbach’s alpha of 1840 Italian and Spanish students.

From raw scores for each of the eight subscales, the formula [(sum raw score-mean)/
standard deviation × 2 + 5] provided the final profile of students on a nine-point standard
Stanine-scale [47]. For the majority of subscales (C1, C2, C3 and A2, A3, A4), the higher
the scoring, the more positive the outcome. For the remaining subscales (C4 and A1),
conversely, the lower the scoring, the more positive the outcome. Thus, the scores for C4
and A1 subscales were reversed to obtain higher scores corresponding to higher functional
skills consistently across scales. According to normative data [47], 1 to 3 are below average
skill scores, 4 to 6 points are the average range and 7 to 9 are above average scores. All
stanine-transformed scores of each subscale (C1–4 and A1–4) were further transformed in
dichotomous variables for data analysis. It was attributed “0” (=no-criticality, i.e., skills
above critical level) to all factors which showed a value from 4 to 9 and “1” (=critical-
ity, i.e., skills below critical level) for value from 1 to 3. Summing up the critical values
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across the four affective/motivational (A1–4) subscales and across the four (C1–4) cogni-
tive/metacognitive subscales [47], each participant could have from 0 (no critical values)
to 4 (critical values in all four subscales). Based on this sum of critical values, participants
were divided in five (0, 1, 2, 3, 4) categories of criticality in cognitive/metacognitive and
affective/motivational skills.

As reported in the validation study [47] performed with 1.182 students, Cronbach’s
alpha ranges between 0.59–0.78 across the eight scales, with corrected item–scale correla-
tions being mostly moderate. This Cronbach’s alpha range is deemed acceptable for tools
measuring cognitive and affective constructs in learning [48]. A recent Italian study with a
larger sample of 3.091 upper secondary school students [49] confirmed a similar Cronbach’s
alpha range for the eight scales (0.62–0.78). In the present study, the internal consistency
was computed on a larger sample of 1840 Italian and Spanish students (n = 1451 and 389,
respectively) involved in a wider research project that the present study on youth drop-out
is a part of. For the Spanish version of the QSA-R, Cronbach’s alpha was 0.76 for all four
cognitive/metacognitive scales (C1–4) and 0.71 for all four affective/motivational (A1–4).
Overall, Cronbach’s alpha was 0.76. The values for each scale are reported in Table 1.

2.3. Procedure

Data were collected between March and May 2019 by a paper-and-pencil version of
the tools. Questionnaires were administered during school time and the compilation of the
two questionnaires was performed in a single session (about 20 min) to facilitate the correct
matching of tools (and data) for the same student. All students received information for
filling out the two questionnaires. Data anonymity was ensured by assigning a unique
numerical code to the two questionnaires and an acronym to identify the academic course.
Data collection was performed in compliance with school time constraints in order to
not overload the students in the self-assessment task and not exceed the maximum time
teachers of participant classes agreed on. Students who affirmed that they had never played
sports were excluded from the sample, as their data could not contribute to the study of
the drop-out phenomenon.

2.4. Data Analysis

Descriptive statistics were computed for all variables separately for students who
declared drop-out or no drop-out from sports (Table 2).

Frequency analyses were performed to analyze the distribution of sport drop-out
rates as a function of: gender, age, nationality, school curriculum, strategic learning skills
(affective/motivational and cognitive/metacognitive) and persistence in sport type or
change therein. The association of sport drop-out with strategic learning skills (primary
focus of the present study) and with persistence in/change of sport (secondary focus) was
also analyzed as a function of demographic variables (gender, age and nationality). To
this aim, the frequency distribution of drop-out rates was compared among categories
of strategic skills deficits (0, 1, 2, 3, 4), and among categories of persistence in/change of
sport as a function of gender, age or nationality. After verifying the non-normality of the
variables analyzed through the Kolmogorov–Smirnov test (p < 0.001), to compute both
main and associated effects, bivariate analyses with contingency tables and the chi-square
test (χ2) were conducted. Effect sizes were also computed (phi-coefficient, ϕ, for 2 × 2
contingency tables and Cramer’s V for contingency tables other than 2 × 2). Data were
processed by SPSS Statistics software (25.0; IBM, Armonk, NY, USA).
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Table 2. Frequency of students who dropped out/did not dropped out of sport as a function of age, gender, national-
ity, school curriculum, sport type and strategic learning skills. Absolute frequencies and percentages (N/total of each
corresponding category) and χ2 test results are reported.

Variables Drop-Out N (%) No Drop-Out N (%) χ2 df p Effect Size

Age 4.18 2 0.123 0.083 a

14 years 26 (18.4) 115 (81.6)
15 years 31 (11.9) 230 (88.1)

16+ years 37 (17.4) 175 (82.6)

Gender 6.35 1 0.012 −0.102 b

Male 45 (12.3) 321 (87.7)
Female 49 (19.8) 199 (80.2)

Nationality 13.69 1 <0.001 −0.149 b

Italian 50 (11.7) 376 (88.3)
Spanish 44 (23.4) 144 (76.6)

School curriculum 1 vs 2 45.29 1 <0.001 −0.326 b

1 vs 3 47.38 1 <0.001 −0.342 b

1. Italian: sports high schools 3 (1.4) 213 (98.6)
2. Italian: other high schools * 47 (22.4) 163 (77.6)

3. Spanish: compulsory secondary school 44 (23.4) 144 (76.6)

Type (individual/team) and amount of
sports practiced

Males 13.87 2 0.001 0.224 a

Only one sport 10 (8.3) 110 (91.7)
Multiple sports of one type 13 (14.4) 77 (85.6)

Multiple sports of different type 19 (28.8) 47 (71.2)
Females 1.59 2 0.450 0.089 a

Only one sport 15 (28.3) 38 (71.7)
Multiple sports of one type 25 (21.9) 89 (78.1)

Multiple sports of different type 6 (17.1) 29 (82.9)

Strategic Learning Skills

Cognitive/Metacognitive

Scales No CL ** CL ** No CL CL
C1 63 (67.0) 31 (33.0) 361 (69.4) 159 (30.6) 0.21 1 0.643 −0.019 a

C2 66 (70.2) 28 (29.8) 379 (72.9) 141 (27.1) 0.28 1 0.594 −0.022 a

C3 68 (72.3) 26 (27.7) 339 (65.2) 181 (34.8) 1.82 1 0.177 0.054 a

C4 38 (40.4) 56 (59.6) 247 (47.5) 273 (52.5) 1.60 1 0.206 −0.051 a

Affective/Motivational

A1 69 (73.4) 25 (26.6) 428 (82.3) 92 (17.7) 4.09 1 0.043 −0.082 a

A2 34 (36.2) 60 (63.8) 236 (45.4) 284 (54.6) 2.74 1 0.098 −0.067 a

A3 56 (59.6) 38 (40.4) 371 (71.3) 149 (28.7) 5.20 1 0.022 −0.092 a

A4 62 (66.0) 32 (34.0) 417 (80.2) 103 (19.8) 9.40 1 0.002 −0.124 a

a = Cramer’s V; b = ϕ-coefficient; * Scientific, applied sciences, linguistic senior high school; ** No CL: no criticality (below critical
level) = “0”; CL: criticality (above critical level) = “1” (dichotomous variables).

