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Abstract: (1) Background: How to optimally promote the process of acquiring and learning a
new motor skill is still one of the fundamental questions often raised in training and movement
science, rehabilitation, and physical education. This study is aimed at investigating the effects of
differential learning (DL) and the elements of OPTIMAL theory on learning a goal-kicking skill in
futsal, especially under the conditions of external and internal foci. (2) Methods: A total of 40 female
beginners were randomly assigned to, and equally distributed among, ve different interventions.
Within a pretest and post-test design, with retention and transfer tests, participants practiced for
12 weeks, involving two 20-min sessions per week. The tests involved a kicking skill test. Data
were analyzed with a one-way ANOVA. (3) Results: Statistically signi cant differences with large
effect sizes were found between differential learning (DL) with an external focus, DL with an internal
focus, DL with no focus, traditional training with an external focus, and traditional training with
control groups in the post-, retention, and transfer tests. (4) Conclusions: The results indicate the
clear advantages of DL. It is well worth putting further efforts into investigating a more differentiated
application of instructions combined with exercises for DL.

Keywords: differential learning; OPTIMAL theory; external focus; motor learning; futsal

1. Introduction

How to optimally promote the process of acquiring and learning a new motor skill
more effectively is still reckoned as one of the core questions in movement science, therapy,
and training science [1]. Classically, the traditional approach to skill acquisition is based
on reductionist-atomistic thinking, accompanied by an excessive emphasis on cognition
since the cognitive turn in the 1960s [2]. This is a way of thinking that is mainly based
on linear models, explicit verbalization, a lot of imitations, and the internalization of
knowledge about a correct prototype that is shown by a lot of repetition and corrective
instructions to avoid making mistakes [3]. In the same context, learners are expected
to copy the role models of motor patterns [4], mostly derived from the averages of the
best athletes in their disciplines. To support the learners during this process, manual [5],
mechanical [6 8], verbal [9], and visual [10] guidance is also suggested in the form of
augmented feedback [11 13]. Following this traditional logic of a control loop with external
feedback, the main theoretically assumed key factors in uencing skill learning [14] would

rst need to be identi ed, and their interactions would need to be appropriately understood
by practitioners and coaches to establish a strong theoretical basis for an appropriate
pedagogical approach [15].

More recently, the assumptions proposed for this traditional repetitive and model-
oriented approach have been increasingly challenged by the upcoming system dynamics
and complexity theory in general [16], and football in particular [17]. From a practical
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perspective, the repetitive approach became questioned. The process of acquiring more dif-

cult gross motor movements, in which all learners typically begin with the same exercise
and then progress to the nal learning goal with the identical sequence of exercises, is in-
creasingly being challenged. In this process, each exercise must be repeated until only small
differences are made apparent from the partial target model. When the purported target
movement has been successfully achieved, the approach stagnates in the exclusive repe-
tition of the movements, and only the hope for additional conditional progress provides
further motivation. By reliably identifying individuals not only through their biome-
chanical movement patterns [18,19], but also through a recognition of the emotions [20]
and the fatigue phases [21] within an individual, as well as of individuality, even across
disciplines [22], the main premises of the traditional approach have been deconstructed.
As a result, the question arises about the necessity of repetition and prototypes, since
individuals, situations, and ongoing changes must be dealt with. Given the extremely low
probability of executing two identical movements [21,23,24], particularly during a futsal
match or similar games with an in nite number of player constellations, traditional learning
methods rely primarily on repetitions to realize an ideal movement, and sustainability in
error corrections should be reconsidered [25].

Although differential learning (DL) theory is explicitly silent about psychological
aspects and applies instructions with both internal (joint angles) [26] and external foci
(variable targets) [27], as well as with a metaphoric (moving in animal styles) [28] focus
in its experiments, DL is occasionally associated with the internal focus [29]. In the case
of learning a tennis forehand stroke [30], the focus should be on performing the forehand
with an extended elbow, and then with a exed elbow, then stiff knees, and so on [31].
In a volleyball experiment, the DL idea of increased noise was realized by means of
moving similar various animals (metaphorically) that were creatively announced by each
server [28]. To achieve maximum variety in eld hockey, participants either changed their
bodily positions in response to some internally connected instructions, or they had to
change the target for which they were externally attempting [27]. Nonetheless, systematic
investigations concerning the interdependencies of variable movements and the foci of
instruction are missing.

A quite different and more recently suggested approach to support motor learning
has been developed with the OPTIMAL approach [32]. While the DL approach, in the
beginning, focused more on the variety of external stimuli that result from an interaction
of active and passive forces, as well as on the conditions applied on the organization of
the central nervous structures through variable movements via mechanoreceptors [16,33]
before the increased uctuations were adapted to an individual’s movement noise [26]
the OPTIMAL approach is more rooted in sports psychology, as it addresses the speci ¢
mental aspects of movements, such as motivation and attention [34]. Lewthwaite and Wulf
proposed the OPTIMAL theory of motor learning, involving two motivational variables
(enhanced expectancies and support for autonomy) and an attention variable (e.g., the focus
of external attention) affecting optimal performance. The enhanced expectancies, mainly
initiated by corresponding instructions, refer to an increase in individual expectations for
positive experiences or success [34], while support for autonomy is said to be a condition
that supports the need of people to be in control or to be autonomous over their actions [35].
As for the attention variable, studies on the OPTIMAL theory indicate that having an
instructed external focus of attention on the intended movement effect (e.g., implement
trajectory, hitting the target, exerting force against the ground) typically results in more
effective and ef cient performances or learning, as compared with the internal focus on
body landmarks [36]. In fact, OPTIMAL theory predicts that an external focus of attention
is more bene cial for motor learning than an internal one [37].

Therefore, the general aim of this study was to evaluate the effects of the DL approach
and the elements of the OPTIMAL theory on the goal-kicking performance in futsal, in
comparison to a purely repetitive approach. More speci cally, the hypotheses to be tested
were that the DL intervention would not only outperform the external-focus interven-
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tion, but also that both interventions would have signi cantly larger effects compared to
repetition-only learning, and, nally, that the combination of both interventions would
outperform the DL-only intervention, with or without an internal attentional focus [29,36].

2. Materials and Methods
2.1. Participants

A total of 40 school girls, aged 16 to 18 years and recruited from the city of Baghmalek,
Khuzestan Province, Iran, voluntarily participated in this study, and were randomly as-
signed to ve equal groups with different instructions during the interventions: (a) DL with
an external focus (DL/EF n = 8); (b) DL with an internal focus (DL/IF n = 8); (c) DL without
aspeci ¢ focus (DL/C n = 8); (d) Traditional training with an external focus (T/EF n = 8);
and (e) Traditional training without a speci c¢ focus (T/C n = 8). The inclusion criteria
were as follows: no history of formal futsal training, and no reported disease or injury. The
exclusion criterion is speci ed as follows: absenteeism in any of the training sessions. The
study was approved by the university’s Institutional Review Board, with the ethics code:

IR.KHU.REC.1399.04 . Using G-Power (version 3.1), the sample size was estimated at the
signi cance level of 0.05, with a 0.80 statistical power, and an effect size of 0.6 (medium
to large effect size), using the statistical one-way ANOVA method [37,38]. Accordingly,
40 people were assigned to ve groups with different interventions.

The demographic information for all the groups is presented in Table 1. Speci cally,
the average age of all the participants was 16.97  2.28 years, their mean body mass was
58.62 4.27 kg, and their mean body height was 159.36  3.73 cm.

Table 1. Demographic characteristics of the ve intervention groups.

Variable Total DL/EF DL/IF DL/C T/EF T/IC
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Age (year) 16.97 228 173 227 17.07 216 16.87 211 16.79 233 16.82 253
Mass (kg) 58.62 4.27 59.74  4.09 58.83 4.47 58.74 3.96 58.4 4.16 57.41 4.67
Height (cm) 159.36 3.73 159.28 3.22 159.99 3.92 158.33 3.72 160.12  4.09 159.11 3.74
Number 40 8 8 8 8 8

Having chosen the participants according to the inclusion criteria, the consent form
was completed, and the COVID-19 protocols were observed for all the people who played
a role in the study, including the subjects, their parents, and the examiners. All the health
protocols were applied to all of the individuals, according to the COVID-19 requirements.
All procedures and measurements complied with the Declaration of Helsinki (54th Revision
2008, Korea) regarding human subjects.

2.2. Design

A pretest and post-test design, with retention and transfer tests, was chosen for this
study. Then, a futsal shooting skill was evaluated as an example of learning a gross motor
skill. The chronological schedule of the design is shown in Table 2. After the pretest, all
the subjects participated in a 12-week intervention period, with two 20-min sessions per
week. Ten minutes after the last intervention, a post-test was conducted. One week after
the post-test, all the subjects participated in the retention and transfer tests.
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Table 2. Study design.

Groups Pretest Training Post-Test Retention Test Transfer Test
12-week DL exercises (two
-mi i i ne week after th
DL/EF Before the start of the 20 min sessions per week) Ten minutes after the One week after the One week after the
i - with external focus end of the last post-test, the futsal
training period, a futsal i . post-test, all the -
R training session, the shoot transfer test (in
shoot pretest had been 12-week DL exercises (two o groups performed a
. ' futsal shooting test . the presence of
DL/IF taken by all the groups. 20-min sessions per week) futsal shooting test.
with internal focus was taken. : spectators),
immediately after the
12-week DL exercises (two retention test was
DL/C 20-min sessions per week) performed.
with no attention instruction
12-week traditional exercises
T/EF (two 20-min sessions per
week) with external focus
12-week traditional exercises
T/C (two 20-min sessions per

week) with no attention
instruction

2.3. Tests

All tests and interventions were executed applying a standard futsal ball and a stan-

dard futsal goal in a standard indoor futsal court.

In the goal-shooting test, participants had to shoot the ball from a 6-m line towards

the goal, without a goalkeeper, in seven different situations, with each one repeated ve
times. Overall, each participant performed 35 shooting movements in a blocked order

(7 situations

5 times = 35 trials). We used the average scores obtained in the 35 trials as

the nal score of each person in the shooting test. The goal-shooting test was adopted from
Sch llhorn [26,39]. The seven different goal-shooting situations were as follows:

1.

Five immobile futsal balls were shot towards the goal after a short approach from
Position 1 (Figure 1);

Five futsal balls were shot towards the goal after 10 m of dribbling from Position 1
(Figure 1);

Five futsal balls were shot towards the goal after 5 m of dribbling from Position 2
(Figure 1);

Five futsal balls were shot towards the goal from Position 1 after a pass from the right
(Figure 1);

Five futsal balls were shot towards the goal after 5 m of dribbling from Position 3
(Figure 1);

Five futsal balls were shot towards the goal from Position 1 after a pass from the left
(Figure 1);

Five futsal balls were shot towards the goal from Position 1 after crossing a 40-cm
height obstacle with a vertical jump (Figure 1).

Goal

Position 3 Position 2

Position 1

Figure 1. Participant positions for goal-shooting.



Int. J. Environ. Res. Public Health 2022, 19, 317

The participants’ shooting positions, and the ways in which they scored their shots,
are shown in Figure 1.

The precision of the shots was measured by dividing the goal into scoring zones. The
zones were chosen based on the likelihood that a goal would be scored in each one of them.
Meanwhile, because of this, the regions that were more dif cult to reach by a goalkeeper
were scored higher, and vice versa. Shots that closely missed the goal still scored 1 point
(Figure 2) [39]. Additional spectators were asked to produce a more stressful environment,
and to monitor the learned content for stability against psychological disturbances during
the transfer test. According to the ndings by Henz et al. [31,40], differential learning
is accompanied by a downregulation of the frontal lobe that is associated with higher
stress resistance, and it should consequently lead to better test performances in the DL
intervention groups.

20 m

40 m

66 cm
1 _L \4— 50 cm
6
4
5

1
l<—— 66 cm
< »F
3m 50 cm
Figure 2. The goal-shooting test scores (Sch llhorn et al., 2012).

2.4. Interventions

The DL exercises are described in Table 3. Each exercise was assigned a number. The
numbers were written on slips of paper and were all put in a box. The slips of paper with
the numbers were then randomly drawn from the box during each intervention session.
The assigned exercises were then performed by the participants. Up to three of the exercises
listed in Table 3 were combined.
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Table 3. DL Exercises [41,42].

Standing position

Smooth and vertical, bend forward and bend backward

Joint position

The maximal xed, the middle position, and the maximal stretched

Hand of the standing foot side

Overhead, under the hip, in front, back, and lateral

Joint movement

Flexion, extention, abduction, adduction, internal and external rotation

Standing foot

Standing on toes, standing on heels, and standing on the whole feet

Shooting direction

Shooting to the center, the left, the right, the center, the top, and the bottom

Movement velocity

Slow, submaximal, and maximal

Hand of the shooting leg side

Overhead, under the hip, in front, back, and lateral

Eyes

Both eyes open, both eyes closed, left eye closed, and right eye closed

Foot position

Left foot front, right foot front, and feet parallel

Ball

Large, small, heavy, light balls, and other sports balls

Muscles

Maximally tensed, activated, and relaxed

Depending on the focus of each group, the participants received the following instruc-
tions, with respect to their focus of attention during the kicking movement. The speci ¢
instructions were speci ed as follows:

DL/EF Practices: Firstly, the DL/EF practice group received verbal instructions for the
movement to be executed according to the combinations chosen from Table 3, and secondly,
they received a verbal instruction for the external focus, where they had to focus on a target
related to the area of the goal they intended to shoot at (e.g., shooting the ball with the
middle of the foot while focusing on the upper left corner of the goal).

DL/IF Practices: The DL/IF practice group received, rstly, verbal instructions for the
movement that had to be executed according to the combinations chosen from Table 3, and
secondly, a verbal instruction for the internal focus, aimed at focusing on a body-related
zone (e.g., shooting the ball with the midfoot, and focusing on the moment the foot hits
the ball.)

DL/C Practices: The DL/C practice group received only verbal instructions for the
movement that had to be executed according to the combinations chosen from Table 3 (e.g.,
shooting the ball with the middle of the foot).

T/EF Practices: The T/EF practice group received a visual nonverbal demonstration
for the most common futsal shooting pattern provided by the teacher. Then, the participants
were asked to follow the prototype pattern provided, with an additional instruction for an
external focus of attention (e.g., shooting the ball with the toes and focusing on the upper
left corner of the goal).

T/C Practices: The T/C practice group only received a visual nonverbal demonstration
for the most common futsal shooting pattern, provided by the teacher to compellingly be
imitated (e.g., shooting at the goal with your toes).

All the practice sessions and instructions were administered by one of the authors of
this article, who is also a futsal expert.

