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Preface to ”Health Promotion in Children and

Adolescents through Sport and Physical Activities”

This Special Issue entitled ”Health Promotion in Children and Adolescents through Sport

and Physical Activities” was developed after I received an interesting phone call from Giuseppe

Musumeci, a friend and colleague who, in my opinion, is brilliantly driving JFMK to success.

Giuseppe motivated me to manage a Special Issue (SI), and after a short interaction with him and

some personal study, I decided to address the topic of this SI to the area mentioned above. Although

the title of this SI may seem a bit broad, since the beginning, my intention has been clear: to

try to collect more information about the impact that human movement has on the physical and

psychological conditions of subjects during all stages of development, also known as the pediatric

age. I admit I was surprised when submissions started rolling in. There were many exciting works

(unfortunately, we had to reject a few of them for a variety of reasons), and in the end we collected 13

contributions in a short period. In brief, I will present here the core message that this SI book aims to

share with the readers. The first part of the book contains three interesting editorials that fit perfectly

with the SI’s purposes. Sarah West et al. point out the importance of “research that longitudinally

assesses how lifelong physical activity [] contributes to life expectancy and mortality”, while Ambra

Gentile presents an interesting project supported by the European Commission addressing sports and

human movement as valid methods of preventing violence and social exclusion. The third editorial

by Marianna Alesi et al. also report on a European initiative concerning cognitive and motivational

monitoring during enriched sports activities. Interestingly, these three articles have many common

points, and the central role of human movement is the driving factor. Among the subsequent

contributions, readers will find an interesting review by Riggs Klika et al., in which the terms cancer,

pediatric age, and exercise have been properly investigated and presented. Laura Kabiri et al.

present data that support the importance of being active at a young age, while Ryan D. Burn and

You Fu investigated the interrelationships among motor competence and health-related variables

during the pediatric age. The matter of motor competence is addressed by Charlotte JH Hall et al.,

who suggest that good motor competence is an important correlate of children meeting physical

activity guidelines for health. In an original investigation, Yolanda Demetriu et al. provide first

insights into how a sports-oriented school can promote students’ physical literacy and optimal

cognitive performance. Cain CT Clark et al. investigated motor skills in children and highlighted

the importance of gender differences, while the work of Michael PR Sheldrick et al. report that

sufficient MVPA and excessive screen time were associated with healthy and unhealthy factors,

respectively, with relationships sometimes differing by sex. Ewan Thomas and Antonio Palma report

that it is possible to consider age-related performance measures to develop exercise interventions

that follow the growth characteristics of schoolchildren, while Francisco Tavares et al., in their original

investigation, encourage the development of power capacities in the late youth phase when preparing

athletes for the senior competition level. Now, at the end of this journey through all the scientific

contributions that I had the honor of managing, I want to say thank you to all the lovely people at

the MDPI Editorial Office. I felt supported and encouraged to be creative and productive, and I will

definitely request a second edition of this successful and interesting Special Issue.

Antonino Bianco

Special Issue Editor
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Obesity is a global epidemic, and researchers have been examining its prevalence and impact for
decades [1]. In 2016, The World Health Organization (WHO) estimated that more than 1.9 billion adults
over the age of 18 were overweight, and 650 million of these adults were obese [2]. Worldwide obesity
in adults has greatly increased in the last ~40 years [2]; a systematic review of over 1700 research
studies found that the global proportion of overweight/obese adults increased from 28.8% to 36.9% in
males, and 29.8% to 38% in females between 1980 and 2013 [1]. Furthermore, global obesity rates are
projected to continue to steadily increase [3].

Unfortunately, the epidemic of obesity is not limited to adults; children and adolescents are
overweight and obese at alarming levels worldwide, with many countries reporting prevalence rates of
~20–35% [4–11]. As seen in adults, the proportion of overweight/obese youth continues to rise [1,12].
Even more concerning is that obesity is becoming a prevalent issue in very young children; the WHO
estimates that as of 2016, 41 million children under the age of five are overweight or obese [2]. In one a
study of over 2000 four-year-old children from Spain, the prevalence of obesity increased from 5.4% to
10.1% over a two-year follow-up [4]. Obesity during childhood/adolescence drastically increases the
probability of obesity in adulthood [13,14]. Early-onset obesity is setting children up for a lifelong risk
of obesity-associated complications, as it is now understood that early markers of adult cardiovascular
disease begin in childhood [15].

Obesity is associated with disorders of almost every system in the body [16]. For example,
adults with obesity have increased incidence of cardiovascular disease, diabetes, high cholesterol,
and hypertension [17–19]. Childhood obesity is also associated with hypertension, insulin resistance,
and liver disease, among others [16]. In a large cohort study of over 8500 nine-year-old Irish
children, a staggering 11.1% of the population reported having a chronic illness that impaired daily
living [20]. Children who reported living with chronic diseases were more often overweight or
obese (32% prevalence) [20]. The negative health effects associated with obesity are not limited
to physical outcomes; cognitive function is also decreased in obese children [21,22]. For example,
a recent study examined the association of adiposity with achievement and cognitive function in
obese children aged 7–9 years old vs. normal-weight children [23]. Compared to normal-weight
children, children who were obese had lower performance on tests of reading and math. In the obese
children, higher visceral adipose tissue was associated with poorer intellectual abilities and cognitive
performance [23]. Published data indicate that an increasing number of children are at risk of
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obesity-associated physical and cognitive dysfunction, as well as poor psychosocial health (i.e., anxiety,
depression) [24], underscoring the need to address this epidemic.

Physical activity is an important, modifiable lifestyle factor that can help improve health
outcomes in adults and children, including reducing obesity [25–27], cardiovascular disease [28,29],
and diabetes [27,30]. Current WHO global recommendations for physical activity suggest that adults
aged 18–64 years of age should engage in at least 150 min of moderate–vigorous physical activity per
week, in bouts of at least 10 min of duration [31], and that children aged 5–17 years old should be
accumulating 60 min of daily moderate–vigorous intensity physical activity. The WHO report indicates
a dose-response relationship with greater physical activity levels associated with additional health
benefits in adults and children [31].

Unfortunately, and perhaps not surprisingly, both adults and children are not meeting these
physical activity guidelines globally [32–36]. Canadian Health Measures Survey data (2007–2009)
indicate that only 15% of Canadian adults are accumulating the recommended 150 min of
moderate–vigorous physical activity per week [32], and of them, only 5% accumulate 150 min per
week in at least 30-min bouts five or more days per week [32]. According to the Centers for Disease
Control and Prevention (CDC) in the United States, only 20.5% of adults in 2015 were meeting the
WHO-recommended physical activity guidelines [33]. In an international study of 20 countries,
the percentage of adults who reported being physically inactive (sedentary) was between 6.9% (China)
and 42.3% (Taiwan) [36].

Children are also not achieving physical activity guidelines; the WHO estimates that globally,
81% of school-aged children are not meeting guidelines of 60 min of physical activity per day [37].
The new Canadian 24-h Movement Guidelines for the Early Years (0–4 years) suggest that preschoolers
should engage in at least 180 min per day of physical activities, 60 min of which should be moderate to
vigorous daily physical activity [38]. Chaput et al. reported that 38.2% of Canadian preschool children
(mean age 3.5 years) were not meeting these physical activity recommendations [39]. When the
Canadian 24-h Movement Guidelines were examined in an international sample of over 6000 children,
the global prevalence of meeting the recommendations was only 7% [40]. Therefore, the problem of
physical inactivity is evident at a very early age.

The information regarding poor physical activity participation, combined with the high prevalence
of obesity, is more than just disappointing; it is concerning. There have been no major, successful
population intervention strategies to reduce obesity, and there have been no national successes
in reducing the burden of obesity in the past 33 years [1]. We know that physical activity is a
potent ‘medicine’ against obesity, yet despite the prominent health benefits of physical activity,
participation rates in both adults and children remain low. We are observing a disconnect between
the known benefits of physical activity and the number of individuals who actively engage in the
recommended amounts. We wonder then, “What kind of data will it take for the general population
to decide that physical activity is a necessity to include in their daily lives?” One emerging area of
research is examining the association between physical activity and mortality. Perhaps identifying
a link between physical inactivity and increased mortality will be the convincing data needed to
encourage adherence to physical activity guidelines.

A recent study titled “Impact of healthy lifestyle factors on life expectancies in the U.S.
population” by Li and colleagues was published in the prominent American Heart Association
journal, Circulation [41]. This was a comprehensive, large-scale analysis of how lifestyle factors impact
life expectancy in the U.S. population [41]. The authors examined the association of lifestyle-related
low-risk factors (specifically: diet, smoking, physical activity, alcohol consumption, and body mass
index) using well-collected cohort data including the Nurses’ Health Study (NHS), and the Health
Professionals Follow-up Study (HPFS). They also used data from the National Health and Nutrition
and Examination Surveys (NHANES) to determine the distribution of the lifestyle related factors in
the U.S. population, and they derived death rates from the Centers for Disease Control and Prevention
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Wide-Ranging Online Data for Epidemiological Research database. At baseline, the authors included
78,865 females and 44,354 males for analysis [41].

Li et al. defined five low-risk factors (diet, smoking, physical activity, alcohol consumption,
and body mass index) and examined their impact together and independently on mortality [41].
We will focus on discussing the physical activity findings. Physical activity was measured using a
validated questionnaire (updated every two years), and was considered to be a low-risk lifestyle factor
if individuals engaged in >30 min per day of moderate or vigorous activity (including brisk walking).
To determine how lifestyle factors affected mortality risk, Li et al. calculated the average physical
activity level using the last two repeated measurements relative to a mortality event. For example, if a
mortality case occurred in 1982–1984, the average of the 1980 and 1982 physical activity questionnaire
for that individual was used [41].

Women had a median study follow-up of 33.9 years, and men had a follow-up of 27.2 years.
During this time 42,167 deaths were recorded [41]. The authors found that each of the five healthy
lifestyle components was significantly associated with the risk of all-cause mortality. A higher dose of
physical activity was associated with a decrease in all-cause mortality, death due to cancer, and death
due to cardiovascular disease. Specifically, completing 0.1–0.9 h/week of physical activity was
associated with a hazard radio (HR) of 0.65 (95% confidence intervals (CI): 0.63–0.66); 1.0–3.4 h/week
was associated with a HR of 0.56 (95% CI: 0.54–0.58); 3.5–5.9 h/week was associated with a HR of
5.0 (95% CI: 0.48–0.52); and ≥6 h/week was associated with a HR of 0.44 (95% CI: 0.43–0.46) for
all-cause mortality [41]. In other words, engaging in physical activity for as little as 0.1 hour/week
up to ≥6 h/week was associated with a 35–56% reduced risk of death over the follow-up period [41].
The authors estimated gained life expectancy, and found that increased participation in physical
activity compared to the most sedentary group was associated with a longer life expectancy [41].
The conclusions from this large and well-designed analysis are clear; modifiable lifestyle factors such
as physical activity can improve life expectancy in U.S. adults [41].

Therefore, we return to our previous question, “what kind of data will it take for the general
population to decide that physical activity is a necessity to include in their daily lives?” It is evident
from Li et al.’s comprehensive study that life expectancy is directly linked with physical activity
participation in adults [41]. Will this be the convincing piece of evidence required to convince adults
that physical activity participation is necessary? It is unlikely that the results from Li and colleagues’
study will lead to large-scale physical activity participation change, because there have been previous
studies that also report an inverse, independent association between volume of physical activity and
mortality in adults [42–45].

However, let us say, optimistically, that Li et al.’s study does result in knowledge translation and
encourages adults to become more physically active to prolong life; do the results also encourage
physical activity participation in children? As previously mentioned, Li et al. quantified cumulative
average levels of physical activity using the last two repeated measures (i.e., four years) prior to
mortality; and therefore they reported that relatively short-term physical activity participation is
associated with prolonged life [41]. This may suggest that a long-term sedentary lifestyle during
childhood and early adulthood is not problematic. However, we know that this is untrue based on
studies that show childhood/lifetime physical activity participation is predictive of physical activity
habits, fitness, and cardiovascular health later in life [46,47]. Healthy, active kids often equate to healthy,
active adults. Furthermore, the body mass index of children is significantly and positively associated
with a family history of obesity [48]; encouraging healthy-weight children leads to healthy-weight
adults, which in turn results in the next generation of healthy-weight children.

While the conclusions by Li et al. are important and should not be diminished [41], we are still in
need of research that longitudinally assesses how lifelong physical activity, beginning in childhood,
contributes to life expectancy and mortality. We acknowledge that this would be a large, expensive,
and difficult endeavour given the extensive follow-up it would require, and is likely why this type
of study does not yet exist. However, consider the large economic burden of obesity, which has been
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estimated at $2.0 trillion dollars globally [49]; if we funnelled even a small portion of this money into
research, a long-term physical activity and life-expectancy study beginning in childhood is suddenly
realistic. We desperately need to change our future obesity outlook; it is our duty as researchers and
academics to prioritize future studies that may, in turn, result in the information necessary to trigger
large-scale changes in physical activity participation and obesity.
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Abstract: Sport Against Violence and Exclusion (SAVE), a project cofounded by the Erasmus +
Program of the European Union, seeks to prevent violent and socially exclusive behaviors through
physical activity. The current editorial shows a range of possible interpretations of these two
phenomena from both a psychological and sociological point of view, offering helpful methods
to coaches who train children (ages 6 to 12)in grass-root sport clubs. Following a thorough analysis,
partners from seven EU countries (Lithuania, Italy, Croatia, Bosnia and Herzegovina, Serbia, Austria,
and Spain) will be able to identify skills and techniques for coaches to ensure inclusive training
methods as well as to provide them with effective conflict resolution tools. Furthermore, both trainers
and parents will have access to an online platform with useful information regarding these issues.

Sport against Violence and Exclusion is a project cofounded by the Erasmus + Program of the
European Union (Key action: Sport- 590711-EPP-1-2017-1-LT-SPO-SCP). The overall aim of the project
is the prevention of violent and socially exclusive behaviors among youth in sport clubs. This goal
can be achieved by enabling coaches from grass-root sport clubs to recognize these behaviors as well
as the conflict resolution skills with which to address them. As stated by the Durban Declaration
and Program of Action, sport and physical activity are promising instruments in the prevention of
inequality, racism, and intolerance. Sport clubs are designed to be a valuable environment in which
youth can learn respectful behaviors which are valid in every social context [1], and it is possible to
define effective prevention strategies according to the psychological literature.

Concerning social exclusion, there is a positive relation between an individual’s identification with
a group and psychological wellness [2]: People who have been victims of social exclusion tend to suffer
from negative emotions (sadness, disappointment, jealousy, anger, and shame) [3], depression [4],
and tend to behave aggressively [5]. It is possible to contextualize social exclusion referring to social
identity theory [6], in which a part of an individual’s self-esteem is linked to their membership in
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a group. Identifying with a group allows individuals to make a distinction between the ingroup (group
membership) and the outgroup (everyone who is not in their group).The exclusion of undesirable
individuals helps to maintain a positive social identity [7]. Thus, a coach’s task should be the promotion
of a more inclusive and open environment.

According to social development theory [8], children learn how to give sense to the world by play.
They adapt their behaviors in relation to the social norms that are valid in a specific social setting and
develop a moral conscience through their interactions with significant adults. This can similarly be
applicable on the sport field, in which they can internalize group expectations about respectful and
disrespectful behaviors through interactions with their coach and teammates, shaping a sense of moral
conscience. Accordingly, coaches should be able to guide children to achieve this result by learning
specific practices which contribute to the development of a common system of values.

Furthermore, the prevention of violent behaviors may be achieved through the application of
Hirschi’s social bond theory [9]. The theory suggests that the promotion of an individual’s social bonds
leads to increased adherence to social norms, preventing violent or otherwise deviant behavior. Thus,
coaches should focus on those practices which strengthen social bonds among team members.

Finally, according to social learning theory, children learn how to give sense to the world by
observing and imitating adult behaviors [10]. From this perspective, coaches could provide positive
behavioral patterns which children could observe and implement.

On the basis of these premises, the SAVE project will promote respect among youth from 6 to
12 years old in grass-root sport clubs, with the aim to prevent violent behavior and to enhance social
inclusion and equal opportunities. The age range of 6–12, i.e., school age, was chosen as, during this
period, children begin to spend considerable amounts of time with their peers as well as participate in
sport clubs. The project will be developed over 30 months and will be implemented in seven European
countries: Lithuania, Italy, Croatia, Bosnia and Herzegovina, Serbia, Austria, and Spain.

Since the project will involve individuals across numerous nations, each with its own cultural
context of knowledge, social norms, and life habits, it will be necessary to conduct a desk analysis
and at least seven focus groups per country. This will enable an ability to define which behaviors
should be labeled as violent or socially exclusive. Each focus group will be conducted with 5 coaches
of grass-root sports as well as 5 parents whose children participate in grass-root sports.

Next, in consultation with current psychological literature, the skills and competencies necessary
for coaches will be defined. The results of this phase will be used to design a training phase with
a specific curriculum and skill cards which coaches will implement.

Concurrent to the implementation phase, an online platform accessible to both coaches and
parents will be designed to provide materials useful in addressing violent and socially exclusive
behaviors. At the end of the implementation phase, the Training Kit will be finalized with the Sport
against Violence and Exclusion Handbook as well as all the materials, findings, and statistics produced
during the project.

The SAVE project confronts a relevant social issue. It can help to build a more aware society
through the application of social norms which help to prevent violent and socially exclusive behaviors.
In previous decades, few scientific studies provided a thorough understanding of these phenomena.
Even now, additional practical strategies to prevent violent and socially exclusive behavior are needed
from the scientific community. Thus, the SAVE project fits perfectly within this research scenario and,
in our view, can significantly contribute in addressing this social need.
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Enriched Sport Activities (ESA) Program is an Evidence-based Practice Exercise Program cofounded
by the Erasmus + Programme of the European Union (Key action: Sport-579661-EPP-1-2016-2-IT-SPO-SCP).
It aims to enhance social inclusion, equal opportunities and psycho-physical wellbeing in children with
typical development and special needs. This aim will be pursued through two ways: (1) Children and
preadolescents’ participation in Enriched Sport Activities (ESA) Program; (2) Parents’ involvement and
education on cognitive, motivational and social benefits of Physical Activities (PA) in their children.

Recent research showed that high-level cognitive processes, such as inhibition, shifting, working
memory and planning, can be improved by aerobic exercise programs following both single bouts
of exercise and longer trainings from moderate to vigorous intensity [1]. Nevertheless, in the
developmental age, structured sport activities, such as martial arts, basketball, soccer, rowing and
dancing, act by delivering both physical and psychological benefits. The former involve physical
fitness such as cardiorespiratory fitness, muscular strength, muscular endurance, flexibility and motor
skills such as coordination, whilst the latter concern enjoyment, self-confidence and self-esteem, a sense
of belonging and social support [2–4]. The effectiveness of PMA (Programma Motorio Arricchito),
a structured motor program on coordination and executive functioning in kindergarten children,
has been demonstrated [5]. Moreover, exercise intervention trainings directed at increasing motor
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abilities in individuals with intellectual disabilities revealed to be efficacious to increase specific
cognitive abilities such as reaction times [6,7].

Nevertheless, family stimulates children’s participation in Physical Activity (PA) because of its
key role to influence the choice of social and physical activities in childhood. Specifically, family
influences the amount, the duration and the complexity of sport activities both in typically and
atypically developing children by providing adequate scaffolding during collaborative performances
as well as stimulating the sense of competence and the mastery motivation needed to cope challenging
physical tasks [8,9].

On the basis of these theoretical premises, the ESA project aims at enhancing social inclusion,
equal opportunities and psycho-physical wellbeing in children with typical development and special
needs. It will be developed over three years and it involves a specialized practitioners team
(coaches, sport scientists and psychologists) and the establishment of a European network among
families, practitioners and schools. The intervention is carried out in seven European countries: Italy,
Germany, Portugal, Spain, Lithuania, Croatia and Turkey.

According to the ESA Program aims, the TEG (Technical Expert Group) in charge with the
Thematic Area 2 (TA2-cognitive functioning, sport motivation, social inclusion, equal opportunities
and special needs) is focusing on a systematic literature review to provide the current evidence on
the effects of PA programmes on enhancing children’s and adolescents’ motivation towards physical
activity. Additionally, SOPs (Standard Operating Procedures) have been defined to select tests able
to predict and monitor cognitive, social and motivational growth in a population target of children
(6–14 years) living across Europe. The age range from 6–14 years was chosen because children’s PA
levels are acknowledged to decrease over this stage, with higher rates of drop-out in girls’ population,
but also because this is a critical phase to address precautionary intervention programs aimed at
stimulating an active lifestyle able to prevent inactivity.

Starting from previous successful experiences, the TEG has implemented: (1) the Enriched Sport
Activities (ESA) Program by adapting and enlarging previous successful experiences such as PMA
and exercise intervention trainings [5]; (2) a Parent Education Program to train parents on cognitive,
motivational and social benefits deriving from regular PA in childhood and establish educational
models and strategies to improve participation in PA by their children. ESA is an integrated sport
program in which 27 sessions of warm up in sport activities for typical children, such as soccer, track
and field, swimming, basketball, handball and APA (Adapted Physical Activities) for children with
special needs are enriched by cognitive tasks aimed at improving executive functions as working
memory, shifting and inhibition processes. The Parent Education Program is composed of four sessions
that will be carried out for each group of parents (10–12 max group members).

The aim is to provide, encourage and improve parents’ strategies aimed at supporting motivation
towards PA in their children. During “ESA Parent Education Program” the parents will be involved in
group discussions about how to provide their children a climate characterized by high levels of support
and patience, not to judge negative manifestations or the expression of negative affect concerning their
children’s sport performances, to encourage children to choose what they are more interested in and to
choose what kind of sport activity is the best for their psycho-physic wellness.

Next step is the administration of the ESA Program and the Parent Education. To sum up, ESA
Program aims at implementing guidelines to enhance cognitive abilities, motivation and participation
in sport activities as natural and enjoyable instruments of growth. The final goal is to stimulate
global development in children with typical development and special needs [10]. However, the main
limitation of the program study is the future generalizability of the findings regarding the population
with special needs because only two groups with special needs (children with Asthma and children
with Down Syndrome) participate in the project. So, in the future the sample with special needs need
to be enlarged.

Future contributions to the field are to establish a network approach involving educational
agencies as families, practitioners and schools. This network approach has been chosen because
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traditional physical activity promotion interventions using individual approaches have revealed to be
limited in long-term maintenance of benefits. After the project lifetime the web platform (ESA database,
ESA cloud, ESA tasks, ESA smartphone apps, ESA school programs) will be available to be adopted
for further European Union projects and initiative. In more details, every European citizen can easily
visit the ESA Program web site and can discover the ESA aims, ESA research units, current researchers,
reports, statistics and most important normative values and guidelines for best practices.
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Abstract: Homeschool children may rely solely on organized sports and physical activities to
achieve recommended levels of physical activity and fitness. The purpose of this study was
to investigate differences in fitness levels between homeschool children who did, and did not,
participate in organized sports or physical activities, and then examine relationships between hours
per week in sports or physical activities and cardiorespiratory fitness as measured by portions of the
FitnessGram® test battery. Organized sports/physical activity participation information was gathered
on 100 children ages 10–17 years who completed tests of upper, abdominal, and cardiorespiratory
fitness. The current investigation revealed that participation alone was not associated with higher
levels of physical fitness as assessed by the 90◦ push-up test or curl-up test nor was time in
participation related to cardiorespiratory fitness as assessed by the Progressive Aerobic Capacity
Endurance Run (PACER). These activities alone may be insufficient for meeting physical activity
recommendations and improving physical fitness. Therefore, children and adolescents educated at
home may need additional opportunities to participate in unstructured daily physical activity.

Keywords: sport; conditioning; physical activity; children; adolescents

1. Introduction

Physical activity and fitness are critical for health and wellbeing. Specifically, participation in
organized sports is a way for children and adolescents to get the recommended levels of physical
activity [1] and has been recommended by the American Academy of Pediatrics as an opportunity
for children and adolescents to increase their physical activity [2]. Defined as “an activity involving
physical exertion and skill in which an individual or team competes against another or others for
entertainment” [3], sports may include moderate (e.g., badminton, cricket) or vigorous-intensity
physical activity (e.g., competitive swimming) [4]. Numerous studies have found sports participation
to be beneficial for children and adolescent’s psychological, social, and physical health [5–12].

A systematic review of the psychological and social benefits of participation in sports among youth
revealed higher self-esteem, fewer depressive symptoms, higher confidence, and improved teamwork
and social skills among sport participants than non-sport participants [5]. Sports participation was
also related to beneficial health behaviors (e.g., fruit and vegetable consumption) [6], more positive
attitudes and beliefs about physical activity [7], and physical activity levels [6]. These benefits may
carry into adulthood, as sports participation in childhood and adolescence has been associated with
physical activity levels in adulthood [13–16].

Cardiorespiratory and muscular fitness may also be improved with sports participation. In one
study, U.S. adolescents who played school sports performed more pull-ups, had stronger grip strength,
and performed the plank fitness test longer than those not in school sports [5]. School sports
participation was also associated with improved performance on the 20-m shuttle run in a sample

J. Funct. Morphol. Kinesiol. 2019, 4, 13 13 www.mdpi.com/journal/jfmk



J. Funct. Morphol. Kinesiol. 2019, 4, 13

of Australian youth [8]. Outside of school, participation in sports outside school and participation in
sports competitions were associated with better performances on the 20-m shuttle run in a sample of
youth in Portugal [9,10]. Children from Denmark, who participated in gymnastics, handball, tennis, and
swimming, had high levels of anaerobic power and muscular strength [11]. Another study of ninth-grade
girls in the U.S. specifically found that, those who participated on at least two sports teams (either in
school or outside school), performed better on the step test than those who did not participate in any
sports [12]. Further, adolescent females in cycling, running, and swimming [17] and adolescent males in
various high-impact sports (e.g., football, rugby, and hockey) [18] had higher bone mineral density.

Despite existing research on the benefits of participation in organized sports among children and
adolescents, one population that has been overlooked in such research is homeschool children and
adolescents, who may be at increased risk for cardiovascular disease and adiposity [19]. Unlike public
school children, homeschool children do not regularly participate in school-based physical activity
(e.g., physical education, recess, school sports) because they are not subject to state regulations for
physical education classes, physical activity initiatives, or fitness testing [19]. Thus, organized sports
and organized physical activities may be the only avenues through which homeschool children engage
in purposeful exercise.

With an increasing prevalence of homeschooling and home education around the world (including
almost 2 million children in the U.S. [19]), and the lack of regulations for physical education, research is
needed to investigate whether organized sports and physical activities alone are sufficient to improve
fitness in homeschool youth. Thus, the purpose of this study was to investigate differences in fitness
levels between homeschool children who did and did not participate in organized sports or physical
activities. A secondary purpose was to examine any relationships between average hours per week in
sports or physical activities and cardiorespiratory fitness. Given previous research on the relationship
between sports and fitness, we hypothesized that homeschool children who participated in organized
sports or physical activities would have improved fitness over those who did not participate in organized
sports or physical activities, and that more hours would be related to improved cardiorespiratory fitness.

2. Materials and Methods

Participant recruitment and data collection occurred after ethical approval from the Institutional
Review Board (Protocol #18919 and #19736) of Texas Woman’s University on 3 March 2016 and
19 January 2017 respectively as part of Fitness Assessment in the Homeschool: The F.A.I.T.H.
Study—Part I and II. Homeschool children ages 5–17 years were recruited from the Greater
Houston area through email, homeschool groups, and word of mouth. A subset of this population
(ages 10–17 years) was intended for use in this study due to lack of normative data for younger children
on selected outcome measures. An a priori power analysis with an alpha of 0.05, power of 0.8, and effect
size of 0.3 revealed a necessary sample size of 88 participants.

Parents completed a survey including information on whether their child was currently participating
in organized sports or physical activities (yes/no). If the answer was yes, the parent was asked to
provide the average number of hours of participation per week. For the purposes of this study, organized
participation was defined as any sport or physical activity in which the child paid to participate.

To assess multiple aspects of physical fitness, all participants completed the 90◦ push-up test,
curl-up test, and Progressive Aerobic Capacity Endurance Run (PACER) as part of the FitnessGram®

test battery (v. 10.0; Human Kinetics, Champaign, IL, USA). The 90◦ push-up test is a measure of
upper body strength and endurance while the curl-up test assesses abdominal strength and endurance.
The PACER is a test of cardiorespiratory fitness and is administered similar to the 20-m shuttle run or
20-m beep test [20]. The FitnessGram® test battery has been shown to be both reliable and valid in this
population and is routinely employed in American public schools [21–23]. All tests were administered
as per the FitnessGram® administration manual and performed until two failed repetitions or volitional
exhaustion, whichever occurred first [20].
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Results for each test portion (90◦ push-up, curl-up, PACER) were dichotomized into healthy
or needs improvement classifications. The PACER was also used to calculate an age and gender
specific estimated VO2max for each participant to measure cardiorespiratory fitness in addition to
the dichotomized classification. All results and classifications were calculated using age and gender
specific normative data provided by FitnessGram®. This was done to account for the effects of both
age and gender on test results.

Chi-square tests were used to explore statistically significant differences in fitness between
children who did and did not participate in organized sports or physical activities. Comparisons were
made between participation groups for overall fitness (healthy rating for all three tests) as well as for
a healthy classification on each individual test (90◦ push-up, curl-up, PACER). Pearson correlation
coefficient was used to determine any relationship between average hours per week of organized
sports or physical activity and cardiorespiratory fitness (VO2max). All statistical analyses were done
using IBM SPSS Statistics for Windows (v. 25.0; IBM, Corporation, Armonk, NY, USA) with an alpha
level of p = 0.05 used to indicate statistical significance.

3. Results

3.1. Participant Demographics

A total of 211 participants aged 5–17 years enrolled in the study. Of those, 100 participants met
the age requirement (10–17 years) for this portion of the study. This subset (n = 100) of age-appropriate
participants was used for all data analyses. Participant characteristics can be found in Table 1;
Table 2. The sample was evenly split between genders with an average age of 12.71 years. They
were predominantly non-Hispanic white and of normal body mass index.

Table 1. Frequencies for participant characteristics.

Variable n Percent

Gender

Male 50 50%
Female 50 50%

Total 100 100%

Ethnicity

Non-Hispanic White 83 83%
Hispanic 5 5%

Non-Hispanic Black 5 5%
Asian 3 3%
Other 4 4%
Total 100 100%

Note: n: 100.

Table 2. Descriptive characteristics for physiological characteristics.

Variable n Mean SD

Age (years) 100 12.71 2.17
Years in homeschool 100 5.80 2.85

Hours per week in sports participation 100 4.68 3.60
Curl-up repetitions 100 15.82 15.80
Push-up repetitions 100 16.47 8.078

PACER laps 100 35.16 18.08
Estimated VO2max 100 43.78 6.23
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Table 2. Cont.

BMI Classification n Percent

Under weight 3 3%
Normal weight 81 81%

Overweight 10 10%
Obese 6 6%
Total 100 100%

Note: n: 100.

3.2. Outcomes

Overall, 80% of participants (n = 80) were currently engaged in some form of organized sports
participation or physical activity. Healthy classification overall and for each individual test can be seen
in Table 3 while specific test performance details are in Table 2. The sample had a mean of 4.68 h/week
of sports participation (Range = 0–17; SD = 3.60) with a majority exhibiting good upper body strength
and endurance as well as cardiorespiratory fitness.

Table 3. Sports participation and healthy status frequencies.

Sports Participation n Percent

Yes 80 80%
No 20 20%

Total 100 100%

Overall Healthy Classification

Unhealthy in at least one 77 77%
Healthy in all three 23 23%

Total 100 100%

Curl-up Healthy Classification

Needs improvement 63 63%
Healthy 37 37%

Total 100 100%

Push-up Healthy Classification

Needs improvement 15 15%
Healthy 85 85%

Total 100 100%

PACER Healthy Classification

Needs improvement 33 33%
Healthy 67 67%

Total 100 100%

Note: n: 100.

Chi-square tests revealed no significant (χ2 (1, n = 100) = 0.903 p = 0.342.) difference between
participation groups for overall fitness as seen in Table 4. These results indicate no association between
participating in organized sports or physical activity and being in the healthy fitness zone in all three
categories. Additional chi-square tests found similar non-significant differences between groups for a
healthy classification on each individual test as well (90◦ push-up: χ2 (1, n = 100) = 0.490, p = 0.484;
curl-up: χ2 (1, n = 100) = 0.526, p = 0.468; PACER: χ2 (1, n = 100) = 0.005, p = 0.942). Pearson correlation
revealed a non-significant relationship between average hours per week of organized sports or physical
activity and estimated VO2max (r = 0.121, p = 0.230).
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Table 4. Crosstab analysis.

Variable No Yes Total

Unhealthy in one 17 60 77
Healthy in all 3 20 23

Total 20 80 100

Value df Sig.

Pearson Chi-Square 0.903 1 0.342

Notes: df (degree of freedom): 1; Sig.: p = 0.05.

4. Discussion

The primary findings of this study demonstrated no relationship between participation in
organized sports and physical fitness among homeschool children and adolescents. The majority of
subjects participated in some form of organized sport or physical activity. However, participants did
not have higher levels of overall fitness (i.e., achieved a healthy rating for all three tests) or for each
individual test (i.e., 90◦ push-up, curl-up, PACER) than non-participants. Furthermore, there was no
relationship between number of hours spent participating in sport each week and cardiorespiratory
fitness. These findings were in direct opposition to our original hypotheses.

Previous studies have provided evidence supporting the relationship between sport participation
and physical fitness indicators among children and adolescents [8]. High levels of cardiorespiratory
endurance, muscular strength and endurance, and power among girls and boys participating
in a variety of sports, including tennis, gymnastics, handball, and swimming, have been well
documented [10,11]. Further, studies examining running and high-volume loading sports, such
as soccer, basketball, tennis, and rugby, have been associated with higher bone mineral density [17,18].

While previous research has found positive associations between sport and fitness, the results of
our study suggest sport participation alone may not be enough to achieve desired levels health-related
physical fitness. This may be because the achievement of physical activity recommendations is
important for developing physical fitness [24]. The World Health Organization (WHO) suggests
children and youth ages 5–17 accumulate a minimum of 60 min of primarily aerobic moderate—to
vigorous-intensity physical activity (MVPA) daily, as well as muscle- and bone-strengthening activities
at least three days per week, in order to improve health and physical fitness [25].

Participation in organized sport alone may be insufficient for children in order for them to meet
daily physical activity guidelines for several reasons, including not participating in MVPA outside
of sport practices, not practicing frequently, or practices being low in MVPA [26]. Recent analyses
of youth sport practices revealed that children engaged in MVPA 34–50% of their time spent in
practice [26–29], which is approximately 20–30 min (one-third to one-half) of MVPA toward daily
public health guidelines [26,27]. When exploring varied practice structures and time segments in youth
flag football, Schleter and colleagues [27] found that free-play, game-play, and warmup segments
resulted in greater percentages of time spent in MVPA than scrimmage, strategy, and sport-skill
segments of practice. A number of contextual variables may contribute to low amounts of MVPA
during a practice session, such as those related to tasks (e.g., time devoted to organizational tasks,
strategy, or self-care), and setting (e.g., fewer opportunities to participate in relation to children
available to participate) [27]. Recent interventions have implemented strategies in effort to address
these factors to increase MVPA during youth sport practices [29,30].

To the best of our knowledge, no previous studies have examined the relationship between
sports participation and achievement of health-related physical fitness among homeschool children
and adolescents. Strengths of the study include a sample size exceeding the required number of
participants determined by an a priori power analysis, as well as the broad age range and even gender
representation of our population. Recruitment of children not currently participating in physical
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education classes through the public-school system also strengthens our findings by focusing solely on
effects of organized sports and activities. Limitations of the study include assessment of organized
sports and physical activity participation by parental report only and failure to further qualify or
classify the type of participation. In addition, participants consisted of majority healthy weight children
and adolescents; therefore, the sample did not allow the researchers to control for obesity, a known
confounding variable. Further, the study did not quantify participants’ habitual physical activity.
Previous studies investigating the effects of habitual physical activity on fitness among children and
adolescents have yielded mixed results [31]. Future studies should attempt to more accurately quantify
the amount of sport practice time spent engaged in MVPA.

5. Conclusions

The current investigation revealed that organized sport participation and/or physical activity
alone was not associated with higher levels of physical fitness among 10–17 year old homeschool
students. These activities alone may be insufficient for meeting MVPA recommendations and
improving physical fitness. Therefore, children and adolescents educated at home may need additional
opportunities to participate in unstructured physical activity daily.
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Abstract: Background: In response to the worldwide increasing prevalence of low cardiorespiratory
fitness (CRF), several interventions have been developed. The aim of this study was to examine
the effect of a school-based intervention on CRF in Brazilian students. Methods: A nonrandomised
controlled design tested 432 students (intervention group: n = 247) from 6th to 9th grade recruited
from two public secondary schools in Florianopolis, in 2015. The intervention entitled “MEXA-SE”
(move yourself), applied over 13 weeks, included four components: (1) increases in physical activity
during Physical Education classes; (2) active recess; (3) educational sessions; and (4) educational
materials. CRF (20-m shuttle run test) was the primary outcome. Results: The effect size of
the intervention on CRF was 0.15 (CI 95% = –0.04; 0.34). In the within-group comparisons,
VO2max decreased significantly from baseline to follow-up in the control group but remained
constant in the intervention group. After adjustment variables, differences between intervention and
control group were not statistically significant (p > 0.05). Conclusion: The “MEXA-SE” intervention
did not have an effect on adolescents’ CRF. However, maintenance of VO2max in intervention group
and a reduction within control group demonstrates that this intervention may be beneficial for
long-term CRF and, possibly, the increased intervention time could result in a better effect.