3. Results

As reported in Table 2, students dropped-out of sport at an average age of
13.4 ± 1.6 years. A significantly greater dropout of females compared to male students
was found, whereas no effect for age emerged. Findings also revealed a significant effect
for nationality, with greater drop-out from sports for Spanish as compared to Italian stu-
dents. However, further analyses distinguishing between sport and non-sport high school
curricula in the Italian sample revealed that the cross-country effect depended on the
sample composition of school type, which is different in Italy and Spain. The drop-out rate
was negligible in Italian students attending sports high schools with enhanced curricular
physical education/sport as compared to both Italian students attending high schools with
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a focus different from sport (such as scientific, applied sciences and linguistic schools) and
Spanish ones (Table 2).

Most importantly, an association of drop-out rates with affective–motivational strate-
gic learning skills was found. These skills are associated with drop-out rates independently
of gender and age, but interactively with nationality (Table 3). The overall association
model showed an increase in the frequency of students who dropped out of sport with the
number of critical values in affective–motivational strategic learning skills. As shown in
Table 3, this pattern of differences was more pronounced and significant in Italian students,
with a progressive increment in drop-out rates from none to all critical values, and less
pronounced and non-significant in Spanish students. Cognitive–metacognitive skills were
non-discriminant for sport drop-out rates both in Italian (p = 0.102) and in Spanish students
(p = 0.872).

Table 3. Frequency of students who dropped out of sport as a function of the amount of critical values in affective-
motivational strategic skills. Absolute frequencies and percentages (N/total of each corresponding category of critical
values) and χ2 test results are reported.

Sample
Amount of Critical Values

χ2 df p Effect
Size0

N (%)
1

N (%)
2

N (%)
3

N (%)
4

N (%)
Total
N (%)

Italian 8 (6.2) 16 (10.7) 12 (14.1) 11 (22.9) 3 (21.4) 50 (11.7) 11.50 4 0.021 0.164 a

Spanish 6 (15.3) 15 (23.1) 16 (28.1) 5 (20.8) 2 (66.7) 44 (23.4) 5.31 4 0.256 0.168 a

Total 14 (8.3) 31 (14.4) 28 (19.7) 16 (22.2) 5 (29.4) 94 (15.3) 13.83 4 0.008 0.150 a

a = Cramer’s V.

A further analysis also showed that a lack of persistence in the same (individual/team)
sport type was predictive of higher drop-out rates in males (Table 2). Highest drop-out
rates emerged when the change was not between similar sport types (same-individual or
same-team sport), but between individual and team sports. A non-significant reverse trend
was observed in females, who more often showed drop-out from sport when they persisted
in the same sport or individual/team skill sport type (Table 2).

4. Discussion

The main purpose of this study was to evaluate the association between early drop-
out from sport and strategic learning skills relevant to both sport and academic career in
senior high school students. It was expected that a critical value in and, therefore, lack
of strategic learning skills functional to academic performance could be a factor related
to the early drop-out from sport and, conversely, a high value of such skills could be
related to adherence to sport. The presence or absence of an enhanced sport focus in
the senior high school curriculum, as well as behavioral habits in extra-curricular sport,
as the persistence of training in a given sport, or switching to another sport—of similar
or different type—were also analyzed as potential correlates of different drop-out rates.
Moreover, we evaluated the individual and joint role of gender, age and nationality with
the strategic learning skills and the persistence in/change of sport.

The results of this study are mostly consistent with the literature and add novel
information to the relevance of domain-general strategic skills in relation to the dropout
phenomenon in the sport domain. In line with Eime et al. [44] and Molinero et al. [8], we
found that young people dropped-out of sport during their teenage age (13.4 ± 1.6 years).
Regarding gender, a larger drop-out emerged in females than in males. This is in line with
evidence reported by some authors [20,50,51], showing that males are more active than
females who have higher sport drop-out rates. Additionally, a female’s tendency to be
less active than a male is confirmed as a global gender difference [52]. Further research
is warranted to analyze the role of gender stereotypes in sport drop-out with relation
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to sport self-perceptions of value and match/mismatch of the gender-identity with the
gendered-nature of a sport [53].

We did not find comparable studies in literature on sport drop-out between Italian
and Spanish students; to our knowledge, this is the first comparative study of adolescent
populations from these countries. Our results highlighted a less pronounced drop-out in
sports high school vs. other Italian and Spanish high schools. The sports high school is
currently a school curriculum that is started up in Italy with no comparable curriculum
in Spain. This may be one of the reasons explaining why, among the Italian students of
the present sample, which included sports high school students, the sports drop-out is
less pronounced than among their Spanish counterparts. Speculatively, the sports high
school curriculum may have a favorable impact on sport persistence. Future research is
needed to address the hypothesis that the targeted methodological strategies in this school
curriculum could help student-athletes pursue their dual career [54].

Beyond the descriptive analysis of the drop-out phenomenon in sport, the most im-
portant finding of this study has to do with the association between sport drop-out and
domain-general strategic learning skills. Our findings showed an association only for
the affective–motivational dimension, but not for the cognitive–metacognitive dimension.
This suggests that, in adolescence, an insufficient/critical level of affective skills (e.g.,
anxiety and emotions control), motivational skills (e.g., perception of competence and
causal attribution) and volitional skills (e.g., perseverance) has a direct link to the aban-
donment of sport. Since sport and academic performance are interrelated [39], quitting
sport activity means that students cannot capitalize on the beneficial influence of sport
on academic achievement [30,41]. We speculatively suggest that the strategic learning
skills may be a linking element within this association. This hypothesis deserves future
mediation research.

Although there is a lack of literature on strategic learning skills associated with sport
drop-out, we found some agreement with evidence on similar skills and maladaptive sport
processes (burnout profiles) that allow us to frame a reference theory. Burnout profiles have
been defined as a state of sport/school exhaustion related to chronic stress and have been
studied in sport and at school jointly [55]. This burnout process involves a lack/insufficient
level of skills that are common to the two areas (sport and school), similar to the strategic
learning skills, objects of the present investigation. Thus, our suggestions are based on
evidence that highlights the relevance of skills as resilience, similar to the concept of volition
addressed in the present study. This evidence comes into play in a phenomenon such as
burnout in sport that has commonalities with the drop-out from sport investigated here.
A stronger risk of sport drop-out is related to a low level of resilience-related skills [55],
high level of anxiety [25] and low perception of competence [24]. The critical level of
these competences reported in the literature may represent a risk factor comparable to
the critical value of affective–motivational strategic learning skills that emerged in our
study. Conversely, athletes with an internal locus of control are more likely to exercise
regularly [56], feel that their skill level is appropriate and tend to be more autonomously
motivated towards their sport than athletes who drop-out [57].