2.5. Statistical Analysis

The acquisition and learning rates were assessed using a one-way ANOVA test. The
variables were tested to assess the normality (Shapiro Wilk Test), homoscedasticity (Lev-
ene’s test), and sphericity (Mauchly’s test) (p > 0.05). The effect sizes (r or 2) were also
estimated for all of the comparisons [43], and they were comparatively classi ed as a small
effect (r =0.10~d =0.2 or 2=0.01), amedium effect (r =0.25~d =0.50r 2=0.06), ora
large effect ((r =0.37 ~d =0.8 or 2 =0.14) [44]. The level of signi cance was set to 0.05, and
the statistical analyses were conducted using SPSS 23.0 (IBM Corp., Armonk, NY, USA).
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Scores

3. Results

The descriptive results obtained after all four tests were conducted on all ve groups
are graphically displayed in Figure 3. Speci cally, the highest acquisition rates were
achieved by the differential training groups. Within the DL groups, the group with an exter-
nal focus achieved the highest scores in the post-test and in the retention and transfer tests.

*

v

=
—
-,
AA
—
X
-
A ¥
3
e
v
¥
v
v

DL/EF DL/IF DL/C T/EF T/C
Groups
H Pretest Posttest Delayed Retention Transfer

Figure 3. Average scores and standard deviations of pre-, post-, retention and transfer test results for
the ve intervention groups. DL/EF: differential learning with an external focus; DL/IF: differential
learning with an internal focus; DL/C: differential learning without a speci ¢ focus; T/EF: traditional
repetitive training with an external focus; T/C: traditional repetitive training without a speci c focus.
* Major statistically signi cant differences between groups (in all tests, a signi cant difference was
observed between all groups).

The one-way ANOVA test showed that there was no difference between the subjects
in the pretest, but for the post-test, the data showed a statistically signi cant difference
between the groups with a large effect size (F(3s5 4y = 698.55, p = 0.001, 2 =0.98). Moreover,
the results of the LSD post hoc test revealed a statistically signi cant difference between the
DL/EF, DL/IF, and DL/C groups compared to the T/EF and T/C groups (p < 0.05; r > 0.83),
with the external, internal, control differential, external, and control traditional groups
accounting for the highest scores, followed by the control traditional group. Moreover, an
ANOVA of the retention test data indicated a statistically signi cant difference between
the groups (F(zs4) = 2104.9, p = 0.001, 2.=0.99). The LSD post hoc test results show a
statistically signi cant difference between the DL/EF, DL/IF, and DL/C groups and the
T/EF and T/C groups (p < 0.05; r > 0.82), and the highest scores indicate the DL groups
with external and internal foci, as well as the control group with no focus instructions,
followed by the traditionally repetitive external and control groups (Table 4).
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Table 4. Fisher’s least signi cant differences (LSDs) of averages comparing changes in pre- and post-
retention and transfer tests. * Deemed to be statistically highly signi cant, as observed.

Prepost Test Preretention Test Pretransfer Test
(1) Group  (J) Group Diffe'\r/leenacr; ay 5P |(5§ Diffe'\r/leenir; ) 5P (Er? Diffe'\r/leiir; a 5P |(5§
DL/IF 1.01* 0.07 0.95 1.05* 0.04 0.98 121* 0.07 0.96
DL/C 2.02* 0.07 0.98 2.06 * 0.04 0.99 244 % 0.07 0.99
DL/EF T/EF 3.05* 0.07 0.98 3.01* 0.04 0.99 2.83* 0.07 0.99
T/C 3.54 * 0.07 0.99 3.3* 0.04 0.99 3.8* 0.07 0.99
DL/C 1= 0.07 0.99 1* 0.04 0.99 1.23* 0.07 0.97
DL/IF T/EF 2.03* 0.07 0.98 1.95* 0.04 0.99 1.62* 0.07 0.98
T/C 2.52* 0.07 0.99 2.24* 0.04 0.99 2.58* 0.07 0.99
T/EF 1.02 * 0.07 0.95 0.95* 0.04 0.98 0.38 * 0.07 0.74
bL/c T/C 1.52* 0.07 0.99 1.23* 0.04 0.99 1.35* 0.07 0.98
T/EF T/C 0.49* 0.07 0.83 0.28 * 0.04 0.82 0.96 * 0.07 0.96

The ANOVA of the transfer test revealed a statistically signi cant difference between
the groups (F(zs.4) = 739.28, p = 0.001, 2 =0.98). Furthermore, the LSD post hoc test results
show a statistically signi cant difference between the DL/EF, DL/IF, and DL/C groups
and the T/EF and T/C groups (p < 0.05; r > 0.74), and the highest scores related to the
external, internal, control differential, external, and control traditional groups (Table 4).
Most intriguingly, all the effect sizes were large in both the ANOVA and in all of the post
hoc tests, on the basis of Cohen’s classi cation [44].

4. Discussion

The purpose of this study was to explore the distinguished effects of various forms of
the differential learning approach [16], combined with elements of OPTIMAL theory [32],
on learning the futsal goal-shooting skill. The statistical analysis revealed signi cant
differences between the interventions DL/EF, DL/IF, DL/C, T/EF, and T/C training in the
post-, retention, and transfer tests. The present test results were consistent with previous
research conducted on DL (e.g., [45 47]), which show the advantages of DL in comparison
to the rather repetitive approaches in the acquisition and learning phases. However, gender
must be kept in mind as a possible moderator, as other studies have examined students of
the same age, but only male students.

A 12-week intervention was used in this study, as opposed to the 4-to-6-week inter-
ventions used in earlier DL-related football studies [26,39]. Compared to repetition-based
training, it appears that the bene ts of differential learning increase over time. This has also
been observed in research on tennis, with varying intervention durations, where the rising
advantage of DL increased over time [48 50]. As the intervention duration increases, the DL
advantages are mainly gained over traditional training in the acquisition phase, and they
remain for the learning phase. These results are also consistent with the assumption that, in
the DL approach, uctuations in learning subsystems are advantageously used for learning
by destabilizing the system to prepare a self-organized phase transition [45]. By amplifying
such uctuations, the system can potentially experience new solutions, involving new
combinations of given activations [19]. As a result, a self-organizing process is initiated and
exploited that stimulates the system to develop a new coordination strategy that typically
results in more effective or stable patterns of movement [45]. The ampli ed uctuations
and intermittencies tend to increase the variances in other anatomical regions of the body;,
and lead to a highly unpredictable adaptation process [45]. The whole process nally
corresponds to the somehow unspeci ¢ formulated cybernetic law of requisite variety [51],
or to the bliss of abundance [52,53]. The rst was formulated with only variety can
destroy variety , in general, as a law in cybernetics for the regulation of processes in nature
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and can be observed impressively in this study and the studies connected with DL: The
additional variation in exercise caused the initial large variation in the hit performance to

destroy it, resulting in a greater hit performance. Gelfand and Latash [52,53] formulated
something similar, but more poetically, with the bliss of abundance as an alternative
view of movement variety that occurs even in repetitive motor learning processes, and thus
plead for a rethinking of the traditional motor control theories that are mainly based on
singular solutions.

In contrast to traditional prototypical training, DL exercises encourage learners to
actively perform movement errors (e.g., throwing to the left instead of forwarding), rather
than avoid them [54]. Participants performed shooting to the left, to the right, upwards,
and shooting straight. Errors are considered as neutral uctuations ( you never know,
what they are good for ) and are not only experienced to know what is correct, which was
already included in contrast learning and would give the learner convergent guidance in
contrast to divergent self-organization. In DL the uctuations are essential elements for a
more stable training of the neural nets involved.

Our ndings are consistent with those of other researchers [55 57] who have examined
the typology of attention focus, which, according to the OPTIMAL theory, suggests that
an external focus of attention results in increased learning skills when compared to an
internal focus of attention. Nevertheless, based on the results, the focus of external attention
combined with DL, as in the DL/EF condition, resulted in a higher, statistically signi cant
improvement than the T/EF. These results provide an indication of the stronger in uence
of the physically dominated variations of the DL approach, compared to the mentally
supportive traditional training method. Regarding the futsal goal-shooting transfer test,
statistically, signi cant differences were observed between all ve intervention groups.

A neurophysiological explanation for these phenomena would be appealing but has, so
far, been problematic. This is because the available EEG studies on both DL and external foci
always refer to acute effects, but not to medium-term effects, after multiple interventions.
This is complicated by the fact that the EEG studies on DL focus on the effects immediately
after a whole series of movements, whereas the studies on an external focus tend to focus
on the EEG activation immediately before and during a single movement. The EEG studies
on DL show an increase in power primarily in the frontal brain areas in the alpha and
theta frequency bands after the intervention [31,40] whereas a reduction in these frequency
bands in the central brain areas is observed during external focus tasks [58]. A decrease
in alpha power was also observed during a dart-throwing task with an external focus, in
comparison to one with an internal focus [59], but, unfortunately, the theta band was not
analyzed, which is assumed to be of major interest for high-concentration tasks [60]. The
degree to which these phenomena depend on the complexity of the movement task, the
performance level, or the age of the subjects requires further investigation [61,62]. The
same applies to the question of the extent to which a decrease in the alpha frequencies
during training leads to an increase in the alpha frequencies after training, or the extent
to which a sustained increase during sleep leads to a permanent change. Nonetheless, the
practical interventions derived from OPTIMAL theory seem to be a complement to DL that
could be of great interest when it comes to the absolute limits of performance.

The current study ndings were based on two assumptions. First, that DL exercises
lead to detecting adaptive solutions through increased uctuations in the individual, and
they appear to support learning ability [46]. Second, that DL exercise, using an optimal
relation of the internal and external noise frequencies [63], moves the brain to a more
stress-resilient state by downregulating frontal lobe activation [31]. The participants in all
the DL-related groups were able to establish an adaptive response to the task modi cation,
even though we included spectators in the test and created a more stressful environment.

Epistemologically, the applied statistics and methodology do not claim to be general-
izable. Therefore, what is often interpreted as a limitation turns out, upon closer inspection,
to be an aspect to be considered in future studies. One such aspect is related to the in uence
of the sex of the subjects. While this study was conducted on pubescent girls, it would
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be of interest to perform the same study with boys or adults. Moreover, in this research,
long-term follow-ups were not conducted, which should be used in future research. Given
that the present research was performed on beginners in a certain culture, future research
should be performed on skilled individuals with different cultural backgrounds as well.
In future research, other sports skills, including team behavior, should also be considered.
In this study, the highly variable intervention method of differential learning, with as-
sumingly chaotic characteristics, was used to teach a single futsal skill. In the search for
optimal variation structures, future studies should also differentiate gradual and chaotic
differential learning approaches by adapting the noise of the exercises to the noise inherent
to the learner to nd the optimal stochastic resonance [49], as well as their interactions
with internal and external foci. Another interesting question is the in uence of the test
sequence. Future research would have to clarify to what extent the interventions have
different in uences on blocked or random test orders.

5. Conclusions

Since all the DL interventions, whether with external or internal foci, showed better
performance in the post-, retention, and transfer tests than all combinations of traditional
training with the foci, the results suggest the more bene cial in uence of the DL train-
ing method compared to the traditional training methods, and compared to the focus
interventions. Nonetheless, attentional foci seem to provide a kind of positive ne-tuning
in addition to DL intervention. It would be of great interest to know what additional
in uences the other aspects of OPTIMAL theory have in connection with DL, or whether
these are possibly formed and promoted precisely by DL.

The DL and the OPTIMAL approaches are both still in the beginning stages of their
research course development. Thus, what has been obtained from the present study can be
added as further evidence to the body of theoretical basics in these theories. To enhance
and create more effective exercises for the acquisition of motor skills, research ndings
should be made available to instructional and learning designers [64].

Author Contributions: Conceptualization, S.0., A.B., R.Y. and F.G.; methodology, S.0O., A.B.,R.Y.,
F.G. and W.L.S.; formal analysis, S.0O.; validation, S.O., A.B., R.Y., FG. and W.I.S., investigation, S.O.;
resources, S.0O.; data curation, S.O.; writing original draft preparation, S.O.; writing review and
editing, S.O., A.B., R.Y,, F.G. and W.1.S.; visualization, S.O., A.B., R.Y,, FG. and W.L.S,; supervision,
R.Y.; project administration, S.O. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Board of Kharazmi University,
Teheran, Iran, with the ethics code of IR.KHU.REC.1399.04 .

Informed Consent Statement: Written informed consent was obtained from all the parents of the
participants involved in the study.

Data Availability Statement: The data that support the ndings of this study are available from the
corresponding author, S.O., upon reasonable request.

Acknowledgments: This paper is based on a research project that was conducted by the spiritual
aids of research affairs at the Kharazmi University of Tehran.

Con icts of Interest: The authors declare no con ict of interest.

References

1. Sch llhorn, W.I. Individualit t-ein vernachl ssigter Parameter. Leistungssport 1999, 29, 7 11.

2. Miller, G.A.; Galanter, E.; Pribram, K.H. Plans and the Structure of Behavior; Holt, Rhinehart, & Winston: New York, NY, USA, 1960.

3. Abernethy, B.; Maxwell, J.P.; Masters, R.S.; Van Der Kamp, J.; Jackson, R.C. Attentional Processes in Skill Learning and Expert
Performance. In Handbook of Sport Psychology, 3rd ed.; John Wiley & Sons, Inc.: Hoboken, NJ, USA, 2007; pp. 245 263.

10



Int. J. Environ. Res. Public Health 2022, 19, 317

10.
11.
12.
13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.

31.

32.

33.

34.

35.

36.