Keywords: physical fitness; children; adolescents; intervention study; physical education;
school health; motor activity

1. Introduction

Cardiorespiratory fitness (CRF) is considered an important marker of health in childhood and
adolescence [1]. Low CRF has been associated with increased cardiovascular disease risk in young
people [2] and adults [3]. Similarly, the maintenance of adequate CRF has been considered a protective
factor for reducing the burden of mortality from cardiovascular diseases [4].

In response to the worldwide increasing prevalence of low CRF, several interventions have
been developed and evaluated in recent decades [5,6]. However, the evidence of the effectiveness of
school-based interventions for the promotion of CRF in low-and middle-income countries (LMICs)
is limited [6,7]. Interventions implemented in the school environment prioritising CRF suggest that,
regardless of study design and of the test used to measure CRF, the largest effects on CRF were found
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as a result of greater session length (>60 min), frequency of three weekly sessions, programmes lasting
from 13 to 24 weeks [6], and higher-intensity physical activity (PA) [5]. The literature also points to
high-intensity interval training (HIIT) as a feasible and time-efficient approach for improving CRF in
adolescent populations [8]. However, the embedding of HIIT within the school day (e.g., in physical
education or activities adapted for the classroom) is limited [8].

In terms of intervention strategies administered within the school day, systematic reviews suggest
that engagement in PA is one of the major strategies to improve CRF, with the school being a favourable
environment for this [5,6]. The methods used to improve CRF via PA include increasing the number
and intensity of physical education (PE) lessons a week; inclusion of aerobic and resistance exercises;
increasing PA within and outside school [6]; and a combination of printed educational materials and
changes to the school curriculum [5]. Interventions which include changes to both PE classes and
another aspect of school provision (e.g., strategies of exercise/PA (effect size = 0.88; CI 95% 0.55; 1.24),
PA after school time (effect size = 0.44; CI 95% 0.00; 0.87)) have reported a greater effect compared to
solely PE-based strategies (effect size = 0.14; CI 95% −0.03; 0.31) [6]. In this context, we applied an
intervention based on the evidence previously cited, adapted to the context of schools in Southern
Brazil, a low- and middle-income country (LMIC). Thus, the present study aimed to examine the effect
of a school-based intervention on CRF among Brazilian students.

2. Materials and Methods

2.1. Design and Participants

The “MEXA-SE” intervention was a nonrandomised controlled trial conducted in two
(one experimental) secondary major schools of the South region of Brazil. Umbrella research had the
objective of analysing the effect of a multicomponent intervention, applied during one school semester
(approximately four months), on health-related physical fitness and body image of students from 6th
to 9th grade. A detailed description of the full trial protocol can be accessed in the trial registration
(Available online: https://www.clinicaltrials.gov/ct2/show/NCT02719704?term=NCT02719704&rank=1).

According to the records of the Municipal Department of Education in 2015, 7484 students from
6th to 9th grade were enrolled in 26 public schools. The sample size calculation considered the
following parameters: Effect size (ES) for each outcome, power of 80%, and significance level of 5%
(Table S1). Specifically, the calculation of the sample size for CRF required 35 people within each group,
with an effect size of 0.68 [6]. To account for a potential 30% loss at follow-up, 46 participants per school
were necessary. Following these parameters, the sample was calculated for all primary outcomes
of the umbrella research. The largest sample size required among all outcomes was 295 students
(see Table S1), and this was the minimum sample established for the recruitment of schools.

School recruitment was based on the identification of the larger sample size (n = 295) and
on the agreement of PE teachers in the intervention school to participate in the intervention. Of the
26 existing schools identified, five were eligible, two located in the Southern region (about 689 students)
and three in the North (about 1165 students). For this study, the two schools (one control and one
experimental) were selected in the same region of the city (Northern region) in order to reduce
the possible socioeconomic disparities among students (mean of total monthly income of the people
responsible for the house of each census tract of schools in Northern region = R$273,321 (approximately
$73,473; €64,160) and Southern region = R$707,416) (approximately $190,166; €166,060)) [9]. Of the
selected schools, one refused to participate and the third school from the same region was invited to
participate. Contact with these schools was initiated in December 2014. The allocation of schools in the
intervention (IG) and control (CG) groups was determined by authorities of the Municipal Secretariat
of Education and the researchers had no influence in this decision. All participating schools were
located within the urban perimeter of Florianopolis and most of the students resided near the school.

All students from grade 6th to 9th of these schools were eligible (n = 1,011) (records of the
Municipal Department of Education). The final sample size adopted was 295 students (see Table S1);
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however, for ethical reasons and at the request of the principals of each school, the intervention was
conducted with all students in the schools. In the intervention school, all students could participate in
the activities offered in the “MEXA-SE” (move yourself) programme. In both the intervention and the
control school, only the students who delivered parental permission were evaluated.

2.2. Intervention

2.2.1. Theoretical Aspects

The intervention strategies were developed considering previous evidence obtained via systematic
review with meta-analysis [6] prepared for this purpose. The meta-analysis variables considered were
CRF (primary outcome); intervention setting (school only); and strategies in intervention (actions in
PE classes and one other) and control (traditional PE classes) groups. Additionally, the type of exercise
for the IG (aerobic and resistance) was considered, along with session duration (minimum 45 min),
weekly frequency (three times), and duration of intervention (13 weeks or more).

Intervention strategies (Table 1) related to PA were developed according to the theories of health
promoting schools [10], sociocognitive theory [11], and the ecological model of health promotion [12].
Body image intervention was based on the sociocognitive theory [11] and the health belief model [13],
and nutritional intervention was based on the dialogical model of health education [14]. The logical
model of intervention (Figure S1) was developed in accordance with the suggestions of the Center for
Disease Control and Prevention [15]. The logic model includes inputs available, developed activities,
outputs, influencing factors, outcomes expected in the short and long term, and the desired aim of
the intervention.
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2.2.2. Intervention Strategies

The intervention employed in the current study had four integrated components that were
delivered during school time in a PE class or other module.

First Component: PE Classes

The first component was to increase time spent on in moderate to vigorous PA (MVPA) during
the three PE lessons per week. The three weekly classes were conducted by PE teachers in the school.
The lessons were composed of approximately 10 min of stretching exercises, 10 min of strength
exercises/muscular endurance, and 20 min of aerobic exercise, prioritising activities that arouse
students’ interest and in which most of them were involved in movement. The content was organised
according to the Curriculum Proposal for PE of Florianopolis [16] and the National Curriculum
Parameters of PE [17]. Thus, we used different content from PE (games, sports, dancing, martial arts,
gymnastics) and prioritised playful aspects of learning. In total, students received an average of
25 (SD = 6.4) PE lessons (45 min per lesson).

Second Component: Active Recess

Students were also encouraged to increase PA practice during school recess. Volleyball, basketball,
football, futsal, handball, and ropes were available for students to occupy the school recess time
actively. These materials could be used on the school environment, such as sports courts.

Third Component: Educational Sessions

Educational sessions on “Health, Lifestyle, Physical Activity and Sedentary Behaviour”:
These sessions were planned by researchers and conducted by school PE teachers and lasted 45 min
each. The first session aimed to discuss issues related to health and healthy lifestyle, seeking to
identify beneficial and harmful health behaviours. The second session was aimed at discussing PA,
physical exercise, and sedentary behaviour, seeking to identify the physical activities practised by
students, clarifying concepts, demonstrating the importance of each behaviour for health, and reflecting
on changes that everyone could do to become more active. For the development of sessions, video,
educational games, and posters were used.

Educational sessions on nutrition: These sessions consisted of six sessions (45 min per session)
designed to promote reflection and positive changes in eating habits and healthcare (to improve
knowledge and eating habits), conducted by a nutritionist with each school year group separately.
The topics developed in the sessions were: (1) Healthy eating; (2) general recommendations about the
choice of foods in terms of natural and processed meals; (3) consuming a wide variety of organically
grown fruit and vegetables; (4) guidelines on how to combine foods in a meal; (5) guidelines on the act
of eating; and (6) a cookery workshop. The teaching methods used were movies, expository lectures,
workshop context posters, music, and cooking workshops.

Educational sessions on body image: These sessions comprised three sessions (45 min per session)
focused on body image satisfaction conducted by a PE researcher. The topics developed in the sessions
were: (1) Beauty standards; (2) individual qualities; and (3) preparation of a poster on the theme:
"What is beauty to you?". The teaching methods used were movies, expository lectures, and workshop
context posters. The intervention was delivered to each class (n = 18) separately.

Fourth Component: Education Materials

Leaflets about sedentary behaviour and PA outcomes were distributed at the school, and two
folders were sent to the parents (Figure S2) by students. The first folder had messages about reducing
sedentary behaviour (recommendations, tips for changing of this behaviour, etc.), and the second on
increasing PA (the importance of parental incentive, examples and benefits of active living for youths).
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The folders were also given by the PE teacher to the students with messages specific (Figure S3),
along with educational sessions on these behaviours (third and fifth weeks).

School PE teachers participated in a training programme (4 h of duration) for the implementation
of intervention strategies. Training consisted of an exhibition about the current context of health-related
physical fitness and body image in adolescence, group dynamics that integrated physical fitness
components in a practical way, and from the presentation of the intervention proposal, the role of the
PE teacher was highlighted in the intervention and support material was delivered. In addition to
training conducted with PE teachers, all school teachers participated in a 90-min meeting to present
the aims and activities of the “MEXA-SE” programme.

Control Group

Both the IG and CG received the standard school curriculum as determined by the Brazilian
government, which allocates 135 min of PE classes per week (3 school sessions). The mandatory
PE curriculum was the content of games, sports, dancing, martial arts, and gymnastics. The school
activities of the CG remained unchanged. The three weekly 45-min PE classes were conducted by PE
teachers at school, following annual planning.

2.3. Variable Measures

CRF, the primary outcome, was assessed using the 20-m SR test using standard procedures [18],
validated for Brazilian use [19]. We analysed the following indicators of 20-m SR: Laps; stages; minutes;
and maximum oxygen consumption (VO2max), using the equation proposed by Leger et al [18].

Anthropometric measurements were conducted by anthropometrists certified by The International
Society for the Advancement of Kinanthropometry [20]. Calculations of technical error of measurement
were carried out for all anthropometric measures, which are considered acceptable for experienced
evaluators [21] (height: Intra evaluator = 0.28%, inter evaluator = 0.20%; triceps skinfold (TR):
Intra evaluator = 1.64%, inter evaluator = 3.91%; and subscapular skinfold (SE): Intra evaluator = 2.64%,
inter evaluator = 7.27%).

Overall PA was self-reported using a list of MVPA validated for Brazilian adolescents
(ICC = 0.88; CI 95%: 0.84–0.91) [22] and showed a reproducibility Kappa value of 0.45
(89.3% agreement). This list [22] included PA which was organised into different PA types:
Collective PA/sports (e.g., soccer, basketball, volleyball, and indoor soccer, in 7 items), individual
PA/sports (e.g., swimming, athletics, martial arts, and gymnastic, in 8 items), ride in PA
(e.g., skateboarding/rollerblading and cycling, in 2 items), walking (i.e., leisure, transportation,
and walking with dog, in 3 items), popular games (e.g., dodgeball and “forty-forty”, in 2 items),
and strengthening PA (e.g., weight training and abdominal exercises, in 2 items). Students reported the
frequency and duration of each daily PA that they performed in the previous week. Thus, we estimated
the weekly time (in minutes) of total MVPA.

The time spent in MVPA within school was measured with an Actigraph GT3X+ accelerometer,
secured on the right hip by an elastic band around the waist. Wear time was determined by subtracting
the time when the accelerometer was given to children (beginning of class) from the time the
accelerometer was retrieved (end of class). Students wore the device for four days (from Monday to
Thursday) during school time (from 7:30 to 11:30 or from 13:00 to 17:00). We considered valid data
using the accelerometer for three or more days and for at least three hours per day. Data were analysed
in 15-second epochs [23]. The measure used in this study to characterise the PA at school was the total
minutes of MVPA, according to Everson et al [23] cut points.

Socioeconomic status (SES) was measured using a questionnaire [24]. This questionnaire estimates
the purchasing power of families and ranks them from richest (A1, A2, B1, B2) to poorest (C1, C2, D, E)
based on the accumulation of material goods, housing conditions, number of working individuals
in the household, and the education level of the household head. The instrument provides a score
for each item according to the amount present in the home and the degree of instruction of the head
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of the household. Finally, the sum of the scores obtained in all the items makes it possible to classify
according to the abovementioned classes (Available online: http://www.abep.org/criterio-brasil).
For purposes of analysis, classes A1, A2, B1, B2 were grouped into “A+B”, and C1, C2, D, E were
grouped into “C+D+E”.

Sexual maturation was self-assessed by the participants by classifying their breast (girls) and
genital (boys) development in five pubertal stages, as proposed by Tanner [25] and validated at the
UFSC (Kendall’s correlation coefficient of 0.627 (p < 0.01) for boys and 0.739 (p < 0.01) for girls) [26].
The students were classified as prepubescent (stage 1), pubescent (stages 2 to 4), and postpubescent
(stage 5).

Attendance in PE lessons was registered by the PE teacher in each lesson. This procedure was
conducted before the start of activities.

2.4. Data Collection

The data collection team was composed of professors and students of the undergraduate
and graduate PE and nutrition courses. Team members received training for the application of
questionnaires and for the standardisation of measurements and motor tests. The instruments were
applied in the respective order: Questionnaire (first day), anthropometric measurements, 20-m SR test,
and sexual maturation (second day). Data collection was performed during students’ class period at
school. The average duration was 10 days at baseline and at follow-up (Figure 1). It was not possible to
blind the staff as to which group the assessed students belonged to because the availability of human
resources was limited. It was also not possible to blind students and PE teachers to the allocation due
to the intervention characteristics (different activities to those conducted in PE classes before the start
of the intervention). The intervention timeline is shown in Figure 1.

Figure 1. Timeline of the “MEXA-SE” intervention study. Note: PA: Physical activity; SB:
Sedentary behaviour; *In-school monitoring comprised observations of physical education classes and
school recess.

2.5. Statistical Analysis

Means and standard deviations were calculated at baseline and post-test for continuous variables
(CRF, age, body mass, height, sum of TR and SE skinfold (TR+SE), PA in school, and overall PA).
The normality of data was determined by values of skewness and kurtosis (±3) [27], confirmed by the
display of values and histograms. The height and differences between post- and pre-test for minutes,
laps, stages and VO2max showed normal distribution. The variables of body mass, TR+SE, minutes,
and laps were transformed by log, VO2max by reciprocal (1/VO2max), and MVPA within school by
square root. Chronological age, minutes of practice of overall PA, and stages of sexual maturation did
not present normal distribution.

Mean and proportions differences between intervention and control participants at baseline were
compared by independent t (parametric variables) and Mann–Whitney U (nonparametric variables)
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tests and chi-square analysis, respectively. To determine the effects of the intervention, analysis of
covariance (ANCOVA) was used, with the change in CRF as the dependent variable, groups as the
independent variable, and baseline data of CRF, sex, age group, SES, sexual maturation, overall PA,
MVPA in school, and TR+SE as the covariates. The effect of the intervention was also tested from the
intention-to-treat analysis (dropout data imputed by the repetition of the last observation—simple
imputation) using analysis of covariance in order to assess the possible impact of sample losses in
the intervention effect. In addition, we tested the interaction of all covariates with the intervention
effect. We considered the existence of interaction when the p-value < 0.10 [28]. The level of significance
for the study was 5% for two-tailed tests using the statistical software SPSS 15.0®(SPSS IBM Inc.,
Chicago, IL, USA). The effect of the intervention on CRF was calculated for each outcome using the
standardised mean difference (SMD) with a 95% confidence interval (95% CI) in Review Manager.

The analyses performed had a statistical power higher than 80% and 5% significance
level for two-tailed tests. In the adjusted analysis of variance with group vs. time (baseline
and follow-up comparisons, considering a conservative intermeasured correlation of 0.1
(Available online: http://www.gpower.hhu.de/), the ES found was ≥0.10.

2.6. Ethical Considerations

This study was conducted in accordance with the Declaration of Helsinki and it was approved
by the Ethics Committee on Human Research of Carmela Dutra Maternity (process No. 780.303).
The informed written consent of parents or guardians and the assent of participants were obtained.

3. Results

3.1. Participants

Of 1854 students enrolled in the five biggest schools, 1011 (two schools: 568 in IG and 443 in
CG) from 6th to 9th grade (aged 9 to 16 years) were invited to take part. Of these, 568 students
provided parental consent and personal assent (60.2% in IG and 51.0% CG). Of 568 participants, 89.8%
(IG) and 93.4% (CG) completed baseline measures. In follow-up measures, the response rate was
80.5% and 87.7% in IG and CG, respectively. Considering the time of intervention, the reasons for
dropout were absence (10.7%), giving up (7.1%), motor limitation (3.2%), and school change (2.5%).
Finally, 432 students (247 in the IG, 185 in the CG) participated in the study at both baseline and
follow-up (Figure 2).
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Figure 2. Flowchart of cardiorespiratory fitness. Florianopolis, Brazil, 2015. Mar: March; Apr: April;
Dec: December.

Deviations

Deviations from the planned study delayed the onset of intervention by four weeks because of
a delay on liberation of schools by the Municipal Department of Education; a teachers’ strike from
the fifth to the eighth week (13 days of lessons) of intervention also disrupted the schedule. After the
delay, the intervention occurred in 11 weeks (Figure 2).

3.2. Comparison of Baseline Characteristics

In baseline measurements, students in the CG had greater mean values for body mass, TR+SE,
attendance to PE lessons, and low performance in the CRF test than the IG (p < 0.05). Baseline data were
also compared between dropouts and students who completed the intervention. Dropouts had greater
mean values of body mass and TR+SE, and fewer minutes of MVPA practice, and less attendance of PE
lessons. However, there were no differences for age, height, CRF (minutes, laps, stages, and VO2max),
sex, SES, and sexual maturation variables (Table 2).
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Table 2. Baseline physical and sociodemographic characteristics, and physiological measures in
intervention and control groups in Brazilian students. Florianopolis, SC, Brazil, 2015.

Variables

IG
(n = 247)

CG
(n = 185) p-value

All
(n = 432)

Dropout
(n = 136) p-value

Mean (sd) Mean (sd) Mean (sd) Mean (sd)

Age (years) † 12.4 (1.3) 12.7 (1.3) 0.052 12.6 (1.3) 12.8 (1.4) 0.084
Body mass (kg) * 47.7 (11.3) 50.2 (12.4) 0.047 48.8 (11.8) 52.9 (13.4) 0.002
Height (cm) * 155.5 (9.8) 156.6 (9.9) 0.237 156.0 (9.8) 157.8 (9.8) 0.082
TR+SE (mm) * 22.5 (11.5) 24.4 (11.5) 0.042 23.3 (11.6) 26.9 (13.3) 0.004
MVPA school (min) 10.8 (6.6) 10.4 (6.6) 0.499 10.8 (6.6) 10.1 (5.6) 0.833
PA general (min) † 688.6 (913.2) 648.2 (831.3) 0.935 671.0 (877.7) 572.4 (902.6) 0.029
Attendance PE lessons (%) † 83.8 (13.3) 92.0 (8.3) <0.001 87.3 (12.2) 72.4 (23.4) <0.001
Minutes * 3.4 (1.8) 3.0 (1.7) 0.009 3.2 (1.8) 2.9 (1.5) 0.093
Laps * 26.4 (16) 22.8 (13.9) 0.013 24.8 (15.2) 21.9 (12.3) 0.077
Stages † 3.8 (1.9) 3.3 (1.7) 0.007 3.6 (1.8) 3.2 (1.5) 0.134
VO2max (mL/(kg·min) * 41.7 (4.8) 40.0 (4.6) <0.001 41.0 (4.8) 40.0 (4.5) 0.075

% (n) % (n) p-value ** % (n) % (n) p-value **

Sex 0.769 0.833
Male 47.4 (117) 45.9 (85) 46.8 (202) 47.8(65)
Female 52.6 (130) 54.1 (100) 53.2 (230) 52.2 (71)\
Socioeconomic Status 0.190 0.385
A + B 54.0 (129) 47.5 (86) 51.2 (215) 46.7 (57)
C + D + E 46.0 (110) 52.5 (95) 48.8 (205) 53.3 (65)
Sexual maturation†† 0.705 0.067
Prepubescent (S1) 1.7 (4) 1.1 (2) 1.4 (6) 1.0 (1)
Pubescent (S2 to S4) 86.8 (210) 89.4 (160) 87.9 (370) 79.8 (79)
Postpubescent (S5) 11.6 (28) 9.5 (17) 10.7 (45) 19.2 (19)

IG: Intervention group; CG: Control group; sd: Standard deviation; TR+SE: Sum of triceps and subscapular skinfold;
PA: Physical activity; MVPA: Moderate to vigorous physical activity measured with an accelerometer; m: Metres; kg:
Kilogram; mm: Millimetres; VO2max: Maximum oxygen consumption. S: Stages; † Mann–Whitney test; †† Breasts
and genitals; * Independent t student test and ** qui-square test.

3.3. Efect of Intervention

The effect size of intervention was 0.15 (CI 95% = −0.04; 0.34). According of CRF indicators
(Table 3), the effect size for all indicators was low and not significant (CIminutes 95%: –0.03; 0.35,
CIlaps 95%: −0.06; 0.32, CIstages 95%: −0.08; 0.30, and CIVO2max 95%: −0.06; 0.33). In all CRF indicators,
no significant differences were observed for the IG between baseline and follow-up. For the CG,
only VO2max decreased significantly from baseline to follow-up. The results for adjusted differences
between the IG and CG and intention-to-treat analysis were not significant. There was no interaction
between the groups and sex, age, sexual maturation, and SES.
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4. Discussion

The results of the current study show that the “MEXA-SE” programme had a small but
nonsignificant effect on CRF among students. We found a significant reduction in VO2max from
baseline to follow up in the CG, while no significant alteration was seen in the IG. Other indicators
of CRF analysed (minutes, laps, stages, and VO2max for IG) did not differ statistically between or
within groups. These results are similar to results from a cluster randomised controlled study [29] that
evaluated the effect of an intervention targeting the physical and organisational school environment
for noncurricular PA (SPACE) on CRF in Danish adolescents (11–14 years, mean: 6m; CI 95%: −20; 31,
p-value: 0.43).

Conversely, the findings of the current study are contrary to results from a nonrandomised
controlled trial [30] conducted during school time in Brazilian students (10 to 15 years old).
Intervention strategies were applied in PE classes twice a week for 60 min for one school year;
the structure of PE classes comprised 30 min of aerobic exercise, 20 min of playing sports, and 10 min
of stretching activities. The results for the nine-minute test were significant for CRF between groups
(ES = 0.30; CI 95% = 0.10; 0.50) [30]. The long duration of sessions (60 min) and the length of
intervention (one school year) [30] can explain the differences in effect size between studies with the
same design (nonrandomised controlled trial) realised in Brazil. Although the weekly frequency of
the study conducted in the same country (twice a week) [30] was lower than that of the present study
(three times a week), the longer duration of intervention helped to overcome the resistance of the
students to the new exercises.

Another reason for our results may be the duration of intervention. The intervention was
planned to last 14 weeks, in line with recommendations for promoting change in this outcome [6].
However, this was not possible due to the delay of the start of the intervention (four weeks) and
the teachers’ strike that stopped lessons for 13 days of the intervention (from the fifth to the eighth
week). The teachers’ strike in Brazil also interrupted other interventions conducted with students [31].
This external factor is a reality present in Brazilian schools and is a further obstacle in promoting an
improvement in physical fitness components. Researchers working in environments such as that found
in Brazil should be alert to teachers’ strike conditions for future interventions and might be able to
mitigate the effect of such issues by planning longer interventions and/or considering the possibility
of this type of interruptions. However, we do not consider that this interruption due to the teachers’
strike had a meaningful impact on the results of the intervention, as similar results (no significant ES)
were found in other multicomponent interventions of a longer duration [32,33].

One of the effective strategies to improve CRF highlighted in literature is the inclusion of aerobic
and resistance exercises [6], and higher intensity PA in PE classes [5]. These strategies were included
in the “MEXA-SE” programme. However, the fact that there is one "free lesson" per week would make
it impossible to determine that this strategy is not effective. The PE teacher in the previous year used
the “free lesson” system (students can do what they want during class, including staying seated) for
all lessons, and with a new class structure, many students were resistant to participation; one of the
three PE lessons continued in the “free lesson” system by agreement with students.

In the current study, of the 45 min total in the lesson, the PE teacher needed 15 min to record the
presence and outline general content procedure before commuting to the sports field, leaving only
30 min to apply other content. The meta-analysis that aimed to determine the effectiveness of
interventions designed to increase the proportion of PE lesson time that students spend in MVPA
showed, on average, a 24% relative increase in the amount of lesson time spent in MVPA [34].
The Center for Disease Control and Prevention (CDC) [35] has previously recommended that students
should be engaged in MVPA for at least 50% of PE lesson time. This information suggests that
pedagogical practice of the “MEXA-SE” programme was inefficient and could be improved.

Other intervention designs have shown positive effects on the CRF promotion, particularly those
using HIIT [8]. Meta-analysis regarding the utility of HIIT to improve CRF in adolescents evidenced the
little heterogeneity (Q = 9.77, I2 = 28.3%, p = 0.202), and a large ES (d = 1.05, CI 95% 0.36 to 1.75). Ten min
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of HIIT training has shown to have comparable results to 40 min of moderate aerobic training [8].
Although the evidence of embedding HIIT within the school day is limited, this type of intervention
has the potential to improve CRF in adolescent populations [8,36].

The findings from the CG identify that standard PE lessons and other activities did not contribute
to improving the CRF of Brazilian students, and a reduction in VO2max was identified in the present
study. In addition, attendance in PE lessons was higher for the CG compared to the IG. These results
confirm the hypothesis that standard school activities, including PE lessons, do not add sufficient
resources to promote and/or maintain CRF in students. Investigations into PE lessons in Brazil showed
the reality of exercise in schools, i.e., the reduced mean duration of the lessons (35.6 min, SD = 6.0) and
low mean proportion of time spent in MVPA (32.7%, SD = 25.2 or 12.3 min, SD = 9.7) [37]. This directly
affects one of main settings to contribute to improvement of physical fitness [6], because for organic
adaptations to occur as a result of PA, individuals should be subjected to moderate and/or intense
efforts taking place over a certain period [36]. Considering that the only difference between the IG and
CG was the exposure to the intervention, another possible explanation for these results is the reduction
in CRF that naturally happens with advancing age [38].

There are, of course, some limitations in this study. Firstly, the design was nonrandomised,
because school assignment to the intervention group was made intentionally by the local educational
authorities. Secondly, we were unable to conduct the study ‘double-blind’ because the intervention
consisted of such a combination of obvious changes and activities that the data collection staff (as well
as the students and PE teachers) would certainly be aware of which person or school was in which
study condition. Thirdly, the intervention started four weeks later than anticipated and during the
intervention period, there was a teachers’ strike (May 2015), which resulted in a gap in intervention
activities of 13 days. As a consequence, the duration of intervention was 11 weeks rather than the
initially planned 14 weeks. Finally, the response rate for post-testing at the IG was lower than expected
due to the number of absences of students from school, possibly because data collection took place in
the final week of the school semester.

This study was based on the available evidence about interventions on CRF in adolescents around
the world [6]. Consequently, it contributes to the advancement of interventions on CRF in LMICs,
as Brazil.

5. Conclusions

In conclusion, the “MEXA-SE” programme contributed to the maintenance of CRF, compared to
a CG where CRF declined in the same period. On the other hand, the lack of changes in the school
environment and maintenance of PE classes in the usual model cannot help to maintain this component.
The results need to be interpreted with caution due to extraneous factors (e.g., delayed onset of
intervention, teachers’ strike, and free lessons) that occurred during intervention. This intervention
should be retested to show better the real effect on the CRF of the students.

Supplementary Materials: The following are available online at http://www.mdpi.com/2411-5142/4/1/10/s1.
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Abstract: The purpose of this study was to empirically test a comprehensive conceptual
model linking gross motor skills, school day physical activity and health-related variables in
a sample of sixth graders. Participants were a convenience sample of 84 sixth grade students
(Mean age = 11.6 ± 0.6 years). Gross motor skills were assessed using the Test of Gross Motor
Development-3rd Edition (TGMD-3), school day physical activity was assessed using pedometers,
health-related fitness was assessed using Progressive Aerobic Cardiovascular Endurance Run
(PACER) laps, perceived competence assessed using a validated questionnaire and the health-related
outcome was assessed using Body Mass Index (BMI). The relationship between school day step
counts and TGMD-3 scores was mediated through both perceived competence and PACER laps
(p = 0.015) and the direct path coefficient between TGMD-3 scores and BMI was statistically
significant (b = −0.22 kg/m2, p < 0.001). Overall there was good model fit with all indices meeting
acceptable criteria (χ2 = 3.7, p = 0.293; Root Mean Square Error of Approximation (RMSEA) = 0.062,
90% Confidence Interval (C.I.): 0.00–0.23; Comparative Fit Index (CFI) = 0.98; Tucker-Lewis Index
(TLI) = 0.96; Standardized Root Mean Square Residual (SRMR) = 0.052). The comprehensive
conceptual model explaining the inter-relationships among motor competence and health-related
variables was empirically validated with the relationship between physical activity and gross motor
skills mediated through both perceived competence and cardiorespiratory endurance in a sample of
sixth graders.

Keywords: anthropometric measures; child motor development; exercise behavior; exercise motivation;
health behaviors

1. Introduction

Fundamental gross motor skills associate with children’s physical health, wellbeing and
performance in activities of daily living [1,2]. Mechanisms for these links include that gross
motor skills help children control their bodies, manipulate their environment and form complex
skills involved in sports and other recreational activities, which may facilitate optimal growth and
development [3]. Fundamental gross motor skills manifest from rudimentary phases of infancy to
complicated movements that serve as building blocks for complex movements [4]. A growing body of
research shows that these skills may facilitate participation in daily physical activity, which has its own
health and wellness benefits [5]. Physical activity has been shown to be influenced by behavioral and
psychological determinants across the lifespan [6,7]; gross motor skills may also correlate with these
determinants (e.g., independent mobility and active transport). Unfortunately, fundamental motor
skills do not develop naturally over time but rather need to be taught and reinforced to the developing
child so that they can participate successfully in unstructured and structured physical activity [8].
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Stodden et al. [9] proposed a conceptual framework linking improvements in gross motor skills
with increases in physical activity in children and adolescents, which will further lead to decreases
in cardio-metabolic disease risk. Some of these relationships have been empirically tested and may
be partially mediated through health-related fitness [10–14]. The strength of these relationships
depends on the current age-related stage of a child’s development [15], as the direction of inferred
causation is moderated by whether a child is in early, middle, or late childhood [15]. Indeed, much
research supports a link between gross motor skills and physical activity and there is evidence that
this relationship is bidirectional in nature and is also mediated through the motivational variable of
perceived competence [11,14,16].

After proposal of Stodden and colleagues’ model [9], research accumulated examining the
inter-relationships among the proposed variables. Robinson et al. [17] compiled and elaborated on the
mounted evidence in a narrative review linking gross motor skills, physical activity, health-related
fitness and health outcomes. The pooled evidence yielded derivation of a similar conceptual model,
linking physical activity to gross motor skills via perceived competence and health-related fitness,
which in turn relates to a child’s weight status. Differences between the aforementioned conceptual
models include which construct ultimately associates with a health indicator (e.g., weight status),
physical activity or gross motor competence, however it is postulated in both models that these
relationships are bidirectional in nature [17]. Research supports pieces of this conceptual model,
however testing the model in its entirety has been precluded in the pediatric population. In their
narrative review, Robinson and colleagues [17] recommended that researchers should explore the
mediating effect of both perceived competence and health-related fitness in the relationship between
motor competence and physical activity, explore discrete time periods for physical activity participation
(e.g., school hours) and provide specificity in the direction of inferred causation among variables within
the conceptual model.

No study to date has empirically tested the motor competence and health-related variable
conceptual model in its entirety using a path analytic approach. Doing so will provide the relative
strength of the aforementioned relationships, which can help in deriving interventions targeting
these constructs. Also, the degree to which the link between gross motor skills and physical activity
is mediated through both perceived competence and health-related fitness (e.g., cardiorespiratory
endurance) has yet to be quantified and it is unknown whether if there is any residual relationship after
accounting for the potential mediators. Even though many of the relationships within the proposed
conceptual model are theoretically bidirectional, in the testing of the model in the current study,
the physical trait of Body Mass Index (BMI) will be the health-related outcome and the behavior
of school day physical activity will be the primary antecedent (predictor) within a fully recursive
(unidirectional causative) model. This is because school- and community-based intervention-elicited
behavior change is often utilized to positively influence physical traits (e.g., health-outcomes) over
time and thus makes the most theoretical sense from the perspective of future intervention research.
Testing a comprehensive conceptual model will provide further validation of the model and may
spur testing of the models using larger samples of children or adolescents within a specific stage
of physical development, which will provide information onto what constructs/variables to target
during school and/or community-based interventions. Therefore, the purpose of this study was to
test a comprehensive conceptual model linking gross motor skills, physical activity and health-related
variables in a sample of sixth graders using path analysis.

2. Materials and Methods

2.1. Participants

According to Kline et al. [18], the minimum adequate sample size for path analyses should be at
least 10 times the number of parameters. There are 5 parameters in this study’s analysis. Participants
were a convenience sample of 84 sixth grade students (Mean age = 11.6 ± 0.6 years; 40 girls, 44 boys)
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recruited one public Zoom school located in the Western U.S. Zoom schools are given supplemental
funding for tutoring, smaller class sizes and extended learning opportunities and the majority of
students within these schools have English as their second language. Zoom schools do not have
organized physical education classes but have scheduled recess every day for 15 min after lunch.
Exclusion criteria were any conditions that precluded students from participating in motor skill
and health-related fitness testing. Approximately 67 participants were of Hispanic ethnicity (79.7%),
7 were African American (8.3%), 5 students were Caucasian (5.9%), 3 were Asian American (3.6%)
and 2 self-reported as “Other” (2.4%). Participants were recruited from three classrooms. Participants
provided written assent and parents or guardians provided written consent prior to data collection.
The University of Nevada Reno Institutional Review Board approved the protocols employed in the
study (project number: 1018396-4; 30 June 2017).

2.2. Physical Activity Assessment

Physical activity was the exogenous predictor variable with the conceptual model. Physical
activity was assessed using school day step counts. School-day step counts were measured using
Yamax DigiWalker CW600 pedometers (Yamax Corporation, Tokyo, Japan). Yamax DigiWalker models
have been shown to provide an accurate recording of steps [19] and to be a reliable and valid measure
of free-living physical activity [20]. The pedometers were worn for one school week (Monday–Friday)
between the hours of 8 am and 3 pm. The pedometers were worn at waist level, in line with the right
knee. Each pedometer had an identification number taped onto the device that was linked to each
participant’s name. Data recorded within the spreadsheet included each participant’s daily pedometer
step count, the average daily step count and specific daily wear time. The unit of analysis was average
steps during school time across the 5 school days.

2.3. Perceived Competence Assessment

Perceived competence was a mediator variable within the conceptual model. Perceived
Competence was assessed using the Perceived Competence Scale for Children (6 items) [21]. Perceived
competence was on a 4 point scale consisting of example statements such as “I could not do better at
physical activity” or “I am better at physical activity,” with the adolescents indicating on a continuum
whether a respective statement is “Sort of true for me” to “Really true for me.” Cronbach’s alpha for
the scale was determined to be acceptable (α = 0.89).

2.4. Gross motor Skill Assessment

Gross motor skills was an endogenous variable within the conceptual model. The Test for Gross
Motor Development 3rd Edition (TGMD-3) was used to assess gross motor skills. Psychometric
properties of the TGMD-3 have been reported with high levels of reliability and validity and is an
updated test from the TGMD-2 [22,23]. The TGMD-3 assessed gross motor skills across thirteen
movements. Movement skills were assessed across separate locomotor and ball skill subtests.
The locomotor subtest items included running, skipping, sliding, galloping, hopping and horizontal
jumping. The ball skill subtest items comprised of overhand throwing, underhand throwing, catching,
dribbling, kicking, one-hand striking and two-hand striking. Each participant performed the test
items across two trials scored based on the respective movement skill’s specific performance criteria
(0 = did not perform correctly; 1 = performed correctly). The locomotor and ball skill subtest scores
were 46 and 54 respectively and the total TGMD-3 scores were out of 100. Motor skill competency was
scored using a total gross motor skill score. One member of the research team collected locomotor
information at each school and one member of the research team collected ball skill information at
each school to maintain testing consistency. Intra-observer and inter-observer reliability were tested on
a sixth grade at a different class not recruited for the current study using both live and video scoring.
The Intraclass Correlation Coefficient (ICC) = 0.91 for intra-observer agreement and ICC = 0.91 for
inter-observer agreement.
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2.5. Health-related Fitness Assessment

Two domains of health-related fitness were assessed: body composition and cardiorespiratory
endurance. Body mass Index (BMI) was the endogenous outcome variable within the conceptual
model. BMI was obtained by dividing weight in kilograms by the square of a participant’s height in
meters. Height was measured to the nearest 1 cm using a stadiometer (Seca 213; Hanover, MD, USA)
and weight was measured to the nearest 0.1 km using a medical scale (BD-590; Tokyo, Japan). Height
and weight were collected in a separate room during physical education class. Cardiorespiratory
endurance was assessed using the 20-meter Progressive Aerobic Cardiovascular Endurance Run
(PACER) that was also administered during physical education class. PACER was a mediator variable
within the conceptual model. PACER has been shown to be a reliable and valid test of cardiorespiratory
endurance in children [24,25]. PACER was conducted on a marked gym floor with a compact disk
providing background music. Each participant was instructed to run across a 20-meter distance within
an allotted time frame. The allotted time given to reach the specified distance shortened incrementally
as the PACER progressed. If a participant twice failed to reach the other floor marker, the test ended.
The final score was recorded in PACER laps.