Although the cross-sectional nature of the present study does not allow us to address
causality, we hypothesize that bettering the affective–motivational strategic learning skills
may enable us to select the most effective learning objectives and strategies, improving
decision making to monitor and evaluate the progresses achieved, engage and persist
over time to achieve goals successfully [36]. Being unable to face life transitions—in
sport as well as in school and work settings—may foster maladaptive behaviors and
negatively impact sport habits [23]. In the sport domain, improving learning processes
fosters positive sport experiences; this may, in turn, support long-term sport participation
and oppose the drop-out phenomenon. Our findings are in line with the literature showing
that self-management of social-cognitive strategies (e.g., goals, plans and acts), similar
to skills addressed in this study, may operate as mediators in the association between
self-efficacy and physical activity/sports training in order to achieve goals and foster
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sport persistence [58]. Moreover, personal characteristics, such as personality traits, goal
orientation and volitional skills, may contribute in the same way to face critical situations,
such as dropping-out or pursuing a career in sport [59,60].

These findings call for studies that investigate the association of strategic skills with
sport drop-out longitudinally. Based on the present cross-sectional evidence, it may be
hypothesized that developing competences and personal skills common to the sporting
and school context may be crucial to achieve excellence in both domains, and to prevent
maladaptive consequences such as burnout and drop-out as a behavioral aspect of a
broader maladaptive profile. According to Camiré, Trudel and Forneris [61], we believe
that a common functional context may be favorable to acquire skills useful both in sport
and in school settings. Since school and sport domains are interrelated [55], and strategic
learning skills are transferable and general [36], integrating them in learning processes [62]
from early schooling age may help capitalize on these skills later in life—such as, but not
limited to, sport context—to achieve performance goals.

The outcomes highlighted that the association between strategic learning skills and
drop-out rates could be influenced by nationality, but not by gender and age. This national-
ity effect leads us to suppose that factors other than strategic learning skills may intervene
in Spanish students’ sport drop-out processes. This latter aspect deserves an in-depth
analysis of the potential intrapersonal, interpersonal, cultural and societal factors that may
underlie the observed cross-country differences. Alternatively, the imbalance in sample
size between Italian and Spanish students may have caused insufficient power in the case
of the Spanish sample, thus not allowing us to draw definitive conclusions of cross-country
differences in sport drop-out.

A second aim of the study was the role played by the persistence in/change to another
sport in the students’ sport history. A lack of persistence in the same (individual/team)
sport type was predictive of higher drop-out rates, but only in males. Sampling different
sports until about 12 years (the so-called ‘sampling years’) develops fun and participa-
tion [63]. Successively, in adolescence (specialization years), persisting in the same sport
seems appropriate for males to pursue personal achievements, maintain individual interest,
re-engage and persist in sport [63]. Playing the same sport type probably motivates them
to persist in sport activity to excel and win in competition supported by a performance
orientation [64]. Following a cascade process, the greater the fun in sports competitions,
the greater the increase in fun of sports training and the persistence in sports over time [65].
Females show an opposite tendency, suggesting that a more process-oriented approach to
sport and a stronger motivation to learn different skills without a primary performance
goal might render females more persistent in sports if they play different sport types.
Reasons for the higher drop-out rates of females may include a weak perception of their
own competence associated with sport demand and pressure [23]. Indeed, those females
who perceive themselves as athletic are more likely to maintain participation in sport [8]. To
understand this difference between males and females in sport persistence/abandonment,
other determinants or moderators, such as motivational aspects, must be considered in
the future.

This study is not without limitations. Although our large sample size (N = 614) and
stratified sampling ensured representativeness, the homogeneity of the prevalent socio-
economic status of the urban districts and the selected schools were located in limits of the
generalizability to youths living in different socio-economic contexts, typically influencing
their physical activity and sport habits. This similarity allowed us to dampen the influence
of potential major socio-economic covariates and to compare cross-country and cross-school
system differences and their impact on sports habits. Moreover, a more balanced sample
in the two countries could allow for a stronger interpretation in terms of cross-country
differences in the association between sport drop-out and strategic skills, excluding power
issues that may have undermined the possibility to detect this association in the smaller
sample of Spanish students.
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This study is cross-sectional and therefore does not allow any causal inference. How-
ever, its results pave the way for an intervention study aimed to clarify the causal rela-
tionship between strategic learning skills and sports abandonment, sport participation
and academic achievement and the role played by gender, nationality and sport type.
Finally, this study was conducted only in two cultural settings—Spain and Italy—within
their specific schooling contexts. It would be important to implement this study in wider
multi-national cultural settings.

5. Conclusions

This study suggests that the affective–motivational strategic learning skills relevant to
sport and non-sport life domains may play a role in relation to youths’ drop-out. Moreover,
the cultural and personal characteristics, and sports habits, may independently and jointly
contribute to the phenomenon of drop-out. We believe that these interrelations must be
considered to develop targeted strategies for prevention of drop-out, starting as early as
schooling. We assume that, similarly to any life skills, strategic learning skills are not
learned automatically, but can and should be taught in appropriate contexts, such as school
and sport [66], through meaningful experiences [40]. Sport programs tailored to include
this aim might be more successful in promoting youth sport participation, optimizing
performance and preventing drop-out with positive consequences for talent identification
and promotion. Specifically, in adolescents, reflective processes on their strategic learning
skills should be encouraged. This may help the student-athlete develop self-determination
and self-regulation, in order to be able to monitor and evaluate the learning progression,
orient themselves in study and sport and build a successful and long-term continuous
developmental path.
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Abstract: The aim of this systematic review was to identify and synthesize the available information
regarding longitudinal data addressing young soccer players’ motor performance changes. Following
the Preferred Reporting Items for Systematic and Meta-analyses (PRISMA) statement, literature
searches were performed in three databases: PubMed, ISI Web of Science and SCOPUS. The following
descriptors were used: football, soccer, youth, young, player, athlete, physical performance, motor
performance, longitudinal. The inclusion criteria were original articles in English with longitudinal
data of young males (aged 10–18 years), with the aim to investigate motor performance serial changes.
The initial search returned 211 records, and the final sample comprised 32 papers. These papers
covered the European continent, and used mixed and pure longitudinal design with variation in
sample size and age range. The reviewed studies tended to use different tests to assess the motor
performance and aimed to identify changes in motor performance in several ways. In general, they
indicated motor performance improvements with age, with a marked influence of biological maturity,
body composition, and training stimuli. This review highlights the need for coaches and stakeholders
to consider players’ motor performance over time whilst considering biological maturation, biological
characteristics, and training stimuli.

Keywords: longitudinal; young; soccer players; motor performance

1. Introduction

Soccer is the world’s most popular sport and participants represent ~4.1% of the
total sporting population [1]. With such large numbers of participants, governing bodies
and other stakeholders invest significant amounts of money in soccer players’ talent
identification. The identification and development of the next generation of young soccer
players is a key goal for these organizations [2,3]. Thus, the design and implementation of
appropriate programs to uncover youth soccer players’ potentials are common practice
within soccer academies. These academies support the early development [4] and then the
transition of young players into the senior professional world [5,6].