Farrow, D.; Reid, M. The effect of equipment scaling on the skill acquisition of beginning tennis players. J. Sports Sci. 2010, 28,
723 732. [CrossRef]

Ludgate, K.E. The effect of manual guidance upon maze learning. Psychol. Monogr. 1923, 33. [CrossRef]

Koch, H.L. The in uence of mechanical guidance upon maze learning. Psychol. Monogr. 1923, 32. [CrossRef]

Mendoza, L.; Sch Ilhorn, W.I. Training of the sprint start technique with biomechanical feedback. J. Sports Sci. 1993, 11, 25 29.
[CrossRef] [PubMed]

Gray, R. Comparing the constraints led approach, differential learning and prescriptive instruction for training opposite- eld
hitting in baseball. Psychol. Sport Exerc. 2020, 51, 101797. [CrossRef]

Wang, T.L. The in uence of tuition in the acquisition of skill. Psychol. Monogr. 1925, 34, 51. [CrossRef]

Melcher, R.T. Children’s Motor Learning with and without Vision. Child. Dev. 1934, 5, 315 350. [CrossRef]

Von Wright, J.M. A Note on Role of ‘Guidance’ in Learning. Br. J. Psychol. 1957, 48, 133 137. [CrossRef] [PubMed]

Holding, D.H.; Macrae, A.W. Guidance, Restriction and Knowledge of Results. Ergonomics 1964, 7, 289 295. [CrossRef]

Adams, J.A. Historical review and appraisal of research on the learning, retention, and transfer of human motor skills. Psychol.
Bull. 1987, 101, 41 74. [CrossRef]

Newell, K.M. Physical Education in Higher Education: Chaos Out of Order. Quest 1990, 42, 227 242. [CrossRef]

Lee, M.C.Y.; Chow, J.Y.; Komar, J.; Tan, C.W.K.; Button, C. Nonlinear Pedagogy: An Effective Approach to Cater for Individual
Differences in Learning a Sports Skill. PLoS ONE 2014, 9, e104744. [CrossRef] [PubMed]

Sch llhorn, W.I. Practical consequences of systems dynamic approach to technique and strength training. Acta Acad. Olymp. Est.
2000, 8, 25 37.

Williams, A.M.; Hodges, N.J. Practice, instruction, and skill acquisition in soccer: Challenging tradition. J. Sports Sci. 2005, 23,
637 650. [CrossRef]

Sch Ilhorn, W.1.; Bauer, H.U. Identifying Individual Movement Styles in High Performance Sports by Means of Self-Organizing
Kohonen Maps. In Proceedings of the XVI International Symposium on Biomechanics in Sports, Konstanz, Germany, 21 25 July
1998; pp. 574 577.

Sch llhorn, W.1.; Nigg, B.M.; Stefanyshyn, D.J.; Liu, W. Identi cation of individual walking patterns using time discrete and time
continuous data sets. Gait Posture 2002, 15, 180 186. [CrossRef]

Janssen, D.; Sch Ilhorn, W.1.; Lubienetzki, J.; F lling, K.; Kokenge, H.; Davids, K. Recognition of Emotions in Gait Patterns by
Means of Arti cial Neural Nets. J. Nonverb. Behav. 2008, 32, 79 92. [CrossRef]

Burdack, J.; Horst, F.; Aragonts, D.; Eekhoff, A.; Sch llhorn, W.I. Fatigue-Related and Timescale-Dependent Changes in Individual
Movement Patterns Identi ed Using Support Vector Machine. Front. Psychol. 2020, 11, 2273. [CrossRef]

Horst, F; Janssen, D.; Beckmann, H.; Sch llhorn, W.l. Can Individual Movement Characteristics Across Different Throwing
Disciplines Be Identi ed in High-Performance Decathletes? Front. Psychol. 2020, 11, 2262. [CrossRef]

Bernstein, N.A. The Co-Ordination and Regulation of Movements; PergamonPress Ltd.: Oxford, UK, 1967.

Hatze, H. Motion Variability its De nition, Quanti cation, and Origin. J. Mot. Behav. 1986, 18,5 16. [CrossRef]

Sch Ilhorn, W.1.; Michelbrink, M.; Welminsiki, D.; Davids, K. Increasing stochastic perturbations enhances acquisition and
learning of complex sport movements. In Perspectives on Cognition and Action in Sport; Raab, M., Araujo, D., Ripoll, H., Eds.; Nova
Science Publishers: Hauppauge, NY, USA, 2009; pp. 59 73.

Sch llhorn, W.I.; Beckmann, H.; Michelbrink, M.; Sechelmann, M.; Trockel, M.; Davids, K. Does Noise Provide a Basis for the
Uni cation of Motor Learning Theories? Int. J. Sport Psychol. 2006, 37, 186 206.

Beckmann, H.; Winkel, C.; Sch Ilhorn, W.I. Optimal range of variation in hockey technique training. Int. J. Sport Psychol. 2010, 41,
5 45.

R mer, J.; Sch llhorn, W.1.; Jaitner, T.; Preiss, R. Differenzielles lernen im Volleyball. Sportunterricht 2009, 58, 41 45.

Serrien, B.; Tassignon, B.; Baeyens, J.-P,; Clijsen, R. A critical review on the theoretical framework of differential motor learning
and meta-analytic review on the empirical evidence of differential motor learning. SportRxiv 2018. [CrossRef]

Sch llhorn, W.1.; Humpert, V.; Oelenberg, M.; Michelbrink, M.; Beckmann, H. Differenzielles und mentales Training im Tennis.
Leistungssport 2008, 38, 10 14.

Henz, D.; John, A.; Merz, C.; Sch llhorn, W.I. Post-task effects on EEG brain activity differ for various differential learning and
contextual interference protocols. Front. Hum. Neurosci. 2018, 12, 19. [CrossRef] [PubMed]

Wulf, G.; Lewthwaite, R. Optimizing performance through intrinsic motivation and attention for learning: The OPTIMAL theory
of motor learning. Psychon. Bull. Rev. 2016, 23, 1382 1414. [CrossRef] [PubMed]

Bauer, H.U.; Sch llhorn, W.I. Self-Organizing Maps for the Analysis of Complex Movement Patterns. Neural Process. Lett. 1997, 5,
193 199. [CrossRef]

Lewthwaite, R.; Wulf, G. Optimizing motivation and attention for motor performance and learning. Curr. Opin. Psychol. 2017, 16,
38 42. [CrossRef] [PubMed]

Elias, L.J.; Bryden, M.P.; Bulman-Fleming, M.B. Footedness is a better predictor than is handedness of emotional lateralization.
Neuropsychologia 1998, 36, 37 43. [CrossRef]

Chua, L.K.; Wulf, G.; Lewthwaite, R. Onward and upward: Optimizing motor performance. Hum. Mov. Sci. 2018, 60, 107 114.
[CrossRef] [PubMed]

11



Int. J. Environ. Res. Public Health 2022, 19, 317

37.

38.

39.

40.

41.
42.

43.
44,
45.

46.

47.

48.

49.

50.

51.
52.

53.
54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

An, J.; WuUIf, G.; Kim, S. Increased carry distance and X-factor stretch in golf through an external focus of attention. J. Motor. Learn
Dev. 2013, 1, 2 11. [CrossRef]

Sch llhorn, W.1.; Sechelmann, M.; Trockel, M.; Westers, R. Nie das Richtige trainieren, um richtig zu spielen. Leistungssport 2004,
5,13 17.

Sch llhorn, W.1.; Hegen, P.; Davids, K. The nonlinear nature of learning-A differential learning approach. Open Sports Sci. J. 2012,
5,100 112. [CrossRef]

Henz, D.; Sch llhorn, W.I. Differential training facilitates early consolidation in motor learning. Front. Behav. Neurosci. 2016,
10, 199. [CrossRef]

Wagner, H. Optimierung Komplexer Bewegungsmuster Bei Wurfbewegungen; Meyer & Meyer: Osnabr ck, Germany, 2005.

Wagner, H.; M ller, E. The effects of differential and variable training on the quality parameters of a handball throw. Sports
Biomech. 2008, 7, 54 71. [CrossRef]

Field, A. Discovering Statistics Using SPSS; Sage Publications: Thousand Oaks, CA, USA, 2009.

Cohen, J. Statistical Power Analysis in the Behavioral, 2nd ed.; Lawrence Erlbaum Associates: Hillsdale, NJ, USA, 1988; pp. 18 74.
Bozkurt, S. The Effects of Differential Learning and Traditional Learning Trainings on Technical Development of Football Players.
Educ. Train. 2018, 6, 25 29. [CrossRef]

Yaali, R.; Faezi, G.; Oftadeh, S. The effect of type practice of Differential Learning and Contextual Interference on the Retention
and Transfer of Badminton backhand short serve. J. Res. Sports Manag. Mot. Behav. 2010. Available online; https:.//jrsm.khu.ac.ir/
article-1-2935-fa.html (accessed on 7 October 2021). (In Persian)

Tassignon, B.; Verschueren, J.; Baeyens, J.P.; Benjaminse, A.; Gokeler, A.; Serrien, B.; Clijsen, R. An Exploratory Meta-Analytic
Review on the Empirical Evidence of Differential Learning as an Enhanced Motor Learning Method. Front. Psych. 2021, 12, 1186.
[CrossRef]

Sch llhorn, W.1.; Oelenberg, M.; Michelbrink, M. Can Mental Training Enhance the Learning Effect After Differencial Training? A
Tennis Serve Task. In Proceedings of the 12th European Congress of Sport Psychology, Kallithea, Halkidiki, Greece, 4 9 September
2007; p. 241.

Sch llhorn, W.I.; Mayer-Kress, G.; Newell, K.; Michelbrink, M. Time scales of adaptive behavior and motor learning in the
presence of stochastic perturbations. Hum. Mov. Sci. 2009, 28, 319 333. [CrossRef]

Yildirim, Y.; Kizilet, A. The Effects of Differential Learning Method on the Tennis Ground Stroke Accuracy and Mobility. Educ.
Learn. 2020, 9, 146 154. [CrossRef]

Ashby, W.R. An Introduction to Cybernetics; Chapman & Hall Ltd.: London, UK, 1961.

Gelfand, 1.M.; Latash, M.L. On the problem of adequate language in motor control. Mot. Contr. 1998, 2, 306 313. [CrossRef]
[PubMed]

Latash, M.L. The bliss (not the problem) of motor abundance (not redundancy). Exp. Brain Res. 2012, 217, 1 5. [CrossRef]
Frank, T.D.; Michelbrink, M.; Beckmann, H.; Sch llhorn, W.I. A quantitative dynamical systems approach to differential learning:
Self-organization principle and order parameter equations. Biol. Cybern. 2008, 98, 19 31. [CrossRef]

Lohse, K.R.; Sherwood, D.E.; Healy, A.F. How changing the focus of attention affects performance, kinematics, and electromyog-
raphy in dart throwing. Hum. Mov. Sci. 2010, 29, 542 555. [CrossRef]

Wulf, G.; Chiviacowsky, S.; Drews, R. External focus and autonomy support: Two important factors in motor learning have
additive bene ts. Hum. Mov. Sci. 2015, 40, 176 184. [CrossRef]

Simpson, T.; Cronin, L.; Ellison, P.; Carnegie, E.; Marchant, D. A test of optimal theory on young adolescents’ standing long jump
performance and motivation. Hum. Mov. Sci. 2020, 72, 102651. [CrossRef]

Magosso, E.; De Crescenzio, F; Ricci, G.; Piastra, S.; Ursino, M. EEG alpha power is modulated by attentional changes during
cognitive tasks and virtual reality immersion. Comput. Intell. Neurosci. 2019, 2019, 7051079. [CrossRef]

Hatami, F.; Tahmasbi, F.; Hadi, H. The effect of internal and external focus of attention on EEG changes in darts throwing skill.
Neuropsychology 2018, 3, 115 130.

Sauseng, P.; Klimesch, W.; Schabus, M.; Doppelmayr, M. Fronto-parietal EEG coherence in theta and upper alpha re ect central
executive functions of working memory. Int. J. Psychophysiol. 2005, 57, 97 103. [CrossRef] [PubMed]

Ray, W.J.; Cole, H.W. EEG alpha activity re ects attentional demands, and beta activity re ects emotional and cognitive processes.
Science 1985, 228, 750 752. [CrossRef] [PubMed]

Perkins-Ceccato, N.; Passmore, S.R.; Lee, T.D. Effects of focus of attention depend on golfers’ skill. J. Sports Sci. 2003, 21, 593 600.
[CrossRef]

John, A.; Sch llhorn, W.I. Acute effects of instructed and self-created variable rope skipping on EEG brain activity and heart rate
variability. Front. Behav. Neurosci. 2018, 12, 311. [CrossRef]

Conole, G.; Fill, K. A learning design toolkit to create pedagogically effective learning activities. J. Interact. Media Educ. 2005, 1.
[CrossRef]

12



International Journal of
Environmental Research

and Public Health

Article

How the Number of Players and Floaters’ Positioning Changes
the Offensive Performance during Futsal Small-Sided and
Conditioned Games

David Pizarro 1*, Alba Prjxedes !

Citation: Pizarro, D.; Prixedes, A.;
Travassos, B.; Gon alves, B.; Moreno,
A. How the Number of Players and
Floaters’ Positioning Changes the
Offensive Performance during Futsal
Small-Sided and Conditioned Games.
Int. J. Environ. Res. Public Health 2021,
18, 7557. https://doi.org/10.3390/
ijerph18147557

Academic Editor: Jorge Ptrez-G mez

Received: 15 June 2021
Accepted: 14 July 2021
Published: 15 July 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional af I-

iations.

Copyright: * 2021 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 (https://
creativecommons.org/licenses/by/

4.0/).

, Bruno Travassos 230, Bruno Gon alves 3450 and Alberto Moreno ©

Faculty of Life Sciences and Nature, University of Nebrija, 28015 Madrid, Spain; apraxedes@nebrija.es
Research Center in Sport Sciences, Health and Human Development (CIDESD), Department of Sport Sciences,
University of Beira Interior, 6201-001 Covilh¢, Portugal; BrunoTravassos@hotmail.com

Portugal Football School, Portuguese Football Federation, 5001-801 Oeiras, Portugal; bgoncalves@uevora.pt
Departamento de Desporto e Sa de, Escola de Sa de e Desenvolvimento Humano, Universidade de vora,
7004-516 vora, Portugal

Comprehensive Health Research Centre (CHRC), Universidade de vora, 7004-516 vora, Portugal

Faculty of Sport Sciences, University of Extremadura, 06006 Cjceres, Spain; amorenodfcd@gmail.com

*  Correspondence: dpizarro@nebrija.es

Abstract: This study aims to analyse the effects of oater positioning within futsal Gk + 3vs3 + Gk
and Gk + 2vs2 + Gk small-sided and conditioned games (SSCG) on youth offensive performance
on an action per minute per player basis. Three experimental conditions were carried out through
the manipulation of oater positioning: oaters off (FO), nal line oaters (FLF) and lateral oaters
(LF). Thirty male futsal players (U19 age category) participated in the study and played once within
each situation in a random order on different days. Offensive performance based on action per
minute per player was analysed through indirect and external systematic observation. Results
showed signi cant differences between both SSCGs (2vs2 and 3vs3). Speci cally, according to the
game principles analysed, 3vs3 is associated with higher values of passing and dribbling action to
progress towards the goal without beating a defensive line (moderate to large effect size), while
2vs2 is associated with higher values of passing and dribbling actions that beating a defensive line
(moderate to very large effect size). In addition, 2vs2 is associated with dribbling and shooting actions
to shoot at goal with the lowest level of opposition (moderate effect size). Indeed, whilst the 2vs2
game format seems to promote more 1vsl situations, the 3vs3 game format encourages more ball
possession and collective tactical behaviours. Thus, training tasks intended to improve dribbling and
shooting actions should use a smaller number of players whereas tasks intended to improve passing
actions for ball possession should include a higher number of players with or without oaters. It
seems that the number of players can in uence the tactical behaviour of the team. These ndings
should be considered for the design of futsal training tasks, according to the main objective of the
training session. For example, if the coach aims to promote the number of dribbles and shots within
a SSCG, 2vs2 SSCG situations should be prioritised.