2.6. Statistical Analysis

Data were screened for outliers using box plots and z-scores (with a ±2.5 z cut-point) and
checked for Gaussian distributions using k-density plots. Differences between sexes on all observed
variables were examined using paired t-tests. Effect sizes were calculated using Cohen’s delta (d) with
d < 0.20 indicating a small effect, d = 0.50 indicating a medium effect and d > 0.80 indicating a large
effect [26]. A path analysis was employed using STATA’s “SEM Builder.” The lone exogenous variable
(variable not affected by others) in the model was school day step counts. Endogenous variables
(variables affected by others within the model) consisted of perceived competence, PACER laps,
TGMD-3 scores and BMI. Direct relationships examined in the model was the relationship between
school day steps and TGMD-3 scores and the relationship between TGMD-3 scores and BMI. Indirect
relationships examined in the model included the relationship between school day step counts and
TGMD-3 scores mediated through perceived competence and the relationship between school day
step counts and TGMD-3 scores mediated through PACER laps. Indirect, direct and total effects were
calculated using STATA’s “estat teffects” command. Reporting of the results involved communication
of the unstandardized and standardized path coefficients. Acceptable overall model fit was indicated
by a non-statistically significant chi-squared statistic [27], a Root Mean Square Error of Approximation
(RMSEA) < 0.08 [28], a Comparative Fit Index (CFI) > 0.95 [29], a Tucker-Lewis Index (TLI) > 0.95 [27]
and a Standardized Root Mean Square Residual (SRMR) < 0.08 [29]. Model fit at the equation-level
was also assessed using the multiple correlation coefficient (R) and the coefficient of determination
(R2). Alpha level was set at p < 0.05 and all analyses were conducted using STATA v.15.0 statistical
software package (College Station, TX, USA).

3. Results

The descriptive statistics are presented in Table 1. Girls had higher BMI compared to boys
(mean difference = 3.03 kg/m2, p = 0.023, d = 0.57). However, boys ran more PACER laps (mean
difference = 13.1 laps, p = 0.014, d = 0.61) and had higher ball skill scores (mean difference = 8.5,
p < 0.001, d = 1.20) and TGMD-3 total scores (mean difference = 11.7, p < 0.001, d = 1.11) compared to
girls. There were no statistically significant differences between sexes on age (p = 0.719), school day
steps (p = 0.062), perceived competence (p = 0.078), or locomotor skills (p = 0.061).

Figure 1 presents the results of the path analysis where both unstandardized and standardized
path coefficients are communicated within the path diagram. All path coefficients were statistically
significant, except for the direct relationship (direct effect) between school day step counts and TGMD-3
scores (p = 0.320). The relationship between school day step counts and TGMD-3 scores was mediated
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through both perceived competence and PACER laps (indirect effect = 0.001, 95% C.I.: 0.0002–0.0023,
p = 0.015). Approximately 60% of the relationship between school day steps and TGMD-3 was mediated
through perceived competence and PACER laps. The residual error variances between Perceived
Competence and PACER Laps were correlated. There was overall good model fit with all indices
meeting the acceptable criteria (χ2 = 3.7, p = 0.293; RMSEA = 0.062, 90% C.I.: 0.00–0.23; CFI = 0.98;
TLI = 0.96; SRMR = 0.052). Table 2 presents the statistics related to equation-level goodness-of-fit,
which provides information related to the effect size at the equation-level. The equation characterized
with the lowest explanatory power was on the perceived competence outcome (7.3% of the variance
explained). All other equations were characterized as having similar explanatory power on each
respective outcome: TGMD-3 scores (23.3% of the variance explained), PACER laps (24.8% of the
variance explained) and BMI (22.2% of the variance explained).

Table 1. Descriptive statistics (means and standard deviations).

Girls (n = 40) Boys (n = 44) Total Sample (n = 84)

BMI (kg/m2) 23.7 † (5.9) 21.1 (4.3) 22.7 (5.5)
School Steps 3376 (1579) 4214 (1435) 3681 (1577)
PACER Laps 22.0 (19.4) 35.3 † (20.9) 26.4 (19.3)

Perceived Competence 3.0 (0.7) 3.4 (0.6) 3.3 (0.7)
Locomotor Skills 36.1 (5.8) 39.0 (6.3) 37.9 (6.1)

Ball Skills 39.4 (5.2) 48.9 † (6.2) 41.2 (7.2)
TGMD-3 Total Score 74.9 (7.8) 88.1 † (10.9) 80.5 (10.9)

BMI stands for Body Mass Index; PACER stands for the Progressive Aerobic Cardiovascular Endurance Run;
TGMD-3 stands for the Test of Gross Motor Development-3rd Edition; bold and † denotes statistical differences
between sexes, p < 0.05.

Figure 1. Path diagram aligning with the motor competence and health-related variable conceptual
framework. Note: PACER stands for the Progressive Aerobic Cardiovascular Endurance Run; TGMD-3
stands for the Test of Gross Motor Development-3rd Edition; B denotes unstandardized coefficients;
β denotes standardized coefficients; dashed lines represent a mediated (indirect) relationship; bold
lines represent a non-mediated (direct) relationship; bold and † denotes statistical significance, p < 0.05.

Table 2. Equation-level goodness-of-fit-statistics.

Outcome Variables Fitted Variance Predicted Variance Residual Variance R R2

Perceived Competence 0.481 0.035 0.446 0.271 0.073
TGMD-3 Scores 119.722 27.880 91.841 0.483 0.233

PACER Laps 457.200 113.483 343.717 0.498 0.248
BMI (kg/m2) 28.103 6.247 21.857 0.471 0.222

TGMD-3 stands for the Test of Gross Motor Development-3rd Edition; PACER stands for the Progressive Aerobic
Cardiovascular Endurance Run; BMI stands for Body Mass Index; R is the multiple correlation coefficient; R2 is the
coefficient of determination.
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4. Discussion

The purpose of this study was to test a motor competence and health-related variable conceptual
model on a sample of sixth grade students. The results indicated that the relationship between
school day step counts and TGMD-3 scores was mediated through perceived competence and
PACER laps and the direct relationship between TGMD-3 scores and BMI was statistically significant.
The results from this analysis provide information for researchers and practitioners deriving school-
and community-based interventions. The results also may direct avenues for additional research
exploring other conceptual models. Interpretation of these specific findings are discussed further.

It has been well documented that perceived competence is an important motivational construct
that mediates the relationship between physical activity and gross motor competence [9,16,30].
The findings of the current study soundly echo the existing literature. Indeed, the relationship between
school day steps and TGMD-3 scores became non-significant without the mediating effect of perceived
competence and cardiorespiratory endurance. According to Stodden et al. [9], as compared to younger
children, children within the upper elementary and middle school age groups are characterized as
having a development period during which perceived competence plays a more important role in
mediating the relationship between physical activity and gross motor skills. As a result, it is expected
that perceived competence will demonstrate a stronger mediating effect on motor skill competence and
physical activity during late childhood than early childhood. This could be possibly illustrated by the
mechanism of cognition and peer influence. Specifically, development of growing children’s cognitive
capacity leads to the comparison between themselves to their peers during physical education class and
consequently perceived competence more closely influences their actual motor skill competence [31].
Therefore, children with higher perceived competence are more active and more physically fit than
those with low perceived competence [32,33]. In this study, school day physical activity explained
7.3% of the variance in children’s perceived competence and the coefficient was lower than a previous
study by Davison, Downs and Birch [34], who reported that children’s perceived competence shared
27% of the variance with physical activity using a similar path analysis. Several plausible reasons may
account for the differences, first of all, the participants in Davidson et al. [34] were girls, while the
current study was conducted in both sexes in a co-educational setting. Additionally, the present study
employed TGMD-3 and pedometers to objectively measure participants’ gross motor skill and physical
activity, respectively. Davidson et al. [32] did not test participants’ actual motor skill competence and
physical activity was assessed using self-reported method, which may manifest limitations in exploring
the relationship, as Stodden et al. [9] has concluded that mediating effect of perceived competence on
physical activity in middle to late childhood is largely based on the actual level of gross motor skills.

Stronger relationships within the tested model were observed between cardiorespiratory
endurance (i.e., PACER laps) and TGMD-3 scores and between TGMD-3 scores and BMI.
Cardiorespiratory endurance and body composition (using the BMI proxy) are two domains of
health-related fitness. However, in both Stodden et al. [9] and Robinson et al. [17], weight status is an
outcome within each conceptual model. The latter model postulates and the current study supports,
that physical activity, cardiorespiratory endurance, gross motor skills and body composition are linked
serially within a recursive path model. The relationship between physical activity and gross motor
skills has been supported in the past [35], however this is the first study to establish that both perceived
competence and cardiorespiratory endurance are mediators of effect. According to the observed results,
higher levels of school day physical activity will increase cardiorespiratory endurance levels, which will
further link to higher levels of gross motor skills and ultimately lower BMI. As stated previously, gross
motor development does not naturally develop but needs to be taught and repetitively practiced and
executed in order to be sufficiently developed [9]. Improving cardiorespiratory endurance may be
a key component in this strategy. It may be that a sufficient level of fitness is needed for a child to
be involved in activities that facilitate gross motor skill development. Children and adolescents with
lower levels of cardiorespiratory endurance may not be able to participate in the activities needed
to optimally develop gross motor skills or they may not spend long durations within activities that
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foster development of both locomotor and ball skills. Therefore, in order for a child to improve gross
motor skills, higher levels of physical activity will need to both improve perceived competence and
levels of cardiorespiratory endurance. Without this mediated path, there seems to be no relationship
between physical activity and gross motor skill constructs in sixth graders, which emphasizes the
importance of targeting perceived competence and cardiorespiratory endurance during specific school-
or community-based interventions.

The final link within the conceptual model is the relationship between gross motor skills and BMI.
This relationship was quite strong using the current study’s sample as 22% of the variance in BMI
was explained by TGMD-3 scores. Like physical activity, the relationship between gross motor skills
and weight status/BMI has been studied extensively. What is in question is the relative magnitude of
the relationship during specific age-related periods of child development and the specific direction
of inferred causation. D’Hondt et al. [36] found that weight status and gross motor skill scores were
bidirectionally related within two separate mediation models, suggesting that children’s weight status
negatively affects future gross motor skills and vice-versa. Drenowatz [37] suggests that a focus on
motor competence can be used as a strategy for weight management in youth, stating that gross
motor skills facilitate sustained physical activity, which over time will attenuate risk of overweight
and obesity. Cheng et al. [38] found that higher BMI at age 5 predicted declines in gross motor
competency from ages 5 to 10 years old. Although, it is suggested by Robinson and colleagues [17]
that the relationship between these two constructs is indeed bidirectional, TGMD-3 scores and BMI
were significantly related using the latter (BMI) as the outcome in the current sample of sixth graders.
This relationship was direct with no testing of mediation or potential bidirectionality. Mechanisms
for this significant relationship could be similar to those similar to that discussed in Drenowatz [37],
although Barnett et al. [39] concluded that weight status had differential associations with aspects of
gross motor competence. Barnett et al. [39], found that higher BMI was negatively correlated with
motor coordination, stability and skill composite but not with object control after a systematic review of
literature. This is in accordance with other work where variability in BMI is associated with aspects of
gross motor skills characterized by movement in body mass (e.g., locomotor skills) [40,41]. Mediators
of effect could play a role in this relationship and given the bidirectionally of the relationships within
the conceptual model, it could be that physical activity and domains of health-related fitness again
play a role within this potential causal pathway.

The results from this study yield avenues for future research. The relationship between school
day physical activity and gross motor skills was mediated through perceived competence and PACER,
therefore these constructs should be a target within physical activity programs that aim to improve
gross motor skills. Studies have targeted perceived competence in the past when trying to elicit
improvements in gross motor skills [11,39,42] however, there may be merit in targeting both perceived
competence and cardiorespiratory endurance concomitantly. Because of the reciprocal relationship
between gross motor skills and physical activity, targeting these mediators may exponentiate
improvements in physical activity and gross motor skills within interventions because of a potential
spiral for engagement (positive feedback) similar to that presented in Stodden and colleagues’ [9]
model. In Robinson and colleagues’ [17] conceptual model, health-related fitness is identified as broad
construct, not a specific domain. Other domains of health-related fitness, such as muscular strength
and endurance or flexibility, may provide additional useful information. Also, in Robinson’s and
colleagues’ conceptual model, there is a bidirectional relationship among many variables, therefore,
there is merit testing a non-recursive path model using a larger and more diverse sample of children
and adolescents, specifically testing reciprocal paths between physical activity and gross motor skills
and between gross motor skills and BMI. Finally, as also recommended by Robinson et al. [17], testing
the conceptual model during other time periods may provide novel information. School time is only
a fraction of the day for many children and adolescents and is constrained by scheduling within the
academic classroom; therefore, testing the relationships within the model outside of school and/or on
the weekends may provide important information that can be used for future interventions.
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There are limitations to this study that must be considered before the results can be
generalized. First, the study sample consisted of students recruited from one school from the western
U.S. characterized by distinct ethnic/racial representation; therefore, the results may not generalize to
other geographical regions or to samples with different ethnic/racial characteristics. Second, the study
design was cross-sectional; therefore, no causal inferences can be made. Third, only school day physical
activity was assessed. The results may have differed if step counts were measured across the entire
day. Fourth, the physical activity construct was assessed using pedometers. The construct validity
may have been stronger if accelerometers were used to assess physical activity. Fifth, health-related
fitness (cardiorespiratory endurance) was assessed using a field test. The construct validity of the
health-related fitness construct may have been stronger if aerobic capacity was more directly measured
in lab settings (i.e., measured VO2 Peak). Finally, sample size precluded testing a non-recursive model
with reciprocal (bidirectional) relationships.

5. Conclusions

In conclusion, the motor competence and health-related variable model proposed by Robinson
and colleagues [17] was validated in a sample of sixth graders. The model displayed acceptable
fit and most path coefficients were significant within the tested model. The relationship between
school day physical activity and gross motor skills was mediated through perceived competence
and cardiorespiratory endurance; no significant direct relationship between the two constructs was
observed. Results of the analysis suggest that the mediators between physical activity and gross
motor skills may play a significant role in gross motor development. Ultimately, sixth graders with
higher levels of gross motor skills had lower BMI, which may improve health risk if tracked through
adolescence and into adulthood. Future research should validate the proposed model in larger and
more diverse samples of children and adolescents using non-recursive models and also consider
individual variability. Additionally, testing other domains of health-related fitness (e.g., muscular
strength and endurance) may have merit and provide additional important information within the
conceptual model. The conceptual model proposed by Robinson and colleagues [17] was validated
in a sample of sixth graders and supports the important link among physical activity, gross motor
outcomes and health in the pediatric population.

Author Contributions: Conceptualization, R.B., Y.F.; methodology, R.B.; data collection, Y.F.; formal analysis, R.B.;
investigation, R.B., Y.F.; resources, Y.F.; data curation, R.B., Y.F.; writing—original draft preparation, R.B., Y.F.;
writing—review and editing, R.B., Y.F.

Funding: This research received no external funding.

Acknowledgments: The authors would like to thank the students who participated in this study.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Cools, W.; DeMartelaer, K.; Samaey, C.; Andries, C. Movement skill assessment of typically developing
preschool children: A review of seven movement skill assessment tools. J. Sports Sci. Med. 2009, 8, 154–168.
[PubMed]

2. Deflandre, A.; Lorant, J.; Gavarry, O.; Falgairette, G. Determinants of physical activity and physical and
sports activities in French school children. Percept. Mot. Skills 2001, 92, 399–411. [CrossRef] [PubMed]

3. Davis, W.E.; Burton, A.W. Ecological task analysis: Translating movement behavior theory into practice.
Adapt. Phys. Act. Q. 1991, 8, 154–177. [CrossRef]

4. Burton, A.W.; Miller, D.E. Movement Skill Assessment; Human Kinetics: Champaign, IL, USA, 1998.
5. Sheldrick, M.P.R.; Tyler, R.; Mackintosh, K.A.; Stratton, G. Relationship between sedentary time, physical

activity and multiple lifestyle factors in children. J. Funct. Morphol. Kinesiol. 2018, 3, 15. [CrossRef]
6. Condello, G.; Puggina, A.; Aleksovska, K.; Buck, C.; Burns, C.; Cardon, G.; Carlin, A.; Simon, C.; Ciarapica, D.;

Coppinger, T.; et al. Behavioral determinants of physical activity across the life course: A “Determinants of

44



J. Funct. Morphol. Kinesiol. 2018, 3, 61

Diet and Physical Activity” (DEDIPAC) umbrella systematic literature review. Int. J. Behav. Nutr. Phys. Act.
2017, 14, 58. [CrossRef] [PubMed]

7. Cortis, C.; Puggina, A.; Pesce, C.; Aleksovska, K.; Buck, C.; Burns, C.; Cardon, G.; Carlin, A.; Simon, C.;
Ciarapica, D.; et al. Psychological determinants of physical activity across the life course: A “Determinants of
Diet and Physical Activity” (DEDIPAC) umbrella systematic literature review. PLoS ONE 2017, 12, e0182709.
[CrossRef] [PubMed]

8. Morgan, P.J.; Barnett, L.M.; Cliff, D.P.; Okely, A.D.; Scott, H.A.; Cohen, K.E.; Lubans, D.R. Fundamental
movement skill interventions in youth: A systematic review and meta-analysis. Pediatrics 2013, 132,
1361–1383. [CrossRef] [PubMed]

9. Stodden, D.F.; Goodway, J.D.; Langendorfer, S.J.; Roberton, M.A.; Rudisill, M.E.; Garcia, C.; Garcia, L.E.
A developmental perspective on the role of motor skill competence in physical activity: An emergent
relationship. Quest 2008, 60, 290–306. [CrossRef]

10. Barnett, L.M.; Morgan, P.J.; Van Beurden, E.; Ball, K.; Lubans, D.R. A reverse pathway? Actual and perceived
skill proficiency and physical activity. Med. Sci. Sports Exerc. 2011, 43, 898–904. [CrossRef] [PubMed]

11. Barnett, L.M.; Morgan, P.J.; Van Beurden, E.; Beard, J.R. Perceived sports competence mediates the
relationship between childhood motor skill proficiency and adolescent physical activity and fitness:
A longitudinal assessment. Int. J. Behav. Nutr. Phys. Act. 2008, 5, 40. [CrossRef] [PubMed]

12. Burns, R.D.; Brusseau, T.A.; Hannon, J.C. Multivariate associations among health-related fitness, physical
activity, and TGMD-3 test items in disadvantaged children from low-income families. Percept. Mot. Skills
2017, 124, 86–104. [CrossRef] [PubMed]

13. Burns, R.D.; Brusseau, T.A.; Fu, Y.; Hannon, J.C. Gross motor skills and cardio-metabolic risk in children:
A mediation analysis. Med. Sci. Sports Exerc. 2017, 49, 746–751. [CrossRef] [PubMed]

14. De Meester, A.; Stodden, D.; Brian, A.; True, L.; Cardon, G.; Tallir, I.; Haerens, L. Associations among
elementary school children’s actual motor competence, perceived motor competence, physical activity and
BMI: A cross-sectional study. PLoS ONE 2016, 11, e0164600. [CrossRef] [PubMed]

15. Stodden, D.F.; Gao, Z.; Goodway, J.D.; Langendorfer, S.J. Dynamic relationships between motor skill
competence and health-related fitness in youth. Pediatr. Exerc. Sci. 2014, 26, 231–241. [CrossRef] [PubMed]

16. Fu, Y.; Burns, R.D. Gross motor skills and school day physical activity: Mediating effect of perceived
competence. J. Mot. Learn. Dev. 2018. [CrossRef]

17. Robinson, L.E.; Stodden, D.F.; Barnett, L.M.; Lopes, V.P.; Logan, S.W.; Rodrigues, L.P.; D’Hondt, E. Motor
competence and its effect on positive developmental trajectories of health. Sports Med. 2015, 45, 1273–1284.
[CrossRef] [PubMed]

18. Kline, R.B. Principles and Practice of Structural Equation Modeling; The Guilford Press: New York, NY, USA, 1998.
19. Crouter, S.E.; Schneider, P.L.; Karabulut, M.; Bassett, D.R. Validity of 10 electronic pedometers for measuring

steps, distance, and energy cost. Med. Sci. Sports Exerc. 2003, 35, 1455–1460. [CrossRef] [PubMed]
20. Schneider, P.L.; Crouter, S.E.; Lukajic, O.; Bassett, D.R. Accuracy and reliability of 10 pedometers for

measuring steps over a 400-m walk. Med. Sci. Sports Exerc. 2003, 35, 1770–1784. [CrossRef] [PubMed]
21. Harter, S. Effectance motivation reconsidered. Toward a developmental model. Hum. Dev. 1978, 21, 34–64.

[CrossRef]
22. Estevan, I.; Molina-García, J.; Queralt, A.; Álvarez, O.; Castillo, I.; Barnett, L. Validity and Reliability of the

Spanish Version of the Test of Gross Motor Development–3. J. Mot. Learn. Dev. 2017, 5, 69–81. [CrossRef]
23. Webster, E.K.; Ulrich, D.A. Evaluation of the psychometric properties of the Test of Gross Motor

Development-Third Edition. J. Mot. Learn. Dev. 2017, 5, 45–58. [CrossRef]
24. Cohen, J. Statistical Power Analysis for the Behavioral Sciences; L. Erlbaum Associates: Hillsdale, NJ, USA, 1998.
25. Mayorga-Vega, D.; Aguilar-Soto, P.; Viciana, J. Criterion-related validity of the 20-M shuttle run test for

estimating cardiorespiratory fitness: A meta-analysis. J. Sports Sci. Med. 2015, 14, 536–547. [PubMed]
26. Beets, M.W.; Pitetti, K.H. Criterion-refenced reliability and equivalency between the PACER and 1-Mile

Run/Walk for high school students. J. Phys. Act. Health 2006, 3, S21–S33. [CrossRef]
27. Barrett, P. Structural Equation Modelling: Adjudging Model Fit. Pers. Individ. Differ. 2007, 42, 815–824.

[CrossRef]
28. MacCallum, R.C.; Browne, M.W.; Sugawara, H.M. Power analysis and determination of sample size for

covariance structure modeling. Psychol. Methods 1996, 1, 130–149. [CrossRef]

45



J. Funct. Morphol. Kinesiol. 2018, 3, 61

29. Hu, L.; Bentler, P.M. Cutoff criteria for fit indexes in covariance structure analysis: Conventional criteria
versus new alternatives. Struct. Equat. Model. 1999, 6, 1–55. [CrossRef]

30. Chen, A. Motor skills matter to physical activity-At least for children. J. Sport Health Sci. 2013, 2, 58–59.
[CrossRef]

31. Harter, S. The Construction of the Self: A Developmental Perspective; Guilford Press: New York, NY, USA, 1999.
32. Marsh, H.W. A multidimensional, hierarchical model of self-concept: Theoretical and empirical justification.

Educ. Psychol. Rev. 1990, 2, 77–172. [CrossRef]
33. Wang, C.K.J.; Chatzisarantis, N.L.D.; Spray, C.M.; Biddle, S.J.H. Achievement goal profiles in school physical

education: Differences in self-determination, sport ability beliefs, and physical activity. Br. J. Educ. Psychol.
2002, 72, 433–445. [CrossRef]

34. Davison, K.K.; Downs, D.S.; Birch, L.L. Pathways linking perceived athletic competence and parental support
at age 9 years to girls’ physical activity at age 11 years. Res. Q. Exerc. Sport 2006, 77, 23–31. [CrossRef]
[PubMed]

35. Logan, S.W.; Webster, E.K.; Getchell, N.; Pfeiffer, K.A.; Robinson, L.E. Relationship between fundamental
motor skill competence and physical activity during childhood and adolescence: A systematic review.
Kinesiol. Rev. 2015, 4, 416–426. [CrossRef]

36. D’Hondt, E.; Deforche, B.; Gentier, I.; Verstuyf, J.; Vaeyens, R.; De Bourdeaudhuij, I.; Philippaerts, R.;
Lenoir, M. A longitudinal study of gross motor coordination and weight status in children. Obesity 2014, 22,
1505–1511. [CrossRef] [PubMed]

37. Drenowatz, C. A focus on motor competence as alternative strategy for weight management. J. Obes.
Chronic Dis. 2017, 1, 31–38. [CrossRef]

38. Cheng, J.; East, P.; Blanco, E.; Sim, E.K.; Castillo, M.; Lozoff, B.; Gahagan, S. Obesity leads to declines in
motor skills across childhood. Child Care Health Dev. 2016, 42, 343–350. [CrossRef] [PubMed]

39. Barnett, L.M.; Lai, S.K.; Veldman, S.L.C.; Hardy, L.L.; Cliff, D.P.; Morgan, P.J.; Zask, A.; Lubans, D.R.;
Shultz, S.P.; Ridgers, N.D.; et al. Correlates of gross motor competence in children and adolescents:
A systematic review and meta-analysis. Sports Med. 2016, 46, 1663–1688. [CrossRef] [PubMed]

40. Gentier, I.; D’Hondt, E.; Deforche, B.; Augustijn, M.; Hoorne, S.; Verlaecke, K.; De Bourdeaudhuij, I.;
Lenoir, M. Fine and gross motor skills differ between healthy-weight and obese children. Res. Dev. Dis. 2013,
34, 4043–4051. [CrossRef] [PubMed]

41. Robinson, L.E.; Rudsill, M.E.; Goodway, J. Instructional climates in preschool children who are at-risk. Part
II: Perceived physical competence. Res. Q. Exerc. Sport 2009, 80, 543–551. [CrossRef] [PubMed]

42. Robinson, L.E. The relationship between perceived physical competence and fundamental motor skills in
preschool children. Child Care Health Dev. 2010, 37, 589–596. [CrossRef] [PubMed]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

46



Journal of

Functional Morphology 
and Kinesiology

Article

Relationships between Motor Competence,
Physical Activity, and Obesity in British Preschool
Aged Children

Charlotte J. S. Hall, Emma L. J. Eyre, Samuel W. Oxford and Michael J. Duncan *

Centre for Sport, Exercise and Life Sciences, Coventry University, Coventry CV1 5FB, UK;
hallc13@uni.coventry.ac.uk (C.J.S.H.); ab2223@coventry.ac.uk (E.L.J.E.); apx327@coventry.ac.uk (S.W.O.)
* Correspondence: aa8396@coventry.ac.uk

Received: 24 October 2018; Accepted: 19 November 2018; Published: 21 November 2018 ��������	
�������

Abstract: Background: This cross-sectional study aimed to examine associations between motor
competence, physical activity, and obesity in British children aged three to five years. Method: Motor
competence (MC) was assessed using the Test of Gross Motor Development-2. Physical activity (PA)
was assessed using triaxial wrist-worn accelerometers. Children were assessed on compliance to
current PA recommendations of ≥180 min of total PA (TPA) and ≥60 min of moderate-to-vigorous
PA (MVPA) for health benefits. Associations were explored with Pearson’s product moments and
weight-status, and sex-differences were explored with independent t-tests and chi-squared analysis.
Results: A total of 166 children (55% males; 4.28 ± 0.74 years) completed MC and PA assessments.
Associations were found between PA and MC (TPA and overall MC, TPA and object-control MC
(OC), MVPA and overall MC, and MVPA and OC). This study suggests that good motor competence
is an important correlate of children meeting physical activity guidelines for health.

Keywords: physical activity; motor competence; preschool; children; obesity; MVPA

1. Introduction

Childhood obesity is a serious public health challenge of the 21st century, with enduring adverse
consequences for health outcomes. Over 42 million under-fives are estimated to be overweight or
obese [1,2], and current predictions are 70 million children will be overweight or obese by 2025 [1].
Elevated body mass index (BMI) is a major risk factor for non-communicable diseases such as
cardiovascular disease, diabetes, and some cancers [2]. Overweight children have an increased
risk of adulthood obesity, premature death, and disabilities in adulthood, resulting in prevention of
childhood obesity being considered as a public health priority [2–4].

Overweight children are less physically active than their healthy weight peers [5], and therefore
improving participation in physical activity (PA) is seen as a key preventative focus [6]. Current
physical activity (PA) guidelines [2,7] recommend children under 4 years complete ≥180 min of total
PA, including light and moderate-to-vigorous PA (MVPA) (total PA, TPA), and children aged 4–17 years
complete ≥60 min MVPA per day. In children, MVPA has been shown to play a key role in health,
particularly when related to weight-status [8,9]. However, it is widely reported that children under
five years are not sufficiently active [8,10–13].

Studies in American and German children using uniaxial accelerometry have reported that
children are not meeting either PA guidelines [10,11]. British preschoolers have similarly been
reported to not meet current PA guidelines, although weight status is reported to not influence the
amount of PA undertaken by preschoolers [8,12,13]. Prior work has reported that British preschoolers
achieved on average 38.6 min of MVPA and 96.7 min of TPA per day [8]. In two related studies,
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examining preschoolers from the same geographical area as O’Dwyer et al. [8], similar magnitudes of
PA have been reported [12,13]. No significant sex or weight-status differences between MVPA
completion rates were reported in this prior work [8,12,13]. However, the PA cut-points used by
O’Dwyer et al. [8,12,13] were validated in American preschool children [14]. Use of cut-points
derived from American preschoolers to assess PA in a British population may not fully capture
the PA behavior of children, due to the different social and economic environments in which PA takes
place in the U.S. compared to the U.K. Conversely, other research has reported that 95.6% of British
preschoolers completed TPA recommendations for health. Similar to the aforementioned studies
by O’Dwyer et al. [8,12,13], Barber et al. [15] used cut points which were validated in American
preschoolers [16] despite investigating children from Bradford [15]. Preschool-based approaches
that decrease sedentary behavior and increase PA may aid in combating the epidemic of juvenile
obesity. However, to avoid geographical and demographical bias on PA, using British validated PA
cut-points designed for British children is crucial to better quantify PA, and would establish valid
current PA patterns.

According to Stodden et al. [5], motor competence (MC) is a precursor to PA, and learning to
move is necessary for participation in PA. Fundamental motor skills (FMS) develop during childhood,
form the foundation for lifelong PA, and are conceptualized as comprising locomotor skills and
object-control skills [17]. Locomotor MC (LC) involves proficiency in moving within space, such as
running, galloping, skipping, hopping, sliding, and leaping, and object-control MC (OC) involves
manipulating objects, to throw, catch, bounce, kick, strike, and roll [18]. There are relatively few studies
which report the levels of MC in British preschoolers, although one study has concluded that the
levels of MC are low in this population [19].

Despite a dearth of studies examining MC in British preschoolers, other work in Australia
has reported that overall preschoolers were not sufficiently active for health, and females are more
proficient in LC than males [20]. The aforementioned work [20] also reported that the different
aspects of MC were related to PA in differing ways; OC is more strongly associated with MVPA in
males, compared to LC, which is more strongly associated with MVPA in females compared to males.
For urbanized British preschoolers, overall MC and LC were associated with MVPA, and OC was
associated with both MVPA and TPA; males were significantly more active than females, and more
proficient in OC [21].

Preschoolers have consistently been identified as undertaking insufficient PA for health [8,10–13].
Associations between PA and MC have been identified in preschoolers [20,21], but establishing current
PA levels and the extent to which British preschoolers complete the recommended amount of PA
for health with the use of objective and validated measures, and alongside objective MC assessment
methods, has yet to be completed. Therefore, the aim of this study was to address this gap and examine
the associations between MC and objectively measured PA, and its relationship to weight-status in
British preschool aged children.

2. Materials and Methods

2.1. Participants

Following institutional ethics approval (P31810; 16 February, 2015; Ethics Committee Coventry
University), informed parental consent, and child assent, a convenience sample of 177 healthy preschool
aged participants (males 54.1%; 4.28 ± 0.74 years) from state funded childcare provisions within the
Coventry and Warwickshire area was recruited. Schools and preschools that were recruited were from
varied socio-economic backgrounds and participants all attended school or preschool for a minimum of
15 h week. Data collection occurred in the spring and summer months of the school term during
childcare hours. Children were included in the analysis if both MC assessments and PA assessments
were completed.
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2.2. Procedures

2.2.1. Anthropometric Measures

Body mass (to the nearest 0.1 kg) and stature (to the nearest 0.1 cm) were measured objectively by
trained researchers using digital scales (SECA Instruments, Ltd, Hamburg, Germany) and a portable
stadiometer (SECA Instruments, Ltd, Hamburg, Germany). Body mass index (BMI, kg/m2) was
calculated, and each child had their weight-status classified as either healthy (HW: 1), or overweight
or obese (OW: 2), based on International Obesity Task Force cut-points [22].

2.2.2. Motor Competence

MC was assessed using the Test of Gross Motor Development-2 (TGMD-2) [23]. Six locomotor
(run, jump, hop, leap, gallop, and slide) and six object control (catch, throw, kick, bounce, strike, and
roll) skills were assessed. Each skill comprised three to five components, and skill mastery on the
TGMD-2 requires each component to be present. Video recordings of each skill (Sony video camera,
Sony, UK) were edited into single-film clips of individual skills with Quintic Biomechanics analysis
software v21 (Quintic Consultancy Ltd, Sutton Coldfield, UK). Children completed the TGMD-2 in
either school facilities. Each skill was described and demonstrated once by a researcher, and each child
performed each skill twice. During analysis, each skill was marked by its individual components as
successful (marked as 1) or unsuccessful (marked as 0), and totaled with both trials to give a total
skill score. Scores were summed from two trials to create a total overall raw score (scored 0–96)
following the recommended TGMD-2 test administration guidelines [23]. The skills identified as
LC and OC were grouped together according to subtest scores (LC scored 0–48; OC scored 0–48)
and the summing of these gave an overall MC score. All analyses were completed by two trained
researchers. Intra- and inter-reliability was established for MC assessments within 15% of the final data
set. Intra-rater reliability across MC, LC, and OC showed 0.95, 0.93, and 0.81 agreement, respectively.
Inter-rater reliability showed 0.71, 0.90, and 0.81 agreement across MC, LC, and OC, respectively.

2.2.3. Physical Activity

PA was determined using wrist worn triaxial accelerometry (GENEActiv Activeinsights,
Cambridge, UK). Accelerometers were worn for 4 consecutive days on the child’s dominant hand [24]
during all waking hours, except for water based activities to prevent skin irritation when drying.
A sampling frequency of 100Hz was employed with data collected in 1 s epochs. The accelerometer
in question has demonstrated acceptable reliability and validity as a PA measure in children [24,25].
Valid wear time was defined as a minimum of four consecutive days with two weekend days,
with at least 10 h of data recorded between 6 am and 10 pm. Non-wear time was defined as 20-minute
windows of consecutive zero or non-zero counts [26].

PA was classified as sedentary, light, or moderate-to-vigorous in nature using the Roscoe et al. [27]
cut-points, as these are the only validated cut-points for British preschool aged children. This data
was then used to determine children who did and did not meet the TPA recommendations,
the MVPA recommendations, and the combined recommendations of both TPA and MVPA
(WHO, 2010). For assessment of TPA ≥180 min a day, MVPA ≥60 min for zero-to-five-year olds
is considered appropriate [2,6,7], and children were classified as sufficiently active if this requirement
was met.

2.3. Statistical Analysis

Descriptive statistics were calculated by all sex groups and weight-status, and reported as means
(± SD). Percentages of children that completed each PA recommendation were calculated, as well as
associations between BMI, MC, and PA, which were examined via Pearson’s product moments
correlations. Sex and weight-status differences in PA and MC were examined by independent t-tests.
Chi-squared analysis was used to identify differences in MC between those who did and did not meet
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PA recommendations. A series of analysis of covariance (ANCOVA) were conducted to compare MC
scores between children who did and did not complete PA recommendations, whilst controlling for
BMI. Data was analyzed using IBM SPSS Statistics Version 21 (IBM Corporation, New York, NY, USA),
with statistical significance set at p < 0.05.

3. Results

3.1. Overview

A total of 94% (n = 166) of the original 177 children completed all MC and PA assessments,
and were therefore included in final analysis. Means (± SD) are presented, along with descriptive
statistics and PA recommendation completion percentages, for all participants, male, female, healthy
weight, and overweight children (see Table 1). Males were more active (TPA and MVPA) and were
more proficient in OC than females. Overweight children had higher TPA and were more capable
in overall MC and LC skills. Males were more likely to complete TPA recommendations, however
females were more likely to complete MVPA recommendations. Healthy weight children were more
likely to complete TPA, MVPA, and combined PA recommendations.

Table 1. Descriptive values of BMI, Physical Activity, and Motor Competence.