In a cross-sectional study, data are collected from many different individuals at a
single time point and comparisons are made between different populations. In contrast, in
a longitudinal study, the same data are collected in the same individuals over short or long
periods of time. Therefore, whilst a cross-sectional study considers a snapshot in time, the
longitudinal study design considers what happens before or after the snapshot is taken.
The benefits of the cross-sectional design are that it allows researchers to compare many
different variables at the same time. However, the disadvantage is that cross-sectional
studies are not able to provide definitive information about cause-and-effect relationships.
A longitudinal study can detect development or changes in population characteristics at
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both the group and individual level. Thus, longitudinal studies can establish sequences of
events and enable the researcher to address cause-and-effect relationships. In youth soccer
studies, the longitudinal design allows the researcher to distinguish the effects of training
and competition from those associated with normal growth and development. There is
much research devoted to describing and interpreting the manifold expressions of soccer
players’ characteristics and their response to training and competition. Unfortunately, most
available evidence is based on cross-sectional data [2], with few longitudinal reports or
well-controlled experimental studies. This limits the current knowledge concerning youth
soccer players’ development [7,8].

Recent systematic reviews of young soccer players have dealt with match running
performance [9], talent identification [10], and anthropometric-physiological profiling [11].
These reviews identified a series of inconsistencies and gaps in the literature which have
hampered practitioners’ abilities to make evidence-informed decision making [2,12,13]. Fur-
thermore, there is an absence of research in young soccer players’ development processes
such as the interactions of their physical growth and biological maturation with systematic
training stimuli, estimation of velocities and spurts in their motor performance and specific
skills’ levels, as well as players’ systematic responses to training and competition [8].

To the best of our knowledge, there apparently is no available systematic review
dealing with young male soccer players’ longitudinal development of motor performance.
Therefore, our goal is to provide a summary of existing longitudinal data dealing with male
soccer players’ motor performance changes during adolescence, which is a very important
time-window for the nurturing of soccer players’ careers.

2. Materials and Methods
2.1. Protocol

This review used the “Preferable Reporting Items for Systematic Reviews and Meta-
Analyses Protocols” (PRISMA-P) [14,15] to probe the literature of longitudinal studies into
young soccer players’ motor performance. We also complied with the Cochrane Handbook
for Systematic Reviews of Interventions (version 5.1.0; http://handbook-5-1.cochrane.org/,
accessed on 10 October 2020).

2.2. Information Sources and Search Strategy

The search strategy comprised two stages. First, the electronic databases MEDLINE
(PubMed/PubMed Central interface), Web of Science™ Core Collection and SCOPUS were
searched up to January 2021. The online search was performed based on the following
strategy: (football OR soccer) AND (youth OR young OR player OR athlete) AND (physical
performance OR motor performance) AND (longitudinal). Second, the reference list of
the selected papers was searched for possible studies to be included in the review. A full
description of the input arguments used in each database is also provided (Electronic
Supplementary Material Table S1). EndNote software (version X9.0, X7.0.1, Clarivate
Analytics, Philadelphia, PA, USA) was used as the citation manager during the processes
of searching, deduplication, selection, and management of the studies.

2.3. Eligibility Criteria

To be included in the review, original studies had to: (i) have a longitudinal design
following players over time, i.e., with at least two repeated observations; (ii) have a
sample of young male soccer players, i.e., athletes aged between 10 and 18 years; (iii) aim
to investigate physical fitness/physical/motor performance and/or functional capacity
(expressed by muscular strength and/or power, aerobic/anaerobic power, agility, flexibility,
movement coordination and speed, as well as specific soccer technical performance such as
dribbling and shooting, for example) serial changes; and (iv) be published in English and
in peer-reviewed journals. Studies were excluded if: (i) psychological facets were mainly
assessed, (ii) they used impaired players, and (iii) they concentrated on match-analysis.
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2.4. Study Selection

Two researchers (MA, TNG) independently conducted the online search. Grounded
in the eligibility criteria, papers were firstly selected based on their title and abstract, and
those selected had their full text screened. To be included in the present review, eligible
papers had to be selected by the two researchers, and if any discrepancies were observed at
this stage, reviewers discussed and resolved inclusion and/or asked for the judgement of a
senior researcher (JM). The senior researcher examined each situation on a case-by-case
basis and determined the inclusion or exclusion of a given article using his experience
in the field. After the selection of the manuscript to be included, one of the researchers
screened the reference lists of the selected papers to identify any other potential paper
to be included in the review. Those studies selected in this stage were re-checked by the
second researcher, and only those approved by both were considered for inclusion in the
present study.

2.5. Methodological Quality Assessment

The quality of the included articles was assessed with the modified version of current
established scale used in sport science, health care and rehabilitation (i.e., Cochrane, Cole-
man, Delphi, and Physiotherapy Evidence Database (PEDro)). The current scale (Table 1)
was adapted from a recent review by Sarmento et al. [16]. Articles were assessed based
on their purpose (Q1), participants’ characteristics (Q2), sample justification (Q3), motor
performance assessments (Q4), statistical procedures used (Q5), results and outcome (Q6),
study method conclusion (Q7), practical implications (Q8), limitations (Q9), and future
direction (Q10). All ten quality criteria were scored on three levels (2-point per item),
i.e., a score of zero (no), one (maybe), and two (yes) given for each item. The total scores
ranged between zero and twenty. A sum of scores from all questions was subsequently
computed. To make a fair comparison between studies with different designs, the decision
was made to calculate a percentage score as a final measure of methodological quality. For
this, the total score was converted into percentages, ranging from 0 to 100%, to ensure
that the quality assessment was equitable across all the included articles. Studies were
categorized into 3 levels; high (≥75%), moderate (50–74%) and low (<50%) methodological
quality scores [16]. Methodological quality was not evaluated for the purpose of includ-
ing/excluding studies. Two researchers (MA, TNG) performed independent assessments.
If discrepancies occurred, these were resolved in a consensus discussion with third senior
researcher (JM).

Table 1. Methodological quality scoring system (adapted from Sarmento et al., 2018 [16]).

Question Answer Score

Q1 Was(were) the aim(s) of study clearly set out? Yes = 2; Maybe = 1; No = 0 0–2

Q2 Were characteristics of participants presented in detail in methods
section? (number of subjects, sex, age, country/city) Yes = 2; Maybe = 1; No = 0 0–2

Q3 Was sample size justified? Yes = 2; Maybe = 1; No = 0 0–2

Q4 Are the motor performance to be measured clearly described in the
methods section? Yes = 2; Maybe = 1; No = 0 0–2

Q5 Were statistics clearly presented? Yes = 2; Maybe = 1; No = 0 0–2

Q6 Results′ details (means and standard deviations and/or change/
difference, effect size/mechanistic magnitude-based inference) Yes = 2; Maybe = 1; No = 0 0–2

Q7 Were conclusions appropriate given the study methods and
the objectives? Yes = 2; Maybe = 1; No = 0 0–2

Q8 Are there any implications for practice given the results of the study? Yes = 2; Maybe = 1; No = 0 0–2

Q9 Were limitations of the study acknowledged and described by
the authors? Yes = 2; Maybe = 1; No = 0 0–2

Q10 Are there any future direction described by the authors? Yes = 2; Maybe = 1; No = 0 0–2
Total 0–20

Strict rules applied (No information = 0 point; 1–2 items described = 1 point; all items described = 2 points).
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2.6. Strategy for Data Synthesis

A descriptive synthesis of the findings from the included studies is presented in
Table 2, where summaries with reference to authors and years of publication were pro-
vided. Then, the terminologies used in motor performance variable definition and as-
sessment were examined. Demographic details were extracted, including sample size,
age/age group of participations, and the geographical location of the players. Design
aspects (mixed-longitudinal, longitudinal), configuration (duration), and measurement
techniques/equipment were also included. Finally, general results regarding changes in
motor performance were extracted and main findings were organized and described.