Keywords: ecological dynamics; training tasks; technical tactical training; game principles

1. Introduction

In team sports such as futsal, in which open motor skills predominate, it is required
that players continuously co-adapt their actions such as positioning, passes, dribbles,
or shots to the movements of opponents, teammates, and the surrounding environment,
leading to the emergence of opportunities for action [1 3] and to ensure functional collective
behaviour [4 6]. In the last few decades, based on the ecological dynamics approach,
non-linear pedagogy has emerged as a new teaching learning perspective to promote a
holistic approach that highlights the need to maintain the perception action couple on
the design of practice tasks [5]. For example, manipulating small-sided and conditioned
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games (SSCG), coaches can highlight the actions and the information that will support
players’ performance. SSCG (commonly used modi ed games that take place in tight
spaces, involving small numbers of players and with modi ed rules) are modi ed games
that optimize the physical, physiological, technical, and tactical demands of sports instead
of replicating a real match [7]. However, the advantages of playing SSCG are dependent
on the task’s goals and design [8] that guides players to explore the functional behaviours
of each task according to the coaches’ primary purposes [9].

The manipulation of task constraints in SSCG seems to be an effective approach to skill
acquisition [10] that allows coaches to optimize speci c offensive or defensive behaviours
of players by breaking the game into speci ¢ game subunits, i.e., Gk + 1vsl + Gk until
Gk + 3vs3 + Gk [11]. This is likely to maintain the perceptual-motor demands of the match
and the spatial-temporal relations between teammates and opponents, instead of replicating
the technical and tactical demands of sports [7]. Indeed, coaches should go from simpli ed
units with a low number of players to highlight the informational constraints that promote
the development of offensive or defensive foundations of players to more complex units
until the numerical relation of the game to develop the game principles and strategic
requirements that support collective behaviour of teams according to the perceptual and
action demands of competition [11].

Previous studies have attempted to provide a broader comprehension of the im-
pact of altering SSCG characteristics (task constraints), such as the number of players
per team [12,13], the court size [1], number of targets [14] or even the manipulation of the
numerical relation between teams using oaters (jokers in other studies) [15 21]. Inter-
estingly, one of the task constraints that have been studied recently is the accomplishing
of tactical principles of attack performance [22]. These are referred to as keep possession,
progress towards the goal (with or without beating a defensive line), or shoot at goal with
the lowest level of opposition [23]. For example, regarding the manipulation of oaters,
previous studies suggested that the use of on- eld oaters increased players’ decision-
making ef ciency due to their distribution over the breadth of the eld [24]. Moreover,
on- eld oaters might have afforded more opportunities for passing the ball, allowing the
team to maintain ball possession [15]. Hence, manipulation of the relevant task constraints
(e.g., presence of oaters and their positioning) for each goal can guide players to explore
the environment of play, improving their tactical and creative behaviour [25].

The effects of such manipulations to design appropriate learning environments that
help players’ development of adaptative technical tactical behaviours to changes in the
game environment [8] must be well understood by coaches, particularly in futsal. This
perspective explains the interest of researchers and practitioners in this topic and the
growing number of studies over the last few years [7,26,27]. However, no information
exists regarding the technical tactical changes promoted by the manipulation of the number
of players and oater positioning. Thus, the main purpose of this study was to analyse
the manipulation on the number of players (Gk + 3vs3 + Gk and Gk + 2vs2 + GKk) and

oater positioning on youth players’ technical tactical offensive actions according to
game principles.

2. Materials and Methods
2.1. Participants

Thirty male futsal players from the under-19 (U19) category (age, M = 17.714 and
SD = 0.713) of four different Spanish clubs agreed to participate in this study. All the
participants had the same level of expertise (i.e., average skill level) and participated in the
same competition (the rst regional league). All teams had the same amount of training
(i.e., players perform two training sessions of 60 min per week with an of cial match played
on weekends).
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2.2. Design and Procedures

The study designed consisted of an independent measure approach under three
experimental conditions (three SSCG) that manipulated the oater positioning. These
SSCG (Gk + 3vs3 + Gk; Gk + 2vs2 + GK) were designed using the presence and absence of

Floaters (2 Floaters; one per team) as key task constraints: (a) Floaters Off (FO); (b) Fi-
nal Line Floaters (FLF) (associated with the 3-1 offensive system) and (c) Lateral Floaters
(LF) (associated with the 4-0 offensive system). In 3vs3 situations, tests were conducted on
a 30 m long by 15 m wide eld. In 2vs2 situations, tests were conducted on a 20 m long by
10 m wide eld (see Figure 1). These measures respected the player-space ratio used by
futsal players according to the maximum length and width dimensions (40 m 20 m) of
the real game (for each team player, 10 m large and 5 m regular, excluding goalkeepers).

Figure 1. 3vs3 and 2vs2 experimental conditions. (a) FO: Floaters Off; (b) FLF: Final Line Floaters;
(c) LF: Lateral Floaters.

Players were randomly distributed into ve groups of six individuals for 3vs3 SSCG
(G1 to G5); seven groups of four individuals for 2vs2 SSCG (G1 to G7, two players were
randomly excluded for 2vs2; goalkeepers and oaters with goalkeepers and oaters no
measurements were taken). All participants played once in each situation in random
order and on a different day. Each 3vs3 testing had the following organization: warm-up
(12" + SSCG of 12"; 3"-1°-30-1%-30-17 (3" period = playing; 1’ period = resting); and 2vs2 test-
ing: warm-up (10") + SSCG of 10%: 20-10-20-10-2-1% (20 period = playing; 1’ period = resting).
During the rest intervals between bouts, players could drink water.

Game situations were explained, and participants were asked to play at their best
level to succeed in the SSCG (score in the opposite goal). Coaches and experimenters did
not provide any verbal feedback during the SSCG. Floater players were only allowed to
perform offensive actions, with a maximum of two touches, and their actions were limited
to the space between two marks parallel to each line (side or nal) and could not score a
goal. In addition, goalkeepers could not leave the goal line, and a throw-in was granted
after the ball crossed the lines delimiting the oaters’ area. During the test, players were
asked not to go inside the oaters’ area and balls were placed around the eld to allow
a quick restart of the game if the ball went out of play. In between bouts, players were
allowed to drink water.

2.3. Data Collection

All game actions within SSCGs were recorded using a video camera, recording angle
conversion lens ( 0.75): VCL-HGAO7B and a Hama Gamma tripod Series. The camera
was placed in the corner of the playing eld, at the height of 4 m, guaranteeing an optimal
view of all the game actions (see Figure 2). Videos were transferred to a computer (Acer
Aspire E15). Subsequently, data were recorded on a Microsoft Of ce Excel 2010 sheet and
exported to SPSS Inc., Released 2009 (PASW Statistics for Windows, Version 18.0, Page: 4
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SPSS Inc., Chicago, IL, USA). Offensive performance measured as action per minute per
player was analysed through indirect and external systematic observation, a methodology
used in previous studies to measure players’ behaviour in real game situations [28].

Figure 2. Pitch size and camera positioning.

Two external researchers conducted the observations. As a preparatory stage to the
observations, the expert met with the observer to clarify possible doubts about the ob-
servation instrument and the coding criteria of the dependent variable on the actions
mentioned. Then, the observations were carried out using more than 10% of the sam-
ple (n = xxx) [29]. Interobserver reliability was calculated using the following formula:
agreements/(agreements + disagreements)  100. Once this value was calculated, the
Cohen kappa index was used. Values above 0.90 were obtained for all training sessions,
surpassing the value of 0.81 from which adequate concordance is considered [30], thus
achieving the necessary reliability for the subsequent coding of the dependent variables.
To guarantee the time reliability of the measurement, the same coding was performed at
two different moments, with a time difference of 10 days. Cohen kappa values were found
to be higher than 0.92, which re ected a reliable concordance.

All the passing, dribbling, and shooting actions of each player in the team were
analysed according to the following game principles: 1st principle to keep possession
(BP) (for passing and dribbling, when the action was developed horizontally or backwards);
2nd A principle to progress towards the goal without beating a defensive line (P) (for
passing and dribbling, when the action developed was forward, not beating a defensive
line); 2nd B principle to progress towards the goal beating a defensive line (PDL) (for
passing and dribbling, when the action developed was forward, beating a defensive line);
3rd principle to shoot at goal with the lowest level of opposition (S) (for passing and
dribbling, when the action ended at the rst touch after it, regardless of its direction; and
for any shooting action).

2.4, Statistical Analysis

The statistical analysis was completed using The Jamovi Project (Jamovi). A descrip-
tive analysis is presented on Table 1, with mean and standard deviation (Mean  SD).
An independent sample t-test was performed to identify differences in considered vari-
ables between the game formats 2vs2 vs. 3vs3. Statistical signi cance was set at p < 0.05.
Additionally, to overcome the shortcomings associated with traditional N-P null hypothe-
sis signi cance testing, the standardized Cohen’s d, with 95% con dence intervals were
used as the effect size (ES) of the differences [31 33]. Thresholds for effect size statistics
were: 0.0 0.19, trivial; 0.20 0.59, small; 0.6 1.19, moderate; 1.2 1.99, large; and 2.0, very
large [33].
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Table 1. Descriptive (Mean

SD) and inferential analysis of the considered variables according to the SSCG formats.

Game . . SSCG Mean Difference with .
Principle Actions Constraints vsp 3vs3 95% ClI Effect Size
Floaters Off 40 25 51 27 11[ 0.3,25] Unclear
Passing Lateral Floaters 43 34 49 22 06[ 0.9 21] Unclear
. Final Lines Floaters 30 16 32 17 0.2[ 0.6,1.1] Unclear
st
Floaters Off 36 20 26 2 10[ 2.0,0.1] Small
Dribbling Lateral Floaters 26 17 20 15 0.7[ 1.6,0.2] Small
Final Lines Floaters 31 20 22 23 08[ 1.9,0.3] Unclear
Floaters Off 08 0.8 40 23 3.1[2.2,41]* Large
Passing Lateral Floaters 22 20 47 29 24[11,37]* Moderate
q Final Lines Floaters 08 0.9 59 29 49[38,6.1]* Very Large
2nd A
Floaters Off 29 16 39 29 1.0[ 0.3,2.2] Unclear
Dribbling Lateral Floaters 17 14 31 25 1.3[0.2,24]* Moderate
Final Lines Floaters 21 13 25 23 04[ 0.5,1.4] Unclear
Floaters Off 27 16 11 11 15[ 22, 07]* Moderate
Passing Lateral Floaters 43 238 1.1 1.0 33[ 44, 22]* Large
q Final Lines Floaters 47 20 1.2 12 35[ 4.4, 271* Very Large
2nd B
Floaters Off 35 18 19 15 16[ 25, 07]* Moderate
Dribbling Lateral Floaters 18 15 19 17 0.1[ 0.7,1.0] Unclear
Final Lines Floaters 22 21 1.8 1.3 04 1.4,05] Unclear
Floaters Off 0.7 09 09 11 0.2[ 0.3,0.7] Unclear
Passing Lateral Floaters 06 08 1.0 09 0.4[ 0.1,0.8] Small
Final Lines Floaters 03 05 06 09 04[ 0.1,0.8] Small
Floaters Off 21 14 06 0.8 1.4[ 2.0, 08]* Large
3rd Dribbling Lateral Floaters 22 15 08 1.0 141 21, 0.7]* Moderate
Final Lines Floaters 13 09 04 06 08[ 12, 04]* Moderate
Floaters Off 40 19 27 18 12[ 22, 02]* Moderate
Shooting Lateral Floaters 38 15 28 19 11[ 21, 01]* Moderate
Final Lines Floaters 3.7 16 29 17 0.7 1.6,0.2] Small

*p < 0.05. Abbreviations: 1st = to keep possession; 2nd A = to progress towards the goal without beating a defensive line; 2nd B = to
progress towards the goal beating a defensive line; 3rd = to shoot at goal with the lowest level of opposition.

3. Results

For 3vs3 SSCG, a total of 1352 passing (1st principle, n = 573; 2nd A principle, n =548,
2nd B principle, n = 127; 3rd principle, n = 104); 920 dribbling (1st principle, n = 256;
2nd A principle = 371, 2nd B principle, n = 215; 3rd principle, n = 78); and 342 shooting
(3rd principle, n = 342) actions occurred. For 2vs2 SSCG, a total of 1087 passing (1st
principle, n = 418; 2nd A principle = 155, 2nd B principle, n = 396; 3rd principle, n = 55);
1044 dribbling (1st principle, n = 318; 2nd A principle = 235, 2nd B principle, n = 277; 3rd

principle, n = 214); and 421 shooting (3rd principle, n = 421) actions occurred.

The descriptive and inferential analysis between actions per minute per player de-
veloped in two small-sided and conditioned games (2vs2 3vs3) according to the oater
positioning (task constraint) and the game principle (GP) presented in Table 1. Additionally,

Figure 3 shows the standardized (Cohen) differences for the pairwise comparations.
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Figure 3. Standardized Cohen differences for the pairwise comparations between 2vs2 and 3vs3 for
each action and game principle considered.

Non-signi cant differences were identi ed for passing and dribbling actions in the 1st
principle (BP) for any task constraints between both SSCG. According to passing actions
in 2nd A principle (P), the results showed signi cantly higher values in 3vs3 than in 2vs2
SSCG in FO (mean differences [95% con dence interval]; 3.1 [2.2, 4.1], p < 0.01, large ES),
LF (2.4[1.1,3.7], p<0.01, moderate ES) and FLF (4.9 [3.8, 6.1], p < 0.01, large ES). Regarding
dribbling actions in 2nd A principle (P), results showed signi cantly higher values in 3vs3
than in 2vs2 SSCG in LF (1.3 [0.2, 2.4], p < 0.05, moderate ES).

When considering the passing actions in 2nd B principle (PDL), results showed
signi cantly higher values in 2vs2 than in 3vs3 SSCG inFO ( 15[ 2.2, 0.7], p<0.01,
moderate ES), LF ( 3.3[ 4.4, 2.2],p<0.01,largeES),and FLF( 3.5[ 4.4, 2.7],p<0.01,
very large ES). Regarding dribbling actions in 2nd B principle (PDL), results showed
signi cantly higher values in 2vs2 than in 3vs3 SSCG in FO SSCG ( 1.6[ 2.5, 0.7],
p < 0.01, moderate ES).