All
n = 166

Males
n = 91

Females
n = 75

HW
n = 146

53% Male

OW
n = 20

75% Male

Age (years) 4.28 ± 0.74 4.34 ± 0.74 4.21 ± 0.73 4.27 ± 0.75 4.33 ± 0.64
BMI (kg/m2) 16.11 ± 1.65 16.27 ± 1.78 15.93 ± 1.47 15.65 ± 1.11 19.09 ± 1.42
TPA (mins) 279.65 ± 118.33 289.95 ± 119.99 266.90 ± 116.00 279.36 ± 116.48 282.07 ± 137.77

MVPA (mins) 238.69 ± 101.87 248.06 ± 104.85 227.10 ± 97.71 239.18 ± 99.74 234.59 ± 122.61
Overall MC (out of 96) 45.73 ± 12.07 45.73 ± 13.01 45.88 ± 10.75 43.46 ± 12.19 44.29 ± 11.59

LC (out of 48) 26.80 ± 7.60 26.10 ± 8.01 27.80 ± 6.95 26.80 ± 7.83 26.82 ± 6.13
OC (out of 48) 18.93 ± 8.30 19.53 ± 9.04 18.08 ± 7.13 19.16 ± 8.15 17.47 ± 9.29

% that complete TPA
recommendations

80.30 82.19 77.97 61.69 45.83

% that complete MVPA
recommendations

89.39 86.30 93.22 68.83 50.00

% that complete combined PA
recommendations

75.76 75.34 76.27 58.44 41.67

Note: MC, motor competence; LC, locomotor motor competence; OC, object-control motor competence;
PA, physical activity; TPA, total PA; MVPA, moderate-to-vigorous PA; BMI, body mass index; HW, healthy weight;
OW, overweight or obese.

3.2. Associations

Significant associations were found between PA and MC (Table 2). Specifically, between TPA and
overall MC (p = 0.001), TPA and OC (p = 0.001), MVPA and overall MC (p = 0.001), and MVPA and OC
(p = 0.001).

Table 2. Descriptive values of BMI, PA, and MC.

BMI TPA MVPA Overall MC LC OC

BMI R = 0.018 R = 0.012 R = −0.043 R = −0.045 R = −0.022
TPA R = 0.733 ** R = 0.402 ** R = 0.170 R = 0.386 **

MVPA R = 0.376 ** R = 0.152 R = 0.367 **
Overall MC R = 0.734 ** R = 0.783 **

LC R = 0.152
OC

Note: MC, motor competence; LC, locomotor motor competence; OC, object-control motor competence.
** Correlation is significant at the 0.01 level (2-tailed). * Correlation is significant at the 0.05 level (2-tailed).
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3.3. Differences

No significant sex-differences were identified in TPA (p = 0.267), MVPA (p = 0.718), overall MC
(p = 0.908), LC (p = 0.221), and OC (p = 0.342). Similarly, there were no significant differences in the
number of males compared to females that completed TPA recommendations (p = 0.544), completed
MVPA recommendations (p = 0.199), or completed combined PA recommendations (p = 0.901).

There were no significant weight-status differences in TPA (p = 0.936), MVPA (p = 0.886),
overall MC (p = 0.599), LC (p = 0.991), and OC (p = 0.438). Additionally, there were no differences
in the number of children that completed TPA recommendations (p = 0.836), completed MVPA
recommendations (p = 0.636), and completed combined PA recommendations (p = 0.689), between
healthy weight and overweight children.

When controlling for BMI, overall MC was significantly higher in children who completed TPA
recommendations (p = 0.008), who completed MVPA recommendations (p = 0.014), and who completed
combined PA recommendations (p = 0.014), than children who did not (see Table 3). Furthermore,
LC was significantly higher in children who completed TPA recommendations (p = 0.050) than those
who did not, and OC was significantly higher in children than completed MVPA recommendations
(p = 0.003).

Table 3. Mean (± SD) MC in children who met and did not meet PA recommendations.

TPA Recommendations MVPA Recommendations Combined PA Recommendations
Met Not Met Met Not Met Met Not Met

Overall MC 45.99 ± 11.16 ** 38.47 ± 10.55 45.17 ± 10.89 * 35.14 ± 13.98 45.88 ± 11.20 * 39.20 ± 10.77
LC 26.70 *± 6.86 * 23.37 ± 7.52 26.00 ± 7.19 25.86 ± 6.34 26.65 ± 6.90 23.70 ± 7.47
OC 19.29 ± 8.35 15.11 ± 9.53 19.17 ± 8.09 ** 9.29 ± 11.31 19.23 ± 8.40 15.50 ± 9.44

Note: MC, motor competence; LC, locomotor competence; OC, object-control competence. ** Correlation is
significant at the 0.01 level (2-tailed). * Correlation is significant at the 0.05 level (2-tailed).

4. Discussion

This study examined associations between MC and objectively measured PA, and the
relationship to weight-status, in British preschool aged children. Importantly, the current study
also examined the proportion of children who completed the recommended levels of total PA and
MVPA for health. Within this cohort, 80.30% of children achieved TPA recommendations, 89.39%
achieved MVPA recommendations, and 75.76% achieved both PA recommendations. This data suggests
that most British preschool children in this sample were sufficiently active for health. In agreement
with previous literature, there were no significant sex-differences in TPA, MVPA, or combined PA
recommendation compliance [12]. However, it is important to note that males were more likely to
complete TPA recommendations and females were more likely to complete MVPA recommendations.
There were also no significant weight status differences in PA.

Positive associations between TPA and overall MC, TPA and OC, MVPA and overall MC,
and MVPA and OC, were identified consistent with previous literature [5,20,21]. There were no
significant sex-differences identified in overall MC, LC, or OC, which is congruent with previous
literature [19–21]. The lack of significant sex-differences can be explained by the age and stage of
the cohort, as they are in early childhood and MC is yet to mature [5]. Additionally, there were no
significant differences in MC between overweight and normal weight children. Stodden et al. [5]
suggests that MC is a precursor to PA; as there are no sex or weight-status differences in PA, as expected,
MC was similar.

This is the first study to quantify the level of PA undertaken by British preschoolers using PA
cut-points validated with British preschool aged children [27]. This is coupled with use of an objective
and valid method for assessing MC [23]. This study therefore addresses limitations of prior studies
examining the same topic in British preschoolers [8,12,13]. In the current study, children who completed
PA (TPA, MVPA, and combined) recommendations for health-related benefits were significantly more
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proficient in overall MC. Children that achieved ≥180 min of any PA per day had significantly better LC
scores than those that did not. Additionally, children that accomplished ≥60 min of MVPA per day had
significantly better OC scores. These findings provide a potential strategy for intervention to increase
PA in children, and ultimately to reduce childhood obesity. To improve completion of ≥180 min of TPA
for health, improving LC may help, and improving OC should improve the completion of ≥60 min of
MVPA for health, and vice versa. Given there were no significant sex or weight status differences in
the current study, the results presented here suggest that there is no need for interventions to be sex or
weight status specific.

The strengths of this study include the use of a sensitive process-orientated measure of MC
(TGMD-2) [23], and objective and validated measurement of PA in children aged three to five years.
Additionally, the TGMD-2 is a commonly used and investigated MC assessment measure present in a
large proportion of MC studies [28]. It focused on three-to-five-year old children, an understudied
but possibly significant age group, particularly given the closeness to adiposity rebound in children.
With a 93% compliance rate, this study is still not without limitations. The cross-sectional design,
which means causality cannot be inferred, may have underestimated PA, as accelerometers were
removed during water-based activities, which included swimming; however, the accelerometers used
have been identified as a valid method to capture PA [24].

This study found positive associations between PA and MC in British preschoolers.
These associations are particularly strong with TPA and overall MC and LC, and MVPA with overall
MC and OC. This study suggests that good motor competence is an important correlate of children
meeting physical activity guidelines for health. The novel finding is MC was significantly different
between children that met PA recommendations for health and children that did not. Overall MC was
significantly better in children that completed all PA recommendations (TPA, MVPA, and combined).
Children were significantly more proficient in LC if they completed ≥180 min of TPA per day,
and OC was significantly better in children that completed ≥60 min of MVPA per day. This finding
provides more detailed understanding of the relationship between PA and MC, and can be used in the
development of impactful interventions to improve MC and PA in this age group. It is possible that
different aspects of MC may be required to promote PA and vice versa, and may be used to encourage
an active lifestyle in young children. However, longitudinal research is needed to better understand
causal relationships between MC, PA, and weight-status, but the findings from the current study
can be used to inform the design of developmentally appropriate interventions targeting PA and MC
for effective preventative medicine strategies to be initiated to improve PA and MC, and reduce obesity,
in early childhood.
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Abstract: As only a small group of children fulfil the guidelines for physical activity, interventions
are necessary to promote active lifestyles. We examined the effects of a sports-oriented primary
school (N = 79) in comparison to a regular primary school (N = 90) on students’ physical literacy and
cognitive performance. To evaluate the implementation of the sports-oriented school curriculum a
process evaluation was conducted, in which the school curriculum was analysed and guideline-based
interviews were carried out with the schoolteachers and the school director. To measure students’
physical literacy and cognitive performance several tests were used. Small positive effects of the
sports-oriented primary school on students’ physical literacy were shown in standing long jump and
attitudes towards physical activity. There were no differences between the groups regarding cognitive
performance. This study provides the first insights on how a sports-oriented school can promote
students’ physical literacy in the future. The results are in line with previous research that shows
that when children spend more time in physical education and overall physical activities at school,
no negative consequences result for their cognitive performance. In future, long-term evaluations of
the effects of sports-oriented schools are required to receive valid results on the effects on students.

Keywords: physical activity; health; students

1. Introduction

In modern societies, chronic diseases represent the most substantial problem in the health
system [1]. Systematic reviews show that regular physical activity is associated with positive health
effects in children and adolescents [2]. In order to achieve these benefits, children require a minimum
amount of regular physical activity of at least 60 min per day [3]. As only a small group of children
fulfil the recommended guidelines for physical activity [4,5], interventions are necessary to promote
active lifestyles starting from a young age [6].

There are several reasons why schools offer the ideal setting to implement interventions promoting
physical activity. First, the central task of school is to improve the cognitive and academic performance
of students and at the same time to provide them with the skills and abilities to lead a healthy
lifestyle [7]. Second, physical education takes over a major part in the education of the physical
through methods to increase physical fitness [8] while at the same time it educates the students
through the physical, in terms of physical activities that provide learning, socialization opportunities,
and affective outcomes [9,10]. Third, children and adolescents who lead an inactive lifestyle can
be exposed to the intervention programmes. Fourth, since students spend a large amount of time
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at school, in addition to physical education lessons there are widespread opportunities to promote
physical activity such as during recess or extracurricular physical activity programmes.

Physical literacy captures the essence of the basic skills children and adolescents should
attain in order to be physically active and participate in sports [11,12]. Several models have been
developed that try to describe the construct of physical literacy. Whitehead [13] defines physical
literacy as “the motivation, confidence, physical competence, knowledge and understanding to
maintain physical activity throughout the lifecourse”. Based on Lloyd, Colley and Tremblay [11]
physical literacy represents the successful interaction of four inter-related core domains: (a) physical
fitness (cardiovascular fitness, muscular strength and endurance, flexibility, and coordination);
(b) fundamental motor skills (e.g., catching and throwing a ball); (c) physical activity behaviours,
and (d) psycho-social/cognitive factors (attitudes, knowledge, and feelings). Numerous studies
have shown the importance of these variables for children’s and adolescents’ health [2]. Overall,
physical literacy is a basic requirement to receive lifelong health benefits by being physically active
and participating in sports. Against the background of the concept of physical literacy, it becomes clear
that the transportation of these core domains is one essential task of school and physical education in
order to promote an active and healthy lifestyle.

The question rises whether the promotion of physical literacy comes at the expense of students’
cognitive and academic performance. A systematic review suggests that acute bouts of physical activity
facilitate children’s performance on tests that measure attention, memory, rapid decision making,
and planning [14]. Additionally, recent well-designed experiments provide evidence that chronic
exercise interventions benefit specific aspects of children’s mental functioning [14]. Finally, it can be
assumed that the executive skills children acquire during physical education may transfer to academic
tasks [15].

In order to promote students’ physical literacy, a large number of intervention programmes have
been carried out in the school setting [16]. Nevertheless, the effects of these programmes have been
small for the most part. Based on these results, it can be assumed that the implementation of temporary
intervention programmes is not enough to achieve the abovementioned goals. Rather, intensive
programmes spread over the entire school day are promising. Therefore, in this pilot study, we examine
the effects of a sports-oriented primary school with a physical activity intensified curriculum and a
physical activity-friendly school environment on students’ physical literacy and cognitive performance.
In a first step, we carried out a process evaluation to develop a better understanding of the implemented
curriculum of the sports-oriented school. In a second step, we analysed whether relative to the students
of a control school, the students of the sports-oriented primary school would exhibit significantly
higher values in the four core domains of physical literacy: (a) physical fitness; (b) fundamental
motor skills; (c) physical activity behaviours; and (d) psycho-social/cognitive factors. Additionally,
we assumed that the promotion of physical literacy would leave the students’ cognition unimpaired or
would even enhance it. Accordingly, we predicted that there would be no significant differences in
cognitive performance between the students of the two schools.

2. Materials and Methods

2.1. Participants

Participants were recruited from a sports-oriented primary school (intervention group, IG)
and a regular primary school without a sports-orientation (control group, CG) in the curriculum.
The sports-oriented school is the only primary school in south Germany that provides daily physical
education lessons and overall physical activity bouts over the entire school day. To examine the effects
of this school type on students’ physical literacy and cognitive performance, all students enrolled in
the sports-oriented were included in the study. As a comparison, a primary school also located in the
south of Germany, in a comparable city regarding size and population, was chosen. Nevertheless,
because the control school was larger, a random selection of four out of ten classes existing were
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included in the study. The study sample consisted of n = 169 primary school students (sports-oriented
school: n = 79; control school: n = 90) with a mean age of 8.06 years (SD = 1.21), at the time of the first
measurement (see Table 1). Overall, more boys (n = 101; 59.8%) than girls participated in the study.
One first, one second, one third and one fourth class from each school were included.

Table 1. Numbers of girls and boys participating at the study.

Class
Sports School Control School

Girls Boys Girls Boys

1. Class n = 8 n = 15 n = 14 n = 12
2. Class n = 6 n = 14 n = 12 n = 12
3. Class n = 5 n = 16 n = 10 n = 11
4. Class n = 7 n = 8 n = 6 n = 13

Total n = 26 n = 53 n = 42 n = 48

The sports-oriented primary school is the first private sports-oriented school in Germany.
It follows the state curriculum and has been recognised by the German state. The school curriculum
comprises daily 90-min physical education lessons active recess opportunities and additionally,
the non-sport subjects are taught in an active way. Students in the regular primary school receive three
45-min sessions of physical education. No specific efforts to increase students’ physical activity levels
during school hours are made.

2.2. Instruments

2.2.1. Process Measures

To evaluate the implementation of the sports-oriented school curriculum a process evaluation was
conducted. In the first step, the curriculum of the school was analysed. Additionally, guideline-based
interviews were carried out with the school teachers and the school director to gain information about
the frequency, duration and content of the physical education lessons, recess and the physical activity
during regular classes.

2.2.2. Outcome Measures

The following tests were used to measure the children’s values in the four domains of physical
literacy and cognitive performance. Because children in the first two grades of school are not yet able
to read and write sufficiently, questionnaire items were read to the students and they were asked to
give their answer.

To assess physical fitness several tests of the German motor performance test DMT 6–18 [17,18]
were used. This instrument was developed within the scope of the German Society of Sport Science.
Altogether, it consists of eight tests that measure students’ endurance, strength, speed, coordination
and flexibility. For this study, standing long jump (strength; cm jumped), sit-ups (strength; number
completed in 40 s), the 6-min-run (endurance; metres run in 6 min), stand-and-reach flexibility
(flexibility; reached cm over or under the toes) and backwards balancing on bars with different widths
(coordination; 0–8 points) were chosen. In this study, the test-retest reliability of the applied tests over
approximately seven months ranged between rtt = 0.64 and rtt = 0.83.

Student’s fundamental motor skills were measured using several tests of the basic motor
competences test (MOBAK-1) for children in grades one and two [19] and basic motor competences test
(MOBAK-3) for children in grades three and four [20] test batteries. Each of the batteries contains eight
tests differentiating between assessing the ability to move an object or to move oneself. We concentrated
on testing skills in moving an object and used the tests throwing, catching, dribbling and bouncing
for the children in the first two grades. The older children performed the same tests, only throwing
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and catching was assessed within one test. The test-retest reliability ranged between rtt = −0.06 and
rtt = 0.35.

Physical activity behaviour was measured with the question “On how many days of last week
were you physically active for more than 60 min?” [21,22]. Test-retest reliability was rtt = 0.28.
Standardised questionnaires were used to measure the psycho-social factors of physical literacy.
Students’ motivation towards physical education was assessed with a questionnaire based on the
Intrinsic Motivation Inventory [23]. Their attitudes towards physical education was assessed with the
Attitudes towards physical education (ESU) questionnaire [24] whereas health-related fitness knowledge
was measured with a previously developed questionnaire [25]. Lower values represent higher
motivation and attitude. Knowledge is described by the percentage of correct answers. For the
motivation scale the internal consistency measured by Cronbach’s alpha was 0.62. Internal consistencies
for attitudes towards physical education and fitness knowledge were 0.57 and 0.64, respectively.

Cognitive performance was assessed with two computer-based tests: (a) the Simon task in the form
of a Dots test [26], which again contains three subtests; and (b) the Flanker test [27]. In a Simon task,
a single item is presented in one of two locations (to the left or right of fixation). The participant must
indicate the identity of the item with a left or right keypress. Because of the natural tendency to respond
in the direction of task-relevant stimuli, response time is faster when the required response (e.g., right
keypress) is congruent with the location of the stimulus (e.g., right side of fixation). The Flanker task is
widely used to measure interference control. This task calls for the participant to identify a target item
defined by its location while ignoring one or more distracting items that flank the target and whose
identities may activate the correct (on congruent trials) or incorrect (on incongruent trials) response.
For the Dots tests and the Flanker test the inverse efficiency score [28] was calculated, which accounts
for speed and accuracy of the students’ answers. Additionally, a reaction test was carried out to make
sure that differences in performance between intervention group (IG) and control group (CG) are not
only based on a difference in reaction speed. Test-retest reliability for the Dots test was by average at
0.69. The respective value for the Flanker test was 0.11 and for the reaction test 0.41.

2.3. Procedure

During the academic year 2014/2015, a pilot study was conducted to examine the effects of a
sports-oriented primary school on students’ physical literacy and cognitive performance in comparison
with students of a regular primary school. In order to receive more reliable results, data were assessed
twice. Measurements in both IG and CG took place between December 2014 and July 2015. For the
process evaluation of the curriculum of the sports-oriented primary school, teachers and the school
director were interviewed.

Information about the study and request for participation were sent to the school directors by
the regional council. CG teachers were informed that they were participating in a study examining
the development of students’ motor and cognitive performance from grade one to four. Students’
parents were informed about the study and provided their consent for their children to participate in
the programme. All procedures performed in this study were in accordance with the 1964 Declaration
of Helsinki and its later amendments. The ethics department of the medical faculty at the University of
Tübingen in Germany, the regional council, school directors and teachers approved the implementation
of this study (Approval code: 155/16 S; approval date: 12 May 2014).

2.4. Data Analysis

Analyses were performed using SPSS version 23 (IBM, Armonk, NY, USA). Missing values in
the scales assessing the psycho-social factors of physical literacy were replaced by the expectation
maximization technique. After checking for normal distribution and potential multicollinearity of the
variables, multivariate analyses of variance (MANOVA, Sha Tin, HongKong) were conducted to test
for differences between the students of the two schools on the examined constructs at the respective
time points. The guideline-based interviews were analysed by summarising the teachers’ and the
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director’s answers regarding the frequency, duration and content of the physical education lessons,
recess and the physical activity during regular classes. Additionally, reasons for not being able to
comply with the physical activity aims of the school were listed.

3. Results

3.1. Process Evaluation

Based on the written curriculum provided by the school director, it became clear that the vision of
the sports-oriented primary school is to provide students with the opportunities and time to achieve
the necessary amounts of daily physical activity and movement skills in order to counter against
the health consequences of a sedentary lifestyle. Additionally, the school aims to promote students’
cognitive performance through regular physical activity intervals and therefore eventually enhance
the students’ academic performance.

The structured interviews with the school teachers provided an insight of the elements of the
physical activity intensified curriculum and the vision of the school. The broad corridors in the school
building provided indoor opportunities for games and physical activities especially on rainy days.
On days with good weather, the students spent their time during recess mostly on the schoolyard. Even
though the schoolyard provides enough space for movement, the school teachers requested several
improvements. For example, they observed that some of the students did not know what to do during
recess and therefore did not engage in physically active behaviours. More traditional playground
elements such as swings or a slide and a climbing opportunity would be further possibilities to promote
physical activity in less active children. Additionally, the organisation of the existing play equipment
(balls, skipping ropes) needed further improvement in a way that the students can independently have
access to it at any time during the school day.

Eight 45-min physical education lessons were provided in each class over a week including two
hours of swimming lessons every Friday. During physical education the teachers set a focus on the
promotion of coordinative skills in the first two grades using basic elements such as balancing and
swinging elements but also modern elements such as wave boards and roller-skates. In grade three
and four, several classical sports were taught such as track and field or soccer.

An important aspect of the sports-oriented school was that the classroom teachers integrated
movement elements during regular class hours so that physical activity was not only restricted
to physical education and recess. Every morning the school begins with a movement element.
For example, one classroom teacher developed a “health box” in which several fitness exercises
such as sit-ups, jumping jack, or jump and reach are described. Every morning the children chose five
to six exercises that are carried out at the beginning of the first school hour. Another example could be
found in lessons teaching foreign languages. While introducing new adjectives, the teachers named
several words. Each time the students recognised an adjective they had to stand on their desk. Finally,
sedentary behaviour was reduced in class because children were allowed to stand up from their seat
whenever they wanted to have a glass of water or to go to the toilet.

The final part of the interview with the teachers addressed the motivation of the students to
participate at physical activities during the entire school day. Overall, the teachers emphasised that
the majority of the children were always happy to be active. Nonetheless, when a student expressed
that he or she was tired, the student was not obliged to participate as long as he or she did not disturb
the rest of the class. Few exceptions also existed where some children were never happy to engage in
physical activities irrespective of the time of day or whether it was an activity during regular class or
physical education.
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3.2. Outcome Measures

The comparison analysis between the sports-oriented and the regular primary school is shown in
Tables 2 and 3. Concerning the students’ physical literacy, small positive effects of the sports-oriented
school in comparison to the regular primary school were observed.

Table 2. Means and standard deviations of the two schools at T1 and corresponding between-group
results of the respective multivariate analyses of variance (MANOVAs).

Variable Test
Sports School Control School MANOVA

Mean SD n Mean SD n F Sig. η2
p

Physical fitness

stand-and-reach flexibility (cm) 0.91 6.93 75 −0.75 6.62 69 2.17 0.14 0.015
Balance (points) 7.73 4.92 75 6.81 4.35 69 1.41 0.24 0.010

Standing long jump (cm) 133.60 19.52 75 122.12 21.83 69 11.11 0.001 **,a 0.073
Sit-ups (number) 16.16 6.90 75 15.49 4.65 69 <1 0.50 0.003

6 min run (meters) 969.46 157.40 75 928.31 137.78 69 2.77 0.10 0.019

Psycho-social/cognitive
factors

Knowledge (% correct) 67.83 20.92 69 71.73 18.89 81 1.44 0.23 0.010
Attitude 1.87 0.39 69 2.10 0.49 81 9.48 0.002 **,a 0.060

Motivation 1.61 0.53 69 1.60 0.48 81 <1 0.93 0.000

Cognitive performance

Dots 1 669.41 176.41 69 691.83 237.32 69 <1 0.53 0.003
Dots 2 844.19 295.14 69 835.47 289.26 69 <1 0.86 0.000
Dots 3 1424.74 493.90 69 1385.29 896.14 69 <1 0.75 0.001

Reaction 495.82 128.40 69 461.62 113.44 69 2.75 0.10 0.020

Note: SD = standard deviation; ** p < 0.01, a = in favour of the sport school.

Table 3. Means and standard deviations of the two schools at T2 and corresponding between-group
results of the respective MANOVAs.

Variable Test
Sports School Control School MANOVA

Mean SD n Mean SD n F Sig. η2
p

Physical fitness

stand-and-reach flexibility (cm) −0.96 7.07 69 0.50 6.96 80 1.67 0.20 0.011
Balance (points) 7.46 4.35 69 6.19 3.94 80 3.63 0.06 0.024

Standing long jump (cm) 133.07 21.92 69 123.91 18.68 80 7.59 0.007 **,a 0.049
Sit-ups (number) 19.28 6.50 69 19.31 5.63 80 <1 0.97 0.000

6 min run (meters) 1003.01 122.46 69 991.50 133.40 80 <1 0.59 0.002

Psycho-social/cognitive
factors

Knowledge (% correct) 78.47 21.07 72 76.05 18.49 86 <1 0.44 0.004
Attitude 1.68 0.43 72 1.97 0.45 86 17.55 0.000 ***,a 0.101

Motivation 1.69 0.56 72 1.56 0.54 86 1.94 0.17 0.012

Cognitive performance

Dots 1 640.37 178.17 71 699.68 658.17 78 <1 0.46 0.004
Dots 2 759.62 254.53 71 735.36 212.00 78 <1 0.53 0.003
Dots 3 1133.92 349.28 71 1090.64 470.31 78 <1 0.53 0.003

Reaction 451.12 99.42 71 439.69 87.47 78 <1 0.46 0.004

Note: SD = standard deviation; ** p < 0.01, *** p < 0.001, a = in favour of the sport school.

Regarding the first core domain of physical literacy, physical fitness, students of the sport-school
exhibited significantly higher values in standing long jump at both time points. Group membership
explained 7.3% and 4.9% of the variance found in this test at the respective time points. Additionally,
there were differences in balancing backwards and 6-min run in favour of the sports-oriented school at
both time points, although not reaching statistical significance. For each applied test, the values of our
sample were in the range of the reference sample [18].

Regarding psycho-social factors, the students of the sports-oriented primary school showed
significantly better values in their attitude towards physical education in comparison to the regular
primary school at both time points. Group membership was responsible for 6% and 10.1% of the
variance at the respective time points. No significant differences were found for health-related fitness
knowledge and their motivation towards physical education between both schools.

The students’ values regarding fundamental motor skills and physical activity behaviours could
not be assessed reliably. Since acceptable reliabilities build the basis for every scientific examination,
it was refrained from analysing the students’ performance in the MOBAK tests and their physical
activity levels.
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Concerning the cognitive performance, no significant between-group differences were found.
None of the dots tests discriminated between the groups. Significant differences in reaction speed
could neither be found. The values in the Flanker test were not analysed, because test-retest reliability
was not satisfying.

4. Discussion

This study is the first in Germany that reported the effects of a sports-oriented primary school
on students’ physical literacy and cognitive performance and that evaluated the implementation of a
sports-oriented primary school curriculum.

The interviews revealed the ambition of the school director and the school teachers to contribute
to the achievement of the required daily physical activity levels in the students to obtain positive health
outcomes, to promote students’ cognitive and academic performances and to improve the students’
movement skills. Unfortunately, the effects of the sports-oriented curriculum on physical activity levels
could not be analysed within this study, because the reliability of the measure on physical activity
was not satisfactory. The interviews further revealed that, from the teachers’ point of view, for the
successful implementation of a sports-oriented school curriculum that promotes daily physical activity,
more than just some additional physical education lessons is needed. Teachers assumed that to foster
physical activity during the whole school day encouragement and motivation of students are requisite.
The influence of motivational support on physical activity during school days was also demonstrated
in interventional studies [29,30].

Furthermore, activity-friendly built environmental structures are needed that facilitate physical
activities during the school day in an indoor and outdoor environment, respectively. This is in line
with findings from other empirical studies with quantitative designs [31,32] showing that a larger
number of outdoor facilities like soccer fields and loose play equipment like skipping ropes at school
was associated with higher odds of being physically active in boys and girls.

In summary, to establish an activity-promoting school concept besides a sports-oriented
curriculum and supportive social environments (teachers willing to support physical activity during
the whole school day) activity-friendly built environmental structures providing space and equipment
for physical activities are relevant.

Regarding the quantitative study results, small positive effects in physical literacy can be attributed
to the sports-oriented school. In comparison to the control school, the students of the sports-oriented
school had significantly higher levels in standing long jump and a more positive attitude towards
physical activity at both measurement time points. Furthermore, positive tendencies were observed in
the sports-oriented school in comparison to the control school in the 6-min run, balancing backwards
and sit-ups (only in T1). Finally, there were no significant between-group differences in motivation
towards physical education, fitness knowledge or cognitive performance. Slightly better values of one
of the groups were always dependent on subtest and measurement time point. Thus, no indications
towards a potentially consistent pattern could be found for these aspects.

The effects of the sports-oriented school on students’ physical literacy were small. Based on the
information received in the interviews with the school teachers, this could be due to several reasons.
It is likely that children from the control school compensated their sedentary behaviour to a great
extent in the afternoon hours, whereas students of the sports-oriented school compensated their
additional amount of physical activity during school time with a reduction of physical activity during
the after-school hours. This is in accordance with the “Activitystat” hypothesis suggesting that the
individual’s amount of physical activity and energy expenditure is controlled over time to remain
constant. Therefore, an individual’s increase in physical activity in one setting is accompanied by a
compensatory reduction of physical activity in another setting to maintain overall physical activity
level [33,34]. Similarly, in a study in Denmark comparing physical activity levels of 1st to 6th grade
students from sport and normal schools, no differences in the overall physical activity levels were
found. The overall physical activity levels remained stable as the students compensated the additional
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physical activity during school in the after school hours [35]. Nevertheless, these are only assumptions
that need to be systematically examined in future studies.

In our study, there were no negative effects of additional physical education lessons on students’
cognitive performance. This is in line with previous studies [35,36], in which no differences existed
between the students of the sports-oriented and the regular school in their cognitive performance.
Also, in the study by Sallis et al. [37], in which the effects of a two year health-related school physical
education programme on standardised academic achievement with 759 children was examined, it was
shown that increasing physical education from 32 to 98 or 109 min/week did not reduce academic
performance. Despite devoting twice as many minutes per week to physical education as controls,
the health-related physical education programme did not interfere with academic achievement. In a
recent meta-analytical study it was even shown that curricular physical education programmes even
had a positive impact on cognitive functions [38]. Thus, rising concerns that increasing weekly time
of physical education could lead to declines in academic performance due to less time remaining for
other school subjects were not supported by our or other empirical studies.

Limitations

To the best of our knowledge, in Germany only one school exists that carries out a sports-oriented
curriculum including daily physical education and active recess. Therefore, this pilot study is based on
a small sample size and lacks the necessary power in the statistical analysis in order to provide solid
findings. Nevertheless, this study provides a first glance into the possible effects of a sports-oriented
school and gives first indications on positive effects on physical literacy. A longitudinal approach is
needed to provide future directions to the development of whole-day sports-oriented schools.

We used generic measurement instruments (DMT 6–18, MOBAK) to assess students’ physical
fitness and motor abilities. DMT 6–18 revealed high reliability warranting reliable conclusions on
physical fitness. In contrast, MOBAK showed weak reliability values, and therefore no further
conclusions were drawn based on these tests. Physical activity behaviour and psychological
determinants were measured with questionnaires. Retest-reliability results of the physical activity
behaviour question was very low. A timeframe of five months is very long to receive high reliability
values. Nevertheless, values lower than rtt = 0.40 do not allow conclusions to be drawn based on the
results gained. Therefore, in future studies, besides larger study samples, objective measurements
using accelerometers and systematic observation methods are mandatory to capture physical activity
levels in primary school children. The reliability values of the tests measuring students’ cognitive
functioning varied. While the dots test had satisfactory reliability, the flanker revealed very low values
and therefore, the results based on this test were not further discussed in this paper.

5. Conclusions

The effects of a sports-oriented primary school on students’ physical literacy could only be shown
in the standing long jump and the attitudes towards physical activity. Nevertheless, the effects in
these tests were small. In respect to cognitive performance, no significant differences between the two
schools were observed. This is in line with previous research that showed that when children spent
more time in physical education and overall physical activities at school, no negative consequences
resulted on their cognitive performance [35–37]. In the future, long-term evaluations of the effects of
sports-oriented schools are required to receive valid results on the effects on students. Nevertheless,
this pilot study provides first insights on how to improve a sports-oriented school to promote students’
physical literacy in the future.

Physical inactivity levels are rising and schools need to adapt their curricula and environments
in order to act against this. When also integrating improvements in activity-friendly environments,
sports-oriented schools are a promising approach to contribute to higher levels of physical activity
and less sedentary time in children during school hours, and to generally promote students’
physical literacy. Despite the greater time allocated to physical activity in the sports-oriented
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school (daily physical education, active recess), there were no negative consequences on students’
cognitive performance.

The results have important implications for school health efforts. Even when it is not possible
to allocate daily physical education in the school curriculum, several other low budget opportunities
exist to transform the school into a more physical activity friendly environment (e.g., by provision of
loose physical activity equipment during recess). The commitment of teachers and school directors
is crucial when it comes to the implementation of such activities. It is important that the school
directors encourage the school teachers to promote boosts of activities as a first action in the morning,
as described by the school teachers of the sports-oriented school. Additionally, a culture of providing
the children with more freedom and support to be physically active during regular class, by providing
an activity-friendly school environment and loose play equipment, by avoiding sitting rules, and by
combining learning with movement elements, seems warranted.
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Abstract: The purpose of this study was to investigate the between- and within-sex differences in
actual and perceived locomotor and object control skills in children (8–10 year). All participants
(58 children (29 boys; 9.5 ± 0.6 years; 1.44 ± 0.09 m; 39.6 ± 9.5 kg; body mass index; 18.8 ± 3.1 kg·m2))
completed the Test of Gross Motor Development (2nd edition) and the Pictorial Scale of Perceived
Movement Skill Competence for Young Children. Between- and within-sex differences were assessed
using independent and paired samples t-tests, respectively. For all tests, effect sizes and Bayes
factors were calculated. There were significant differences (p < 0.001) between sexes for perceived
locomotor and perceived object control skills (boys > girls), with Bayes factors extremely in favour of
the alternate hypothesis (BF: 55,344 and 460, respectively). A significant difference (p < 0.001) was
found between girls’ actual and perceived locomotor skills (d = −0.88; 95% confidence interval: −0.46
to −1.34), with Bayes factors extremely in favour of the alternate hypothesis (BF: 483). A significant
difference (p < 0.001) was found between boys’ actual and perceived object control skills (d = 0.69;
95% CI: 0.2 to 1.12), with Bayes factors very strongly in favour of the alternate hypothesis (BF: 41).
These findings suggest that there exists an issue of non-veridicality between actual and perceived
motor competence skills, and their subsets, and a sex-mediated discord in children (8–10 years).

Keywords: motor competence; actual; perceived; children; locomotor; object control

1. Introduction

A substantial literature base now affirms the association between children’s motor competence
(MC) and physical activity (PA) behaviours, potentially, to combat the global obesity epidemic [1–4].
Motor competence refers to a child’s ability to perform a wide range of motor skills in a proficient
manner [5]. During early childhood, motor competence is frequently defined as proficiency in the
performance of fundamental motor skills (FMS) [3,6]. Fundamental motor skills are considered to be
the basic building blocks to more advanced movement patterns [7], and generally consist of locomotor
and object control skills. Locomotor skills necessitate moving the body from one position to another
(i.e., running, leaping, jumping, and galloping) while object control skills either refer to the receiving
or propulsion of an object with the hand or foot (i.e., throwing, kicking, striking, and catching) [8].
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Despite the mounting evidence for the benefit of qualifying contextual MC or movement quality
data, there remains an over-predominance in focusing on the quantity of activity, rather than the
quality [9,10]. Only recently has there been a trend towards a joint consideration of exercise quantity
and quality [9–14]. A pivotal meta-analysis highlighted that PA interventions dedicated to improving
quantity of PA report little effect [15]. More recently, Adab et al. [16] reported in a longitudinal study
that a one-year school/community-based PA intervention had no effect on body mass index (BMI)
z-scores at 15- or 30-months post-intervention, highlighting that communities and schools are unlikely
to impact on the childhood obesity epidemic by incorporating only PA targeted interventions.

Given the above evidence, it is clear that the approach to PA promotion in youths must move
beyond the mere use of caloric expenditure as the primary measure of exercise intensity. This notion has
been largely influenced by the agglomerative evidence on the complex and dynamic interrelationships
between weight status, health-related fitness, and motor and cognitive development through childhood
and beyond [3,17–20]. Further, motor skill competence (i.e., the qualitative proficiency in performing
an array of skills requiring motor coordination and control) has been highlighted for its positive
associations with PA levels and health benefits in children and adolescents [21].

Stodden et al. [6] developed a comprehensive conceptual model that asserts that childhood
MC is a determinant of health. Concomitantly, Barnett et al. [22] demonstrated, albeit prospectively,
that childhood MC has a fundamental role for long-term PA compliance and is predictive of health-
related fitness later in life. These pivotal works have prompted a new line of developmental research
that, by means of cross-sectional, longitudinal, and experimental evidence [23], have confirmed the
inveterate nature of the Stodden et al. [6] conceptual model. Interestingly, children’s perception of
being competent, and not MC per se, matters for promoting and adhering to an active lifestyle, which is
necessary for positive trajectories of health and well-being [24]. Longitudinal research has identified
perceived MC as a mechanism through which motor skill proficiency in childhood contributes to a
physically active and healthy lifestyle in adolescence [25–28]. Given the influence that both actual
and perceived MC in childhood can have as health determinants, empirical research has focused on
furthering our understanding of their dynamic and changing relationship throughout childhood and
adolescence [6,29].

Masci et al. [30] highlight that children and adolescents with different MC-based profiles also
differ in motivation to practice PA, and actual PA levels. Furthermore, perceived, more than actual
competence, appears to determine motivation for PA participation in children [31]. In the studies
of Bardid et al. [31] and De Meester et al. [32], primary school children with a higher perception of
MC resulted in higher motivation with this motivation remaining even when a low level of actual
motor proficiency was combined with high self-perception (i.e., overestimation). Commonality exists
between the aforementioned studies in the form of (non) veridicality of the physical self-concept,
defined as the relation between the subjective perception and the corresponding external validity
criterion. However, this issue remains relatively unexplored [33].