Table 2. Characteristics of studies included in the review.

Author/Country Study Design
Duration

Participants Motor Performance
Assessments (Tests) Main Results

Quality
ScoreAge Number

(Philippaerts
et al., 2006)

[17]/Belgium

Mixed-longitudinal
5 y 11–13 y at baseline 33

Physical performance: Plate
tapping, sit and reach (SR),

sit-ups, bent arm hang,
standing long jump (SLJ),

vertical jump (VJ), endurance
shuttle run (ESHR).

Soccer specific physical
performance: 30 m repeated

sprint (RSA), agility shuttle run
5 × 10 m (SHR).

Physical performance
improved non-linearly and

reached its peak around peak
height velocity (PHV), yet

with different timing
and tempo.

65%

(Huijgen et al., 2010)
[18]/Netherlands

Mixed-longitudinal
5 y

12–19 y
at baseline 267

Physical performance: shuttle
sprint and dribble test.

Soccer specific skills: slalom
sprint and dribble test.

Speed and dribbling
improved with age mainly at

12–14 y, but with different
tempo. Dribbling improved
after 16 y and sprinting from
14 to 16 y. Additionally, fat
free mass, weekly hours of

practice and playing position
were positively associated

with dribbling changes.

70%

(Mirkov et al., 2010)
[48]/Serbia

Longitudinal
4 y

11 y
at baseline

S_g = 26
C_g = 63

Physical performance: SR, SLJ,
countermovement jumps (CMJ)

with and without arm swing,
slalom running with

obstacles, SHR.

Physical performance
improved with age in both
groups, yet soccer players
performed better in agility
and motor coordination.

85%

(Roescher et al.,
2010)

[40]/Netherlands

Mixed-longitudinal
5 y 12–19 y at baseline Pro = 53

N_pro = 77

Soccer specific physical
performance: intermittent

endurance (ISRT).

Aerobic capacity increased
non-linearly with age but

differences between groups
occurred from 17 y onwards.

Training was positively
associated with performance.

75%

(Williams et al.,
2011)

[39]/United
Kingdom

Longitudinal
3 y

U12–U16
at baseline 200 Physical performance: sprints

10 m (S10 m), 30 m (S30 m), VJ.

Physical performance
improved linearly but with

different rates for 10 m speed,
30 m sprint and
vertical jump.

80%

(Gonaus and Muller,
2012)

[45]/Austria

Mixed-longitudinal
9 y 14–17 y at baseline 1642

Physical performance: S20 m,
hurdles agility run, CMJ, drop

jump, foot tapping reaction
medicine ball throw 2 kg, SR,
20 m multi-stage endurance

run (MSER).
Soccer specific physical

performance: (SHR).

Speed, power, flexibility, and
endurance improved with

age. Power and flexibility as
well as endurance effect sizes
decreased with age; however,
in speed results were stable

from 14 to 17 y.

80%

(Valente-dos-Santos
et al., 2012)

[25]/Portugal

Mixed-longitudinal
5 y

11–13 y
at baseline 83 Physical performance: MSER.

Aerobic performance
unfolding was related to

chronological and skeletal
ages, and training stimuli.

90%

(Valente-dos-Santos
et al., 2012)

[19]/Portugal

Mixed-longitudinal
5 y

11–13 y
at baseline 83

Physical performance:
MSER, CMJ.

Soccer specific physical
performance: RSA.

Repeated sprint performance
changes were related to

chronological and skeletal
ages, as well as fat free mass,
aerobic endurance, and lower

limb explosive strength.

55%

(Valente-dos-Santos
et al., 2012)

[26]/Portugal

Mixed-longitudinal
5 y 11–13 y at baseline 83

Physical performance:
MSER, CMJ.

Soccer specific physical
performance: RSA.

Repeated sprint performance
development was related to
chronological age, maturity
status, fat free mass, body

size, aerobic endurance, and
lower limb explosive strength

and annual training.

80%
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Table 2. Cont.

Author/Country Study Design
Duration

Participants Motor Performance
Assessments (Tests) Main Results

Quality
ScoreAge Number

(Valente-dos-Santos
et al., 2012)

[27]/Portugal

Mixed-
Longitudinal

5 y

11–13 y
at baseline 83

Physical performance: SHR,
MSER, CMJ.

Soccer specific physical
performance: RSA.

Soccer specific skills: Ball
control, dribbling speed,

Shooting accuracy, wall pass.

Overall physical performance
development was related to

chronological age,
maturation status, fat mass,

dribbling speed and training
stimuli. In general, soccer

skills unfolding was related
to chronological age, playing

position, fat and fat-free
mass, repeated sprint and

aerobic endurance and
training stimuli.

90%

(Huijgen et al., 2013)
[41]/Netherland

Mixed-longitudinal
3 y

10–18 y
at baseline 270

Soccer specific skills:
Loughborough Soccer

Passing (LSPT).

Soccer skills improved
non-linearly: 18% in speed
pass, and 32% in speed and

accuracy pass with age.

85%

(Carvalho et al.,
2014)

[42]/Spain

Mixed-
Longitudinal

4 y

U11 age category
at baseline 33

Soccer specific physical
performance: The Yo-Yo

Intermittent Recovery
Test (YYIR1).

Aerobic performance
increased non-linearly with

chronological age; yet,
between 12–13 y decreased.

Additionally, aerobic
performance was related to
training stimuli but not with

body size and
maturity status.

80%

(Deprez et al., 2014)
[31]/Belgium

Longitudinal
5 y 11–14 y at baseline 162 Soccer specific physical

performance: YYIR1.

Aerobic performance
improved non-linearly with

age and was related to
stature, fat-free mass, and

motor coordination.

85%

(Valente-dos-Santos
et al., 2014)

[28]/Portugal

Mixed-longitudinal
5 y

10–14 y
at baseline 83 Physical performance: SHR.

Soccer specific skills: Dribbling.

Agility development was
related to chronological and
skeletal age, stature, fat-free
mass and playing position.

Dribbling changes were
related to chronological and
skeletal age, stature, playing
position and training stimuli.

85%

(Valente-dos-Santos
et al., 2014)

[29]/Portugal

Mixed-longitudinal
5 y

11–13 y
at baseline 83

Physical performance: SHR,
MSSE, CMJ.

Soccer specific skills: Dribbling.

Agility changes were related
to skeletal age, maturity

status, fat-free mass, aerobic
endurance, and explosive

strength. Dribbling changes
were associated with skeletal
age, maturity states, fat-free

mass, aerobic endurance,
explosive strength, and

training stimuli.