For passing actions in the 3rd principle (S), no signi cant difference was identi ed. For
dribbling actions performed in 3rd principle (S), results showed signi cantly higher values
in2vs2thanin3vs3SSCGIiNnFO( 14[ 20, 0.8],p<0.01,largeES),LF( 14[ 2.1, 0.7],
p <0.01, moderate ES) and FLF ( 0.8[ 1.2, 0.4], p <0.01, moderate ES). Finally, for the
shooting actions in 3rd principle (S), results showed signi cantly higher values in 2vs2 than
in3vs3SSCGINnFO ( 1.2[ 2.2, 0.2],p<0.05 moderate ES)and LF( 1.1[ 2.1, 0.1],
p < 0.05, moderate ES).

4. Discussion

This study aimed to analyse the manipulation of the number of players (Gk + 3vs3 + Gk
and Gk + 2vs2 + GK) and oater positioning on youth players’ technical tactical offensive
actions according to game principles. The highest values of passing were observed in the
3vs3 SSCG, where most dribbles and shots occurred in the 2vs2 SSCG. These results seem
to indicate that the number of players per team as a task constraint can in uence players
and teams’ possibilities for action, and consequently their tactical behaviour. One of the

rst constraints that coaches need to consider when designing the practice tasks is the
number of players involved [34]. When the goal is to create passing lines and maintain
ball possession through passing, the 3vs3 SSCG should be used whereas if the focus is on
dribbling and shooting, the 2vs2 situation can ensure a greater number of these actions.
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Furthermore, the manipulation of the number of players constrains not only the actions per
se but the emergence of each action in relation to the game principles that support different
purposes of the teams [35]. However, further studies are required with more participants
from different levels of practice to generalize our results.

4.1. First Game Principle (1st = to Keep Possession)

With regard to the rst game principle (BP), no signi cant difference was observed
between the 2vs2 and the 3vs3 SSCG or the addition of oaters in the side or nal line
of the eld. Contrary to previous research [15], a different number of players or oaters
seems not to in uence the number of passing or dribbling actions by players to maintain
ball possession. Thus, a link between the goal and the manipulations promoted should
be considered to understand the impacts of such manipulations on players’ and teams
tactical behaviour [36].

4.2. Second Game Principle (2nd = to Progress towards the Goal)

Regarding the second game principle, two different categories were considered: 2nd A
principle to progress towards the goal without beating a defensive line (P) and 2nd B
principle to progress towards the goal by beating a defensive line (PDL).

Results of the 2nd A principle (P) revealed signi cantly higher values of passing in
for the 3vs3 compared to the 2vs2 situation when players try to progress towards the goal
without beating a defensive line in all experimental conditions (FO, FLF and LF). Thus, the
number of players per team might be more determining for the emergence of progression
without breaking a defensive line compared to the presence or absence of oaters. In
agreement with previous research, the use of 3vs3 could be considered a more balanced
defensive structure of play, de ned by two defensive lines, not allowing an easy effective
progression. As Gon alves et al. (2016) and Vilar et al. (2014) pointed out, manipulating the
number of players per team stimulates the emergence of new play patterns that support
the emergence of different individual action possibilities for both attacking and defending
players. Thus, it could be that in the 2vs2 the number of passing possibilities of the attacking
team is limited (speci cally, only one), so the defending team increases the pressure on
the attacking players and the possibilities to do successful penetration (i.e., beating a
defensive line) increases too. On the contrary, in the 3vs3 the defending team could retreat
its position on the eld by decreasing the distance between teammates and their own
goal. As Pizarro et al. (2021) pointed out, when the defending team retreats its position,
the distance between attacking and defending players increases and consequently, the
probability of developing passing actions without beating the line increases. Furthermore,
in 2vs2 teams, there is only one defensive line, which affords more advantage to progress,
compared to the two existing defensive lines of the 3vs3 conditions that allows a better
space equilibrium. Indeed, when a team has more players, the game is more positional and
less variable, increasing the balance between teams [36].

No signi cant differences were observed for dribbling except for the condition LF,
which revealed a higher number of dribbling actions favouring 3vs3. For the other side,
the oater in the side-line allows more opportunities for dribbling in 2vs2. In line with
previous research, the addition of the oater probably promoted a retreat of defenders
on the eld to guarantee the protection of space near the goal. Usually, when playing
against unfavourable numerical relationships, the defender tends to decrease the space
for action [27], maintaining the space equilibrium between defensive lines, not allowing
passing actions, but inviting more 1vsl dribbling situations [20,37]. Due to the 3vs3
structure allowing more than one defensive line, usually, such dribbling actions also do not
afford the possibility to beat defensive lines.

Conversely, regarding the 2nd B principle (PDL), results revealed signi cantly higher
values of passing in favour of 2vs2 when players try to progress towards the goal beating a
defensive line in all experimental conditions (FO, FLF and LF). Interestingly, the effect tends
to increase with the addition of oaters. With the increase in oaters, the number of passing
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actions that beat defensive lines in the 2vs2 conditions tends to increase in comparison
with the 3vs3 conditions. In line with previous assumptions, the use of fewer defensive
players decreased the number of defensive lines, increasing the need for each player to
mark the opponent to maintain the spatial-temporal relations not to allow progression. It
opens new possibilities to increase the mobility of attacking players to create passing lines
for progression [38]. The addition of oaters promoted a numerical unbalance between
teams, giving an advantage to attacking teams and allowing them to progress on the eld,
and consequently putting less pressure from defenders on the ball carrier, opening up more
passing lines to the oaters [38]. The use of oaters in the nal line in particular increases
the number of passing lines and defenders attracted to the ball and seems to promote
higher spatial unbalance for the emergence of passing opportunities.

Regarding dribbling actions, higher values were obtained in favour of 2vs2 when
players try to progress towards the goal, beating a defensive line without the presence
of oaters. In line with previous research, the absence of oaters and the small number
of players (2vs2) seems to promote the emergence of 1vsl situations, thus enabling the
attacking players to perform more dribbling actions towards the opposite goal and beating
a defensive line [20,37]. As previously stated, the addition of oaters tends to decrease
the pressure of defenders on a ball carrier’s possibilities for passing actions instead of
possibilities for dribbling [39].

4.3. Third Game Principle (3rd = to Shoot at Goal with the Lowest Level of Opposition)

Concerning the third game principle, only the dribbling and shooting revealed signi -
cant differences between conditions. No signi cant differences were observed for passing
actions. The emergence of passing actions that support the shoot is quite similar for both
conditions used, revealing the lower values of actions to support shooting.

The analysis of dribbling actions revealed signi cant differences in all the experimen-
tal conditions. Speci cally, signi cantly higher values were obtained in favour of 2vs2 in
comparison with 3vs3. Despite defenders in both seeking to maintain their position be-
tween the ball and the goal, not allowing a misalignment between the ball and the goal [40],
variability in the attacking players’ relations with opponents and the ball is attributed
to their constant explorative performances as they seek to break the symmetry with the
defending players because of creating opportunities for scoring goals [41]. However, the
explorative behaviours of the attacking team take place under the constraints imposed
by the defending team. As noted, the defensive team tries to maintain spatiotemporal
relations with the offensive team. In contrast, the offensive team attempts to disrupt the
status quo at opportune times by advancing their position on the eld, reaching the free
attacking player, and nding chances for goal-scoring possibilities [42]. Therefore, the
relevant issue is how players change their exploratory behaviours that disrupt the status
quo: in 3vs3 through passing actions and in 2vs2 through dribbling and shooting.

4.4. Study Limitations and Future Research

As this research only involved male futsal players under 19, the generalization of
ndings to more diverse samples is limited. Additionally, the small sample size may refrain
from achieving more robust inferences. Future research should overcome these issues and
utilize players of varying ages, ability, and gender. On the other hand, this intervention was
carried out in a natural context, where some contextual variables are challenging to control.

5. Conclusions and Practical Implications

This study has shown that manipulating the number of players (Gk + 3vs3 + Gk and
Gk + 2vs2 + Gk) and oater positioning in uence players- technical tactical behaviours
in 3vs3 and 2vs2 SSCG. In the 2vs2, players perform more dribbling and shooting actions
than in the 3vs3, where players developed more passing actions. However, these results
vary depending on the game principle analysed. Speci cally, 3vs3 is associated with
passing and dribbling action to progress towards the goal without beating a defensive line,
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while 2vs2 is associated with passing and dribbling actions aimed at beating a defensive
line. It probably happens because the defending team in 3vs3 form a zonal defence,
necessitating the prioritization of avoiding creating penetrative passing lines and shooting
at goal and increasing the pressure on the attacking players. Thus, within 2vs2 there
seems to be more opportunities for 1vsl. According to the development steps, the overall
results stress that the 2vs2 seems to highlight individual actions even with the presence of

oaters, while the 3vs3 highlights more relational actions and collective tactical behaviours.
However, as results have shown, there are differences between the individual actions
developed according to the SSCG and the game principle. According to the main objective
of training sessions, such information may support coaches in designing training tasks by
manipulating task constraints (number of players and oaters that should be assigned to
each goal).
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Abstract: This pilot study aimed to determine the effects of differential learning in sprint running with
and without changes of direction (COD) on physical performance parameters in female basketball
players and to determine the feasibility of the training protocol. Nine female basketball players
completed 4 weeks of repeated sprint training (RST) with (COD, n = 4) or without (NCOD, n =5)
changes of direction. A battery of sprints (0 10 and 0 25 m), vertical jumps (counter movement jump
(CM)), drop jump, and single-leg CMJs), and COD tests were conducted before and after intervention.
NCOD completed two sets of ten sprints of 20 m, whereas COD performed 20 m sprints with a
180 degree turn at 10 m, returning to the starting line. Before each sprint, participants were instructed
to provide different uctuations (i.e., differential learning) in terms of varying the sprint. Both groups
had 30 s of passive recovery between two sprints and 3 min between sets. A signi cant effect of time
for the 0 10 m sprint, CMJ, and single leg-CMJ asymmetries were observed. Adding erroneous

uctuation during RST seems to be a suitable and feasible strategy for coaches to enhance physical
performance in young female basketball players. However, further studies including larger samples
and controlled designs are recommended to strengthen present ndings.

Keywords: jumping; sprinting; change-of-direction; uctuations; bilateral asymmetry

1. Introduction

The success of team sports depends, to a large extent, on the physical abilities of a
player but also on the technical and tactical skills [1]. In team sports (e.g., basketball),
repeated bouts of high-intensity activities (i.e., sprinting, jumping) are interspersed with
periods of low-to-moderate activity or passive recovery [1]. Moreover, the physical de-
mands are complex and challenge athletes to have highly and simultaneously developed
speed, agility, strength, power, and endurance qualities [1]. Therefore, it seems plausible
that practitioners working within team sports design training regimes that adequately
match the speci ¢ team sport requirements.
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Players’ ability to perform repeated sprints is one of the critical determinants of team
sports performance [2], including in basketball [3]. In team sports, sprinting activities
correspond to a small percentage of total distance covered or number of activities [4,5];
however, short sprint activities are intercepted by a short period of time (i.e., every 21 to
39 s), for example, in basketball [6]. In this regard, although the total distance covered
during competition has not changed over the years, the requirement for high-intensity
running and longer sprint distances has increased [7]. Consequently, it is astute that
practitioners develop methods of enhancing sprint and repeat sprint ability (RSA) in team
sports athletes. Moreover, since sprints in these contexts are not exclusively straight-line, it
is considered bene cial to prepare athletes to sprint in different directions, challenging the
technical model.

Various methods are used to develop sprint and change of direction (COD) perfor-
mance, including assisted and resisted sprinting techniques, resistance training, plyo-
metrics, and rotational ywheel training [8 10]. A comparison between RSA- and COD-
training revealed comparable performance improvements in soccer-relevant physical per-
formance factors [11]. However, evidence suggests that sprints with COD and short shuttle
runs are more demanding than linear sprints [12], resulting in higher cardiorespiratory
involvement and blood lactate accumulation [12]. Moreover, sprints with COD include de-
celeration and acceleration efforts, creating heightened metabolic and mechanical demands
needed to overcome inertia and rapidly generate propulsive forces in a new direction [13].
This might evoke more signi cant stimuli in performance components associated with neu-
romuscular factors such as jumps, sprints, and repeated sprint performance [14]. However,
sprints and sprints with COD are performed during the game in unpredictable situations
and in different contexts, so it is warranted to employ training methods that promote both
the ability to adapt and the development of the necessary physical capabilities.

From a dynamical systems perspective, uctuations play a key role in the adaptation
of living systems when transiting from one stable state to another [15]. On the basis of
bio-mechanically identi ed, different levels of uctuations in several highly automatized
movements [16,17], the differential learning (DL) model proposed a concrete practical
transfer of the system dynamics approach to gross motor movements by utilising and
actively increasing uctuations in an athlete’s movement learning process [18]. In contrast
to the traditional training strategy, where uctuations are considered errors that must be
minimized, the DL approach considers the uctuations in moving systems as potential
sources and necessary for learning. In an analogy to arti cial neural nets that are modelling
phenomena of real neurons [19], an increase of noise during the learning phase fosters the
process of interpolation and, as a consequence, allows the system a better performance in
the subsequent application phase [15]. Evidence for better performance by interpolation
compared to extrapolation in natural neuro-motor systems was provided by a study by
Catalano and Kleiner [20]. The experiment shows signi cantly better performance when
testing within the trained range than when testing outside. Accordingly, the DL theory
recommends increasing the range already during training to increase the probability of
being able to interpolate in case of emergency or already during the next movement alone
and thus to be able to react more adequately to the new elements that will surely come.
Fluctuations can be increased along a neuromechanical strategy [18] in which the angles,
angular velocities, and angular accelerations of all joints or their rhythms are varied, since
each biomechanical variable can be associated with a physiological proprioceptor that
provides the information necessary for training to the central nervous system for reorgani-
zation. Fluctuations also can be increased by all kinds of instructions (e.g., or metaphors) or
modi cation of the surrounding in form of restrictions or enriched environments. Thereby;,
a major intention of DL is to increase the possibilities of the athlete rather than constraining
them. Meanwhile, evidence is provided that uctuations that can be quanti ed by the
amount or structure of noise can also be increased or modi ed by means of emotions [21]
or fatigue [22,23].
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Increasing the noise serves to destabilize the learning system and to launch a genuine
self-organizing process. In its most extreme form, DL leads to movement variations without
repetition and without correction [24]. Movement corrections in DL are avoided to enable
the athlete to nd their own optimal solution (which would not be the case if the athlete
would be guided by information about errors ). Moreover, external feedback can be
overestimated and redundant in case of enough variation [25]. Here, it is important to
differentiate augmented (or external) feedback from receiving emotional support, which
could have a different in uence on the training process but has not been the subject of
DL research so far. The continuous confrontation with new movement challenges in DL
training results in exible and adaptable movement patterns [26,27]. According to DL
theory, increased uctuations result in better skill acquisition and better learning rates than
traditional models [28,29]. Hereby, the noise should be optimized rather than maximized,
which is covered by the stochastic resonance principle of the DL-theory [24,27]. Thereby,
in the ideal case, the noise provided by the given exercises should be adapted to the
individual and momentary noise provided by athlete. Epistemologically, the majority of
studies on DL follow the strategy of conceptual replication instead of direct replication or
reproduction, which logically fall too short because of the Duhem Quine thesis, and so far
provide corroboration (not veri cation) of the DL theory [30]. However, a differentiation
of effects comparing models that were in uenced and inspired by DL theory, such as the
rather eclectic constraints-led approach [31] or the gradual and stochastic DL [26], are
pending. Indeed, the bene ts of the training programs based on DL in both technical and
physical skills have been reported in team sports [32 35].