A general axiom is that boys tend to be more physically active than their female counterparts [34,35],
and generally display better object control skills than girls, however, evidence on sex differences in
locomotor skills is equivocal [36,37]. Contentiously, many studies show that girls outperform boys in
locomotor skills [26,38,39], whilst a comparable number of studies assert that boys have equal [40,41]
or higher locomotor skill competence [42]. Concerning the perception of MC, sex differences seem to
proliferate during child development [29,43,44]. Whilst some studies report that boys and girls around
the pre-school years display equal perceptions of competence, from primary school years onward,
higher self-perceptions in boys are consistently found [29,45–47]. Notwithstanding, differences
between actual and perceived MC in young children are widespread, yet equivocal; as is the discord
between sexes, which remains contentious and relatively unexplored. Therefore, the purpose of this
study was to investigate the between- and within-sex differences in actual and perceived locomotor
and object control skills in children (8–10 years).
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2. Materials and Methods

2.1. Participants and Settings

A sample of 58 children (29 boys) (mean ± standard deviation: 9.5 ± 0.6 years, 1.44 ± 0.09 m,
39.6 ± 9.5 kg, body mass index: 18.8 ± 3.1 kg·m2) from a primary school in the United Kingdom
volunteered to take part in this study. Optimal sample size was calculated based upon the ability to
detect a smallest unit change (raw score) of 0.5% and a generous between subject standard deviation
of 2.0 (α = 0.05, power 0.95). This subsequently yielded a sample-size estimation of 57. To equalize
the ratio of males to females, 58 participants were recruited and divided into two groups (29 males,
29 females). Prior to the research commencing, parental or legal guardian informed consent and child
assent was attained. The study was conducted in agreement with the guidelines and policies of the
institutional ethics committee, and in accordance with the Declaration of Helsinki (ETHICS201617,
14 December 2016).

2.2. Instruments and Procedures

Actual motor competence. Children’s actual MC was measured using the Test of Gross Motor
Development (2nd edition) (TGMD-2) [48]. The TGMD-2 includes 12 fundamental movement skills
(six locomotor skills and six object control skills) and takes approximately 20 min to administer.
The locomotor subtest consists of running, galloping, hopping, leaping, horizontal jumping, and sliding.
The object control subtest contains striking a stationary ball, a stationary dribble, catching, kicking,
overhand throwing, and underhand rolling. Following a visual demonstration, participants were
asked to perform each skill twice. The TGMD-2 is a qualitative measure in which each skill is scored
against performance criteria prescribed in an accompanying manual (three to five criteria per skill);
the criteria were scored 1 (present) or 0 (absent). Ratings in each item were summed to compute
scores for locomotor and object control skills (each score ranging from 0 to 48). The psychometric
properties of the TGMD-2 have been evaluated and the manual reports excellent test-retest reliability
and inter-rater reliability (r > 0.85) as well as a good internal consistency (Cronbach’s α = 0.85 and 0.88
for locomotor and object control subtests, respectively). Construct, content, and concurrent validity
have also been determined for children aged 3 to 10 years [48–50]. Two experienced assessors scored
the TGMD-2, with excellent inter-rater reliability (ICC: 0.99).

Perceived Motor Competence. Children’s perceived MC was assessed via The Pictorial Scale of
Perceived Movement Skill Competence for Young Children (PSPMSC) [51] for the same locomotor
and object control skills as the TGMD-2. The perceived MC assessment took approximately 10 min to
administer. For each skill, children were shown two sex-specific illustrations of a child performing
the skill in competent and less-competent ways. Children were asked which depiction they identified
themselves with the most, with each question having the same standard structure: “This child is pretty
good at X, this child is not that good at X: Which child is most like you?”. Once children selected a
picture, they were then asked to further indicate their perceived MC as more or less identifying with
the selected picture. For the picture of the most competent child, the follow-up question was: “Are you
pretty good or really good at X?”, for the picture of the less competent child, the accompanying
question was: “Are you sort of good or not that good at X?”; each item was scored 1 (not that good),
2 (sort of good), 3 (pretty good), or 4 (really good). Scores for locomotor and object control skills
were summed to compute scores for locomotor and object control skills (each score ranging from 6 to
24). The PSPMSC has been shown to have acceptable face validity as well good test-retest reliability
(r > 0.78) and internal consistency (Cronbach’s α = 0.60–0.81; Barnett et al. [51]). Construct validity has
also been established in children aged 4 to 10 years [48–50,52].

2.3. Data Analysis

Raw scores for the TGMD-2 and The PSPMSC were transformed into percentiles to facilitate
statistical analyses, per manual guidelines [48]. Data were initially assessed for normality using
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a Shapiro-Wilk test, and found to be normally distributed (p > 0.05). Subsequently, between-sex
differences for actual locomotor, actual object control, perceived locomotor, and perceived object
control percentiles were assessed using independent samples t-tests. Within-sex differences for
actual vs. perceived locomotor and object control percentiles were assessed using paired samples
t-tests. Bayesian statistical analyses were conducted for within- and between-sex differences utilizing
default priors [53–55], where Bayes factors expressing the probability of the data given H10 (alternate
hypothesis) relative to H01 (null hypothesis; i.e., values larger than 1 are in favour of H1) assuming that

H01 and H10 are equally likely, were produced. Data were reported as mean ± SD, with effect sizes
(Cohen’s d, classified as: small (0.2), medium (0.5), large (0.8), or very large (1.3) [56] and 95% confidence
intervals (CIs)). The alpha level was set at 0.05 a priori. Bayes factors were reported as the probability
of the data given the alternate, relative to the null hypothesis, or vice-versa (classified as: anecdotal
(BF1–3), moderate (BF3–10), strong (BF10–30), very strong (BF30–100), or extreme (BF > 100)) [53–55].
All data analyses were conducted using the JASP statistical package (JASP Team, 2018, jasp-stats.org;
version 0.8.6, University of Amsterdam, Amsterdam, The Netherlands).

3. Results

3.1. Between-Sex Differences

There was no significant difference (p = 0.15) found between sexes for actual locomotor skills
(Female (F): 69.8 ± 5.27 vs. Male (M): 72.3 ± 7.47%; d = 0.38, 95% CI: 0.14 to 0.9) (Figure 1). Bayes factors
found anecdotal evidence in favour of the null vs. alternate hypothesis (BF: 1.5, i.e., null 1.5 times more
probable than the alternate).

There was no significant difference (p = 0.87) found between sexes for actual object control skills
(F: 62.75 ± 10.5 vs. M: 63.3 ± 15.2%; d = 0.04, 95% CI: −0.56 to 0.47) (Figure 1). Bayes factors found
moderate evidence in favour of the null vs. alternate hypothesis (BF: 3.72, i.e., null 3.72 times more
probable than the alternate).

Figure 1. Between-sex perceived and actual locomotor and object control skill percentile scores. Black
bars denote boys; white bars denote girls; * denotes significant difference between sexes (p < 0.05).

There was a significant difference (p < 0.001) found between sexes for perceived locomotor skills
(F: 55.46 ± 11.8 vs. M: 72.7 ± 10.2%; d = 1.6, 95% CI: 0.95 to 2.14) (Figure 1). Bayes factors found
extreme evidence in favour of the alternative vs. null hypothesis (BF: 55,344, i.e., alternate 55,244 times
more probable than the null).

There was a significant difference (p < 0.001) found between sexes for perceived object control
skills (F: 58.5 ± 14.7 vs. M: 74.4 ± 12.6%; d = 1.17, 95% CI: 0.6 to 1.71) (Figure 1). Bayes factors found
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extreme evidence in favour of the alternate vs. null hypothesis (BF: 460, i.e., alternate 460 times more
probable than the null).

3.2. Within-Sex Differences

There was a significant difference (p < 0.001) found between girls’ actual and perceived locomotor
skills (Actual 69.8 ± 5.2 vs. Perceived 55.5 ± 11.9%; d = −0.88, 95% CI: −0.46 to −1.34) (Figure 2).
Bayes factors found extreme evidence in favour of the alternative vs. null hypothesis (BF: 483, i.e.,
alternate 483 times more probable than the null).

There was no significant difference (p = 0.06) found between girls’ actual and perceived object
control skills (Actual 62.8 ± 10.5 vs. Perceived 58.4 ± 14.7%; d = −0.36, 95% CI: −0.02 to −0.74)
(Figure 2). Bayes factors found anecdotal evidence in favour of the null vs. alternate hypothesis
(BF: 1.01, i.e., null 1.01 times more probable than the alternate).

There was no significant difference (p = 0.84) found between boys’ actual and perceived locomotor
skills (Actual 72.3 ± 7.5 vs. Perceived 72.7 ± 10.2%; d = 0.04, 95% CI: −0.41 to 0.33) (Figure 2). Bayes
factors found moderate evidence in favour of the null vs. alternate hypothesis (BF: 4.97, i.e., null
4.97 times more probable than the alternate).

There was a significant difference (p < 0.001) between boys’ actual and perceived object control
skills (Actual 63.3 ± 16.2 vs. Perceived 74.4 ± 10.2%; d = 0.69, 95% CI: 0.2 to 1.12) (Figure 2). Bayes
factors found very strong evidence in favour of the alternative vs. null hypothesis (BF: 41, i.e., alternate
41 times more probable than the null).

Figure 2. Within-sex differences for perceived and actual locomotor and object control skill percentile
scores. * denotes significant difference between actual and perceived scores (p < 0.05).

4. Discussion

The purpose of this study was to investigate the between- and within-sex differences in actual and
perceived locomotor and object control skills in children (8–10 years). In accord with the aforementioned
purpose, the key findings of this study were:

(1) Boys perceived their locomotor and object control skills to be greater than girls.
(2) Girls perceived their locomotor skills to be lower than their actual locomotor skills.
(3) Boys perceived their object control skills to be greater than their actual object control skills.
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4.1. Between-Sex Differences

Evidence on sex differences in locomotor skills is equivocal [26,36,37,57]. Contentiously, many
studies show that girls outperform boys in their locomotor skills [26,38,39], whilst almost an equal
number of studies assert that boys have equal [40,41] or higher locomotor skill competence [42]. It is,
therefore, unsurprising that the findings of the present study should be equally equivocal for actual
MC (locomotor and object control). There was no significant difference (p = 0.15) between boys and
girls for actual locomotor skills (Figure 1), highlighting very little discord in actual locomotor skills
between sexes. Furthermore, Bayes factors indicated that there was only anecdotal evidence to separate
the null and alternate hypotheses. Similarly, there was no significant difference (p = 0.87) between
sexes for actual object control skills (Figure 1), further supporting the observations of Bardid et al. [31]
and Slykerman et al. [41].

There was a significant difference (p < 0.001) found between sexes for perceived locomotor skills,
where boys perceived themselves to be ~20 percentage points higher than girls (Figure 1). This is
supported by Bayes factors analysis, which found extreme evidence in favour of the alternative vs. null
hypothesis (BF: 55,344). Similarly, boys also perceived their object control skills to be greater than that
of the girls, with a significant difference (p < 0.001) found between sexes (Figure 1). Bayes factors found
‘extreme’ evidence in favour of there being a difference between sexes (BF: 460). Whilst the present study
highlights differences in perceived, but not in actual, object control and locomotor skills, Brian et al. [58]
concluded that there was relatively little sex-related discord for perceived and actual locomotor skills,
however, there were evident differences for perceived and actual object control skills. This difference
is likely influenced by age, with Brian et al. [58] assessing 4- to 5-year-olds, contrasting with the 8- to
10-year-olds in the present study. Concerning the perception of MC, sex-mediated differences are
found to proliferate during child development [43,44]. The modal finding in the literature is that boys
and girls around the pre-school years display equal perceptions of competence [59,60]. However,
from primary school years onward, higher self-perceptions in boys are consistently found [45,46],
which supports the findings in the present study.

4.2. Non-Veridicality in Boys and Girls

Masci et al. [30] highlighted low agreement between motor skill competence perceived by
children and their actual skill observed by experts, as the percentage of variance of perceived
competence explained by actual competence was low (5% and 6% for locomotor and object control
skills, respectively). The authors speculated that this was due to the low accuracy of self-perceptions
when cognitive capabilities necessary to make a realistic domain-specific self-evaluation are still
immature [43,44]. Substantial evidence suggests that girls have lower perceived and actual ball skill
competence than boys as early as young childhood [26,38,39,51,61]. Independently of their actual
proficiency level, Masci et al. [30] suggest that girls more frequently underestimated their actual
object control skills than boys. The observation that girls more frequently underestimate their actual
object control skills compared to boys may be pertinent in light of evidence that object control skills
predict involvement in PA and health-related fitness later in life [25,57,62]. Further, evidence suggests
that the perception of competence in object control skills mediates the translation of actual MC into
health-related outcomes [22,51,62]. The present study supports these findings, but for boys only,
where a significant difference (p < 0.001) was found between boys’ actual and perceived object control
skills (Figure 2). Further, Bayes factors confirmed, very strongly, in favour of the alternative vs. null
hypothesis (BF: 41). Whilst, conversely, for girls, with regards to object control skills, high veridicality
was displayed, with only a small, negative effect size being found (Figure 2).

Masci et al. [30] reported that around one quarter of boys overestimated their object and
locomotor control skills more frequently than girls. The present study supports the inference that
boys overestimate and girls underestimate MC levels. Interestingly, this study also found that actual
levels of locomotor and object control skills were comparable between boys and girls. Despite this,
a large sex-mediated discord was evident for girls’ locomotor skills, indicating that they systematically
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under-perceived their actual locomotor competence. Boys, however, systematically over-perceived
their actual object control skills. De Meester et al. [63] noted four distinct groups for actual and
perceived MC: two groups with high veridicality, i.e., high actual and high perceived, or low actual and
low perceived MC. However, the authors also identified a subset of their sample that systematically
over- or underestimated its actual MC skill. Interestingly, the strongest correlate of high PA and low
BMI was not high actual MC, but high perceived MC. Furthermore, in a comparable population,
De Meester et al. [63] found no apparent sex-mediated discord, yet De Meester et al. [32] highlighted
this as an issue. Whilst the present study focused on the sex-mediated differences between actual and
perceived MC, and not the concept of over- or under-estimation, the present findings are in general
concordance with recent evidence [30,63].

4.3. Limitations

One limitation of the present study is its cross-sectional design. Causal inference cannot be
assumed regarding actual MC and perceived MC. To gain more insight into these differences and
to understand how differences within- and between-the sexes may change or develop over time,
longitudinal studies must be conducted. Another possible limitation is the use of a convenience
sample, which may result in under- or over-representation of particular groups within a sample but
should not detract from the suitably (statistically) powered nature of the study.

5. Conclusions

To the authors’ knowledge, this is the first study to assess between- and within-sex differences for
actual and perceived locomotor and object control skills. Furthermore, this would appear to be the
first study to incorporate Bayes factor inferences in the analyses of children’s MC.

The finding that boys’ and girls’ actual locomotor and actual object control skills are comparable,
despite differences in perceptions, is in line with current literature. The novel analytical approach
taken in this study to focus on sex-mediated differences in MC adds clarity to an equivocal set of
results in the literature. Given the large (effect sizes) and extreme (Bayes factors) differences found
between actual and perceived locomotor and object control skills, it is clear that non-veridicality,
with regard to MC, in young children is a problem. Further, the propensity of young boys and girls to
over or under perceive their PA-related skills, respectively, needs to be acknowledged and addressed
by, in particular, schools and key stakeholders in children’s PA, and this should be considered in any
related intervention. It is advisable that future research considers not only variable and person-centred
approaches, but also the clear sex-mediated differences in perceived and actual MC, including its
subsets, and the impact on PA.
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Abstract: An improved understanding of relationships between moderate-to-vigorous physical
activity (MVPA), screen-time and lifestyle factors is imperative for developing interventions, yet few
studies have explored such relationships simultaneously. Therefore, the study’s aim was to examine
the relationship between sufficient MVPA (≥60 min·day–1) and excessive screen-time (≥2 h·day–1)
with lifestyle factors in children. In total, 756 children (10.4 ± 0.6 years) completed a questionnaire,
which assessed sleep duration, MVPA, homework/reading, screen-time and diet, and a 20 metre
multi-stage shuttle run test to assess cardiorespiratory fitness (CRF). Body mass and stature were
measured and used to calculate BMI (body mass index) for age/sex z-scores. Fruit and vegetable
consumption and CRF were positively associated with sufficient MVPA, irrespective of sex (p < 0.05).
Excessive screen-time was positively associated with sugary snack consumption in boys and girls,
and diet soft drink intake in boys (p < 0.05). In addition, excessive screen-time was negatively
associated with MVPA before school for both boys and girls, as well as with sleep duration and
fruit and vegetable consumption for girls (p < 0.05). Sufficient MVPA and excessive screen-time
were associated with healthy and unhealthy factors, respectively, with relationships sometimes
differing by sex. Future health promoting interventions should consider targeting change in multiple
lifestyle factors.

Keywords: youth; moderate-to-vigorous physical activity; screen-time; health; diet; behaviours

1. Introduction

Childhood obesity is a major public health concern [1], particularly in Wales, which has the
highest prevalence in the United Kingdom [2], and often tracks into adulthood [3]. Associated lifetime
health risks are frequently cited, such as cardiovascular disease [4], type 2 diabetes [5] and other
chronic diseases [6]. There is evidence that modifiable lifestyle factors, including physical inactivity [7],
poor diet [8], insufficient sleep [9] and excessive sedentary behaviour [10] are key contributors to the
obesity epidemic in children and all-cause mortality. Conversely, regular physical activity [7], adequate
consumption of fruit and vegetables [11] and sufficient sleep [9] are widely accepted as protective.
Of these lifestyle factors, physical activity and sedentary time have been identified as the most strongly
associated with obesity and health [12,13].
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As well as being shown to have a robust relationship with obesity, regular moderate-to-vigorous
physical activity (MVPA) is also considered to be a preventative measure for poor cardiorespiratory
fitness (CRF) and several other health risk factors in children [7]. The way by which MVPA improves
health is not fully understood [7], but may be partially explained by its relationship with other healthy
lifestyle factors [7,14,15]. Indeed, MVPA is associated with healthy dietary habits, such as increased
fruit and vegetable consumption [15,16], breakfast consumption [17] and a lower intake of unhealthy
sugary snacks [18]. Additionally, MVPA has been associated with improved cognitive function [19]
and longer sleep duration [14], however relationships with the latter are equivocal [20,21]. Despite this,
MVPA levels remain low among children of all ages with less than 20 percent meeting the current
UK physical activity (PA) guidelines of at least 60 minutes MVPA every day [22]. Furthermore,
even children meeting the PA guidelines [23] spend a large proportion of their discretionary time in
sedentary behaviours (up to 9 h daily) [10].

Whilst homework and reading have been identified as prominent sedentary behaviours amongst
children [24], screen-time remains the most prevalent [10] and has been consistently associated with
obesity, poor CRF, cognitive function and overall cardio metabolic health [10]. Moreover, screen-time
is associated with short sleep duration [25,26], less time spent in MVPA [15,27], a poorer diet, such as
lower fruit and vegetable consumption [28], greater intake of soft drinks [29] and unhealthful sugary
snacks [30]. Conversely, the relationship between overall sedentary time and cardiometabolic risk
markers in children is less clear [10,31]. Screen-time, which current public health guidelines recommend
children spend no more than two hours per day engaged in [32], may therefore have a stronger link
with health due to its associations with numerous unhealthy lifestyle factors [15,33].

Previous studies investigating the relationship between screen-time and other lifestyle factors have
solely focused on television (TV) viewing [30,34,35], which, given the vast array of available screen-based
technologies, is no longer representative of modern society. Moreover, evidence investigating activity
behaviours and diet in children has mainly concentrated on screen-time rather than PA, for which data,
specifically amongst British children, is limited. Whilst some studies have investigated relationships
between lifestyle factors and MVPA or screen-time, these have been conducted in isolation. Assessing
both relationships simultaneously will not only enable a better understanding of the associated multiple
lifestyle factors, but inform future interventions.

Therefore, the present study sought to explore associations between multiple lifestyle factors and
being sufficiently active (≥60 min·day–1) or engaging in excessive screen-time (≥2 h·day–1) in children.

2. Materials and Methods

2.1. Participants

Data were captured on children who participated in the Swan-Linx programme, a health and
fitness initiative, which is a sister project to Sportslinx [36,37]. In total, 756 children (371 boys,
385 girls) aged 9–11 years (10.4 ± 0.6 years) participated in the study. Data were collected across
13 socio-demographically representative schools ((WIMD: Welsh index of multiple deprivation) [38]),
within the city and county of Swansea between January and May 2015. The Swan-Linx programme
has University ethical approval for its procedures and measures. Head teacher and parental consent
and child assent were obtained prior to data collection.

2.2. Instruments and Procedures

Anthropometric measurements were obtained using standard anthropometric techniques [39],
by the same trained researcher. Children had their stature and body mass measured to the nearest
0.001 m and 0.1 kg, using a portable stadiometer (Seca 213 portable stadiometer, Hamburg, Germany)
and electronic weighing scales (Seca 876, Hamburg, Germany), respectively. From these measures,
Body Mass Index (BMI) was calculated (BMI = body mass (kg)/stature2 (m)) and BMI z-scores were
derived using the British 1990 growth reference standard [40]. The 20 metre multi-stage fitness
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test (20 MSFT) [41], which has been shown to be valid and reliable in similarly-aged children [42],
was conducted by the same trained researchers using a standardised lap scoring protocol [43] to assess
cardiorespiratory fitness. Both the anthropometric measurements and 20 MSFT were carried out at the
indoor training centre at Swansea University.

Participants were asked to complete an online 29-item lifestyle questionnaire (CHAT: Child
Health and Activity Tool) akin to the paper-based tool used in Sportlinx [44]. The CHAT questionnaire
assessed time spent in MVPA, homework/reading and screen-time, as well as dietary habits, age and
sleep duration. The description of screen-time included time spent watching TV, playing computer
games and tablet/internet use, whereas MVPA was defined as “any activity or sport where your heart
beats faster, you breathed faster and you felt warmer”. Participants were asked to report time spent in
each activity before (8 categories ranging from “no time at all” to “more than 1 hour”) and after-school
(10 categories ranging from “no time at all” to “more than 3 hours”). There were also questions asking
the children how many days a week they engaged in excessive screen-time (≥2 h·day–1) and were
sufficiently active (≥60 min·day–1). Further, participants were asked how many portions of fruit and
vegetables they had consumed the previous day, whether they had breakfast, and how many days
of the week they had at least one of the following: a takeaway meal, a sugary snack, a full sugar soft
drink or a diet soft drink. Participants were asked to report the time they went to sleep and woke up,
from which sleep duration was calculated and split into seven groups (<5.5 h; 5.5–6.4 h; 6.5–7.4 h;
7.5–9.4 h; 9.5–11.9 h; 12–12.9 h; 13–14.5 h). Participants postcodes (i.e., zip codes) were collected to
calculate a WIMD score, which considers eight domains of deprivation; employment; health; income;
housing; community safety; access to services; education and the environment [38].

2.3. Statistical Analysis

Missing data were noted for BMI (8 boys (2.2%), 29 girls (7.5%)), CRF (20 boys (5.4%), 22 girls
(5.9%)), dietary and activity behaviours (11 boys (3%), 12 girls (3.1%)) and sleep duration (16 boys
(4.3%), 18 girls (4.7%)). Statistical analyses were completed using IBM SPSS statistics 22 (IBM SPSS
Statistics Inc., Chicago, IL, USA), where significance was set at ≤0.05. Whilst the normality assumption
was violated, research suggests that it is not necessary when the sample size is large (>200) [45,46],
therefore parametric tests were deemed appropriate. Multi-collinearity diagnostics were applied to
all the variables. Linear regression models, were used to examine the extent to which the lifestyle
factors (BMI z-scores; CRF; screen-time, homework/reading and MVPA before and after school;
fruit and vegetable consumption; breakfast consumption; full sugar soft drink intake; diet soft drink
intake; sugary snack consumption; sleep duration and takeaway meal consumption) and potential
confounders (i.e., WIMD and age) predicted the number of days a week in excessive screen-time and
in sufficient levels of MVPA. Variables with a significant result (p < 0.10) were added to a multiple
regression model using the backward elimination approach. Variables that were not significant
(p > 0.10) were deleted in a stepwise manner, resulting in a model with only significant interactions
(p < 0.05). An independent t-test and a χ2 test for the continuous and categorical variables, respectively,
revealed significant differences between boys and girls and therefore regression models were conducted
separately by sex. For each sex, the dependent variables were split at the median to form high and low
screen-time and MVPA groups. Cut-off points of ≥5 and ≥4 days in sufficient MVPA for boys and
girls respectively, were used to create MVPA groups. To classify screen-time groups, cut-off points of
≥4 and ≥3 days in excessive screen-time for boys and girls respectively were used. To help facilitate
the interpretation of the different associations between the independent and dependent variables,
differences between the high and low groups were tested post hoc using independent t-tests and
χ2 tests for continuous and categorical variables, respectively.
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3. Results

Descriptive statistics for the original data set are presented in Table 1. Boys had significantly
higher CRF (p < 0.01) compared with girls, and engaged in more screen-time before (p < 0.01) and
afterschool (p < 0.01). Furthermore, boys had higher full sugar soft drink consumption (p = 0.01),
spent more time in MVPA after school (p = 0.04), and consumed less fruit and vegetables (p = 0.02).
Breakfast was consumed by 94.1% of the children (93.6% boys, 94.6% girls). There were no significant
sex differences for the number of days a week spent in excessive screen-time [32] or in sufficient levels
of MVPA [23].

Models showing significant associations between the lifestyle factors, being sufficiently active
and excessive screen-time are shown in Table 2. Among boys, time spent in MVPA (p < 0.01) and
homework/reading after school (p = 0.05), CRF (p < 0.01) and fruit and vegetable consumption
(p < 0.01) were positively associated with being sufficiently active. Excessive screen-time was positively
associated with screen-time after-school (p < 0.01), diet soft drink intake (p = 0.03) and sugary snack
consumption (p < 0.01) and negatively associated with MVPA before school (p = 0.01).

For girls, being sufficiently active was positively associated with MVPA after school (p < 0.01),
CRF (p = 0.02) and fruit and vegetable consumption (p < 0.01) and negatively associated with takeaway
meals (p = 0.01). Further, screen-time after school (p < 0.01) and sugary snack consumption (p < 0.01)
were positively associated, whereas MVPA before school (p = 0.01), sleep duration (p = 0.03) and fruit
and vegetable consumption (p = 0.01) were negatively associated with excessive screen-time.

Descriptive characteristics for the high vs. low groups are presented in Table 3. Post hoc analyses
revealed that, irrespective of sex, children in the high PA groups had higher CRF (p < 0.01), consumed
more fruit and vegetables (p < 0.01) and spent more time in MVPA before and after school (p < 0.01).
Girls in the low PA group consumed more takeaway meals (p < 0.01) and had higher screen-time before
school (p = 0.04). Regarding screen-time, girls and boys in the high group had lower CRF (p = 0.02 girls,
p = 0.01 boys), consumed more full sugar (p < 0.01) and diet soft drinks (p = 0.02 girls, p < 0.01 boys)
and consumed more sugary snacks (p < 0.01).

Furthermore, both sexes in the high screen-time groups consumed more takeaway meals
(p = 0.04 girls, p = 0.01 boys), had higher screen-time before and after school (p < 0.01) and spent
less time in MVPA before school (p < 0.01 girls, p = 0.01 boys). Moreover, girls in the high screen-time
group consumed less fruit and vegetables (p < 0.01), while boys in this group spent less time in MVPA
after school (p = 0.01). Although, the number of takeaway meals (p < 0.01) and CRF levels (p = 0.02 girls,
p < 0.01 boys) were significantly associated with excessive screen-time in both sexes when examined
separately, the associations were no longer significant in the final regression model after controlling
for confounders. In addition, despite diet (p = 0.01) and full sugar soft drink intake (p < 0.01) being
univariately associated with excessive screen-time in girls and boys, respectively, these associations
did not remain significant after controlling for other confounders.
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4. Discussion

The present study aimed to explore associations between MVPA, sedentary time and multiple
lifestyle factors in 9–11 years old children. Of note, there was no inverse relationship between days
spent in excessive screen-time and sufficient levels of MVPA or vice versa. Although studies have
reported an inverse relationship between sedentary time and MVPA [47], there is insufficient evidence
to assume a reciprocal relationship [47]. Whilst both behaviours may directly compete with each
other during a specific time period (e.g., after school) [47], the same may not be true for an entire
day or across a week [48]. Further, similar to previous research [15,25,29,49], excessive screen-time
was associated with unhealthy factors, which were different to those inversely related to sufficient
levels of MVPA. Indeed, available evidence suggests that they are two separate entities [9], which are
independently associated with health [10].

While boys were more active than girls after school, both were sufficiently active for the
same number of days a week. Consistent with a recent review [7], sufficient levels of MVPA were
positively related to CRF independent of sex. Aside from low CRF, low fruit and vegetable intake is
another weight-related risk factor [11]. In agreement with previous research [15,16,50], strong positive
associations between fruit and vegetable consumption and sufficient levels of MVPA were observed
in both sexes. Conversely, Pereira et al. [51] found a negative relationship, whereas Vissers et al. [52]
and Jago et al. [53] found a positive relationship in boys and girls, respectively. The equivocal findings
may, in part, be a result of different methodologies and sample characteristics; Pereira et al. [51] found
active children engaged in more screen-time, and studies have suggested a negative relationship
between screen-time and fruit and vegetable consumption [29,49]; in contrast to the present study,
Vissers et al. [52] found MVPA to be significantly higher in boys and Jago et al. [53] recorded dietary
and PA measures 12 months apart.

Sleep duration is an important component of health in children [9] and has been associated with
MVPA, however evidence is scarce and contradictory. In our study, sufficient levels of MVPA were
not associated with sleep duration. On the contrary, Stone et al. [14] found MVPA to be higher among
children with >10 h of sleep per night compared with those who slept <9 h per night. However, it is
noteworthy that Stone et al. [14] used parental report to assess sleep duration, which is thought to have
questionable reliability, as parents tend to overestimate sleep duration [54,55]. Although children can
also overestimate sleep duration [56], our finding that sleep duration was not associated with MVPA is
in agreement with several studies that measured sleep duration objectively [21,57]. In children of this
age, sleep duration may be more susceptible to environmental factors, such as social activities or school
arrangements than the actual need for sleep [57], which may explain why MVPA was not directly
associated. However, MVPA has been associated with better sleep efficiency [57,58] and shorter sleep
latency [57] and is therefore considered beneficial for sleep in children.

Converse to a systematic review [59], this study did not find an association between BMI and
sufficient levels of MVPA irrespective of sex. There was a large amount of data missing for BMI in girls
(7.5%); although the weight status of these girls is unknown, it is possible that they were overweight
or obese. The extent to which this biased results is unclear, however it may provide a reason for why
there was no association between BMI and MVPA in girls. Further, this relationship may be more
related to the intensity of PA as opposed to total PA [60]; therefore the aggregation of moderate (MPA)
and vigorous (VPA) physical activity may, in part, explain this discrepancy.

The lack of association between excessive screen-time and BMI-z scores in the present study,
may have been due to the low prevalence of reported screen-time in the sample. On average, children
engaged in ≥2 hours of screen-time for only 3.7 days a week, compared with the average of 3 hours per
day reported in studies observing a relationship between screen-time and adiposity in children [12,61].
Therefore, perhaps only higher durations of screen-time are associated with adiposity in children [10].
Although the underpinning mechanisms behind the relationship between screen-time and adiposity
are not completely understood [10], the association between screen-time and elements of a less healthy
diet is believed to be a contributing factor [29]. Sugary snack consumption was positively associated
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with excessive screen-time in this study, in agreement with previous research [28,29,49]. As sugary
snack consumption has been shown to increase overall caloric intake [8], it may be an important factor
in the screen-time and obesity/overweight relationship. Screen-time may influence sugary snack
consumption in children in several ways, through exposure to advertisements for sugary snacks on
TV or online [62], reduced sensitivity to satiety cues and messages imbedded in TV programmes [63].
Interestingly, diet soft drinks are the most highly advertised product on TV [62], and since boys watch
more TV [33,64], they are more exposed to these advertisements which may explain the positive
relationship between diet soft drinks and excessive screen-time in boys.

For girls only, low fruit and vegetable consumption was associated with screen time, consistent
with a recent review by Pearson and Biddle [49]. It is not clear why the relationship only exists
in girls, but it may be partially explained by the positive but non-significant relationship between
sufficient levels of MVPA and excessive screen-time in boys (p = 0.08). Similarly, others have also
found high levels of MVPA and screen-time to co-exist in boys [65,66]. Therefore, fruit and vegetable
consumption may be higher among boys who engage in excessive screen time as they are also
achieving sufficient levels of MVPA, since a positive relationship exists between the latter and fruit
and vegetable consumption.

In contrast to previous research [25,26], we observed a negative relationship between screen-time
and sleep duration only in girls. The reason for this sex difference is not clear, but mobile phone
and MP3 player use is higher among girls, whereas watching TV and video gaming is higher among
boys [64]. As mobile phones and MP3 players are easier to hide from parents in bed [67], it could be
postulated that the more frequent use of these devices by girls before bedtime could reduce sleep time.

The negative relationship observed between MVPA before school and excessive screen-time may
reflect findings from Gorely et al. [68] whereby adolescents who commuted to school via motorised
transport were more likely to spend their discretionary time watching screens. Since active travel is
considered the main source of MVPA before school [36], it is possible that children who engaged in
excessive screen-time commuted to and from school via motorised transport. However, since few
studies have investigated associations between active travel to school and screen-time in children to
date, more research is needed to confirm the potential influence of active travel on habitual screen-time.

We found positive associations between MVPA and screen-time after-school and meeting and
exceeding their respective recommendations, respectively, which supports the hypothesis that the
after-school period is key for the accumulation of MVPA and screen-time [36]. Indeed, Atkin et al. [24]
revealed that time spent in both screen-time and MVPA during the after-school period (15:30–18:30)
accounted for approximately 30% and 40%, respectively, of daily totals. Further, Olds et al. [27] found
that during this period the greatest variation in MVPA levels occurred between high active and low
active children.

Although screen-time and MVPA are the most prominent behaviours during the after-school
period [24,69], productive sedentary behaviours, such as homework and reading, also occur and are
thought to directly compete with MVPA [70]. However, in the present study, there was a positive
relationship between homework/reading after school and sufficient levels of MVPA in boys, similar to
data reported in adolescents [71]. In accord with Booth et al. [19], this suggests that there is time for
both MVPA and homework and reading throughout the day and provides support for the beneficial
influence of MVPA on school endeavours in boys at least. In contrast to most types of screen-based
sedentary behaviours, these productive sedentary behaviours are considered essential for a child’s
education and development [9].

The present study has numerous strengths. Firstly, to the authors’ knowledge, it is the first
study to investigate the associations of both sufficient levels of MVPA and excessive screen-time
with multiple lifestyle factors in children within the same sample. The integration of new types of
technology for assessing screen-time advances previous research, which focused solely on television
viewing [30,34,35]. This is important as screen-time is constantly changing due to technological
advances, and multifunctional devices such as tablets, smartphones and computers are now frequently
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used by children [64]. Moreover, children regularly engage in two or more forms of screen viewing
simultaneously [72]. Therefore, children can over-report screen-time when responding to certain
self-report questions, however we were able to address this with our excessive screen-time question.
Further, the sample was socio-demographically representative of the area and the detailed information
collected enabled us to control for a number of variables. Also, while there is sufficient research
investigating associations between diet and MVPA in adults [73] and adolescents [74], there is a
paucity of research among children. In addition, the present study established a number of sex
differences in relationships, uncommon in the literature. These may be a function of measurement
issues, but equally, they may just be sample dependent, differing by cultural environments, age or
country of study.

Nonetheless, certain limitations should be acknowledged. Given the cross-sectional nature of the
study, it is not possible to infer causal relationships and future research should clarify such complex
relationships by examining longitudinal associations. In addition, the time-specific measures used
to assess diet, MVPA, screen-time and sleep duration may not have captured habitual behaviour.
Future studies should seek to assess diet [28,52] and screen-time [75] using 7 day diary/logs and
similarly PA [13] and sleep duration [76] for 7 days by accelerometer. Measuring PA using an
accelerometer also allows researchers to quantify intensity, which the questionnaire did not allow as
it primarily focused on the frequency and duration of PA. Indeed, MPA and VPA were aggregated,
and VPA is more consistently associated with health [7]. Moreover, the comparably low prevalence of
excessive screen-time found in the sample may be due, at least in part, to social desirability, inherent
in self-reporting [75]. Unfortunately, as the screen-time measure is an aggregate of three behaviours,
we could not examine TV viewing, playing computer games and tablet/internet use separately.
There is evidence to suggest that internet use for productive purposes, is not related to poor lifestyle
habits in adolescents [77]. Even internet use for gaming may have less of an impact on poor lifestyle
habits, such as snacking than TV viewing, particularly in boys [78]. Direct comparisons between
this cross-sectional study and others are limited by the different study designs and methodologies
used to assess behaviours. Whilst, previous studies examining multiple lifestyle factors have used
approaches such as cluster and co-occurrence analyses [51,79], this is one of the few to explore
the independent associations between MVPA, screen-time and several other lifestyle factors, while
simultaneously controlling for potential confounders. The approach utilized in the present study
enabled the identification of several important lifestyle factors, which could be beneficially influenced
through implementing interventions designed to change MVPA and screen-time. As such, the study is
of significant public health interest.