75%

(Wrigley et al., 2014)
[36]/United

Kingdom

Longitudinal
3 y

U12–U16 age
category at baseline

S_g = 27
C_g = 18

Physical performance: S10 m,
S20 m, CMJ, agility (505 test).

Soccer specific physical
performance: RSA, YY IRT2.

Systematic soccer specific
training stimuli had

significant effects on physical
performance changes in

young male players
independently from baseline

levels of performance and
biological maturation.

90%

(Bidaurrazaga-
Letona et al., 2015)

[24]/Spain

Mixed-
Longitudinal

4 y

U11 age category at
baseline 38

Physical performance: CMJ,
agility (barrow zigzag run),

S15 m.

Non-linear improvement in
explosive strength and agility

performance with higher
development rates for early

matures. However, late
matures had better linear
improvements in speed

performance.

75%

(Deprez et al., 2015)
[32]/Belgian

Longitudinal
2 y and 4 y

4 y: ~12 y at
baseline

2 y: ~13 y at
baseline

21
21

Soccer specific physical
performance: YYIR1.

Aerobic performance stability
was moderate in 4 y and high

over 2 y.
85%

(Deprez et al., 2015)
[33]/Belgian

Mixed-
Longitudinal

7 y

7–17 y
at baseline 555 Physical performance: CMJ,

standing broad jump (SBJ).

Explosive strength
development was related to
chronological age and motor

coordination. However, in
11–15 y was positively

influenced by stature and
negatively by fat mass, but in
16–20 y positively influenced

by fat free mass.

75%
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Table 2. Cont.

Author/Country Study Design
Duration

Participants Motor Performance
Assessments (Tests) Main Results

Quality
ScoreAge Number

(Deprez et al., 2015)
[34]/Belgian

Mixed-
Longitudinal

7 y
11–14 y at baseline 356 Physical performance:

CMJ, SBJ.

Explosive strength
performance improved

non-linearly with age in CMJ
test and linearly is SBJ.
Additionally, explosive

strength performance was
related to leg length, fat free
mass, flexibility, and motor
coordination also maturity

status except in SBJ test.

90%

(Forsman et al.,
2016)

[46]/Finland

Longitudinal
1 y 12–14 y at baseline 288

Physical performance: S30 m,
agility (8-figure).

Soccer specific skills: Dribbling,
passing.

Physical performance and
soccer skills remained

relatively high and stable
across the period of one year.

85%

(Francioni et al.,
2016) [20]/Italy

Longitudinal
one season

U8-U12 age
category at baseline 103

Physical performance: CMJ
with and without free arm,

S15 m.
Soccer specific skills: Touch of
the ball with the body and the

head, passing, shooting,
dribbling, dribbling with pass.

Physical performance and
soccer specific skills

increased with age in
one season.

70%

(Zuber et al., 2016)
[21]/Swiss

Longitudinal
3 y

U13 age category at
baseline 119

Physical performance: S40 m,
CMJ.

Soccer specific physical
performance: YY IRT1.

Soccer specific skills: Dribbling,
passing, Juggling.

Change pattern showed to be
partial structural with high

individual motor
performance stability.

70%

(Carvalho et al.,
2017)

[43]/Spain

Mixed-
Longitudinal

6 y

U11 age category at
baseline 33

Physical performance: Agility
(barrow zigzag run),

S15 m, CMJ.
Soccer specific physical
performance: YYIR1.

Agility and aerobic
performance improved
non-linearly and reach a

steady rate around 3–4 y after
PHV. Sprint and explosive

strength maximum velocity
occurred around 2 y

after PHV.

80%

(Fransen et al., 2017)
[35]/Belgian

Mixed-
Longitudinal

6 y

5–20 y
at baseline 2228

Physical performance: Agility
(T-Test), S10 m, S20 m, S30 m,

SR, hand grip.
Soccer specific physical
performance: YYIR1.

Linear increases of all
physical performance tests.
Yet, there is a suggestion of
reaching a plateau around

15–17 years of age.

75%

(Rebelo-Goncalves
et al., 2017)

[22]/Portugal

Mixed-
Longitudinal

5 y
11–13 y at baseline 16

Physical performance: MSSE.
Soccer specific skills: Dribbling

speed, wall pass.

Aerobic capacity and passing
skills improved linearly in
goalkeepers yet dribbling
speed development was
non-linear. Soccer skills

improvement were mostly
explained by training stimuli
not by fat-free mass increases.

60%

(Francioni et al.,
2018)

[44]/Italy

Longitudinal
one season

U14 age category at
baseline 33

Physical performance: CMJ
with and without free arm,

S15 m.
Soccer specific skills: Touch of
the ball with the body and the

head, passing, shooting,
dribbling, dribbling with pass.

Motor performance
improved in U14 age

categories during one soccer
season independent of

training exposure.

80%

(Coutinho et al.,
2018)

[30]/Portugal

Longitudinal
10 weeks

U15, U17
age category at

baseline

E_g = 15
C_g = 15

Physical performance: CMJ,
S30 m, agility (repeated change

in direction).

Physical performance of
U15E improved in 10 weeks.

Training had a moderate
effect in U15E agility and in
U17E CMJ improvements.

95%

(Leyhr et al., 2018)
[47]/Germany

Longitudinal
3 y

U12 age category at
baseline 1134

Physical performance: S20m,
agility (slalom course).

Soccer specific skills: Dribbling,
ball control, shooting.

Motor performance
improved non-linearly with

time. Future professional
players performed better at

baseline and maintained their
superiority across time.

80%

(Bennett et al., 2019)
[23]/Belgium Mixed-longitudinal 6–20 y

at baseline 2201 Physical performance:
CMJ, SBJ.

Explosive strength improved
non-linearly with age. The
length of the time between
assessments did not show a
strong impact on player’s

future performance.

70%
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Table 2. Cont.

Author/Country Study Design
Duration

Participants Motor Performance
Assessments (Tests) Main Results

Quality
ScoreAge Number

(Moran et al., 2020)
[37]/United

Kingdom

Longitudinal
6 y

U10 age category at
baseline 6 Physical performance: S10 m,

S20 m, CMJ.

Straight speed and lower
limb explosive strength

performance can arise rapidly
and in radical fashions.

90%

(Saward et al., 2020)
[38]/United

Kingdom

Longitudinal
11 y

U9–U19
age category at

baseline
2875

Physical performance: S20 m,
agility (slalom test), CMJ, the
multistage fitness tests/ 20 m

multi (MSER) (MSFT).

Agility, explosive strength,
and speed improved

non-linearly except aerobic
capacity which improved

linearly with age. Differences
in playing position occurred

in physical performance
development. Future

professional players had a
faster rate as they get older,
with different development

patterns in explosive strength
and agility.

90%

y = years, g = group, Pro = professional, S = soccer, C = control, E = experimental.

3. Results
3.1. Included Studies

Study collection database searches retrieved 267 citations. Figure 1 shows the number
of articles found in each electronic database and the literature search/selection processes,
including all the steps performed. After exclusion of duplicates, two hundred and five
articles remained, and eight additional articles identified through other sources were
included in the selection process. The remaining 213 articles were screened based on their
title and abstract, and one hundred and seventeen articles were excluded at this stage.
The remaining 35 studies were screened for full text assessment. One study did not have
its full text available, and two other articles were excluded since they did not precisely
examine the development of motor performance variables. Thirty-two articles fulfilled
all the inclusion criteria and were chosen at the end of the screening procedure for the
in-depth analysis (i.e., qualitative analysis) and review.