Based on the previous, including the DL approach, uctuation in repeated sprints
and sprints with COD in a training program is assumed to have the potential for eliciting
physical performance improvements. Therefore, the aim of this study was to examine the
effect of a four-week training intervention involving repeated differential sprint training
with COD (COD) vs. without COD (NCOD) on a series of physical tests (i.e., jumping,
landing, sprinting, and cutting). A better understanding of the effects of differential
repeated sprint training on various aspects of physical performance may help practitioners
to better schedule and design training tasks to improve these aspects. Due to the lack of
comparable ndings, we propose the null hypothesis, i.e., that there will be no difference in
the ef cacy of the repeated differential sprint training with or without COD. Furthermore,
we hypothesised that repeated differential sprint training is a feasible training strategy and
bene cial for physical parameters.

2. Materials and Methods
2.1. Participants

Sixteen female basketball players from the under-19 age group up to the amateur
senior level volunteered in this study. All participants completed, in sum, about 270 min
of basketball training (three basketball sessions/week, 90 min/session) and one to two
competitive matches per week. Only participants who participated in at least 90% of
the workouts were considered for data analysis, which resulted in the exclusion of seven
players from post-testing analysis (NCOD, n =5; COD, n = 4). Nine players were nally
assessed. Post hoc observed power calculations (G*Power, version 3.1.9.7; University of
D sseldorf; D sseldorf, Germany) for repeated measures ANOVA, including two groups
and two measurements (= 0.05, d = 0.25), revealed power ( ) between 0.11 and 0.25. Writ-
ten and informed consent was obtained from all participants’ parents, and player approval
was obtained before the beginning of this investigation. The present study was approved
by the Institutional Research Ethics Committee and conformed to the recommendations of
the Declaration of Helsinki.

2.2. Procedures

This pilot study incorporated a parallel-groups, repeated measures design, whereby
participants were randomly divided into two groups with repeated sprinting training with
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(COD, n = 8) and without COD (NCOD, n = 8). The training period lasted 4 weeks and was
carried out within the regular training sessions. The tests were performed one and two
weeks before the commencement of the training period and one week after the intervention.
Physical performance tests (PPT) were performed under the same experimental conditions
(training session time and indoor basketball court). A 10 min standardized warm-up
was performed (5 min jogging, dynamic stretching, 10 bilateral squats, core exercises,
10 unilateral squats, and three vertical unilateral jumps) before all testing. PPTs were
conducted in the following order, respecting the principles of National Strength and
Conditioning Association for testing order [36]: anthropometrical measurements, jumping
tests (countermovement jump (CM)), single-leg countermovement jumps (SLCMJs)), drop
jumps (DJ), single leg drop jumps (SLDJ), the 505 test, and straight sprinting tests (0 10
and 0 25 m splits time).

2.3. Training Program

The participants included in both training groups participated in two weekly train-
ing sessions during in-court practice in a four-week period. All the intervention drills
were performed at the beginning of the training session, after the warm-up period. The
differential repeated sprint training was comprised by two sets of ten sprints of 20 m
with 30 s of passive recovery between sprints and 3 min of passive recovery between
sets. The NCOD group performed all repetitions straight, while the COD group ran to a
mark situated 10 m from the starting line, performed a 180 COD using alternatively the
right or left leg to push off, before returning to the starting line (total of 20 m) (Figure 1).
Before each repetition, all participants were verbally instructed by the main researcher to
perform a different uctuation (Table 1; Figure 2) or a combination of uctuations. No
instructed movement uctuation was repeated more than once in each training session.
These uctuations were selected based on previous studies involving the DL approach
exercises for motor skills [28,37].
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Figure 1. Examples of different experimental setups. (A) NCOD group and (B) COD group.
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Table 1. Examples of the uctuations performed during differential repeated sprint training interventions.

# Body Part Fluctuations # Body Part Fluctuations

1 Head back 29 Trunk rotation to the left
2 Head forward 30 Trunk rotation to the right
3 Head back and forth 31 Trunk Trunk tilted laterally to the left
4 Head Head rotated to the left 32 u Trunk angled laterally to the right
5 Head rotated to the right 33 Torso tilted back

6 Head rotated left and right 34 Trunk tilted forward

7 Head tilted to the left 35 Hands on hip

8 Head tilted to the right 36 Right hand on hip

9 Closed right eye 37 Left hands on hip

10 Left eye closed 38 Hands behind head

11 Eyes Blinking eyes 39 Hands on forehead

12 Look to the right 40 Hands Right hand behind head
13 Look left 41 Left hand behind head
14 Two arms up 42 Hands behind back

15 Two arms close to the torso 43 Right hand behind back
16 Arm rotation forward 44 Left hand behind back
17 Arm rotation back 45 Clapping ahead

18 Alternate forward arm rotation 46 Clap behind back

19 Alternate backward arm rotation 47 Clap front and back

20 Arms open to the side

21 Arms Arms open down

22 Crossed arms

23 Arms stretched forward

24 Arms stretched back

25 Right arm up + left arm down

26 Left arm up + right arm down

27 Left arm up + right arm to the side

28 Right arm up + left arm to the side

Figure 2. Examples of differential repeated sprint training uctuations.
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2.4. Measurements

Bilateral and Unilateral Countermovement Jumps (CMJ). CMJs were assessed accord-
ing to the Bosco Protocol. Participants performed three successful SLCMJs with each leg
in the vertical and horizontal directions. Participants began standing on one leg, then
descended into a countermovement before extending the stance leg to jump as far or as
high as possible in the vertical and horizontal directions. The landing was performed
on both feet simultaneously. A successful trial included hands remaining on the hips
throughout the movement and balance being maintained for at least 3 s after landing. If the
trial was considered unsuccessful, a new trial was performed. In the horizontal direction,
the participants started with the selected leg positioned just behind a starting line. The
jump height was recorded using an infrared optical system (OptoJump Next Microgate,
Bolzano, Italy).

Bilateral and Unilateral Rebound Drop Jumps (DJ). Participants stood on top of a 30 cm
high box with hands placed on the hips. Then, they dropped down, landed on both legs,
and jumped vertically as high as possible with the shortest ground contact time possible. In
unilateral rebound jumps (SLRJ), they hopped down diagonally (45 anterolateral), landed
on the same leg within the infrared optical system, and then jumped vertically as high
as possible with the shortest contact time possible [38]. The reactive strength index (RSI)
was automatically calculated using Optojump Next software, version 1.12.1.0, through the
following formula: jump height/contact time [38].

The 505 test (COD). Each participant was instructed to run to a mark situated 10 m
from the starting line, perform a 180 COD using the right or left leg to push off, and
return to a mark located 5 m away, covering a total of 15 m [39]. The participants were
asked to pass the line indicated on the ground with their entire foot at each turn. The
505 test total time was recorded with 90 cm height photoelectric cells separated by 1.5 m
(Witty, Microgate, Bolzano, Italy). Each participant performed three sprints with COD for
each side with 2 min of rest between them. Players began each trial in standing positions
with their feet 0.5 m behind the rst timing gate. The lower limb asymmetry index (ASI)
was determined by adhering to the procedures described by Bishop and colleagues [40]
using the following formula: ASI = 100/Max Value (right and left)*Min Value (right and
left)* 1+ 100. The COD de cit (CODD) for the double 180 COD test for each leg was
calculated via the following formula: mean double 180 COD time mean 10 m time [39].

Speed tests. The average running speeds were evaluated by 10 m (0 10 m) and 25 m
(0 25 m) split times. Running times were recorded with 90 cm high photoelectric cells
separated by 1.5 m. Each participant performed three trials with 2 min of rest between each
of the trials. Players began each trial in an upright standing position with their feet 0.5 m
behind the rst timing gate.

2.5. Statistical Analyses

Data are presented as mean standard deviation (SD). Reliability of test measures
computed using an average measures two-way random intraclass correlation coef cient
(ICC) with absolute agreement, inclusive of 90% con dence intervals, and the coef cient of
variation (CV). The ICC was interpreted as poor (<0.5), moderate (0.5 0.74), good (0.75 0.9),
and excellent (>0.9) [41]. Coef cient of variation values were considered acceptable if
<10% [42]. A paired-samples t-test was used to analyse within-group changes [43]. The
threshold values for Cohen’s d for within-group effect sizes (ES) statistics were 0 0.2 trivial,
>0.2 0.6 small, >0.6 1.2 moderate, >1.2 2.0 large, and >2.0 very large [44]. A2 2 repeated-
measure analysis of variance (ANOVA) was performed based on the absolute values of
all parameters to determine the main effects between groups (NCOD and COD group)
and time (pre- and post-test) [43]. Effect size was evaluated with partial eta squared ( Zp),
and the threshold values were no effect ( 2p < 0.04), minimum effect (0.04 < 2p < 0.25),
moderate effect (0.25 < 2p < 0.64), and strong effect ( 2,_-, > 0.64) [45]. This measure has
been widely cited as a measure of effect size and predominantly provided by statistical
software [46]. Tukey’s post-hoc analysis was used to examine the differences between times
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according to THE group. All statistical analyses were performed using the SPSS software
(version 24 for Windows; SPSS Inc., Chicago, IL, USA).

3. Results
3.1. Sample

The mean age of the included subjects was 19.0 years (SD: 2.4). The mean height of
the subjects was 169.8 cm (SD: 5.3). The mean body mass of the subjects in this study was
62.3 kg (SD: 3.9).

3.2. Tests Reliability

Although the concept of systems dynamics with its essential role of uctuations espe-
cially in phase transitions con icts with the reliability criterium in test theory, the reliability
of the chosen test diagnosis was determined for reasons of comparison and evaluation.

All ICC values ranged from moderate to excellent (ICC range = 0.54 0.93), and most
(6 of the 10) of CV values were acceptable (CV range = 1.28 16.70%) (Table 2).

Table 2. Reliability data for test variables. Data are presented as value with lower and upper
con dence limits.

. ICC CV (%)
Test Variables (95% CL) (95% CL)
CMJ (cm) 0.89 (0.66; 0.97) 5.13 (2.87; 7.64)
DJ (m/s) 0.93(0.76; 0.98) 16.70 (12.48; 20.84)
0 10m (s) 0.81( 0.07;0.96) 2.63 (1.14; 4.32)
0 25m (s) 0.84 (0.06; 0.97) 1.28 (0.46; 2.46)
CMJr (cm) 0.77 (0.19; 0.96) 10.67 (6.76; 15.07)
CMJ (cm) 0.95 (0.72; 0.99) 7.23 (4.30; 10.23)
SLRIJR (M/s) 0.93 (0.63; 0.99) 14.89 (9.44; 19.37)
SLRJL (m/s) 0.95 (0.82; 0.99) 15.04 (9.43; 21.64)
COD180R (s) 0.54 ( 0.24;0.89) 2.47 (1.39; 3.63)
COD180y (s) 0.86 ( 0.12;0.97) 2.71 (1.35; 4.18)

Abbreviations: ICC = intraclass correlation coef cient; CV = coef cient of variation; CL = con dence limits;
CMJ = countermovement jump height; DJ = drop rebound jump; 0 10m =0 10 m sprinttime; 0 25m=0 25m
sprint time; SLRJ = diagonal single leg rebound jump; COD180 = change of direction test; R = right; L = left.

3.3. Tests Outcomes

Data from all PPTs were comparable between the two groups at baseline (all p > 0.05;
see Table 3).

A repeated measures ANOVA indicated a signi cant main effect of time on CMJ
(F=1264;p 0.01; %, =0.64),0 10m (F=13.17;p 0.01; 2, =0.65), CMJg (F = 6.43;
p 005 2,=048),and CMiag (F=5.85p 0.05 2, =0.46). Additionally, asigni cant
main effect of the group on SLRJg (F=6.03;p 0.05; 2p =0.46), and CODDg, (F =13.79;
p 0.01 Zp = 0.66) was observed. Finally, repeated measures ANOVA indicated a
signi cant interaction effect (group x time) on CMJ_ (F =12.39;p 0.01; Zp = 0.64) only.
The post hoc t-test revealed a signi cant difference between pre-test and post-test on CMJ_
for the COD training group (p = 0.047).

Within-group changes for both training groups are described in Table 3. The NCOD
training group showed signi cant improvementsin0 10m (ES= 1.25,p 0.05), CMJg
(ES=130,p 0.05),CMlas (ES= 1.86,p 0.05), and SLRJas (ES= 1.50,p 0.05).
Figures 3 and 4 display the individual changes in performance from pre- to post-test for
both groups. Interestingly, the majority of athletes are responding in the same direction.
Nevertheless, in both groups, single athletes can be identi ed who react contrary to the
group trend.
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Table 3. Inferences of the training programs intervention on player’s performance measures.