5. Conclusions

Taken together, the present study enables researchers to gain a better understanding of other
lifestyle factors associated with MVPA and screen-time in children. Specifically, both healthy and
unhealthy lifestyle factors, differing by sex, were associated with sufficient levels of MVPA and
excessive screen-time respectively. Future interventions seeking to promote health behaviours, should
target change in multiple lifestyle factors, with sex-specific strategies. Further, the home environment
is recognised to have a large influence on lifestyle factors in children, particularly on sedentary time
and MVPA [80]. Therefore, research exploring lifestyle correlates of MVPA and sedentary time within
this environment is needed.
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Abstract: The aim of this work was to evaluate the fitness levels of different physical
components in schoolchildren in southern Italy and identify age-related effects of physical
performance. One hundred and fifty-four schoolchildren with ages ranging between 6 and 10 years
(age 8.1 ± 1.45 years; 33.70 ± 10.25 kg; 131.50 ± 13.60 cm) were recruited for the investigation.
Each scholar underwent a fitness-test battery composed of five elements. A Hand-Grip Strength Test
to assess the strength of the hand muscles, a Standing Broad Jump Test to assess lower body explosive
strength, a Sit-Up Test to exhaustion to evaluate abdominal muscular endurance, a 4 × 10-m Shuttle
Run Test to assess agility, and a 20-m sprint test to assess speed. Cross-sectional analysis revealed
that boys perform better than girls and that age affects performance. Lower limb measures show
a significant increase after 8 years of age, whereas upper limb measures show a significant increase at
7 and 10 years of age. No age-related differences were found in muscular endurance measures. It is
possible to consider age-related performance measures to program exercise interventions that follow
the growth characteristics of schoolchildren.

Keywords: physical fitness; assessment; children; evaluation

1. Introduction

Physical activity (PA) is a key component in order to maintain and improve health, including
physical, mental, and emotional health [1–4]. A considerable amount of evidence exists that supports
the concept that PA is able to improve musculoskeletal health, improve cardiovascular fitness, and
improve body composition and overall physical fitness [5]. The latter is defined as a state of wellbeing,
which refers to the ability to perform daily tasks, sports, or occupations without undue fatigue [6].

Fitness tests are usually assessed in laboratories or fields. However, laboratory tests are more
costly and time consuming. Notwithstanding field tests are in general less accurate, are widely used
for their lower costs, and require less time for their administration [7].

In order to assess physical fitness through field-based fitness tests, different attempts have
been made in both children and adolescents. Successful examples are the Assessing Levels of
Physical Activity study (ALPHA study) [8], which aimed to identify reliable fitness tests for
children and adolescents; the AVENA study, which aimed to evaluate cardiovascular fitness in
youth around Europe [9]; the Healthy Lifestyle in Europe by Nutrition in Adolescence study
(the HELENA study) [10], which evaluated physical fitness over 10 European nations; FitnessGram [11],
whose purpose was to increase the levels of physical activity in children in the United States;
and EUROFIT [12], a program in Europe. All these attempts firstly detected the reliability of the
fitness tests for specific populations and secondly provided age-related fitness percentile values [13,14].

In a previous study, we identified five field-based fitness tests to evaluate the level of physical
fitness in adolescents and subsequently, in a second study, evaluated physical fitness of adolescents using
the selected fitness tests in the context of the Adolescents Surveillance System and Obesity prevention
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study (ASSO project) [6,15]. These were chosen according to their feasibility, safeness, reliability, and low
cost. These tests were the standing broad jump for the evaluation of lower limb strength, the hand-grip
test for the evaluation of the strength of the upper limbs, the sit-up to exhaustion for the evaluation of
abdominal muscular endurance, the 4 × 10-m shuttle run for the evaluation of agility, and the 20-m
shuttle run test for the evaluation of aerobic capacity. Notwithstanding that such a fitness battery was
used in adolescents, other studies such as AVENA, FitnessGram, or EUROFIT, have used similar fitness
batteries to evaluate physical fitness levels in children [11,12,16,17]. Another similar battery is that
proposed by the PREFIT study used in Spanish schoolchildren [18].

In schools or sports, children are generally classified in age groups, and this grouping is
usually done according to the age of birth, thus a one year difference will be often present [19].
During development, older individuals usually perform better [20], defining what is known as the
relative age effect [21]. If such an effect was not relevant, then it would be of no use to group
children according to their age. The age-related effect may be applicable to both physical and mental
aspects. To the best of our knowledge, age thresholds at which physical development may induce
significant variations in physical fitness has not received considerable attention, thus, the aim of
this study was twofold: firstly, to evaluate the fitness levels in schoolchildren from southern Italy
through a validated field-based fitness battery and secondly, to determine whether age-related effects
in physical performance for each selected measure is present.

2. Materials and Methods

2.1. Participants

One hundred and fifty-four school children with ages ranging between 6 and 10 years
(age 8.1 ± 1.45 years; 33.7 ± 10.25 kg; 131.5 ± 13.6 cm) from an elementary school in southern
Italy were recruited for this investigation. The school was selected within the context of a project
(Alfabetizzazione Motoria) to which the school had adhered that was organized by the National
Olympic Committee (CONI) and by the Ministry of Education of the University and Research (MIUR)
with the aim to promote physical activity in elementary schools. All schoolchildren were tested
at the beginning of the project. An initial number of 169 children had been tested, however, only
the children that performed all the selected tests of the fitness battery were included for the analysis.
Children with medical issues or physical and mental disabilities were not included in the study. The final
154 participants were 80 males (age 8.10 ± 1.40 years; 34.70 ± 9.90 kg; 132.90 ± 8.30 cm) and 74 females
(age 8 ± 1.50 years; 32.70 ± 10.60 kg; 129.70 ± 17.70 cm). The principles of the Italian data protection
(196/2003) were guaranteed. The Ethical Committee of the DISMOT department approved the project
(approval number: 4, approval date: 29 July 2010). The study was undertaken in accordance with the
deontological norms laid down in the Helsinki Declaration and the European Union recommendations
for Good Clinical Practice.

2.2. Methods

The participants undertook a modified ASSO Fitness Test Battery (FTB) [6] that comprised of
five selected tests for the assessment of the physical fitness components: (1) the Hand-Grip Strength
Test (HG) to assess upper body strength, (2) the Standing Broad Jump Test (SBJ) to assess lower body
explosive strength, (3) the Sit-Up Test to exhaustion (SUT) to assess abdominal muscular endurance,
(4) the 4 × 10-m Shuttle Run Test (4 × 10 mSRT) to assess agility, and (5) the 20-m sprint test (20 mST)
to assess speed [6,16,22,23]. All tests were performed three times and the best score was retained
for investigation except for the sit-up test to exhaustion, which was performed only once. At least
one parent of each participant had to present a signed consent form in order to allow the children to
participate in the study.
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All participants were tested during school hours, from 9 to 12 am, by the same investigator.
One test per day was administered, in order to allow each child to properly understand the indications
of the investigator and not bias the results through progressive fatiguing.

Prior to the administration of the fitness battery, anthropometric measures of each participant
were assessed using a scale with a 0.1 kg sensitivity (Seca 709, Seca, Hamburg, Germany) for weight
and a wall-stadiometer with a 1 mm sensitivity (Seca 220, Seca) for height.

On the first day, the HG was administered. The test consisted of grabbing a digital handheld
dynamometer (KERN MAP 80 K1, Kern & Sohn GmbH, Balingen, Germany) with the arm fully
extended, not touching the body, and squeezing the dynamometer at maximum strength. This task
was carried out while standing. Each participant repeated the task three times with the right hand (HG
R) and three times with the left hand (HG L). Between each task each participant had a two-minute
rest to allow for a full recovery. The highest of the three trials was considered for statistical analysis.

On the second day, the participants had to perform the SBJ. The test consisted of jumping forward
the maximum possible distance, starting from a standing position. Each participant was required to
stand with his/her heels on a line that represented the starting point. The feet had to be parallel to
each other. Each participant was allowed to squat before the jump and swing the arms forward during
the jump. The measurement of the SBJ was calculated from the starting line to the point at which
the heels of the participant touched the ground. A tape measure was used to evaluate performance.
Each participant performed three trials with a two-minute rest between each task and the greatest of
the three tasks was considered for analysis.

On the third day, the participants performed the SUT. The participants had to lay supine on the
floor with the knee joints flexed at 90◦, hands at the side of their head, and their elbows pointing
straight forward. The correct sit-up execution was considered when the elbows touched the knees
during the concentric phase of the movement and then the shoulders touched the floor during the
eccentric phase of the movement [22]. If the participants were not able to lift the back from the floor
a number of 0 repetitions were counted. The test ended when the participants were not able to perform
the repetitions with the correct form above described. The participants were not allowed to recover
during the test. The SUT was performed only once.

On the fourth day, the participants were asked to perform the 4 × 10 mSRT. Each participant was
asked to run back and forth four times within two lines 10 m apart at his/her maximum possible speed.
Each participant had to start behind the start line and had to cross the opposite line before they had to
change direction and start running to the opposite line again. Each participant started running upon
receiving the verbal command “go” from the investigator. The test ended when the participant crossed
the finish line at the end of the fourth shuttle. Time was measured with a stopwatch. Each participant
performed three tasks with a two-minute rest between each task. The fastest of the three measures was
retained for investigation.

On the fifth day, the participants were asked to perform a 20 mST. Each participant was asked
to run within two lines 20 m apart at the maximum possible speed. Each participant had to start
behind the start line. The test started when each participated received the verbal command “go”
from the investigator and ended when the participant crossed the finish line. Time was measured
with a stopwatch. Each participant performed three tasks with a two-minute rest between each task.
The fastest of the three measures was retained for investigation.

2.3. Statistical Analysis

Descriptive statistics were used for anthropometric parameters and for performance representation
of the entire sample and the stratified samples. Unpaired t-tests with Welch’s correction were used to
evaluate differences between performance measures and between age groups of the same performance
measure. ANOVA was used to determine a significant effect of age on performance and a subsequent
intra-group analysis to identify the age thresholds. Analysis was performed using SPSS Statistica 10.0
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(Statsoft, Tulsa, OK, USA) for Windows and Prism 6 (GraphPad software, Inc., La Jolla, CA, USA) for
graph creation.

3. Results

Descriptive characteristics of the sample are presented in Table 1.

Table 1. Descriptive characteristics of the sample.

Male

Age (years) 8.10 ± 1.40 6 7 8 9 10
Subjects (n) 80 14 13 19 17 17

Body Mass (kg) 34.70 ± 9.90 26.1 ± 6.3 30.6 ± 7.6 33.9 ± 9.6 38.6 ± 9.6 42.2 ± 8.0
Height (cm) 132.90 ± 8.30 123.1 ± 6.1 127.5 ± 6.0 133.4 ± 5.8 137.0 ± 6.5 140.8 ± 4.1

Female

Age (years) 8 ± 1.50 6 7 8 9 10
Subjects (n) 74 17 17 8 15 17

Body Mass (kg) 32.70 ± 10.60 25.1 ± 4.8 28.5 ± 6.2 31.6 ± 9.5 39.4 ± 11.8 38.2 ± 11.0
Height (cm) 129.70 ± 17.70 119.2 ± 4.8 118.7 ± 28.3 131.0 ± 4.3 138.2 ± 6.7 142.8 ± 7.0

Data are presented as means ± standard deviations.

The general outcome of the performance measures shows an increase according to age in
both males and females. This trend is evident in all physical measures, as shown in Table 2.
Stratified performance measures are reported in Table 3 for male participants and Table 4 for female
participants. Single performance measures for both males and females are shown in Figures 1–5.

Table 2. Performance measures of the entire sample.

Age SBJ (cm) 4 × 10 m (s) SUT (reps) HG R (kg) HG L (kg) 20 mST (s)

6 115.6 ± 16.9 15.8 ± 1.6 16.7 ± 16.6 7.7 ± 2.2 7.2 ± 2.1 5.49 ± 0.52
7 118.3 ± 17.4 15.6 ± 1.7 24.9 ± 21.9 10.6 ± 2.4 9.8 ± 2.5 5.15 ± 0.59
8 126.9 ± 18.8 14.3 ± 1.9 42.4 ± 41.3 13.1 ± 3.2 11.2 ± 3.2 5.09 ± 0.62
9 137.6 ± 19.1 14.5 ± 1.5 50.3 ± 46.2 14.7 ± 3.4 13.2 ± 3.6 4.98 ± 0.60
10 140.6 ± 18.3 13.4 ± 1.1 55.91 ± 34.9 16.5 ± 3.3 14.7 ± 3.5 4.78 ± 0.42

Data are presented as means ± standard deviations. SBJ: Standing Broad Jump Test; SUT: Sit-Up Test to exhaustion;
HG R: Hand-Grip Strength Test for the right hand; HG L: Hand-Grip Strength Test for the left hand; 20 mST: 20-m
sprint test.

Table 3. Performance measures of the male participants.

Age SBJ (cm) 4 × 10 m (s) SUT (reps) HG R (kg) HG L (kg) 20 mST (s)

6 122.1 ± 16.8 15.4 ± 1.95 11.2 ± 8.9 8.4 ± 2.3 7.7 ± 2.3 5.36 ± 0.55
7 124.8 ± 20.2 15.8 ± 1.87 25.85 ± 28.9 11.8 ± 2.2 10.7 ± 2.9 5.01 ± 0.56
8 135.5 ± 18.4 13.6 ± 1.2 47.0 ± 46.7 13.6 ± 3.2 11.9 ± 3.4 5.08 ± 0.71
9 142.1 ± 19.1 13.8 ± 1.5 68.1 ± 54.9 15.5 ± 3.8 14.2 ± 3.9 4.77 ± 0.55
10 143.4 ± 15.5 12.9 ± 0.8 64.1 ± 32.5 18.4 ± 3.3 16.2 ± 3.6 4.62 ± 0.30

Data are presented as means ± standard deviations.
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Table 4. Performance measures of the female participants.

Age SBJ (cm) 4 × 10 m (s) SUT (reps) HG R (kg) HG L (kg) 20 mST (s)

6 110.3 ± 14.6 16.1 ± 1.2 21.3 ± 20.1 7.1 ± 1.5 6.8 ± 0.9 5.59 ± 0.48
7 113.3 ± 13.6 16.1 ± 1.4 24.2 ± 15.5 9.7 ± 2.1 9.1 ± 1.9 5.26 ± 0.61
8 118.2 ± 15.3 15.8 ± 2.4 30.9 ± 21.4 11.6 ± 2.9 9.71 ± 2.1 5.11 ± 0.35
9 126.5 ± 14.4 15.1 ± 1.2 32.7 ± 26.8 13.9 ± 2.9 12.2 ± 3.2 5.18 ± 0.60
10 137.9 ± 18.2 13.9 ± 1.2 48.2 ± 36.2 14.8 ± 2.2 13.3 ± 2.8 4.92 ± 0.47

Data are presented as means ± standard deviations.

Figure 1. Standing broad jump of male and female schoolchildren stratified by age. Differences between
male (M) and female (F) * p < 0.05; ** p < 0.01.

Figure 2. 4 × 10 m shuttle run test of male and female schoolchildren stratified by age. Differences
between male (M) and female (F) ** p < 0.01.
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Figure 3. Sit-up test of male and female schoolchildren stratified by age. Differences between male (M)
and female (F) * p < 0.05.

Figure 4. Hand-grip test results for both the right (R) and left (L) hands of male (M) and female (F)
schoolchildren stratified by age. Differences between male and female * p < 0.05; † p < 0.001.
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Figure 5. 20-m sprint test of male and female schoolchildren stratified by age. Differences between
male (M) and female (F). * p < 0.05.

Statistical analysis showed significant differences between male and female participants across all
tests, with better performance measures for the male schoolchildren. Analysis of variance has also
shown a significant effect of age on the performance measures. However, when sub-analysis on single
components was performed to determine which age groups had the greatest differences, each test
showed different outcomes. In particular, a significant effect on the 4 × 10 mSRT was evident between
6 and 7 years of age, and in the HG between 7 and 8 years of age. This analysis, however, did not take
into account gender differences. Major results are presented in Table 5.

Table 5. Statistical differences between groups.

Tests Gender Age 6 7 8 9 10

SBJ <0.0001 <0.0001 ns ns 0.047 0.007 ns
4 × 10 m <0.0001 <0.0001 b ns ns 0.004 0.008 0.005

SUT 0.022 <0.0001 ns ns ns 0.03 ns
HG R 0.0002 <0.0001 a,b ns 0.011 ns ns 0.0005
HG L 0.0012 <0.0001 a ns 0.048 ns ns 0.012

20 mST 0.0047 <0.0001 ns ns ns ns 0.034

Gender: unpaired t-test between male and female of the whole sample; Age: one-way ANOVA a: 6 vs. 7, b: 7 vs. 8,
between age groups regardless of gender; Age groups (6, 7, 8, 9, 10) unpaired t-test between male and female of the
same age; ns: not significant.

At 7 and 10 years of age the strength of the upper limbs shows significant differences between
male and female participants, whereas the lower limbs (SBJ) show differences in performance only
between 8 and 9 years of age across gender. A significant difference between male and female
schoolchildren is also shown at ages 8, 9, and 10 in regard to the 4 × 10-m shuttle run test used
for agility.

4. Discussion

The aims of this study were twofold: (1) to assess physical fitness in schoolchildren and
(2) to identify the age-related effects on physical fitness in this population. Physical fitness increases
according to age, thus there is a significant age-related effect for all physical measures. Secondly, there
is a significant difference between male and female schoolchildren, with the male children performing
significantly better than the female children. In addition, age thresholds of increased performance
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have been determined and a significant increase of the strength of the lower limbs is present at 8 years
of age, whereas a significant increase of the strength of the upper limbs is present at 7 and 10 years of
age. The speed and agility measures are seen to significantly increase from 9 to 10 years of age.

The increase of performance according to age and the differences between male and female
schoolchildren are in line with other studies in the literature [24–26]. In a sample of German
schoolchildren [24], a significant age effect was seen amongst different fitness tests. In particular,
an increase of the upper limb strength measures was seen in both boys and girls around 9 and 10 years
of age. Another population study based on Spanish schoolchildren evaluated the physical fitness of
1725 children with ages ranging from 6 to 12 years, using the FitnessGram battery. The results of the
study posit increased physical fitness of boys compared to girls in all fitness measures, showing a linear
increase across age [25]. It is interesting to note that our modified ASSO FTB shares common fitness
tests with the FitnessGram battery (Hand-grip, Standing Broad jump Test, Sit-up test, and a shuttle run
test) and that our physical measures are in agreement with those of Gulias-Gonzales et al. [25]. A third
study analyzing Polish schoolchildren [26] used the EUROFIT battery to assess physical fitness in
children and adolescents. The results provide percentile values over a large population for 14 different
fitness measures, of which three are in common with our battery (Hand-grip, standing broad jump,
and the 4 × 10-m shuttle run). Notwithstanding the analyzed population comes from a different
geographical area, the results support the greater physical fitness of boys compared to girls, increased
measures according to age, and similar physical outcomes when compared to our analyzed sample
from southern Italy.

Many studies have provided percentile values for physical fitness tests for both children and
adolescents and the results of all these studies are again in agreement with our results, with boys
performing better than girls, and older children performing better than younger ones [24]. All these
studies, in particular, have observed increased performance values for strength (e.g., Hand-grip), power
(e.g., standing broad jump), agility (e.g., 4 × 10-m shuttle run), muscular endurance (e.g., Sit-ups),
and endurance (e.g., 20 m shuttle run test) [27,28]. The reported tests are all included in our ASSO FTB,
except for the endurance measures. These outcomes are helpful to consider for the identification of
physical fitness characteristics in a specific sample of schoolchildren, and the results obtained here
seem similar to other cohorts analyzed elsewhere.

The progressive stages of puberty, revised by Schell et al. [29], highlight an s-shaped development
from birth to adulthood, with a fast growth from 0 to 6 years old, followed by a constant growth from
7 to 11 years old, and fast growth again during puberty. Genes, hormones, nutrients, environment,
and physiological systems such as the genital system influence this growth pattern. The most evident
change may be seen in anthropometric characteristics such as weight and height that will influence the
athletic performance with changes in energy expenditure, as well as force and power production [30].

The review by Ford et al. [30] tried to determine critical periods during development to identify
performance changes, and several aspects have been taken into account. In regard to muscle growth,
it has been seen that at 7 years of age in both males and females there is a significant increase of muscle
mass, especially in the cross-sectional area. Concomitantly, between 6 and 8 years of age a remodeling of
the cerebral cortex and increase of the dendritic density is also present. This developmental stage may
explain why between 7 and 8 years of age a significant increase in the performance of the upper and
lower limbs is displayed. Between 8 and 10 years of age, the most prevalent developmental increases are
seen on the hormonal system and in the aerobic capacity [22]. Around 9 years of age, there is an increased
release of catecholamines and a higher response to insulin and glucagon, whereas development of the
cardiorespiratory system is prevalent around 10 years of age. Between 10 and 12 years of age there is
notable development of nerve pathways and increases in motor skill development are also present [22].
These developmental stages are useful to explain our results, where the running skills of the children start
to increase at 10 years of age. The main limit of our study is the sample size, which in our case is confined
to only one elementary school. Thus, this means that the results may be relevant to the analyzed sample
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and not extended for general conclusions. Notwithstanding such limits, the results of this study seem
to be in line with other studies in the literature.

5. Conclusions

An age relative effect is present between 6 and 10 years of age with differences between the
analyzed male and female schoolchildren from southern Italy. Our results highlight that the strength
of the upper limbs develops earlier than lower limbs and that speed and agility are greater around
10 years of age.

The results of the present study support the already existing literature and could help teachers
and sport professionals to understand the different fitness developmental phases through the use of
the selected fitness tests and motor development intervention programs.
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Abstract: An increasing number of young football athletes are competing in elite senior level
competitions. However, comparison of strength, power, and speed characteristics between young
elite football athletes and their senior counterparts, while controlling for anthropometric parameters,
is yet to be investigated. Knee extension concentric peak torque, jump performance, and 20 m
straight-line speed were compared between age groups of under 17 (U17: n = 24), under 19 (U19:
n = 25), and senior (seniors: n = 19) elite, national and international level, male football athletes.
Analysis of covariance was performed, with height and body mass used as covariates. No significant
differences were found between age groups for knee extension concentric peak torque (p = 0.28–0.42),
while an effect was observed when the covariates of height and body mass were applied (p < 0.001).
Senior players had greater jump and speed performance, whereas an effect was observed only for the
covariate of body mass in the 15 m and 20 m (p < 0.001) speed testing. No differences were observed
between U17 and U19 groups for jump and speed performance (p = 0.26–0.46). The current study
suggests that younger elite football athletes (<19 years) have lower jump and speed performance
than their senior counterparts, but not for strength when height and body mass are considered as
covariates. Emphasis should be on power development capacities at the late youth phase when
preparing athletes for the senior competition level.

Keywords: elite soccer; anaerobic alactic; age groups; performance

1. Introduction

An elite football (i.e., soccer) match demands a high number of short and intense activities
including sprints, tackles, and jumps [1,2]. Consequently, high anaerobic abilities (e.g., maximal
strength and speed) are essential factors for performance, and suggest as essential to achieve high
football performance levels [1]. In elite football European clubs, a considerable number of athletes
start competing at an elite level (e.g., main national division) at ages <19 years. However, it is
unknown if young athletes have similar anaerobic abilities as their senior counterparts at this elite
level of competition.

Previous studies have reported different strength, power, and speed characteristics between age
groups in football athletes [3–6]. For instance, Kellis et al. observed a clear age effect on isokinetic
concentric knee extensor strength in 158 soccer male subjects from 10 to 17 years old [6]. Also,
Nikolaidis (2014) observed an age effect on lower body muscle power measured by countermovement
jump [7]. This age effect on the lower body power capabilities seems to affect a wide spectrum of
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force–velocity muscular properties, as Nikolaidis (2012) have observed an age effect on cycling power
production on both extremes of the force–velocity spectrum [8]. However, previous studies have
limited their analysis to ages below the senior level [3,4,6], female populations [4], non-professional
populations [5], or comparisons between competition levels [9,10]. To the best of our knowledge, no
study has compared the age effects on strength, power, and speed between young and senior football
athletes competing at an elite professional level. In addition, body size related parameters, such as
body mass and height, have been suggested as primary contributors to explain variance in anaerobic
capabilities in young football athletes [11,12]. Therefore, it is important to determine whether these
anthropometric characteristics can explain potential differences in anaerobic capabilities between
young and senior elite football athletes.

This study aimed to compare the differences in strength, power and speed between a group of
under 17 years (U17), under 19 years (U19), and senior (≥19 years) elite male football athletes, while
controlling for body mass and height. We hypothesized that no differences would be seen in the
anaerobic capabilities between age groups, if analysis included height and body mass as covariates.

2. Materials and Methods

2.1. Participants

Sixty-nine elite male athletes from an elite Portuguese football club were invited to participate in
the study. Participants were divided in three different groups according to their age: seniors, U19, and
U17. Athletes from all age groups competed at the highest national (and some international) level in
football, and were familiarized with all the testing protocols and procedures before taking part in the
study. During a typical training week, all age group squads had between 5 and 6 technical–tactical
training sessions, and 2 and 3 resistance training sessions per week. This study followed the principles
of the Declaration of Helsinki, and the local Ethics recommendations. Informed consent was obtained
from each participant; and parental consent was obtained for participants under 18 years old.

2.2. Procedures

All testing was performed at the pre-season of the 2016/17 European football season. The testing
sessions were performed on two consecutive days, at the same time of the day (i.e., morning). Athletes
did not perform any training between testing sessions. Sprints and jump tests were performed on the
first day, and the strength tests were performed on the second day. A warm-up consisting of 15-min of
moderate intensity running and low intensity jumping exercises was performed at the start of each
testing session.

2.3. Measures

Anthropometric measures (height and weight) were performed by the sport science and medical
professionals, supervised by a member certified by the International Society for the Advancement
of Kinanthropometry (ISAK). Anthropometrics measures were performed in accordance to the ISAK
guidelines. Height was assessed using a stadiometer (Seca 217, Hamburg, Germany); while weight
was assessed using minimal clothing and a calibrated balance (±0.1 kg, Tanita TBF 300, Tokyo, Japan).

Concentric isokinetic knee extension peak torque was assessed using an isokinetic dynamometer
(Biodex System 3 research, Shirley, NY, USA) on both legs. Participants performed the testing in a
seated position, while the thighs (above the knee) were stabilized by straps. The dynamometer axis
was aligned with the lateral condyle of the femur. The knee range of motion limits were set between
90◦ and 180◦ (full extension). One set of six maximal knee flexion–extension (concentric/concentric)
repetitions were performed for each leg at a speed of 60◦/s. Torque was corrected for gravity. The
peak torque output during knee extension (of each leg), measured by the Biodex software (Shirley, NY,
USA, version), was used for analysis.
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Vertical jump height for the countermovement jump (CMJ) followed by squat jump (SJ) and
drop jump (DJ) tests was assessed using a portable optical timing system (Optojump Next; Microgate,
Bolzano, Italy). Jumps were performed with the hands on the hips, and verbal encouragement was
given. For the SJ, if any counter-movement action was detected by the researcher, an additional trial
was performed. For the DJ, participants were required to jump from a 40-cm wooden box. Three trials
were performed for each jump test (1-min rest between trials, and 5-min rest between jump tests).
The best performance was used for analysis.

The time to complete 20-m in a straight-line sprint test was assessed at 5, 15, and 20 m intervals
using electronic timing gates (Swift Performance SpeedLight, Queensland, Australia). The test was
performed on an AstroTurf outdoor surface. Participants began each sprint from a standing position
with their front foot placed 0.75 m behind the first timing gate. Participants were instructed to run as
quickly as possible over the 20 m distance. Time was measured to the nearest 0.001 s. Two trials were
performed, and the highest value was used for analysis.

2.4. Statistical Analysis

All data was analyzed using SPSS software (version 23.0, IBM, Chicago, IL, USA). Normal
distribution was confirmed for most of independent variables using the Shapiro–Wilk test. Age, body
mass, and height was compared between age groups using a one-way ANOVA followed by Bonferroni
test. Analysis of strength, jumping, and speed performance between age groups were performed
using one-way analysis of covariance (ANCOVA). Body mass and height were defined as covariates
in the analysis. ANCOVA assumptions were confirmed using: (i) Pearson correlation coefficient
between the covariates (r < 0.8); (ii) Levene test for determining dependent variables homogeneity;
and, (iii) Shapiro–Wilk test for determining the distribution of the residuals data. When applicable,
Post hoc analysis were performed using the Bonferroni test. Statistical significance was set at p < 0.05.

3. Results

Covariates showed a Pearson correlation coefficient lower than 0.61 for all dependent variables.
Sample size, age, and anthropometric characteristics for each age group are shown in Table 1. Seniors
had higher body mass than U19 (p = 0.001) and U17 (p < 0.001) groups; and were taller than the U17
group (p = 0.01). No differences between U19 and U17 were noted for height (p = 0.41) and body mass
(p = 0.92).

Table 1. Participant characteristics. Data shown as means ± SD.

Participants Characteristics Seniors (n = 19) U19 (n = 25) U17 (n = 24)

Age (years) 22.9 ± 4.0 # 17.4 ± 0.6 * 15.4 ± 0.8 *,#

Body Mass (kg) 78.2 ± 14.0 69.2 ± 5.0 * 67.0 ± 8.5 *
Height (cm) 181.7 ± 7.4 178.7 ± 3.8 175.9 ± 7.4 *

* Significant different compared to seniors (p < 0.05). # Significant different compared to U19 (p < 0.05).

Figure 1 presents the estimated marginal means ± standard error for all dependent variables in
the different age groups. No effect was observed for age groups in knee extension concentric peak
torque in both right (p = 0.28) and left (p = 0.42) limbs, except for when values were adjusted for the
covariates of height (right limb: p < 0.001; left limb: p < 0.001) and body mass (right limb: p = 0.15; left
limb: p = 0.06).

An effect was seen for age groups in all the jumping tests (p < 0.001), without a significant effect
when covariates were applied (height: p = 0.23–0.601; body mass: p = 0.19–0.85). Post hoc analysis
revealed that seniors had better jump performance than U19 (p < 0.001) and U17 (p < 0.001); while no
differences were seen between U19 and U17 (p = 1.00).

Regarding sprint performance, an effect was seen for age groups in all the distances (5 m: p = 0.004;
15 m: p < 0.001; 20 m: p < 0.001); and an effect was observed for the body mass covariate at 15 m

104



J. Funct. Morphol. Kinesiol. 2017, 2, 48

(p = 0.02) and 20 m (p = 0.02), with no effect for the height covariate (p = 0.40–0.99). Post hoc analysis
revealed that seniors were faster than U19 and U17 groups for all the distances, except compared to the
U19 in the 5 m distance (p = 0.14). No differences were observed between U19 and U17 for all sprint
distances (p = 0.26–0.46).

Figure 1. Estimated marginal means ± standard deviations of (A) knee extension peak torque of both
lower limbs; (B) vertical jump height in three jump tests, and (C) sprint times at 5, 15, and 20 m for the
different age groups. * p < 0.05. Legend: DJ; drop jump; SJ; squat jump; CMJ; countermovement jump.

4. Discussion

This study compared the anaerobic physical performance between young and senior athletes that
compete at an elite level, while controlling for body mass and height. The main study findings were:
(i) no differences were found between age groups for knee extension concentric peak torque, after
controlling for body mass and height; (ii) jumping performance was higher for seniors compared to
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U17 and U19, without influence of body mass and height; (iii) seniors were faster than younger athletes,
whereas the covariate of body mass was closely related to performance at 15 and 20 m distances; and,
(iv) overall, no differences were seen between U17 and U19 age groups.

The results for knee extension concentric peak torque observed in the present study were similar
to those reported in previous studies examining the senior [13], U19 [5,6], and U17 [14] elite football
athletes. According to our initial hypothesis, no differences were observed in knee extension concentric
peak torque between age groups, when controlling for the body mass and height. This result is
suggestive that the factors related to body size that affect the muscular force production may not be
fully developed in athletes under 19 years old. Skeletal muscle mass, which is associated with muscle
power to a greater extent than body mass [7], is a potential factor which development may not been
maximized in athletes at this age; since the potential for muscle mass development is likely to still
be occurring up to this age [15]. However, since we have not assessed the skeletal muscle mass, the
present study does not allow us to conclude whether this factor could explain the present results, and
therefore, remains speculative. Nevertheless, a potential practical implication obtained in this study is
that analysis of strength performance between young and senior elite football athletes should be made
by normalizing the strength to a body-size related factor, in particular to the body mass.

Moreover, previous research has suggested that some basic anthropometric characteristics, such
as body mass and height, significantly contribute to explain the jumping and speed performance
differences between athletes at a young age [11,12]. Thus, it would be expected that such
anthropometric characteristics could explain potential performance differences between elite football
athletes at a late youth phase and their senior counterparts. However, the present results do not
support such rationale, since only the covariate of body mass influenced the speed at 15 m and 20 m
distances. It should be noted that jumping performance has similar physiological demands than speed
performance at a 5 m distance, i.e., high energy, alactic demand for a short and explosive motion
involving muscular recruitment for a high rate of force production. In addition, both the jump and
speed performance observed in the present study is in agreement to data of previous studies examining
senior [5,10], U19 [10,16,17], and U17 [3,18] elite football athletes. Also, we observed that senior athletes
presented a greater jump and speed performance than younger athletes, which suggests that these
physical capacities should be considered a priority in the training of young athletes. Considering
the relationship often reported between maximum strength and power [19], and since no significant
effect was found for height and weight as covariates, it is possible that these anaerobic performance
differences may be explained by neural factors, which may be related to maturation processes [20].
For instance, Paus et al. observed an effect of age on the increase of the axon diameter and myelination
within children and adolescents [21]. These neural cell structure characteristics are known to influence
action potential transmission speed [22], that contribute to the differences in short and explosive
actions observed with maturation [20]. Future research is needed to examine the physiological basis of
anaerobic performance deficit at this young age phase (compared to senior age groups).

5. Conclusions

In conclusion, the current study suggests that younger elite football athletes have lower jump and
speed performance than their senior counterparts, but not for strength when height and body mass
were considered as covariates. Based on the rationale for the development of the physical performance
abilities in an athletic population [16], we would recommend that: firstly, football coaches and strength
and conditioning professionals should monitor the power and strength of younger athletes in order to
decide for their inclusion in senior level competition; and, secondly, priority should be given to power
training for young athletes who are close to participating at a senior level of competition.
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Abstract: In the European Union, five-year survival rates for childhood cancer patients are
approaching 72–80%, which is a testament to better diagnostics and improved treatment. As a result,
a large proportion of childhood cancer patients go on to live productive lives well past reproductive
age. While this is encouraging, childhood cancer treatment is accompanied by multiple long-term
adverse effects on physical and mental wellbeing. While there are several approaches to address
mental health, reproductive integrity, secondary pathologies, and recurrence, in order to optimize
quality of life in childhood cancer patients, exercise and nutrition should also be considered. It is clear
that physical activity plays an important role in the prevention and reduction of long-term adverse
side effects associated with cancer treatment in both children and adults. However, the current
exercise guidelines for cancer survivors are based on adult data and accordingly are not appropriate
for children. As children and adults are markedly different, including both the pathophysiology
of cancer and exercise response, treatment plans incorporating exercise for children should be
age-specific and individually tailored to both reduce the development of future comorbidities and
enhance physical health. The purpose of this paper is to review the predominant cancer types
and effects of cancer treatment in children, describe several special considerations, and propose
a framework for assessment and exercise guidelines for this population.

Keywords: cancer; children growth and maturation; physical activity; exercise; assessment

1. Introduction

The International Agency on Cancer Research estimates that, globally, 300,000 children aged
0–19 years will be diagnosed with cancer each year [1]. With current treatments, approximately
72–84% of these children will survive five or more years in the EU and USA, and to a much lesser
degree (~10%) in developing countries [2–4]. While there is a disparity among survival rates in various
countries, it is clear that survival rates for childhood cancer patients are improving [3]. Recent estimates
from several Western countries put the proportion of long-term childhood cancer survivors (CCS)
between 0.1% and 0.15% of the general population, implying that one in every 1000–1650 persons is
a childhood cancer survivor [3]. In Italy about 1150 new CCS will be added to the population yearly
based on an estimate that 75% of children treated on current protocols for childhood (0–19 years)
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cancer will become long-term survivors (>5 years) [5]. While increased survival rates are encouraging,
the advancements in treatment for childhood cancer patients are unfortunately often accompanied by
several late adverse events (LAE).

In children treated for cancer, LAE include impaired growth [6], cognitive dysfunction [7,8],
diminished neurological function [9], cardiopulmonary compromise [10,11], musculoskeletal
disturbances [10], and secondary malignancy [12,13]. As a result, adult survivors of childhood
cancer may suffer from cardiomyopathy, heart valve and conduction disorders [14,15], increased
cardiovascular risk factors including hypertension, dyslipidemia [16–18], and obesity [19,20],
pulmonary disorders [21,22], endocrine disorders [23] including hypothalamic-pituitary-adrenal
disorders [24], diabetes mellitus [25], ovarian and Leydig cell dysfunction [26], and hypothyroidism [27].
Survivors of childhood cancer are also at increased risk for neurocognitive and neurosensory impairment
including ocular degeneration, hearing loss and neuropathy [28–31], metabolic disturbances (abnormal
blood counts, liver and kidney dysfunction, and osteoporosis) [28–30,32,33], transfusion-associated
infections [30], and increased risk of subsequent neoplasm [14]. A major concern is that chronic
LAE may increase in frequency and severity over time, and interact adversely with the normal
ageing process, resulting in increasing and clinically significant impairment of vital organ systems
during adulthood at a younger age than normal, and an increased risk of premature major illness or
death [34–37].