3.2. Methodological Quality

Quality scores attributed to studies are found in Table 2 and in the Electronic Sup-
plementary Materials (Table S2). The quality of indicators was as follows: (i) the mean
± standard deviation score of the 32 articles was 79 ± 10 percent; (ii) none of the studies
achieved the maximum score of 100% or scored below 50% (low quality); (iii) eight articles
were classified as of moderate quality (ranging between 51 and 75%) [17–24], but (iv)
twenty-four received high methodological quality scores (>75%). Putative deficiencies
were mostly related to question 3 (justification of the study sample size), and question 9
(limitations of the study acknowledged).

3.3. Studies’ Characteristics
3.3.1. Location

All studies were from the European continent: eight were conducted in Portugal
(25.8%) [19,22,25–30], seven in Belgium (22.6%) [17,23,31–35], four in the United Kingdom
(12.9%) [36–39], three in the Netherlands (9.7%) [18,40,41], three in Spain (9.7%) [24,42,43],
two in Italy (6.5%) [20,44]. Single studies were conducted in Austria [45], Finland [46],
Germany [47], Switzerland [21], and Serbia [48] (Figure 2).
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3.3.2. Sample Size and Design

Motor performance was investigated in a total of 12,190 youth soccer players, repre-
senting an average of ~380 players per study. Nineteen studies used a mixed-longitudinal
design, with sample sizes ranging between 16 [22] and 2228 [35], and age ranging from 5 to
20 years. Time durations (serial data collection) ranged from three [41] to nine years [45].
Thirteen studies used a pure longitudinal design lasting from ten weeks [30] to eleven
years of a prognostic period [38]. Sample sizes varied from 6 [37] to 2875 subjects [38], and
player age ranged from 7 [20] to 19 years [38] (Figure 3).
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3.3.3. Motor Performance Assessments (Tests)

Motor performance, soccer-specific motor performance, and soccer-specific skills were
distinctively assessed. Twenty-five studies [17–27,29–31,33–39,43–47] used tests such as
plate tapping, sit and reach, sit-ups, bent arm hang, standing long jump, vertical jump
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with and without free arm, endurance shuttle run, sprints (10, 15, 20, and 30 m), medicine
ball throw 2 kg, multi-stage endurance run, agility (505 test, barrow zigzag run, 8-figure,
T-Test hurdles run, slalom course, slalom running with obstacles) and the multistage fitness
tests. Seventeen studies [17–19,21,26–29,31,32,35,36,40,42,43,45,48] assessed soccer-specific
motor performance, namely: 30 m repeated sprint (RSA), agility shuttle run 5× 10 m (SHR),
intermittent endurance (ISRT), the Yo-Yo Intermittent Recovery Tests, slalom sprint and
shuttle sprint. Additionally, a dozen [18,20–22,27–29,38,41,44,46,47] of them also assessed
soccer-specific skills including dribbling, dribbling with a pass, shooting, shooting accuracy,
ball control, touch of the ball with the body and the head, juggling, passing, and wall pass.

3.3.4. Changes in Motor Performance

Overall, the reviewed studies aimed at identifying changes in motor performance in
different ways: (i) modelling mean trends as well as their covariates [18,19,22,23,25–29,31,
33,34,38,40–43,47]; (ii) describing mean changes over time [20,30,32,35,36,39,44–46,48]; (iii)
aligning changes by age-at-peak height velocity [37,43]; (iv) identifying timings of spurts
in different motor performance tests [17]; and (v) describing patterns of change [21].

Most multilevel/mixed modelling with polynomial age trends (age, age2, and age3)
showed systematic increases in soccer players’ aerobic capacity [25,31,40,42]; however, two
did not [22,38]. Training stimuli [25,40] and playing position [38] were linked to aerobic
capacity differences, except for goal-keepers [22]; maturity status was not related to these
trends [31,42]. There is evidence [24,33,34,38] for lower limb explosive strength (counter-
movement jump) increasing non-linearly with increasing age, while the increase is linear
in standing broad jump test [23]. These increases were related to maturity status [24,34],
fat-free mass [34], playing position [38], and previous performance [23]. There are also
reports [24,28,29,38,43,47] showing non-linear improvements in change in direction, which
were explained by training stimuli [24], fat-free mass [28,29], and playing position [28,38].

Most straight speed [24,38,43,47] and repeated sprint ability [19,26] showed non-linear
trends, although one showed a linear trend [24]. Maturity status [24], fat-free mass, and
playing position [38] were associated with these changes. Additionally, training stimuli,
lower limb explosive strength, and fat-free mass were identified as additional repeated
sprint covariates [19,26]. Furthermore, there was also evidence that future professional play-
ers had systematic higher physical performance levels than future non-professionals [38,47].
Additionally, non-linear trends were observed in soccer technical skills [22,28,29,41,47].
Players with more training stimuli [22,28,29] and more lower limb explosive strength [29]
and midfielders [28] were better regarding dribbling speed.

During soccer seasons, significant differences were evident in motor performance [20,
35,39,45]. However, one study did not identify such changes in different age groups [39].
There is also evidence that motor performance remained relatively high and stable during
the period of one year [46], and in particular, aerobic capacity showed high stability over
two years and moderate stability over four years [32]. Three years of training was associated
with changes in physical performance independent of baseline levels and maturational
change [36]. Ten weeks of physical and tactical training in small-sided games produced a
moderate effect on U15 change in direction, moderate improvements in U17 lower limb
explosive strength, and a positive effect on attackers’ physical performance [30]. In contrast,
one study reported that a season follow-up improved U14 players’ motor performance
independent of training stimuli [44].

Two studies aligned motor performance changes with age-at-peak height velocity
(PHV) [37,43]. A case study reported systematic fluctuations in players’ straight speed
and lower limb explosive strength performance [37]. On the other hand, the maximum
velocity of lower limb explosive strength occurred 2 years after PHV, straight speed was
coincident with PHV, whereas change in direction and aerobic capacity started levelling
off their increases 3–4 years after PHV [43]. Contrarily, one study showed that almost all
physical performance peak spurts occurred at PHV and that a plateau in straight speed,
lower limb explosive strength and upper-body endurance development occurred after
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PHV [17]. Finally, one study used a person-centered approach aiming to identify players’
patterns of change and showed partial structural stable clustering as well as high individual
stability [21].

4. Discussion

In this systematic review, our aim was to provide a comprehensive overview of
the current body of evidence of existing longitudinal research concerning young soccer
players’ motor performance. Across studies, there is evidence of motor performance
improvements with chronological age, as well as marked influences of biological maturity,
body composition and training stimuli. Further, researchers based their analyses and
conclusions on data from pure longitudinal and mixed-longitudinal designs. Notably, all
studies sampled European adolescent players.