Between-Groups

Variables Pretest, Postest, p Within-Group Pretest Between-Qroup
Mean SD Mean SD Effect Size Differences (p) Effect Size
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Abbreviations: CMJ = countermovement jump height; DJ = drop rebound jump; 0 10 m =0 10 m sprint time; 0 25 m =0 25 m sprint time;
SLRJ = diagonal single leg rebound jump; COD180 = change of direction test; CODD = COD de cit; R = right; L = left; ASI = bilateral
asymmetry; * signi cant differences at p < 0.05; ** signi cant differences at p < 0.01.
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4. Discussion

This pilot study aimed to investigate the effects of the DL approach applied to sprint
training with and without COD on physical tests in female basketball players. Methodically,
in addition to the classical mean statistics, the presentation of individual results was
chosen, since, on the one hand, epistemologically, from mean values only to other mean
values can be concluded, but not to the individual athlete, and, on the other hand, for the
effectiveness of training measures, individual reactions to interventions are increasingly
of interest [47 49]. Considering ndings and the absence of injuries and complaints,
this study showed that it is feasible to implement DL principles in a repeated sprint
training to improve physical performance. Moreover, the study provided indications
that differential repeated sprint training has a bene cial effect on CMJ, 0 10 m, CMJg,
and CMlJag). Performing differential repeated sprint training without COD resulted in
improved 0 10 m, CMJg, CMlJas), and SLRIag; for all group participants. Furthermore,
including COD during differential repeated sprint training resulted in improved 0 25 m
sprint time and CMJ,_ for all COD group participants.

Differential repeated sprinting training resulted in increased CMJ performance after
4 weeks. This bene cial transfer effect is similar to previous training protocols exploring
DL in team sports [32,35], which suggests common underlying mechanisms explaining the
improved jumping performance. Recent studies using electroencephalography to analyse
brain activation patterns demonstrated neural activation after DL training in frequency
bands and brain areas that are assumed to be supportive, especially for motor learning [50].
Improved motor learning and coordination (i.e., neural adaptations) dominate in the
early phase of training [36]. That said, most participants may have bene ted from the
increased experiences of the various combinations of movement uctuations and repeated
highly intensive neuromuscular activations to improve jumping ability on the short-term
scale. Speci cally, increased neural drive is associated with enhanced agonist muscle
recruitment, improved neuronal ring rates, and greater synchronization in the timing of
neural discharge [36]. Likewise, central adaptations arising from higher neural activation
can lead to increased motor unit activation, resulting in increased high-intensity muscular
contraction and increased stiffness (i.e., jumping) [36]. Nevertheless, two of the participants
had contrary responses (one per group) in CMJ, indicating that combining movement

uctuations and high-intensity muscular contractions places large stress either on their
body or mind, inhibiting their performance. Thus, the present results need to be analysed
with caution, with the need to examine the training response on an individual basis.
Furthermore, practitioners should be aware that training volume, intensity, duration, or
even the frequency of changes can be adjusted for negative or non-responders [51]. More
studies with emphasis on individual responses are needed to better understand the effects
of manipulating these variables on differential repeated sprint training [51].

The present ndings suggest that an improvement in CMJ accompanied an increase
in sprint performance. This is in accordance with the relationship between CMJ height
and 0 10 m sprinttime (r = 0.51) previously reported in female athletic populations [52].
The underlying commonality is seen in the fact that both activities take advantage of
the stretch-shortening cycle (SSC), where an eccentric action (i.e., stretching) precludes a
concentric action (i.e., shortening) [36]. The use of variable movements generates greater
neuromuscular [53] and neurophysiological adaptations than movement repetitions [50]
and increases the storage of elastic energy during the eccentric phase, leading to larger
release of kinetic energy during the concentric phase. This better exploitation of the SSC
may have allowed a greater training stimulus to occur over time, which, in turn, resulted
in improved sprinting and jumping performance. In fact, after differential repeated sprint
training, participants improved their 0 10 m sprint time. Notably, all participants of
NCOD were positive responders in this test, which can be related to the speci city versus
variability of the practice paradigm [54]. Possibly, the NCOD group may have bene ted
from better dynamic similarities between the movement patterns in differential repeated
sprint training and the 0 10 m sprint test [36]. Additionally, the straight sprint and sprint
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with COD require speci ¢ running techniques [36], since during the COD training protocol,
participants not only reduced their velocity prior to the 180 directional change at 10 m
but also, due to the slowing down, caused increased eccentric contractions, while NCOD
increased their velocity until 20 m.

After the differential repeated sprint training program, participants displayed higher
values of CMJr compared to the pre-test values. This improvement in unilateral jumping
may be indicative of increased strength of ankle- and hip-joint muscles and both static and
dynamic postural balance [9]. However, to what extent these speci c reactions depend
on the individual preferences of the jump and play leg or laterality in general should
be clari ed by future research. A study analysing the effect of differential jump training
on balance performance and postural control of female volleyball players during single
leg stance observed a decreased sway area and anterior posterior and mediolateral sway,
indicative of improvements on the aforementioned qualities [34]. Thus, the implementation
of movement variations through DL principles during training generates neuromuscular
stimuli that may result in improved balance performance and ankle stabilization [55], and
consequently, in improved unilateral jumping. Furthermore, previous results demonstrated
impaired postural control (i.e., increased body sway) after high-intensity repeated sprints
(i.e., ten 30 m sprints with two 180 COD (10 + 10 + 10 m), interspaced by 30 s of passive
recovery between sprints) [56]. These ndings suggest that repeated sprints result in alter-
ations in the sensory information from the proprioceptive and exteroceptive systems [56].
Thus, continuous exposure to the combination of increased movement uctuations accom-
panied by high-intensity muscular contractions can generate bene cial adaptations at the
proprioceptive and exteroceptive levels that can result in positive transfer to the unilateral
jumping performance in controlled settings. Notwithstanding, apart from one subject, all
participants in the COD group improved CMJg and CMJ,_ after training, including superior
improvements in CMJ_ when compared to the NCOD group. Although the gures with
individual results are no proof of individuality [48], the different effects on performance
indicate that not all athletes achieved similar adaptations.

Following the principle of stochastic resonance idea within DL-theory [28], future
research should match the noise of the coach’s uctuations to that of the athletes. Thereby,
the extent to which this involves the amount or structure of noise will also need to be
clari ed [57]. This is particularly important in team sports since improving and strengthen-
ing all team members is crucial. The present ndings suggest that the inclusion of COD
during differential repeated sprint training can yet be more bene cial in unilateral jumping.
Optimal movement variability during 180 COD could increase the need for lower-limb
stabilisation to maintain balance, therefore requiring input from muscular involvement
during triple exion [58]. Moreover, the 180 COD involves the application of considerable
braking and propulsive forces (particularly horizontal) within the nal foot contact [59,60],
demanding higher muscle activity of the ankle, knee, and hip-joint stabilizers. That said,
improvements in unilateral jumping are expected based on the neuromuscular stimuli
from simultaneously performing 180 COD with movement variation.

The overall adherence to the training programs is highly associated with the injury
rate, enjoyment, motivation, and satisfaction with progress [61]. In this regard, the absence
of injuries or complaints and the improvements in physical performance observed during
this pilot study, in conjunction with previous adherence in experimental studies [32,35,62],
bring increased expectations for a good adherence to the training program in further studies.
These expectations are also sustained in brain activation patterns associated with enhanced
attentional processes and improved learning processes from the use of differential learning
in different motor tasks [50,63,64]. That said, continuous exposure to uctuations can result
in favorable neurophysiological adaptations, which may induce subjects to be more likely
to be engaged in a training program, including differential learning approach.

We consider this investigation a pilot study due to the small sample size arising from
the dropout rate, frequently observed in youth studies [34,37]. Since we mainly rely on the
original Fisher statistics, extended by the effect sizes according to Neyman Pearson [65],
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there is no claim for generalization [66]. Rather, we show further supportive evidence for
the effectivity of an alternative training approach that encourages self-organization within
a divergent learner-oriented teaching/coaching style [67]. In agreement with the Fisher’s
statistics, we conclude, based on the p < 0.05 results, that further research on differential
training is promising. Further investigations in less-experienced, semi-professional and
professional players is recommended. Furthermore, it may be worth pursuing longitudi-
nal studies wherein the same participants are tested over months in order to fathom the
complexity of the individual’s continuous changes even more [49]. The original publica-
tion on DL in 1999 was especially focused on Individuality a neglected parameter to
emphasize the need for alternative theoretical and practical approaches for the dominant
group and average oriented streams. Longitudinal changes in each variable could help
better understand the long-term training effects and further support our results.

5. Conclusions

Counterintuitively, the ndings of the present study displayed positive effects by
adding erroneous uctuation during sprint training not only in sprint but also in several
jumping performances. Although it is a pilot study with no claim to generalisation, the sig-
ni cant changes from pre- to post-test indicate, according to Fisher’s original interpretation,
that pursuing this research eld is worthwhile. Whether the results due to increased noise
are side or main effects demands further research. The higher variability of stimuli during
the training also suggests looking for additional effects on prevention of injuries or choking
in basketball of female players. This training type is recommended for further experiments
in female basketball, where coaches and tness trainers might go beyond their learned
tools and switch from convergent and teacher-oriented training to more divergent thinking
approaches with athlete-oriented training. Fluctuations within repeated sprint training
may in uence the individual’s movement patterns towards more effective and stabilized
skills. From an epistemological point of view, together with all the other studies on DL, the
results can be considered as a further corroboration of the DL theory. Nonetheless, much
more research on the structure and amount of noise with respect to the individuality of the
athletes and their momentary physiological and emotional states is necessary.
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Abstract: The aim of this study was to investigate the effects of local (LIPC) and remote (RIPC)
ischemic preconditioning on sprint interval exercise (SIE) performance. Fifteen male collegiate
basketball players underwent a LIPC, RIPC, sham (SHAM), or control (CON) trial before conducting
six sets of a 30-s Wingate-based SIE test. The oxygen uptake and heart rate were continuously
measured during SIE test. The total work in the LIPC (+2.2%) and RIPC (+2.5%) conditions was
signi cantly higher than that in the CON condition (p < 0.05). The mean power output (MPO) at the
third and fourth sprint in the LIPC (+4.5%) and RIPC (+4.9%) conditions was signi cantly higher
than that in the CON condition (p < 0.05). The percentage decrement score for MPO in the LIPC and
RIPC condition was signi cantly lower than that in the CON condition (p < 0.05). No signi cant
interaction effects were found in pH and blood lactate concentrations. There were no signi cant
differences in the accumulated exercise time at  80%, 90%, and 100% of maximal oxygen uptake
during SIE. Overall, both LIPC and RIPC could improve metabolic ef ciency and performance during
SIE in athletes.

Keywords: anaerobic capacity; blood ow occlusion; fatigue resistance; high-intensity interval
training

1. Introduction

In 2010, de Groot et al. [1] extended the concept of ischemic preconditioning (IPC),
which involves brief cycles of ischemia and reperfusion, from the medical eld to the
sports science eld, and discovered that IPC could help increase maximal oxygen uptake

(VOzmax). Since then, many studies have explored the bene ts and possible mechanisms
of IPC on sports performance. IPC can be divided into local (LIPC) and remote (RIPC)
ischemic preconditioning according to its location of function. The difference between
the two approaches is whether blood ow is occluded in the same muscle group that is
subsequently used during exercise. For example, for cycling exercise, LIPC refers to appli-
cation of blood ow occlusion to the legs, whereas RIPC refers to application of blood ow
occlusion to the arms. At present, it is thought that both LIPC and RIPC may improve func-
tioning of the mitochondrial ATP-dependent potassium channel, attenuate ATP depletion,
promote phosphocreatine (PCr) resynthesis, enhance metabolic ef ciency, and increase
vasodilation, oxygen delivery and extraction, thereby enhancing subsequent endurance
performance [2,3]. However, the acute effect of IPC on the performance of repeated or
interval sprints, in which aerobic contribution is predominant [4], remains controversial.
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Some studies have suggested that LIPC can improve subsequent repeated sprint
performance, including the 12 6-s cycling sprint [5], 3 (6  [15 + 15-m)]) shuttle
sprints [6], and 6  50-m swimming sprint [7]. However, others have reported the opposite,
i.e., that for repeated sprints with a short overall exercise time, including 5  6-s [8]
and 10  6-s cycling sprints [9], LIPC does not enhance performance. Alternatively,
application of LIPC to single short-duration sprints, such as 10 30-m sprints, revealed
no obvious bene ts [10,11]. Some studies have indicated that LIPC may be bene cial
only in single sprints powered by glycolysis, such as 50-m swimming sprint [12] and 60-s
cycling sprints [13]. In contrast, a study by Paixao et al. [14] has reported that LIPC cannot
improve the power output of three sets of 30-s Wingate-based sprint with 10-min rest
intervals. During a single 30-s Wingate-based sprint, PCr availability can be restored to
65% of the rest value after 1.5 min of post-exercise rest, or 86% after 6 min of post-exercise
rest [15]. Therefore, LIPC cannot enhance the performance of repeated 30-s Wingate-based
sprints, probably because most PCr availability can be restored through passive recovery
during long rest intervals. It would be relevant to explore whether LIPC can improve the
performance of the subsequent 4 6 sets of 30-s Wingate-based sprint interval exercise (SIE)
with short (4-min) rest intervals, as it is an exercise intervention commonly adopted to
improve aerobic capacity and performance in untrained and trained individuals [16].

For the RIPC research, some studies have suggested that RIPC does not enhance
aerobic or anaerobic performance in exercises such as the 1-h cycling time trial [17], 7  200-
m incremental swimming test [18],and 6  6-s and 30-s cycling sprint [19]. On the other
hand, others have reported that RIPC can help to shorten the time needed for swimming
100 m [18] and can extend the time to task failure during handgrip exercise [20]. More
recent studies have indicated that RIPC can increase the number of repetitions and total
training volume during resistance exercise [21,22]. Kraus et al. [23] pointed out that RIPC
of bilateral rather than unilateral upper limbs can increase the power output during four
sets of 30-s Wingate-based SIE. They also suggested that inconsistent results may be related
to the number of muscle groups involved during the application of IPC. Therefore, whether
the acute effect of LIPC on the performance of SIE is superior to that of RIPC requires
further clari cation.

For team-sport athletes, sprint and high-intensity interval training programs have
been shown to be effective approaches to enhance aerobic capacity and performance [24].
Coaches and sports scientists often nd ways to further improve training quality and
training adaptation. Therefore, the purpose of this study was to investigate the acute effects
of LIPC and RIPC on SIE performance in athletes. We hypothesized that both LIPC and
RIPC could improve SIE performance, in terms of both power output and fatigue resistance,
and that LIPC would be more effective than RIPC in this respect. We also hypothesized
that LIPC and RIPC could increase metabolic ef ciency during SIE.