As with adult cancer patients, childhood cancer patients decrease their physical activity levels
during and after cancer treatment, which may exacerbate LAE [10,17,36,38]. Physical activity is
positively related to body weight management, cardiopulmonary fitness, musculoskeletal integrity,
mental well-being, and decreased risk of premature mortality in adult cancer patients [38],
while reduced physical activity is associated with decreased cardiopulmonary function, aerobic
fitness, and motor-skill development/integrity and increased cachexia and cancer-related fatigue [18].
As a result of the numerous LAE related to pediatric cancer treatment, an interest in using exercise as
a therapeutic measure to attenuate or reverse many cancer-related LAE in the pediatric population
has surfaced. While comparatively less studied, the research suggests that there is a positive effect of
physical activity on organ system function, fatigue, and physical well-being in children during and
after cancer treatment [39–49]. It is clear that children who exercise can increase aerobic fitness and
strength, with the latter a result of neuromuscular adaptations rather than skeletal muscle hypertrophy.
The differences in the exercise training response between adults and children are most likely related to
children having fairly well developed aerobic systems and relatively immature anaerobic systems [50].

What is less clear in childhood cancer patients is the physical activity level needed to increase
physical function/health during and after treatment while not adding to an already elevated stress
burden, which could conceivably be detrimental to the child’s health. In adults, it appears that the most
effective strategies for increasing physical activity levels after treatment are individualized programs
that are initiated under supervision and are later adopted into life-style behaviors in an unsupervised
setting [38,51]. It is not clear whether this is an ideal strategy for childhood cancer patients, but it
appears that most current pediatric cancer exercise programs implement this approach [39,40].

In adult exercise oncology, the long-term strategic aim is to ensure that every cancer survivor
receives optimal long-term care that increases their health and survival [38]. The goal is no different
in the pediatric population [52–55], but there are much fewer data available to draw conclusive and
precise exercise guidelines. Therefore, the goal of this review is to examine pediatric cancers, associated
cancer treatments, and late adverse events and review emerging knowledge on pediatric exercise
oncology. A summary of current exercise practices for childhood cancer patients is provided and
suggestions for clinical assessment and a three-tiered rehabilitation plan are offered.

2. Types of Childhood Cancer

Childhood cancers make up less than 1% of all cancers diagnosed each year but still rank as the
second-leading cause of death for children 1–14 years; they differ from adult cancer with regards to
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incidence and prevalence as well as etiology [2]. In children, typical cancers include acute lymphocytic
leukemia (ALL) and acute myelogenous leukemia (AML), which comprise about 30% of all cancers in
children [2]. ALL and AML are characterized by abnormal proliferation of leukocytes and reduction of
normal blood cells. Leukemia causes bone and joint pain, fatigue, weakness, pale skin, bleeding or
bruising, fever, weight loss, and other symptoms. Because acute leukemia grows quickly, chemotherapy
is typically initiated soon after diagnosis.

Brain and spinal cord tumors are the second most common cancer in children, making up
approximately 26% of childhood cancers. Central nervous system tumorigenesis starts in the lower
parts of the brain, such as the cerebellum or brain stem, and may cause headaches, nausea, vomiting,
blurred or double vision, dizziness, seizures, and trouble walking or handling objects. Spinal cord
tumors are less common than brain tumors in both children and adults [2,52]. About 6% of childhood
cancers are neuroblastomas, which can be found in a developing embryo or fetus. This cancer develops
in infants and young children and is rarely found in children older than 10.

Wilms tumors (nephroblastoma) account for about 5% of childhood cancers and start in one,
or rarely, both kidneys. They are most often found in children about 3–4 years old, and are uncommon
in children older than six. They manifest as a swelling or lump in the abdomen and are characterized
by fever, pain, nausea, or poor appetite.

Lymphoma (including both Hodgkin and non-Hodgkin lymphomas) starts in the lymphocytes,
lymph nodes, or other lymph tissues such as the tonsils or thymus and can affect the bone marrow
and other organs. Symptoms depend on where the cancer is located and can include weight loss, fever,
sweats, fatigue, and swollen lymph nodes in the neck, axilla, or inguinal region. Hodgkin lymphoma
accounts for about 3% of childhood cancers and is more common in early adulthood (age 15 to 40;
usually people in their 20s) and late adulthood (after age 55) [2,53]. Hodgkin lymphoma is rare in
children younger than five. Non-Hodgkin lymphoma makes up about 5% of childhood cancers. It is
more likely to occur in younger children than Hodgkin lymphoma and is rare in children younger
than three [2]. These cancers often grow quickly and require intensive treatment, but they also tend to
respond better to treatment than most non-Hodgkin lymphomas in adults. Rhabdomyosarcoma is
an aggressive and highly malignant form of cancer that develops from skeletal muscle cells that have
failed to fully differentiate. This type of cancer can start nearly anywhere in the body, including the
head and neck, groin, abdomen, pelvis, or in the appendages. It may cause pain, swelling, or both.
This is the most common type of soft tissue sarcoma in children and makes up about 3% of childhood
cancers [2].

Retinoblastoma is a rare cancer that develops from immature cells of the retina and accounts for
about 2% of childhood cancers [2]. It usually occurs in children approximately two years old and is
seldom found in children older than six. Osseous cancers (including osteosarcoma and Ewing sarcoma)
account for about 3% of childhood cancers. Osteosarcoma is an aggressive malignant neoplasm of
the bone that often causes bone pain that gets worse at night or with activity and produces localized
swelling. Ewing sarcoma is a malignant bone tumor most often found in young teens. The most
common origins of ES are the pelvis, thoracic cavity, or middle of the long leg bones [2].

3. Treatments for Childhood Cancer

Treatment for childhood cancer is based on the type and stage of the cancer. Types of treatment
used for childhood cancer include: surgery, chemotherapy, radiation, hormone therapy, stem cell
transplantation, and newer treatments such as targeted drug therapy and immunotherapy. Often,
multiple treatments are indicated. Chemotherapy for CCS includes alkylating agents, antimetabolites,
anthracyclines, plant alkaloids, antitumor antibiotics, taxanes, and monoclonal antibodies. Childhood
cancers usually respond well to high-dose chemotherapy because of rapid cell turnover in children
and are effective but often lead to more short- and long-term side effects [2]. In general, the more
frequently recognized risk factors for long-term events in children include patient age at treatment,
cumulative treatment dose, and the treatment schedule of radio- or chemotherapy [13,54].
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4. Late Adverse Events (LAE) in Childhood Cancer Patients

The high survival rate in children and adolescents with malignancy is accompanied by
a substantial risk of late adverse events (LAE) as a result of long-term radio- and chemotherapy.
Chemotherapy for pediatric cancer suppresses the immune system and may interfere with normal
growth, increasing susceptibility to infection and stunting or delaying musculoskeletal development
during treatment [49]. Treatments may interfere with physiological growth and development in
children and adolescents and have an important impact on health status later in life, while some late
toxicities (e.g., pulmonary fibrosis, obesity, hypertension, cardiovascular disease) may cause premature
death [11,14,16,17,20,21,25,28,31]. It has been estimated that 62% of adult survivors of childhood
malignancy have ≥1, and 38% ≥2, treatment-induced chronic health conditions, and 28% a severe or
life-threatening problem such as cardiomyopathy [30]. Survivors of central nervous system tumors or
hematopoietic stem cell transplantation are at particularly high risk [8,30].

5. Complications after Childhood/Adolescent Cancer Treatment

CCS are potentially vulnerable to a variety of long-term therapy-related complications,
and therefore lifestyle management is important in reducing LAE commonly present during adulthood.
Physical and psychosocial adverse treatment effects can increase premature morbidity and mortality
when compared to the general population, and therefore developing strategies for long-term follow-up
of survivors of childhood cancer is essential [29,48].

Among the most serious health complications in CCS following treatment are pulmonary and
heart disorders [3,30]. Chronic pulmonary disease is the number one LAE following childhood cancer
treatment, with 65.2% of those followed up having abnormal pulmonary function [30]. Bleomycin
toxicity resulting in pulmonary fibrosis, radiation to the lungs, thoracotomy, and busulfan treatment
increase the risk of abnormal pulmonary function in CCS. Both restrictive and obstructive lung disease
may occur, while bronchiectasis may result from previous lower respiratory tract infections.

Cardiac abnormalities have been reported in 56% of survivors of childhood cancer treatment,
who are 5–15 times more likely to experience heart disease than their siblings [17,30,44]. The major
risk factors for the development of cardiac dysfunction are treatment with anthracyclines and/or
radiotherapy to the heart. Vinca alkaloids and alkylating agents have also been implicated in
cardiovascular complications, along with young age at treatment, female gender, and length of
follow-up. Chemotherapy and radiotherapy increase cardiovascular disease in the form of coronary
artery damage, myocardial failure, pericardial disease, valvular abnormalities, conduction disorders,
and increased cardiovascular risk factors. Valvular regurgitation is common (56%) in adult survivors
of childhood cancer who have been previously exposed to radiotherapy, while systolic dysfunction is
prevalent after exposure to anthracyclines or both treatments (6%) [17]. Fifty percent of CCS reported
being obese, 61% have dyslipidemia, and 23% are hypertensive—all increasing the risk of future
cardiovascular disease [30].

In CCS, as well as adults who are survivors of childhood cancer, the risk of clinical metabolic syndrome
is high [26]. Metabolic syndrome (MS) is characterized by a clustering of hypertension, dyslipidemia,
type 2 diabetes or preclinical conditions, and obesity. MS is associated with a proinflammatory and
pro-thrombotic state that may lead to atherogenic dyslipidemia. There is evidence that survivors
exposed to cranial radiotherapy, prolonged steroid treatment, total body or abdominal irradiation,
and those with hypogonadism or limitations in physical performance are at increased risk of glucose
intolerance and MS.

Cancer treatment is also related to several acute or chronic renal complications. Nephrotoxicity
may be due to glomerular or tubular damage, or both. Renal failure or the requirement for dialysis is
an uncommon but serious late complication, occurring in <1%, but with a relative risk ratio estimated
at about 8 [35]. The main risk factors for nephrotoxicity are the specific chemotherapy drugs received.
For example, ifosfamide nephrotoxicity is more common in patients treated with a cumulative dose
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>80 g·m−2. Platinum nephrotoxicity is more common in children treated with a higher cisplatin dose
rate (>40 mg·m−2·day−1) or higher cumulative carboplatin doses and those treated at an older age.

Endocrine complications are similar in overall prevalence to cardiac abnormalities in CCS, occurring
in 20–50% of survivors followed into adulthood [30]. Complications include hypothalamo-pituitary,
thyroid, and gonadal dysfunction, bone disease, and metabolic disorders, which are associated with the
tumor type and location and treatment. In addition to the effects of surgery or direct endocrine gland
involvement by the malignancy, both radio- and chemotherapy may increase the risk of endocrine
complications involving several glands. These are the most frequently reported complications of
childhood cancer survivors, affecting between 20% and 50% of individuals who survive into adulthood.
Most endocrine complications are the result of prior cancer treatments, especially radiotherapy.
Survivors treated with radiotherapy to the head, neck, or pelvis, and those treated with total body
irradiation or with alkylating agents, are at increased risk. Growth hormone deficiency is the most
common anterior pituitary deficiency observed after standard cranial radiotherapy. It may manifest
after a standard cranial radiotherapy dose ≥18 Gy; >24 Gy the deficiency usually manifests within
five years, while for doses in the range of 18–24 Gy the deficiency may become manifest after
10–15 years [49]. Other endocrine disorders in CCS include precocious puberty in young females
treated for ALL, which is related to radiation of the hypothalmo-pituitary axis in the range 18–24 Gy.

Ovarian germ cell failure and loss of ovarian endocrine function occur concomitantly in
females [10,13,15,30]. They may be due to pelvic, abdominal, or spinal radiation, total body irradiation,
or alkylating agent chemotherapy. Age at treatment is important in predicting ovarian failure, since
females treated at a younger age are less likely to develop ovarian failure, probably because of a higher
number of primordial follicles at the time of treatment. Uterine morphology should be evaluated in
females treated with pelvic or abdominal radiation, to assess the likelihood of embryonal implantation
or completion of fetal development. The testis is sensitive both to chemotherapy and radiation [23].
Among chemotherapeutic agents, cumulative doses of alkylating agents and timing of treatment
influence the risk of oligo/azoospermia. Damage to the germinal epithelium is estimated to occur
after a testicular dose <1.2 Gy either as direct testicular radiotherapy or during abdominal or spinal
radiation or an inverted Y field for Hodgkin disease (HD) treatment. Leydig cells are much more
radioresistant and only doses >20 Gy (pre-pubertal patients) or >30 Gy (post-pubertal individuals)
may result in complete primary hypogonadism. In contrast to females, age at treatment has minimal
impact on testicular function.

The thyroid gland is sensitive to radiotherapy given either externally to the neck or targeted via
thyroid metabolism. The functional changes after external beam radiation usually occur by six months
but may become evident up to 20 years later, and comprise clinical or subclinical hypothyroidism,
with a combined incidence of 20–30% [6,7,16]. The morphological changes consist of benign lesions,
primarily adenomas, and malignant lesions, with an average 6-fold increased risk compared to the
normal population. The effect of radiotherapy on the thyroid gland is dose- and age-dependent,
with younger children at a higher risk. A linear relationship with radiotherapy doses and late thyroid
complications has been observed, but after doses >30 Gy the cancer risk decreases, probably because
of a cell-killing effect.

Long-term neurological toxicity is a common late adverse event reported in some large CCS
cohorts, occurring in 27% of survivors, with a relative risk ratio of 3.3 compared to a sibling control
group. CCS with central nervous system tumors are at the highest risk, followed by survivors of
Hodgkin disease or acute leukemia [18]. There are several manifestations of central nervous system
toxicity, including leukoencephalopathy, vasculopathy, radiation necrosis, myelopathy, and secondary
tumors, with a wide variety of clinical sequelae threatening life or greatly impairing the survivor’s
quality of life. Neurocognitive impairment is common in CCS being reported as high as 48% [30].
Other impairments include ocular (28%), vestibular/hearing loss (62%), and neuropathy (22%) [54].
The major cause of deafness in survivors of childhood malignancy is platinum chemotherapy. Both higher
cumulative cisplatin dose and younger age at treatment predict a higher risk of deafness, with a total dose
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> 400 mg·m−2 and age <5 years associated with development of bilateral sensorineural hearing loss in
40% of children. The consequences of deafness in children include delayed speech development and
impaired educational/social functioning, especially in younger children.

Specific treatment-related complications occur in very young cancer patients. Craniofacial and
dental complications are more prevalent in patients treated at a young age. The younger the child and
the higher the radiation dose, the more pronounced the growth impairment. Radiotherapy to the face or
brain may lead to hypoplasia of the irradiated area. As normal growth occurs, the deformity becomes
progressively more pronounced. However, the most evident effect on linear growth is seen when
radiotherapy is given before skeletal maturation has occurred [7]. Bone irradiation >20 Gy, especially
near long-bone growth plates, leads to reduced bone growth and potentially asymmetric limb growth.
If the spine is involved in the radiation field, vertebral bodies will display impaired growth, leading to
a reduced adult height, with disproportion between standing and sitting height [32]. Scoliosis may
result from soft tissue fibrosis secondary to radiotherapy to paravertebral tissues/organs. Avascular
necrosis of bone may occur either during or after therapy, particularly with radiation and/or prolonged
steroid treatment, and usually affects joints in long bones, causing pain and functional impairment.

Survivors of hematopoietic stem cell transplant (HSCT) are at particularly high risk of late
adverse complications, with >90% suffering from at least one and >70% from at least three chronic
conditions [8]. Patients treated with total body irradiation are at the highest risk of late toxicity,
and high-dose chemotherapy is an additional potent risk factor. Additive and potentially synergistic
damage results from numerous other factors, including previous treatment given before transplant,
the development of other serious complications after HSCT, potentially toxic supportive care drugs,
and especially chronic graft vs. host–disease, which may affect any organ, tissue, or body system.
Chronic graft versus host–disease occurs in up to 30% of HSCT patients, with multiple potential
sequelae including organ and tissue damage, as well as functional impairment and the potential
adverse effects of immunosuppressive drugs.

Surgical complications and late physical effects must be considered in CCS. Orthopedic treatment
for cancer may result in partial or total bone damage and prosthetic implantation [15]. As a result
of surgery, posture, gait, and physical activity levels are affected [32]. The management of the
correct/neutral posture and proper motor skill development need to be emphasized and eventually
modified to follow the disease progression. Although the quality of life of these surgical patients
in domains other than physical functioning is as high as that seen in controls, there is a life-long
need for many patients to have continued contact with health services, e.g., for prosthetic reasons or
post-surgical complications.

Last, the psychosocial consequences of childhood cancer and LAE should be considered. It is
clear that psychological or social consequences interfere with quality of life (QoL), which comprises
elements of physical, functional, social, and psychological health [21,22,47,55–58]. QoL may be affected
by the level of integration into society, as measured by the survivors’ probability (compared to age and
sex-matched general population peers) of securing employment or health insurance, or of marrying [57].
It is important that the public ensures that cancer survivors have equal access to education, jobs,
insurance, and medical care. The Children’s Oncology Group (COG) www.survivorshipguidelines.org
has developed long-term follow-up guidelines for survivors of childhood cancers [59]; however,
a specific path for the transition from hospital-based care to home-based rehabilitation has not been
clearly defined.

6. Guidelines for Assessment

The choice of assessment protocols for CCS depends on the specific questions that one may ask
and, as a rule, one should test those physiological functions that are most likely to yield relevant
clinical and functional information. A summary of potential test battery items is presented in Table 1.
At a minimum, practitioners should be regularly measuring body dimensions including stature, weight,
head circumference, and an index of body composition (e.g., BMI, skinfolds at four sites (triceps,
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biceps, subscapular and iliac crest, and circumferences (arm relaxed and flexed, calf) for muscle
mass development)) following international standards measurement sites and procedures [60,61].
Comparisons can be made by sex, and to population-specific normative data. Tracking changes in
stature, weight, weight-to-stature ratio, and body mass index will provide insight into nutritional
status and normal body growth [62]. Body composition analysis using bioelectrical impedance or
DXA scanning may provide more detailed information on total body water distribution and fat versus
fat-free mass components; however, due to the large variability in body composition during growth,
the clinical use of these tools is questionable. Additionally, errors in interpreting DXA results may
generate considerable parental concern and can result in costly and unnecessary use of pharmacologic
agents and restrictions on physical activity [63].

Table 1. Potential assessment items for pediatric cancer patients.

Domain Being Measured Item

Body size and nutritional status

Height (cm)
Weight (kg)
BMI
Head Circumference
Skinfolds (mm)

Motor Skill

Posture
Gait
Balance
Motor skill proficiency

Flexibility Sit and Reach
Ankle dorsiflexion

Performance Level
Hand grip dynamometry (kg)
TUG-3 m (s)
30 s Chair stand (# of successful stands)

Cardiovascular Fitness
PWC150
Echocardiography
CPET (VO2 peak) (mL·kg−1·min−1)

Pulmonary Function Spirometry (FEV, FEV1)

Quality of Life PCQL Inventory

References for each test item can be found in the text. TUG: timed get up and go; PWC: power work capacity;
FEV: forced expiratory volume, FEV1: forced expiratory volume in 1 sec, PCQL: pediatric cancer quality of life.

7. Echocardiographic Assessment

Echocardiography represents the best non-invasive method for obtaining sufficient information in
CCS as part of a complete clinical evaluation to clear the patient for physical activity. Echocardiographic
stress testing is considered the standard of care in contemporary assessment regarding left ventricular
performance, pulmonary pressure measurement, and valve behavior, and should be considered
for all CCS [30,31,64]. In addition to the standard echocardiographic measures (i.e., systolic and
diastolic data of the left and right ventricles), velocity parameters (tissue velocity imaging or TDI) and
deformation measures (strain) are now routinely used in the assessment and management of cancer
patients participating in regular physical activity and more strenuous sports [64–68]. Echocardiography,
as an advanced tool in cardio-oncology, can be used to detect early-stage myocardial damage and its
applications are now being used in the pediatric population [68].

7.1. Cardiopulmonary Exercise Testing (CPET)

In healthy children, or those with a cardiopulmonary disease, cardiopulmonary exercise testing
is considered the gold standard for assessing aerobic fitness and when equipment accommodations

115



J. Funct. Morphol. Kinesiol. 2018, 3, 7

should be made for the child (e.g., smaller cycle ergometer, child-specific graded exercise protocols) [50].
CPET is both reliable and valid in the pediatric population [69]. CPET can provide information about
aerobic fitness, hemodynamic response to exercise, metabolic response, and ventilatory thresholds.
Data obtained from symptom-limited CPET are sufficient to establish exercise intensity guidelines for
CCS. Variables measured during CPET include electrocardiogram, power or workload (speed and
grade), heart rate, oxygen saturation, blood pressure, and a rating of perceived exertion (RPE). A Borg
scale of 6–20 or modified Borg scale of 1–10 can be used to evaluate RPE [70]. Post-CPET, monitoring
should be continued for 5–10 min and terminated when the heart rate has returned to 110% (or lower)
of the pre-exercise testing heart rate.

7.2. Power Work Capacity (PWC150)

Power work capacity is a submaximal cycle ergometer test whereby the child is asked to pedal
a cycle ergometer at a specific power that will elicit a heart rate of 150 beats·min−1. Power is recorded
as the outcome measure. Changes in PWC150 reflect cardiovascular fitness and can be administered on
a regular basis without the specialized metabolic analyzers needed for CPET [69].

7.3. Pulmonary Function Testing (PFT)

PFT should include spirometry that measures forced vital capacity (FVC) and forced expiratory
volume in 1 s (FEV1) in order to screen for restrictive or obstructive airway disease caused by
radiation and pulmonary fibrosis. Preliminary screening should be followed by referral to pediatric
pulmonary specialists if abnormal values are detected and prior to the CCS participating in structured
physical activity.

7.4. Motor and Skill Assessment

As a component of physical function, an age-appropriate motor skill assessment should be made.
In children 0–2 years of age, the Bayley Infant Scoring system for neurocognitive development has
been routinely used and is both reliable and valid [71]. If the child has developed basic movement
skills (walk, run, throw, skip, hop, leap) then an assessment of fundamental movement skills may
be appropriate [72,73]. Nauman et al. have reported the performance efficiency on the sprint run,
vertical jump, side gallop, leap, catch, kick, and overarm throw efficacy in childhood cancer patients,
which discriminated between oncology patients and health controls [72].

Posture and gait analysis will provide information on orthopedic dysfunction, equilibrium,
skeletal musculoskeletal integrity, and neuromotor processing and activation. Visual inspection
and scoring of posture by a trained specialist is warranted and observational gait analysis or
videography may be used in the determination of abnormal/normal gait mechanics [74]. Videography
provides a permanent record of the child’s performance that can subsequently digitally analyzed for
quantitative evaluation of the patient. There are no standards for posture and gait analysis in pediatric
cancer patients.

Flexibility can be assessed using a modified sit and reach test, but there is large experimental error
with this measure. Additionally, ankle dorsiflexion with goniometers has been measured in children to
assess lower limb extremity extensibility for proper foot mechanics [39].

Strength: As a proxy for total body strength, hand grip dynamometry has been used extensively.
It requires minimal equipment and provides an estimation of overall strength. Other performance
measures used in the pediatric cancer population include the timed get up and go test (TUG) and the
30 s chair test [40]. Both provide information on strength and neuromuscular coordination.

7.5. Quality of Life (QoL)

Quality of life in both childhood and adult cancer patients has been well researched and there are
a number of validated age-specific scales designed to assess the emotional, physical, and social aspects
of one’s life [21,45,53,56–58]. As part of a comprehensive rehabilitation plan for CCS, the authors
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support the importance of QoL assessment as part of the rehabilitation plan. The Pediatric Cancer
Quality of Life Inventory is specific to this population and is a reliable tool [58].

7.6. Nutrition

Nutrition plays a critical role in normal growth and maturation and the client’s diet should be
ascertained during cancer treatment and age-appropriate nutritional guidelines for weight gain or to
control obesity should be conveyed to the CCS caregiver [43–45]. Clinical dietitians are encouraged
to be part of the pediatric cancer care team. Specifics of nutritional concerns for CCS are beyond the
scope of this paper and are purposefully omitted.

8. Guidelines for Exercise Prescription in Pediatric Cancer Patients

Braam et al. provide the most current review of childhood and young adult cancer exercise
training interventions during and after cancer [39]. In general, children need a minimal level of physical
fitness for normal growth and development [50]. As cancer treatment often interrupts structured and
unstructured physical activity during treatment, and physical activity and motor proficiency both
during and after treatment have been shown to increase physical and mental wellbeing outcomes in
childhood cancer patients, is seems reasonable to suggest that childhood cancer patients should engage
in some physical activity during treatment and strive to reduce sedentary behavior. The extent of the
physical activity is dependent on age, type of cancer and stage, and type of treatment and limitations
caused by the disease itself or treatment complications [40]. For children who are extremely frail
(osteopenic, immunosuppressed, low cardiorespiratory fitness), adjustments to the recommendations
will need to be considered (less time, lower intensity and frequency, and smaller workloads).

Accordingly, the frequency, intensity, time, and type (FITT) of exercise used for healthy children
may not apply to this population. Of the few studies published on exercise programs for childhood
cancer patients, a combination of home-based (2× per week) and clinically based (hospital) programs
(1× per week) for approximately 60 min per session appears to work well [27,37–40,43,47]. For children
who may not be able to attend a supervised exercise training session, home-based, parent-supervised
exercise is considered appropriate [39,40]. It is important to note that parents of childhood cancer
patients should be instructed on appropriate exercises and contraindications for their child and
encouraged to participate with the child when exercising at home.

Exercise programs for childhood cancer patients in randomized control trials have both aerobic
and resistance/strength training components [40]. Aerobic or endurance training appears to be
tolerable with few adverse outcomes at a moderate intensity of 50–70% age-predicted maximal heart
rate for approximately 20 min/session [40]. Resistance training in childhood cancer patients has
consisted of traditional gym training equipment and a combination of 11–12 movements targeting
major muscle groups (bench press, leg extension leg curl, shoulder press, leg press, abdominal crunch,
arm curl, back extension, seated row, latissimus pulldown) [39,40]. Accommodations for children must
be made when using exercise equipment designed for adults including proper body alignment within
the machine, smaller free weights (less than 1 kg), and proper supervision to ensure child safety.

9. Recommendations

In CCS, exercise training may be separated into three distinct phases with the understanding that
the phases may overlap given the complexity of treatment, complications, and severity of the disease.
The three-phase pediatric rehabilitation is presented schematically in Figure 1. Exercise guidelines
for healthy children include the goal of 60 min of daily moderate to vigorous activity [75]; however,
the duration and frequency in pediatric cancer patients will vary considerably. In phase I or ongoing
treatment, it is suggested that exercise should be conservative and supervised. Medical oncology
clearance for participation in structured activity is critical. In the early phase of exercise prescription,
moving from sedentary behavior to any movement is the primary goal. This exercise may include
walking under supervision, physical-therapy-assisted strength training or rehabilitation exercises
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following surgery. Aerobic exercise duration for CCS may start as low as 5–10 min daily based on
health condition and progress with modest increases in session duration (e.g., 5 min). Duration of
exercise should be increased prior to increasing intensity of exercise and once a minimum of 30 min of
continuous activity at low intensity is feasible, exercise intensity can be increased. Peak aerobic exercise
intensity should be determined based on symptom-limited echocardiographic stress data. Most studies
on exercise intensity for CCS are based on percentages of maximal heart rate (50–70+% HRmax) [39,40].
In the absence of a peak exercise evaluation, exercise should start at 40–60% of heart rate reserve
(HRR), using age-predicted maximal heart rates. As there is high variability in age-predicted maximal
heart rates, adjustment to the exercise intensity should be made during the initial week of training.
In the absence of any heart rate data, the use of RPE is relatively simple to use to gauge the intensity of
exercise. Children should be encouraged to work at an intensity level between 1 and 5 on a 10-point
RPE scale and not to exceed a level 6 during this phase. Heart rates corresponding to the appropriate
RPE level can then be used in subsequent exercise sessions. Our approach to exercise intensity is
somewhat conservative relative to other exercise trials in pediatric cancer patients but should be
considered in the context of our health care model. Prior to each exercise session, the child should be
adequately hydrated and properly nourished, and should avoid exercising in a hypoglycemic state.
Additional considerations for testing and exercise training are presented in Table 2.
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Resistance training programs for CCS include body weight calisthenics, games of tag or wolf,
obstacle course runs, and simple gymnastics. Emphasis should be placed on total body awareness and
proprioceptive feedback. The primary goal in the initial phase of exercise prescription for CCS is to
make the activity fun and promote motor skill development as motor skill proficiency is related to
increased lifetime physical activity [77]. The programs need not be performance-based and careful
instruction on movement patterns should be encouraged [72]. Adherence to specific sets and repetitions
should be encouraged, while fatigue and improper postural alignment or biomechanics should serve
as an indicator to terminate the specific exercise. Once proper movement patterns can be maintained
for a specific exercise through an entire set of repetitions, the workload can then be increased either by
adding more resistance or adding more repetitions per set.

In phase II, the CCS is moving from hospital-based exercise (professionally supervised) to a mixed
home-based and parent-supervised program with the goal of ensuring patient stability. In phase II,
aerobic conditioning duration should be extended from 30 to 45 min (multiple sessions per day is
allowable) and each session should include a 5-min warm-up session and 5-min cooldown period at
low intensity. The remainder of the session is designed to elicit a heart rate of 50–85% of peak exercise
intensity determined at patient discharge. This corresponds to levels 1–7 on a 10-point RPE scale but
no higher. In phase II, children should be encouraged to continue strength training (rehabilitation
from orthopedic surgery or to correct muscle imbalances), add flexibility exercises where needed,
and continue with sports specific motor skill development. Trial and error in motor skill development in
the form of play is recommended and activities should be designed to be age-appropriate, entertaining,
and fun. Gymnastics, swimming, and team sports (with precautions taken for contact sports) should
be encouraged if the child is interested.

In phase III (at approximately 6–12 months post-discharge), CCS should be encouraged to
participate in regular exercise for health maintenance or be cleared for regular sports participation.
Clearance to move into competitive sports should be made by the oncology team and assessments
made by Sports Medicine physicians. For those moving into competitive sports, assessment of mobility,
joint stability, and movement patterns, followed by increased strength training, is recommended.
Time dedicated to specific sports practice will then need to be individually determined.

In all three rehabilitation phases (hospital-based training, transition to home-based training,
and competitive sports training), documentation of training should encouraged. A daily log of
exercise should be maintained and relayed on a regular basis to the sports medicine team for review
and ongoing adjustments to the exercise plan. Assessments should be made at the time of hospital
discharge and after six and 12 months. A summary of each phase of the pediatric exercise rehabilitation
plan is presented in Table 3.
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10. Conclusions

The purpose of this paper was to present a review of childhood cancer types, associated cancer
treatments, and late adverse events. The second aim was to suggest pediatric-specific assessments
for childhood cancer patients in order to aid in the development of appropriate therapeutic exercise
programs. The third aim was to outline a three-phased rehabilitation plan for childhood cancer patients.
Contraindications and precautions for exercise testing and participation were also presented.

The population of childhood cancer survivors is likely to increase in the future and an important
component of their treatment should be to optimize quality of life and reduce late adverse events
by using exercise as a medicine. Research in pediatric oncology has clearly shown the positive
impact of exercise interventions both during and after cancer treatment. In order to provide
safe and efficacious exercise programs for childhood cancer patients, a multifactorial approach
is necessary, which should include input from oncology and pediatric specialists from multiple
disciplines: orthopedics, cardiology, endocrinology, pulmonology, sports medicine, psychology,
nutrition, and exercise oncology specialists.

In order to provide pediatric oncology patients with safe programs, we propose a three-phase
rehabilitation plan whereby phase I should be initiated in the hospital setting with physical therapists
and cancer exercise specialists working in collaboration with the entire pediatric medical oncology
team. In phase I rehabilitation for childhood cancer patients, the goal of increasing physical activity,
avoiding sedentary behavior with an emphasis on motor skill acquisition, is paramount. Following
patient discharge, in phase II rehabilitation (home-based exercise) a shift to aerobic, strength, flexibility,
and motor skill refinement is the main goal and will require parental education and exercise supervision.
In phase III (independent, unsupervised, or team sports) will require the involvement of parents,
coaches, and regional specialists to successfully monitor the child’s athletic development.
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Abstract: Taking part in regular physical activity (PA) is important for young adolescents to maintain
physical, social and mental health. Schools are vibrant settings for health promotion and the
complexity of driving a whole-school approach to PA has not been tested in the Irish school context.
The feasibility of the pilot programme of the Department of Education and Skills second level Active
School Flag (SLASF) is needed. SLASF is a two year process that consists of the Active School Flag
(ASF) certificate programme (year 1) and the ASF flag programme (year 2). This protocol paper
is specific to the first year certificate process. Three schools around Ireland were recruited as pilot
schools to carry out the year-long SLASF programme with 17 planned actions involving the entire
school. Students in the transition year programme have a particular role in the promotion of PA in
SLASF. Data collection consists of physical measures, accelerometers, survey data and interviews
at the beginning and the end of the academic year. The primary focus on the feasibility of the
programme is through process evaluation tools and fidelity checks consisting of implementation of
the SLASF programme through whole-school surveys, focus group discussions of key stakeholder
groups, as well as one-to-one interviews with a member of management at each school and the SLASF
coordinator of the school. Secondary outcomes include PA levels and its social cognitive theories
based correlates through physical health measures, surveys carried out pre- and post-intervention, as
well as focus group discussions of the students. The results of this study are needed to improve the
development of the SLASF through a predetermined stopping criteria and inclusion into systems
thinking approaches such as the Healthy Ireland Demonstration Project.

Keywords: physical activity; adolescent; health promotion; activePal; intervention

1. Introduction

There are multiple reasons—physical, psychological, social, environmental—health for
adolescents to take part in regular physical activity (PA). However, adolescence forms a highly
volatile stage in life where transitional periods can influence behaviour [1] and is a critical time for
PA participation where habits—good or bad—developed, later persist into adulthood [2]. Despite the
evidence of health benefits from PA, a clear reduction in PA levels is apparent alongside increasing
age in adolescence. Data from the Children’s Sport Participation and Physical Activity (CSPPA) study
highlighted a decline in meeting the PA guidelines, at least 60 min of moderate-to-vigorous (MVPA)
per day, from 18% among 12y olds (first year of second level education in Ireland) to 6% among 18y
olds (last year of second level education in Ireland) [3]. Similarly, a systematic review and pooled
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analysis indicated that PA levels decline by a mean of 7% per year over this period [4,5]. By the age
of 15y, on average, across 42 countries in the Health Behaviour in School-aged Children study, only
11% of girls and 21% of boys self-reported sufficient MVPA levels [6]. Global PA decline throughout
adolescence, across a range of measurement units, appears as high as 60–70% [4]. Action is needed to
reduce the drop in PA levels.

Actions that target the drop in PA levels can include interventions at the individual, community
and within policy [7]. Although policy interventions may provide the best return on investment [8],
creating such changes requires a strong evidence base that interventions targeting the behaviours
actually works. At the individual level, interventions that were designed to increase school-based PA
levels have yet to demonstrate its effectiveness [8]. In particular, multi-component PA interventions
have yet to demonstrate improvements in overall MVPA [9]. However, at the community level,
school-based PA programmes have demonstrated some positive effect on overall PA levels [10].

1.1. Whole-School Approaches to Physical Activity Promotion

Successfully run school-based PA programmes includes quality physical education, physical
activities before-, during- and after-school, at the school grounds, as well as activities based in the local
community [11]. Haapala and colleagues [11] suggested that recess time activities before, during and
after school are opportune moments to promote PA. Similarly, a study based on a 12 week walking
intervention among girls who took part before-school and during recess times increased the time in
light intensity PA by 10 min but differences in MVPA were not statistically significant when compared
to the intervention group [12]. Some recent studies have investigated the role of peers in boosting
PA levels. For example, peer leaders (15–16y olds) slightly older than the target group (13–15y olds)
encouraged after-school activities. By the end of the 7-week after-school intervention, there was a
statistically significant increase of three minutes of daily MVPA [13]. Same-aged peers were also
effective in promoting six minutes of daily MVPA through diffusion messages among girls during the
entire school day [14]. Statistically significant changes on PA levels were found for those identified as
low active at baseline in an intervention that focused on increasing step count in both boys and girls [15].
Few school-based programmes managed to succeed in increasing boys’ PA levels for school-based
interventions through a peer-led model [16,17]. Programmes with in-class activities that promote PA by
the class teachers are another way to increase PA levels [18]. The latter activities requires a whole-school
approach towards PA promotion and in Ireland, this is known as the Active School Flag (ASF) [19].

The ASF (www.activeschoolflag.ie) is a Department of Education and Skills (DES) initiative
supported by Healthy Ireland. It takes a ‘whole-school approach’ and requires all members of the
school community to work together to strengthen the delivery of the physical education programme
and to promote PA throughout the school in a fun and inclusive manner. It emphasises quality PE,
co-curricular PA as well as partnerships with students, parents and the wider community. In 2018, 29%
(N = 1329) of primary schools in Ireland had achieved ASF status. Some have the need for renewal,
thus at the time of print, 722 primary schools currently have possession of an Active Flag. The journey
towards achieving this status begins with self-evaluation in the areas of (i) physical education (ii) PA
and (iii) partnerships. Following this, schools are expected to devise a strategic plan and implement
changes to help improve the quality of PE, provide additional opportunities for PA and support
additional involvement with the wider community. Lastly, the school has to provide a week-long focus
on PA in an Active School Week.