4.1. Study Quality

Overall, studies tended to adhere to high quality standards. Yet, a less favorable point
is related to the apparent absence of sample size justification and a putative insufficiency
of this aspect is evident when discussing results’ generalization. This, in turn, may weaken
to a certain degree their external validity [49]. In any case, it is also important to consider
pragmatic factors and/or research design requirements when sampling players and have
their regular assessments which are often conditioned by their training schedules and
academic obligations. This is a viable argument when there is a need for systematic and
highly regular assessments [50]. As such, we suggest that future studies should discuss
potential flaws of their designs, especially sample size, as well as ways of adequately
dealing with missing data [51] before drawing conclusions about the results’ transferability
to other settings, namely coaches’ decisions when planning their training sessions as well
as their expectations.

4.2. Location

Although one important aim of the grassroots FIFA program focuses on “Develop
the game” for all [52], there apparently is no doubt that appropriate nurturing of young
soccer players is time- and money-consuming, as well as being a challenging process [53].
The studies retrieved in this systematic review are from European countries that received
some form of funding from their governmental agencies. Furthermore, not only did
their progressive governments’ sport policies incorporate elements of soccer grassroots
programs [54,55], but this is also in the interest of coaches and managers from private soccer
clubs. We suggest that future longitudinal research with young soccer players should also
be conducted worldwide. This requires, of course, the presence of collaborative research
teams from different countries and continents, linking soccer producer countries with those
apparently less advanced in terms of research, team building, and soccer education.

4.3. Motor Performance Assessments

Physical performance tests offer objective assessments of young soccer players that
can generally be used for different purposes—description of systematic changes and their
covariates, selection and placement, assess individual progress, i.e., diagnostics, prediction,
and evaluation of training intervention programs [56]. Most reviewed papers dealt with the
description of mean changes in important physiological markers such as aerobic capacity,
lower limb explosive strength, and speed, by the use of different tests. A similar trend
was observed for soccer-specific physical performance and technical skills. In general,
technical skills improved with chronological age, as expected from players’ regular training
schedules. Even though tests were different for measuring the same construct across
studies, similar results were identified and may be linked (i) to the fact that tests were
appropriate for the age range and sample characteristics, and (ii) to expected changes
during adolescence as part of their natural developmental course plus the systematic and
cumulative effects of training and competition.
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It was found that soccer’s physiological demands and technical skills are different
for goalkeepers and outfield players [57], and this is probably the main reason why most
studies [18,25,28,41] decided to not include goalkeepers during data sampling and/or
their analysis. However, Rebelo-Gonçalves et al. [22] sampled 16 goalkeepers that were
similarly tested (aerobic capacity, dribbling and passing skills) as their outfield players
peers. However, in a previous study [28], using the sample from the same research
project from Rebelo-Gonçalves et al. [22], the authors decided to exclude goalkeepers
during sample selection/data analysis because the sample size was very small. Hence,
we emphasize the need for future research to direct its goal to goalkeepers’ physical
performance characteristics and as well as their specific technical skills.

4.4. Statistical Procedures and Changes in Motor Performance

There apparently is no specific trend in statistical procedures used to analyse mo-
tor performance changes across studies’ publication years. Most studies [18,19,22,23,25–
29,31,33,34,39–43,47] used multilevel/mixed modelling independent of study design, du-
ration, and sample size. In general, they relied on polynomials of age (age, age2, age3) to
estimate motor performance mean trends (linear and non-linear), as well as adding different
predictors of such trends, namely training stimuli and maturity status [22,24,25,28,29,34,40],
and reported their different effect sizes.

When focusing on mean changes across time, there apparently is no parallel trend
across studies. For example, when using independent factors as group—control versus
experimental [48]—or players’ levels [30,45], training effects on motor performance as well
as its stability vary by using different statistical methods such as analysis of variance [30,37]
or the general linear model [35]. Yet, we were not able to localize a study that investigated
the tracking of players’ motor performance, notwithstanding the fact that stability of
changes was mentioned [32,46]. One study [17] used a non-smoothed polynomial method
to identify spurts in several physical performance markers aligned by age-at-PHV, and
showed that in spite of their different intensities, they tend to peak around PHV. Another
study used a person-centered approach with a cluster analysis to describe players’ patterns
of change and obtained partial structural stable clustering along with high individual
stability [21]. One case study [37] showed that physical performance trajectories are
irregular, occurring quickly and in a radical fashion, suggesting that individual differences
between soccer players tend to be temporary. We concur with the authors that there is
a novel need to longitudinally investigate young players as single cases, aiming to gain
a better understanding of their erratic and systematic changes in order to assist coaches
when structuring their training program as well as when making selection decisions.

There is a strong suggestion that motor performance changes are related to biological
maturation differences, between and within players, as well as their training stimuli. Yet,
there apparently is no unequivocal proof of the effects of different training interventions
and bio-banding [58] on players’ motor performance. Therefore, we recommend additional
research for a deeper understanding of the impact of training interventions on motor
performance during puberty, especially their hormonal and physiological mechanisms.
Additionally, we could not find a theoretical basis for conducting research apart from
using ANOVAs or the multilevel/mixed model. We contend that future research should
also consider players’ contexts, i.e., their families, coaches, and clubs. Young players’
development occurs within these contexts and they should be acknowledged. In sum,
there is a need to also use multidimensional and/or ecological approaches to enhance our
understanding of the complexities of young players’ development [8].

4.5. Limitations of the Current Review

This is most probably the first systematic review on young male soccer players’ motor
performance development based on serial data (pure longitudinal and mixed-longitudinal),
and it is not without limitations. First, it is possible that the retrieved publications are not
free from bias towards positive results. As such, we suggest future studies to combine
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available data for meta-analyses with proper statistical evaluation of publication bias.
Second, we restricted our criteria to only include male players. We urge future research to
also consider female players’ motor performance serial data. Third, it is also possible that
the review criteria and search strategy may have limited our scan. Fourth, although no
study used in this systematic review reported injuries or orthopedic problems, care must
be taken when interpreting data because of a putative equinus condition [59].

In spite of these limitations, we tried to present a comprehensive description of
available longitudinal data during players’ puberty given that it is considered a very
important time window that may likely benefit soccer stakeholders to employ better
developmental sporting strategies in their organizations to maximize young soccer players’
potentials and smooth their career transitions.

5. Conclusions

The present study compiled current empirical evidence on longitudinal data dealing
with male soccer players’ motor performance changes during puberty. Puberty has been
found to be a crucial time for nourishing soccer players’ future quality vocations. Amongst
studies, it was observed that motor performance improved with chronological age, which
was linked to biological maturity, body composition changes and training stimuli. Coaches
and stakeholder of young soccer players should be aware of the positive influence of
physical and biological maturation, training stimuli and systematic fluctuations on players’
immediate motor performance. This suggests that selection and deselection decisions
should be made based on longitudinal rather than cross-sectional information. We propose
that future longitudinal studies with young soccer players should also be global, with a
focus on playing position, cases study, tracking methods, and deeper understanding of the
impact of training interventions on motor performance during puberty, especially their
hormonal and physiological mechanisms. Finally, there is a need for more research on the
contextual and environmental aspects impacting motor performance development.
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