The ASF is well-established as a primary school initiative but has yet to be developed for the
secondary level education sector. A generic model has been tried among secondary level schools,
although it did not achieve the same effect because the uptake of secondary level schools is below 5%.
The most notable differences were the lack of whole-school engagement in the secondary level schools.
Feedback from those experiences suggested that the generic ASF in secondary level was viewed as
a physical education programme as opposed to a whole-school initiative. Furthermore, there are
structural differences between primary and secondary level schools, thus a direct translation of the
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primary ASF to the secondary level setting would be specious. Some examples of differences include;
in primary schools, a single teacher generally remains with the same class throughout the entire day,
whereas at secondary level schools, students are taught by multiple teachers. In the secondary level
schools, many schools do not have a compulsory timetabled physical education in accordance with
DES recommendations (i.e., a double timetabled period for all students every week). Secondary level
schools tend to be larger and cater for more students than primary schools, yet facilities for promoting
PA can be limiting. Peer influences tend to be stronger at secondary level education [20] and students
will often choose to socialise with their friends and be sedentary rather than take part in PA [21].
In primary schools, all teachers are encouraged to take part in continuous professional development
(CPD) as part of their classroom responsibility in the areas of physical education and PA. Class teachers
in secondary level schools tend to be specialists in their subject area and may not have the confidence
or competence to create active breaks in the classroom [22].

In the majority of Irish secondary level schools, there is the ‘Transition Year’ (TY) period,
whereby it is non- examinable and students may go on to try out activities beyond the normal
school curriculum [23]. The aims of TY are to “increase social awareness and social competence with
‘education through experience of adult and working life’ as a basis for personal development and
maturity” [24]. TY programmes can cover various aspects of personal development, including visits to
hospitals to learn about health behaviours [25], as well as taking part in other science programmes [26].
Many TY based programmes seek to develop youth leadership skills (i.e., Gaisce the President’s Award,
Young Social Innovators, Gaelic Athletic Association (GAA) future leaders, etc.).

1.2. Theoretical Background to the Study

The theoretical premise of this feasibility study is underpinned by social cognitive theories [27]
These theories are the most cited for health behaviour change interventions [28]. In these theories,
there is a triad relationship between personal and environmental factors with behaviours being
explored through individual level factors such as self-efficacy, stages of readiness for behavioural
change and school related autonomy. In self-efficacy theory [29] there are four sources; mastery
accomplishments, vicarious experiences, verbal persuasion and physiology are strong predictors of
behaviour. Novice learners, such as students in TY, tend to have low confidence to promote PA at
the beginning of the year [30]. When schools express their interest to be an SLASF school, a resource
pack (see methods section) would support these students to improve the self-efficacy (opportunities
for mastery accomplishments), create timetabled meetings with the purpose to focus on the SLASF
(opportunities for vicarious experiences) and regular contact with others who are also carrying out the
SLASF (opportunities for verbal persuasions), the sources of self-efficacy may create a better suited
environment for promoting PA.

Being autonomous in making decisions is known to be directly related to intrinsic motivations
towards a behaviour [31]. However, in the school context, students may feel their overall autonomy is
restricted to the bounds of the school. As a result, some students may find the school environment
something that they can thrive in, whereas others may feel the environment restricts individual choices.
The autonomy supportive environment is as important as having autonomy among school-aged
children because it can lead to greater levels of PA outside of the school context [32]. Factors that
may influence the autonomy or autonomy support can include the perception of school academic
performance and the way teachers and peers support academic performance [33], perceptions of ability
to make decisions in the school [34] and feelings of belonging in the school [35]. Furthermore, it
has been reported that individual well-being is associated with individual’s sense of autonomy [36],
therefore studies may need to consider the mediating factors of student well-being.

The levels of readiness for taking part in regular PA would vary vastly among the students
throughout the school. According to the transtheoretical model [37] individuals are at different
stages of their intention for behavioural change. Progression between the five noted stages include
pre-contemplation (not ready), contemplation (getting ready), preparation (ready), action and
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maintenance. According to the model, the factors that influence moving between these stages consist of
biopsychosocial factors, including self-efficacy, own and socially supported decisions and going through
the process of change [38]. Through awareness of the stages of change among the target population,
there is a greater understanding of how to create targeted interventions for the promotion of PA.

1.3. Measures of Feasibility

The SLASF programme is in its pilot phase as part of a larger systems based Healthy Ireland
Demonstration Project. It is also a feasibility study, because we aim to investigate whether it
is suitable in secondary level schools and if so, how to do that [39]. According to Bowen and
colleagues [40], designing feasibility studies can have eight areas of focus; acceptability, demand,
implementation, practicality, adaptation, integration, expansion and limited efficacy. Although the
SLASF is a non-clinical study, the feasibility study is useful to provide an indicator for stopping,
revisions or continuing for a scaling up a randomised control trial [41]. Moreover, the predefined rules
need to be put in place prior to the analysis to prevent uncontrollable biases [42]. In Table 1, Bowen
and colleagues’ areas of foci for this feasibility study are broken down into the areas which this study
researches and stopping criteria.

Table 1. Areas of focus for feasibility studies with measures and stopping criteria.

Focus Measures Stopping Criteria

Acceptability
Pragmatic survey instrument on suitability, satisfying
and attractiveness for SLASF in schools for the TY and

the whole-school at the end of the year.

When less than half the school students and TY
consider SLASF to be suitable, satisfying or attractive

to them.

Focus group and interviews to describe the process of
satisfaction of the programme, fit into the school’s
culture and the positive and negative effect on the

school.

When interviews describe strong statements that have
a negative impact on the school’s culture or too much

dissatisfaction to the programme.

Demand PA audit of sections of the school. No improvement over the academic year.

Attendance list at the specific activities Unsustainable numbers in attendance.

Survey instrument based on readiness for PA
behaviours.

Over half of students increased their readiness if they
can.

Focus groups based on the TY engagement in the
SLASF process.

Discussions confirm low attendance rates and lack of
demand for activities.

Implementation Action Logs from the logbook. Over half actions left incomplete

Focus groups on implementation ease Discussions where respondents report too many
challenges preventing implementation

Staff interviews Data that suggests lack of resources to implement the
programme and failures to execute the actions.

Practicality Action plans for promotion of PA If action plans could not be drawn up by the specified
time frame

Adaptation Registrations at events carried out as part of the action
plan

Substantial decrease in participation over a 6 week
period

Integration Pre- and post-test results on PA opportunities and its
participation

No increased opportunities since the beginning of the
programme.

Interviews with management about costs to
organization and school policies

Descriptions whereby the costs are not sustainable.
Indicators that there is a lack of staff

Expansion Interviews of management Descriptions of the uniqueness of the programme to
the school and difficulties to roll out to other schools.

Limited Efficacy Pre- and post-test results from the comprehensive
surveys

Reduction in main outcome variables over the course
of the year that is greater than the difference between

each year cohort at the baseline measurements

ASF logbook entries Notes that report barriers to completing actions that
are not manageable

PA audit Low level of usage when compared with the beginning
of the year
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1.4. Purpose of the Study

The primary objective for this study is to see if the SLASF certificate is an acceptable programme
in secondary level Irish schools. The secondary objectives are to see how feasible it is to operationalise
the components needed for testing a year-long intervention. These include collecting accelerometer
and physical health measures of students in the schools, completion of survey questions for pre- and
post-intervention evaluation and investigate areas for improvement from a pilot study to scale-up
intervention programme.

2. Methods and Design

2.1. Setting

Eligible schools include secondary level schools in the Republic of Ireland that have not previously
applied for the SLASF. Special educational needs schools or schools without a range of students from
each year group are excluded. The feasibility study will be conducted in three secondary level
schools, covering the demographics of a girls only school, a mixed school with designated ‘Delivering
Equality of Opportunity in Schools’ (DEIS) status and a mixed mainstream school. A DEIS school
is part of the Department of Education and Skill’s action plan for educational inclusion to address
disadvantaged education.

2.2. Recruitment

2.2.1. School Recruitment

The SLASF programme is a comprehensive programme and employs a whole school approach.
As an intervention programme, schools were invited to take part if they are not currently in the process
of obtaining the Active School Flag. The normal process of the SLASF recruitment is for schools to
make an application but this was suspended to allow time to develop the new model. Schools that
were interested in carrying out the feasibility study contacted the Active Schools office and requested
to pilot the second level programme. There were three schools that responded and accepted because
they each have a strong well-being structure in place in their schools. This is a feasibility study with
secondary outcomes on efficacy hence matched control schools (one girls only, one mixed and one
mixed DEIS school) were recruited to take part in the survey component of the study. No reserve
list was formed for this cohort but engagement of all three schools throughout the year to follow the
feasibility and evaluate the SLASF process.

2.2.2. Student Recruitment

In the participating schools, there are two levels of student engagement—basic and comprehensive.
Although all students are exposed to the same SLASF programme, those engaged in the SLASF Basic
are required to complete less data collection measures than those in the SLASF Comprehensive.
The whole school is involved in the SLASF Basic and a random class from each year group is selected
to take part in the SLASF Comprehensive. Classes are known as mixed ability tutor groups. Students
obtain their consent to take part in the study. Even though there may be some students who do not
obtain consent or would not like to withdraw from the comprehensive aspect of the study, there is no
likely reason for them to influence the feasibility of the study.

The SLASF initiative is structured to fit into the TY framework providing real and meaningful
opportunities for student voice and youth leadership. A TY class would be nominated by the school as
the SLASF TY class. This TY class attends classes in relation to SLASF tasks including youth leadership,
mentoring and PA promotion.
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2.3. Consent

All students are given information letters for their parents. The information stated the purpose of
the study as well as components of the study that would involve their child. Also, the letter invites the
parents to speak to their children about the study and there are contact details to the research team to
answer questions the parents may have. Because of population bias from active consent, passive consent
was used for all students in the basic part of the programme. The school manages the returned forms of
withdrawal. This is because it is part of the whole-school process and as a feasibility of programme,
schools need to be aware of how to handle withdrawal from the programme. The online survey requests
the students to give their assent (if under the age of 16) or consent (if over the age of 16).

Students assigned to the comprehensive study, receive the same information sheets as the basic
programme but in addition, information about the other measures that are included as part of the
feasibility and process evaluation. Parents are asked to give opt in consent due to the nature of data
collection (i.e., use of accelerometers). As part of Irish law, students over the age of 16 can give their
own consent to take part in the study. All students were asked to opt in to be included in video
recordings of interviews.

2.4. Allocation Strategy

There was no allocation strategy used to select the schools. As a feasibility study, it was important
to test the SLASF in various contexts. Three contexts were chosen; a DEIS school, a girls only school
and a mixed school. All schools are considered to be large in size and this would test out the possible
whole-school approach.

2.5. Active School Flag Intervention

The SLASF feasibility model is co-designed by a SLASF steering group and staff, researchers of
the University of Limerick and feedback from the three lead schools. The SLASF process is designed
to be peer-led by a TY SLASF class, who will have the support of an SLASF coordinator, SLASF
committee members, school staff and school management. The initiative challenges peers to find
ways to encourage more students in their school to engage in school-based PA opportunities (year
1—SLASF certificate) and community-based PA opportunities (year 2—SLASF flag). During year 1
(Active School Flag certificate) the focus is on increasing participation in school-based PA opportunities.
Year 2 (Active School Flag) is focused on community-based activities.

Previously the SLASF was viewed as a physical education initiative. In order to generate greater
whole-school engagement, the SLASF tasks are formatted to draw support for the SLASF TY team
from school management and teachers across a variety of different subjects. The new format of the
SLASF process complements two current key educational initiatives: The Well-Being Framework by
the Irish National Council for Curriculum and Assessment, the School Self-Evaluation process by
the Department of Education and Skills and a new initiative presently at draft stage: The Parent and
Student Charter also by the Department of Education and Skills. Students working towards Gaisce
the President’s Award can use their SLASF work to fulfil their Community or Personal Skill challenge
requirement. Another benefit of SLASF is that it will link schools with the current national Healthy
Ireland PA programmes and national youth charity events including:

• Get Ireland Walking—www.getirelandwalking.ie
• Parkrun—www.parkrun.ie
• Get Ireland Swimming—www.swimireland.ie/get-swimming
• Swim for a Mile Challenge—www.swimireland.ie/get-swimming/swim-for-a-mile
• Darkness into Light—www.darknessintolight.ie
• Cycle Against Suicide—www.cycleagainstsuicide.com
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The SLASF programme is a whole-school approach to increase PA opportunities and generate
opportunities for student voice and youth leadership. Currently, there are two levels. The first level
is a certificate. This is open to all secondary level schools. It can serve as a good link from primary
schools to continue on the ethos of active schools and allow a school to consider whether to take the
next step or not. Moreover, SLASF is a DES (Department of Education and Skills) initiative and it can
only be awarded to schools that adhere to physical education timetable recommendations that is, a
double timetabled period of physical education for all year groups. This provision is not in place in
a large number of secondary level schools, thus heretofore excluding them from the SLASF process.
The introduction of the certificate level, without eligibility criteria, opens the SLASF process to all
interested post primary schools. If the SLASF certificate proves beneficial it may encourage them to
revisit their timetable policy.

Achievement of the flag is a whole school process, meaning that management, staff and students
all play a role in the programme. There is a requirement for website updates and an online presence.
In order to achieve the SLASF Certificate a number of tasks must be completed during year 1.
These include: (1) a staff slideshow, (2) an SLASF team slideshow, (3) class time slideshow (4) SLASF
training day, (5) an SLASF awareness week (towards the beginning of the year), (6) website showcase,
(7) SLASF whole school questionnaire, (8) SLASF launch event, (9) SLASF action plan, (10) ‘Did You
Know?’ campaign, (11) PA module as part of Social, personal and health education (SPHE) subject for
junior cycle students, (12) Active School WALKWAY, (13) Community Mapping of extra curriculum
activities, (14) Community Event, (15) Active School Week, (16) SLASF accreditation visit and (17)
school PA space audits (Figure 1).

Figure 1. Second Level Active School Flag (SLASF) Intervention and Research Components Timeline.

All 17 activities are scheduled throughout the school year including a combination of staff and
students as the main actors in this process. The SLASF TY class should take leadership guided and
supported by the SLASF coordinator and committee on the programme. A key part of the process is
that the SLASF coordinator has timetable provision allocated to two class periods per week to carry
out work with the TY class. The committee includes staff representatives from the school, including
one from management, an SLASF coordinator, two other staff who work on the well-being curriculum
to include SPHE, Civic, Social, Political Education (CSPE) and Physical Education teachers, as well as
four youth leaders. Structure of different actors in the process can be viewed in Figure 2.
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Figure 2. Actors of the Second Level Active school Flag.

Schools wishing to work towards the second level of the SLASF process, the Active School Flag,
must have completed the certificate level and be able to confirm that they timetable physical education
in accordance with DES recommendations.

At the student level, there are three levels of involvement. There is the SLASF team, which is
comprised of the SLASF TY programme group. There are four SLASF youth leaders who represent
the team at the school committee level. To be a youth leader, the SLASF team member needs to apply
for the position through an application process that is evaluated by the staff members of the SLASF
committee. The youth leaders end up representing the student voice at the SLASF committee and have
the responsibility of presenting the SLASF action plan and the SLASF end of year review to the school
Principal. The third student level is the SLASF class representatives. There are two in every class in the
school and students can also apply for this position through an application form. The selection will be
made by the class tutor in consultation with the SLASF coordinator.

2.5.1. TY Leader Role

The TY leader role is responsible for planning, promoting and implementing the SLASF initiatives
and events throughout the school year. Based on self-efficacy theory [29], TY leaders are a closer
connection to the students in the schools than teachers, thus strengthen vicarious experiences.
Moreover, social support and leadership from the TYs can reinforce the basic premise of proactive
behaviour change [43]. The SLASF team can be identified by being given pins to wear on their uniform.
Moreover, part of the time spent on SLASF activities can be used as part of a time bank for other
volunteering programmes, such as, Gaisce the President’s Award. The selected SLASF youth leaders
will receive their own distinct pins to wear on the uniform.

2.5.2. Activities for Certification

For schools to be successful in achieving the activities needed for certification, there is a yearly
planner with guideline dates for task completion that the schools will use to keep on track. This also
includes the accreditation visit. For example, the SLASF slideshows for the staff, team and youth
leaders need to have been completed before the 2nd week of the school year. A designated training
day takes place a week later. The purpose of this training day is to introduce the pilot schools to
each other and the research team. The research team describes the whole year process evaluation and
measurements taken throughout the year. There are co-design opportunities between the TY leaders
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and researchers to formulate the surveys used to collect data. The training day is not expected to run
every year once feasibility is over. At this training day, two members of staff, the SLASF coordinator
and another on the SLASF team take four student leaders to a training venue to learn about how to
run the activities throughout the year. The website should also go live at the outset of the process.
The website should encompass an easy to find link to the SLASF section of the site and there are the
four core parts of the SLASF process; Physical Education; PA; Partnerships; and Active School Week.

• Another activity that the school needs to complete is the SLASF Awareness Week. This should be
completed two weeks after the training day.

• School census questionnaire is deployed a week after the awareness week and this precedes the
official launch of the SLASF process.

• During the launch, there would be a school wide tug of war (TOW) competition that is planned,
promoted and organised by the SLASF committee.

• For the launch day the overall winning TOW team will compete against a staff team at a whole
school event to launch the SLASF initiative.

A school census questionnaire was developed to help the SLASF team to identify their action
plan. Core questions about PA opportunities, physical education, involvement in extra-curriculum
activities and barriers to PA were included in an online survey. For a week after the awareness week,
the survey is available for completion. All responses are anonymous and completed confidentially.
Class teachers supervise and help answer any technical questions related to the completion of the
survey. The data is stored on a secure server that is only accessible to the researchers. However, the
overall results for each variable would be computed and provided for the school to carry out their
own descriptive analyses with the TY group. The TY class can then produce meaningful findings from
the survey to show the school through the notice board and used for one of the planned actions.

For the TOW event a free rope and a 2 1/2 h workshop will be provided for each school. This will
enable TYs to coach and officiate TOW competitions and SLASF committee members that complete
the course will receive a TOW Community Coach certificate upon completion. Each class in the school
will be involved in this event with each having 3 TOW teams that compete against each other during
tutor time or physical education class to decide what team will represent the class. Each class TOW
team competes against the other classes in their year group during lunchtime to find the best TOW
team for their year. Local role models can be invited to help launch the event by taking part in one of
the TOW teams. This event should take place before the mid-autumn break.

After the mid-autumn break, the schools would have access to their school’s results from the
school questionnaire. The SLASF teams are given a month to review the results and start to design
an SLASF action plan. At least three action points need to be agreed upon by the SLASF team.
The proposed SLASF actions should be presented to the Principal for agreement. The agreed actions
are then implemented in the second half of the school year. Towards the end of the year, the three
agreed actions will be reviewed by the SLASF team members and presented to the school Principal
during the last two weeks of the school year.

In addition, all students in the selected year group in the school will take part in a four weeks
PA module delivered by the Social and Personal Health Education (SPHE) teachers. There would
have to be a ‘Did You Know?’ campaign around the school that helps raise awareness about the
benefits of PA for teenagers, in particular the positive impact that PA has upon focus, concentration
and academic achievement. Another practical task for the SLASF team is to signpost an Active School
WALKWAY. The walkway is a route that can be used by the students in the school during recess time
or under teacher supervision for active learning activities, before/after tests or during free classes.
SLASF, in partnership with Get Ireland Walking, designed Active School WALKWAY packs consisting
of colourful outdoor all-weather sign post plaques which include orienteering symbols. One of the
tasks that the SLASF TY class have to undertake is to map, measure and erect the walkway signposts
to create a school walking route. A school WALKWAY Day where all classes get the opportunity
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to complete the walkway route with their teachers on a nominated school day needs to be agreed
by school management. Then it is organised and promoted by the SLASF TY team. The organised
walkway can be used as part of orienteering activities during timetabled physical education, as well as
other school-based initiatives.

As the year ends, the school prepares for the accreditation visit for the certificate. A follow up
visit takes place during the acquisition of the flag year. Prior to this, the school needs to organise
a community mapping exercise and community events which should help with the design of the
Active School Week (ASW) programme. The main aims of the ASW are to promote PA in a fun and
inclusive way, as well as raising awareness about the availability and variety of PA opportunities
for teenagers and their families in their local community. Throughout this week the school provides
many and varied opportunities for staff and students to become more physically active throughout the
school day.

2.5.3. Expected Outcomes Tables and Measures

According to their training resources, the programme aims to impact on a number of areas.
However, to measure them all, multiple sources are required. A collection of survey instruments can
be used to measure some of the outcomes, whereas some interviews can be used to evaluate other
outcomes. In addition, the programme is year-long and a whole-school approach, hence site visits and
checking on progress through logbook entries would be used to determine the processes carried out
during the study. In Table 2, there is a list of the areas that SLASF aims to promote and some measures
that can be used to test these outcomes.

Table 2. Aligning outcomes with measures.

SLASF Target Areas Measures of Efficacy Details

Physically educated Self-efficacy in PA Student survey
Physically active school

community
Comprehensive Survey and focus

groups Survey item and discussions

Broad physical education Whole-school survey and focus
groups

List of physical education
activities and discussions

Balanced physical education Teacher scheme of work Teacher records
More inclusiveness Teacher scheme of work Teacher records

Partnership with others to
promote pa culture TY logbook Taster session from ASW

Active school week TY logbook Record of entries
Increased concentration Harter scale Student survey

Improved learning Teachers perceptions Student and teacher survey
Maintenance of discipline Teacher records Discipline records

Improved test results Winter and summer test Academic records
School enjoyment Questionnaire Student survey
Increase Daily PA Accelerometers Comprehensive Data

Reduced sitting time Accelerometers Comprehensive Data
Reduction in overweight and

obesity
Self-report and anthropometric
measures of height and weight Comprehensive data

2.5.4. Questionnaires

There are two types of online surveys carried out throughout the year. The basic survey is
completed by the entire school. This survey is anonymous and the focus is on PA participation and
barriers to school related physical activities. This survey is a compulsory part of the SLASF process.
Administration of the survey is decided by the school, with the intention to cover the entire school.
Ideally, a census sweep of the school takes place at the same time. However, there may be some
technical issues that may prevent this from happening. For example, schools may have a limited
number of computers accessing the internet at any one time (bandwidth limits), may have a limited
number of units to complete the survey (lack of tablets or computers) or could not get all the school
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to take part at the same time (timetabling issues). The results of the survey will be given back to
the school for the purpose to plan specific school-based interventions. Therefore, it is important that
the mode of data collection, analysis and reporting can be completed quickly and easily. Failing all
technical capabilities to collect from an online platform, extra resources would be dedicated to ensure
double coding from pen and paper surveys.

The second type of survey is a comprehensive survey, used for evaluating the feasibility of the
study. The participants in this study input their user-ID so that the data can be linked from the
beginning and end of the year long programme. Completion of the online survey takes place as one
of the testing stations during the data collection visits. All the students have tablets or allocated to a
school computer to complete the online survey. Details of the instruments are reported in Table 3.

Table 3. Battery of questionnaires.

Battery Items Response Scales
Psychometric
Information

PA Screening measure 2 items on number of days in a week
of at least 60 min of MVPA per day 0–7 days Validity & Reliability

[5,44]

PA opportunities
Modified items about local

opportunities for PA to the context of
schools instead of ‘residential area’

5 point scale, 1 = disagree a
lot, 5 = agree a lot

Original items used
from an interview

guide.

The exercise self-efficacy
scale for adolescents

10 items on confidence to participate
in a variety of conditions

11 point sliding scale, 0 = not
at all confident, 10 = very

confident

Nigg & Courneya,
1999 [45]

PA peer support scale 4 items on the frequency of peers
influence for PA 0 = never, 5 = every day Prochaska et al., 2002

[46]

PA, plans, expectancy
and intention

Modified 3 items on the planning,
expectancy and intention to do PA in

the coming week
1 = unlikely, 8 = likely Hagger et al., 2001

[47]

Readiness for behaviour
change

Single item to determine which stage
of the transtheoretical model in terms

of PA

Select one item of each stage
of the transtheoretical model Lee et al., 2001 [48]

Perceived school
performance

Single item about perceptions of
teacher’s evaluation of students’

grade

Very good, good, average,
below average

Felder-Puig et al.,
2012 [49]

Perceived school
performance

Two items about the students
perception of their school grades

5 point scale, 1 = strongly
disagree, 5 = strongly agree

Felder-Puig et al.,
2012 [49]

Harter’s Self-perception
scale for adolescents

5 items from the scholastic
competence subscale. Polarised responding Harter et al., 1982

[50]

Belonging in school 2 items on belonging to a school 1 = Strongly agree,
5 = strongly disagree OECD

School satisfaction How do you feel about school a
present

1 = I like it a lot, 5 = I don’t
like it at all HBSC since 2001

School effort How pressured do you feel by the
schoolwork you have to do

Not at all A little, Some,
A lot HBSC since 2001

Participation of
organised activities

3 items about the student-led
activities at school.

1 = Strongly agree,
5 = strongly disagree HBSC in 2013/14

Kidscreen-27
Items on the physical and

psychological well-being and the
autonomy and parent relations

Not at all, Slightly,
Moderately, Extremely

Ravens-Sieberer,
et al., 2006 [51]

2.6. Process Evaluation

2.6.1. Logbook Activities

Each school is given a logbook to record their activities. This is used as part of the accreditation
process and is used by the researchers to evaluate the processes that the school used. The logbook
is mainly used by the SLASF team and the SLASF committees. Every week, the TY students have
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the opportunity to complete a small section in the diary to record what took place. The diary is
linked to the school year and the expected timescale for carrying out specific activities. There is also a
chart for the SLASF team to complete by recording the agreed actions to be carried out by the SLASF
team. The team need to record the date of the agreed action, a short title for the action, the person(s)
responsible, date of the action completed and a check box.

The TY team carries out a brief version of the System of Observing Play and Leisure Activity
in Youth (SOPLAY) [52]. SOPLAY is a direct observation tool that is used by the TYs to assess PA
levels within specific PA areas in the school. Due to resources, the full SOPLAY protocol had to be
reduced down to three specific areas around the school. Furthermore, the TYs use tablets to video
record the specific area and retrospectively carry out the observations. It is designed in this way
because the technology is more readily available in schools than the time when SOPLAY was created
by McKenzie and colleagues [52]. Through, observing the video recordings, the results can be verified
so the validity of the results are stronger. Trained researchers with the SOPLAY counting system can
verify the results from the TYs by matching the observation results. The videos can also be used as part
of a TY class, where the students can get an understanding of ways to record the different intensities of
PA. The SOPLAY exercise is carried out over six times throughout the school year. The assignment
of the dates are researcher assigned days. The TYs are informed of the audit in the morning of the
day the recording takes place. To reduce potential bias in the results, the TYs are reminded not to tell
others that they are carrying out the observation. Observations take place twice during lunchtimes,
one 10 min into the beginning and the second when there is 10 min left.

Another activity recorded in the logbook is the SLASF committee meetings. The logbook provides
space for six meetings throughout the year. The meeting minutes include the people in attendance,
the areas of discussion and the actions that were agreed. There is also space in the logbook has space
for a list of agreed action created by the TY class during their timetabled class time. To encourage
compliance, there is room for information such as the agreed action, the person responsible and the
date for completion. In addition, there is room in the logbook for the TY team and coordinator to note
activities that take place in a specific week. For each week, tasks that are suggested, such as the slide
show, presentation of the action plan and so forth are available for the TY and coordinator to help
remind to be on track.

2.6.2. Whole-School Surveys

There are three surveys to be carried out by all students in the school. The whole-school survey is
part of the feasibility study and is carried out through an online survey platform. It is a mandatory
action to be carried out by the school and is carried out during the first two months of the academic
year. The school uses this information for creating and implementing three school specific action
plans. Within this survey there are details of participation levels and barriers to taking part in physical
education and extra curriculum activities. Both staff and students complete a second survey halfway
through the process with items also related to process evaluation. Items will test implementation,
fidelity and satisfaction of the tasks completed to date. The final whole-school survey has items
related to process evaluation and is completed towards the end of the academic year but before the
accreditation visit. The survey will also be held on an online survey platform. Due to the difficulties
in getting whole-school engagement towards the end of the school year, the survey has pragmatic
evaluation items whereby it can be completed on a mobile device such as a tablet or smart phone.

2.7. Sample Size

There are three schools that are part of the feasibility study. Unlike a sample size calculation, a
justification is made for feasibility studies [53]. In Table 4, information about the size of the school,
the type and the number of participants expected to complete the comprehensive arm of the study
is presented.
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According to the Department of Education and Skills school lists, School B is one of the largest
secondary level in Ireland, with 1313 enrolled students. It is also a DEIS school. Approximately
10% of secondary level students attend a DEIS designated school. Moreover, there are known
socioeconomic barriers towards PA [6], therefore it is necessary to carry out this feasibility in a
DEIS school environment. School A is an all-girls school. Almost one in five schools in the country are
all-girls’ schools. There are many reports of girls having lower levels of PA than boys and therefore it
is essential to include an all-girl’s school. School C has a slightly fewer number of students than the
national average of 999 students per school. Moreover, the ratio between girls and boys is slightly
higher for girls (1:1.05), whereas the national average in mixed schools tends to have fewer girls than
boys (1:0.87).

Table 4. Sample size descriptions.

School Students Girls Boys Teachers DEIS Comprehensive (N)

Intervention
A 971 971 - 70 N 100
B 863 440 423 70 N 150
C 1313 664 649 120 Y 150

Control
D 582 582 - 41 N 123
E 629 322 307 45 N 121
F 378 206 172 35 Y 88

2.8. Data Analyses

2.8.1. Quantitative Data

The data from the surveys are analysed through relevant statistical methods for the follow up
data in this feasibility study. Compatible data between comprehensive and basic surveys can be used
to determine the test-retest reliability of the items given that a smaller subsample of the entire school.
As reliability is an important psychometric property for question items, this is carried out during the
first phase of data collection.

Students take part in the comprehensive study have their measures taken two times during the
academic year. The first time takes place in autumn 2018 and the second takes place six months later
during the spring 2019. Accelerometer data are transferred through the ActivPal software based on
15sec epoch. The standardised cut-offs for different types of motion; sleep, standing, light, moderate
and vigorous PA are then compared at an individual level from pre- and post-test time points. Similarly,
the height, weight and grip strength data is compared between the time points and used to control the
differences in accelerometer data. Comprehensive survey data is also analysed with differences in PA
and school related factors.

Exploratory approaches include cross-sectional multivariate analyses of PA and school-related
factors as independent variables and device-based PA and perceptions of PA opportunities as the
dependent variables. Mixed models and multi-level regression analyses can be used on the data that
has sufficient follow up data from the first time point. The multi-level approach takes into account
between- and within- individual processes that explain variances in the outcome measures. Through
this approach, it is possible to test the extent of PA (psychosocial variables) and school-related factors
in relation to changes in PA levels and opportunities, at the same time to examine the individual versus
the school factors that contribute to the outcome variables.

The follow-up data adds another level of analysis that can test the changes through the
intervention. It makes it possible to examine, for example, the changes in PA levels across the schools
from the beginning and the end of the study, while also taking into account changes in the psychosocial
variables included in this study. The interactions between the contexts can confirm behavioural change
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theories by examining the mediating and moderation mechanisms in PA levels. The majority of the
statistical analysis would be carried out using IBM SPSS.

2.8.2. Qualitative Data

The majority of the qualitative data comprises of focus group data. The way data is captured is a
summary of individuals who collectively agree and discuss on the content [54]. Therefore, the first
phase of analysis is to provide quantitative analysis of the subjects and the group types [55]. Focus
groups can be useful to find a consensus on a phenomenon, as well as to engage with participants to
discuss and share ideas that would otherwise be difficult to gather from one to one interviews [56].
In particular, the structural approach to children’s group research can be used and transferred across
to adolescents so that the students’ voice to be heard [57]. Because the way a person in the focus
group may consider a way to respond to the moderators’ questions could differ from what other
individuals may be thinking at the time, it is important to consider the way individuals respond, with
whom and in what ways [55]. Transcriptions are matched with assistant moderator notes of verbal
and non-verbal behaviours.

The data from one-to-one interviews is more straightforward. A semi-structure interview guide
is used to direct the respondent to focus on the research questions and is used for further probing
into these questions if the respondent needs to explain something further. Interviewees data are also
merged with intonation coding to help reinforce the importance of non-verbal behaviour. The double
coding from the transcription across the different qualitative approaches creates a rich source of data.

The combination of data is inserted into NVivo software for qualitative analysis. The metadata
and types of data are used to create a rich data set. The data undergoes a thematic analysis as
suggested by Lederman [58] by (1) identifying the big ideas, (2) creating units of data, (3) categorizing
the units, (4) negotiating categories and (5) identifying themes and use of theory. The theories
surrounding social-cognitive theories, including self-efficacy theory [29], self-determination theory [31]
and competence motivation theory [50] are lens used in the final steps of the content analyses.

The data are collected through follow up measures throughout the year. The researchers
incorporate verification checking at the beginning of each session to place a point where the respondents
can focus on. In particular, we are interested in the processes of the intervention, as well as the potential
transformation in beliefs, thoughts and actions over the course of the year. These steps are useful for
designing the results in a way that allows for multi-method approach to the overall research questions.

2.8.3. Mixed Methods Analyses

Both quantitative and qualitative data can complement each other. We hope that the data that
derives from both methods of inquiry can be partly explained through the literature to date and
other types of data that is collected. To return to the points of evaluation of the feasibility study,
there are various numbers of expected outcomes that the school is expected to achieve and they are
measured directed through particular sources (Table 2). For example, the expected outcome of a
broad physical education curriculum is measured through the whole school survey on participation of
various physical education activities. The data taken from the beginning of the year gives insight to
the types of activities that the students reported to have attended in the past 12 months. Through data
collection across all year groups, the survey data can be used to determine how broad the physical
education programme actually is. The post-test survey would give an indication of the extent of the
physical education programme. However, reliance solely on this measure may be limited to the actual
item that is included in the survey [59]. Therefore, combining the data from focus groups by the
students and staff at the school can give more details about what was popular, who experienced the
changes and the mechanisms in place to make the broader physical education opportunities. Therefore,
the focus on the results are on the processes of creating the change, thus allowing further insight into
the behavioural change techniques used to facilitate such changes.
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The SLASF log data contains both quantitative and qualitative data and can be analysed for the
percent of completion towards the SLASF. Actions in relation to SLASF throughout the year form
descriptive feasibility analyses. Differences in the PA audit across the year are analysed through
descriptive statistics over time. In combination with the logbook of actions and the results of the PA
audit more details about the feasibility of schools’ actions from the TY class can be determined in
relation to desired outcomes.

2.9. Availability of Data and Materials

After completion of the study, data will be stored at the University of Limerick’s Data archive
without potential identifiers and request for data can be made through the study’s principal investigator
(Last author). All supplementary materials for the SLASF programme including the resource pack,
template logbook and accompanying resources will be available at https://osf.io/frx6t/.

2.10. Ethics Approval and Consent to Participate

The study follows the principles of the Declaration of Helsinki. The study protocol has been
approved by the research ethics committee of the Faculty of Education and Health Sciences, University
of Limerick (ref no. 2018/10/18_EHS). Written informed consent will be sought from participating
teachers, students and students’ guardians. All participants have permission to withdraw from the
study at any time and data deleted if collected. In cases of important protocol changes, requests
from the ethical committee will be sought for. Trial Registration: https://osf.io/keubz/register/
5771ca429ad5a1020de2872e; Registered 24th September 2018; Clinical Trial Registration: NCT03847831.

3. Discussion

In this year-long feasibility study of the SLASF, a mixed-method approach is used to give
recommendation to stop, revise or conduct a randomised control trial. The whole-school approach
requires multiple stakeholders, primarily the students in secondary level schools, the TY students, the
SLASF staff and its committee, as well as the management. The theories used in this paper are based
on social cognitive theories and stages of change model [29,31,50].

Whole-school based interventions in the promotion of PA have been increasing [11,19] although
the inception of the SLASF in the secondary level schools is more complicated than primary level
schools. The diversity of foci at secondary level schools brings challenges towards a uniform and
national programme. This is evident to date, whereby 29% of primary schools are ASF schools, whereas
less than 5% of secondary level schools have this status. Therefore, a feasibility study is needed to test
the readiness prior to national roll-out.

The results from this study would be used to help inform the development of the SLASF and
report the experiences of the schools in the feasibility study. Secondary outcomes from the measures
carried out in the study may lead to improved understanding of the mechanisms of the promotion
of PA. Moreover, the direct mapping of the stated goals of the SLASF with measures would provide
evidence. Future iterations of the SLASF may include opt in by the students to take part in the SLASF
TY programme, thus providing a mixture of students who are active and inactive.

The challenges to this programme include the fidelity of the year-long programme. Schools are
dynamic systems all with different characteristics based on the people who attend it. Challenging
aspects could include issues arising from the coordination of the staff and pupils to carry out the
tasks. There may be other activities that take place in the school, which reduce the efforts needed to
run the programme or conversely, highly engagement that roles are dispersed more than previously
planned. Monitoring of fidelity and carrying out process evaluations would help inform the way the
programme is run.

This feasibility study is novel in design in that it a whole-school approach to the promotion of
physical activity among adolescents who are empowered to organize activities over the course of the
year. School management also receive an incentive by striving towards the goal and recognition of
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an Active School Flag. Successful piloting of the SLASF can lead to upscaling to all secondary level
schools around the Republic of Ireland due to the programme endorsement by the Department of
Education and Skills. Testing of the programme can be part of large scale RCT that would fit under the
Healthy Ireland Demonstration Project.
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