2. Materials and Methods
2.1. Participants

Fifteen male Division | collegiate basketball players (age21 2 years; height1.87  0.08 m;

body mass 86 13 kg; VOzmax, 51.9 7.8mL kg ! min I;blood pressure 126/68 mmHg)
were recruited to complete this repeated measured crossover study. The priori power
analysis (G*Power 3.1.9.4) was used to calculate the appropriate sample size. Based on
a previous meta-analysis study [3] on the overall impact of IPC on exercise performance
(effect size = 0.43), the minimum sample size of n = 9 was required for this study ( = 0.05,

= 0.20). All participants completed a medical history and health questionnaire, and
signed informed consent forms before participating in the experiment. The participants
refrained from drinking alcoholic or caffeinated beverages for 24 h before the experiments
began and fasted for at least 4 h prior to visiting the laboratory, in order to reduce the inter-
ference of food in the experiment. The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Research Ethics Committee of National
Taiwan Normal University, Taipei, Taiwan (Approval code: 201612HMO010).
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2.2. Experimental Design and Protocols

After a familiarization trial, participants performed an incremental cycling test (GXT)
and two control (CON) trials, separated by at least 3 days, on a cycling ergometer (Cyclus
2, RBM Elektronik, Automation, Leipzig, Germany). The cycling ergometer was equipped
with an electromagnetically-braked system. During the subsequent visits, participants
underwent LIPC, RIPC, or sham (SHAM) treatment in a randomized crossover design,
separated by at least 4 days, before conducting six sets of 30-s Wingate-based SIE test
(Figure 1). When they arrived at the laboratory, their body mass was measured to determine
the load of the SIE test. Before treatment, participants were asked to rest supine for 10 min
for baseline measurements, including their heart rate, blood lactate concentration, and pH
level. The heart rate and oxygen uptake (VOZ) were continuously measured during the
SIE test. Blood samples for pH and lactate concentrations were drawn before (baseline)
and 5-min after treatment, and 5-min after the SIE test. The participants completed all
of the trials during the same time-period (2 h) of testing days to eliminate any effect of
circadian variation.

LIPC, RIPC, or [ 6% 30 s sprint 1
SHAM 4-min rest intcrva

Rt [T T ]
[ Rest ][ Warm- up Rest m
O i
I

| | 4
0 40 45 Time (min)

A A A

Figure 1. Protocol schematic. R’t, right thigh or upper arm; L't, left thigh or upper arm; LIPC, local ischemic preconditioning;
RIPC, remote ischemic preconditioning; , Occlusion; , Reperfusion; N, Blood lactate and pH value.

2.3. Incremental Cycling Test

During each participant’s rst visit to the laboratory, the cycling ergometer seat
and handlebars were adjusted for comfort. These same settings were restored for each
consecutive exercise trial. Before the GXT, all participants were asked to cycle at different
pedaling rates (70, 80, and 90 rpm) for a while (~1 min), and then chose the most comfortable
rate as their self-selected cadence. Participants rst performed 3 min of unloaded baseline
pedaling (0 W); the load was increased by 30 W every min thereafter until volitional
exhaustion. During the GXT, the participants maintained a self-selected cadence for as long
as possible. Strong verbal encouragement was provided throughout the trial. Exhaustion
was de ned as a pedaling rate of 10 rpm lower than the self-selected cadence, lasting for
10 s or more.

Pulmonary gas exchanges were measured breath-by-breath throughout the GXT by
having the participants wear a face mask (7400 Vmask series, Hans Rudolph, Kansas
City, MO, USA) attached to a portable gas analysis system (Cortex Metamax 3B; Cortex
Biophysik, Leipzig, Germany). Before the test, the system was calibrated according to the
manufacturer’s guidelines against known concentrations of cylinder gases (15% oxygen,
5% carbon dioxide) and a 3-L calibration syringe (5530 series, Hans Rudolph, Kansas City,
MO, USA). Heart rates were monitored using a telemetry system with a wireless chest strap
(Polar S810i; Polar Electro, Inc., Oy, Kempele, Finland) and were continuously measured

through a link to the Cortex gas analysis system during the exercise test. The greatest VO,
value (averaged every 10 s) measured during the GXT was recorded as the VO,max value.

2.4. IPC Protocols

The LIPC and SHAM treatments were performed in supine position using 14-cm-wide
blood pressure cuffs placed on the most proximal portions of the upper thighs. Bilateral
occlusion was performed simultaneously on the right and left thighs. The cuff was rapidly
in ated to 220 mmHg for the LIPC and 20 mmHg for the SHAM conditions, respectively, by
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means of a cuff in ator (CK-113P, Spirit Corp, Taipei, Taiwan). Absolute cuff pressure was
used in SHAM to allow direct comparison with relevant studies [5,12 14]. This occlusion
procedure was repeated 4 times, each separated by 5 min of reperfusion, as this protocol has
been successfully applied in previous studies investigating the ergogenic effects of LIPC
on exercise performance [5,6,13]. In RIPC treatment, the same blood pressure cuffs were
placed bilaterally on the proximal parts of upper arms. Both cuffs were simultaneously
in ated to 30 mmHg above systolic arterial pressure for 5 min, followed by 5 min de ation.
The average cuff pressure in RIPC was 156 7 mmHg. The cuffs were in ated and de ated
4 times in total, according with a previous study about the effect of RIPC on four sets of
30-s Wingate-based SIE performance [23]. In CON treatment, participants performed a
5-min standardized warm-up followed by a 5-min passive rest without any blood occlusion
before SIE test.

2.5. Wingate-Based 6  30-s Sprint Interval Exercise

Prior to each trial, all participants performed a standardized warm-up comprising
5 min of submaximal cycling at 50 W (60 75 rpm), in which three bouts of maximal
accelerations (approximately 5 s) at the end of the second, third and fourth minutes were
performed. After the warm-up, participants rested for 5 min on the cycle ergometer. The
SIE protocol involved participants to complete six sets (S1 S6) of 30-s Wingate-based SIE
with a 4-min rest interval against the given load ([0.7 body mass]/0.173) as fast as
possible [25]. Thirty seconds before starting each sprint, participants were informed to ride
at a moderate pedal cadence (50 60 rpm), from a seated position. Ten seconds before the
initiation of each sprint, participants were instructed to increase pedaling rate to 80 85 rpm
until given the signal to start pedaling maximally. During the last 2 s of the recovery
period, participants were required to increase the pedaling rate to over 100 rpm (0 N) for
the convenience of the subsequent 30-s cycling sprint test. At the end of the sprint, the
participants remained seated on the bike for recovering between sets. Participants were
given strong verbal encouragement by the same researchers throughout the entire trial.

The total work, peak (PPO) and mean (MPO) power outputs, and percentage decre-
ment score (100  [{total sprint power outputs/ideal sprint power outputs}  100]) were
calculated at each cycling sprint. The total sprint power was calculated as the sum of the
peak/mean power outputs from all sprints. The ideal sprint power was de ned as the
number of sprints  highest peak/mean power output. The accumulated exercise time at

80%, 90%, and 100% VO,max were also calculated during SIE.

2.6. Blood Sampling and Analysis

Capillary blood samples were taken by ear lobe puncture to evaluate lactate concen-
trations. The rst blood samples were discarded, and the second blood samples (ca. 0.3 L)
were used to analyze the lactate concentrations using a lactate chemistry analyzer (Lactate
Pro2, Arkray, Inc., Kyoto, Japan). To measure blood pH values, whole blood samples
(ca. 1 mL) were drawn from an antecubital venous catheter and assessed by a blood gas
analyzer (OPTI CCA-TS; OPTI Medical System, Inc., Roswell, GA, USA).

2.7. Statistical Analysis

The Shapiro Wilk normality test was performed to determine the homogeneity of the
sample. The performance data (total work, PPO, MPO, percentage decrement score, and
accumulated exercise time), blood lactate and pH values were assessed using repeated-
measures ANOVA. The LSD post-hoc test was applied if a signi cant difference was
found. The effect size (Cohen’s d) was calculated by dividing the difference between
the mean values of the conditions by the pooled SD. Cohen’s d of <0.5, 0.5 0.79, and

0.8 were considered as small, moderate, and large effects, respectively. The intraclass
correlation coef cient (ICC) was used to assess the test retest reliability of the SIE test
in CON conditions. Statistical signi cance was set at p < 0.05 and all procedures were
conducted using SPSS for Windows (Version 17, IBM SPSS Inc., Chicago, IL USA).
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Table 1. Effects of local and
sprint interval exercise test.

3. Results

The PPO (ICC =0.93 0.98, p <0.05) and MPO (ICC =0.77 0.91, p < 0.05) at each sprint,
and total work (ICC =0.92, p < 0.05) demonstrated good to excellent test retest reliabilities.
The total work done during the SIE test differed signi cantly among treatments (F = 3.307,
p < 0.05). The total work in the LIPC (+2.2%, d = 0.98) and RIPC (+2.5%, d = 1.10) conditions
was signi cantly higher than that in the CON (Table 1). In Figure 2A, the MPO of the third
and fourth sprint in LIPC (S3, +4.9%, d = 1.28; S4, +4.0%, d = 1.10) and RIPC (S3, +4.7%,
d = 1.26; S4, +5.1%, d = 1.18) were signi cantly higher than those in the CON condition
(p < 0.05). Table 1 also indicates that the percentage decrement scores of MPO in the LIPC
(d =1.08) and RIPC (d = 1.13) conditions were signi cantly lower than that in the CON
condition (F = 3.534, p < 0.05). No signi cant interaction effect of PPO was found (F = 0.998,
p > 0.05; Figure 2B); however, the percentage decrement score of PPO in the LIPC condition
was signi cantly lower than that in the CON condition (d = 1.27, p < 0.05; Table 1).

There were no signi cant interaction effects in pH (F = 1.405, p > 0.05) and lactate
(F =1.035, p > 0.05) concentrations (Table 1). No signi cant differences in peak VO, were
found during SIE among treatment conditions (LIPC vs. RIPC vs. SHAM vs. CON,
554 7.7vs.556 7.7vs.543 10.2vs.55.7 7.2mL kg ! min 1 F=0.296,p> 0.05).
Moreover, there were no signi cant differences in the accumulated exercise time at  80%
(F=0.679, p>0.05), 90% (F = 0.422, p > 0.05), and 100% (F = 0.741, p > 0.05) VO, max during
SIE test (Table 1).

remote ischemic preconditioning on exercise performance and physiological responses during

LIPC (n =15) RIPC (n = 15) SHAM (n = 15) CON (n=15)
Total work (kJ) 108.3 89* 1084 6.9* 107.1 86 106.0 8.6
Percentage decrement score (%)
PPO 54 23* 6.2 31 65 29 76 38
MPO 119 47* 119 46* 131 4.1 152 53
Accumulated exercise time (s)
80% VO, max 955 527 99.9 539 81.2 62.0 952 595
90% VO, max 345 28.0 36.7 339 289 329 375 401
100% VOgmax 9.1 117 105 131 75 115 116 173
Lactate (mmol/L)
Baseline 096 0.21 1.01 0.23 095 0.27 095 0.24
5 min after treatment 1.02 0.24 1.04 0.17 095 0.15 -
5 min after SIE 11.09 1.73 10.83 2.02 10.62 2.89 1159 221
pH
Baseline 7.37 0.02 7.39 0.03 7.37 0.02 7.38 0.02
5 min after treatment 7.39 0.02 7.40 0.02 739 0.02 -
5 min after SIE 7.20 0.05 7.20 0.05 7.20 0.05 719 0.05

LIPC, local ischemic preconditioning; RIPC, remote ischemic preconditioning; SHAM, sham; CON, control; PPO, peak power output; MPO,

mean power output; VO,max,

maximal oxygen uptake; SIE, sprint interval exercise; * p < 0.05, compared with CON.
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Figure 2. Effects of local (LIPC) and remote (RIPC) ischemic preconditioning on (A) mean power outputs (MPO) and (B)
peak power outputs (PPO) during a sprint interval exercise (SIE) test. * p < 0.05, signi cant differences between LIPC and

control (CON);

p <0.05, signi cant differences between RIPC and CON; S1 S6, sprint 1 6.

4. Discussion

The purpose of this study was to examine the acute effects of IPC on the SIE perfor-
mance in athletes. We hypothesized that both LIPC and RIPC could improve metabolic
ef ciency, and increase power output and fatigue resistance during SIE. To the best of our
knowledge, no previous study has investigated the acute effects of LIPC and RIPC on the
performance of six sets of SIE. The main nding of this study was that, for trained athletes,
both LIPC and RIPC were effective in improving the total work of high-intensity interval
sprints (ca. 2%) as well as the MPO during exercise (ca. 4%). In addition, compared to CON
treatment, LIPC and RIPC treatment could also slow down the decline in power output.
The reason for the escalation in SIE performance is likely that IPC increased metabolic
ef ciency during the high-intensity exercise.

Previous studies have reported that LIPC can improve the performance of six sets of
50-m swimming sprints with 3-min rest intervals [7], while RIPC can improve the PPO and
MPO of four sets of Wingate-based sprints with 2-min rest intervals [23]. Our results were
consistent with these ndings, in that both LIPC and RIPC could improve the total work
and the MPO of six sets of Wingate-based sprints with 4-min rest intervals. Previous studies
have found that IPC can promote vasodilation as well as oxygen delivery and extraction
by increasing the amount of vascular nitric oxide that can simulate vascular endothelial
cells [5,26,27]. In addition, animal [28] and human trials [29] have discovered that IPC can
facilitate the rate of PCr resynthesis. Reduced PCr availability has been considered as a
limiting factor for power output recovery during multiple sprint exercises [30]. Although
Paixao et al. [14] have reported that LIPC cannot improve the power output of three sets
of Wingate-based sprint (with a rest interval of 10 min), it is more likely due to a long
rest interval than to the effect of IPC on PCr resynthesis, as 6 min of passive rest after
high-intensity exercise can restore PCr availability to 90% of the rest value [15]. Therefore,
both LIPC and RIPC can improve the power output during SIE by promoting oxygen
delivery and extraction as well as by facilitating PCr resynthesis during rest intervals.

Previous studies have suggested that LIPC cannot boost the percentage decrement
scoreof 5 12  6-s cycling sprints [5,8,9]. In contrast, our study found that, compared to
the CON condition, both LIPC and RIPC can increase the percentage decrement score. This
inconsistent result may be attributed to different exercise patterns. First, among studies
that have introduced multiple sets of repeated sprint exercises, Grif n et al. [6] reported
that LIPC can escalate the percentage decrement score of three sets of exercises consisting of
6 (15 + 15-m) shuttle sprints. In addition, a meta-analysis study by Salvador et al. [3] has
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indicated that, while IPC may have a >99% and a 57.9% chance of bene ting aerobic (>90 s)
and anaerobic (10 90 s) exercise performance, respectively, its effect on the performance of
sprints with a duration of less than 10 s is negligible. Similarly, other studies have pointed
out that LIPC cannot improve the performance of 10 30 m sprints [10,11], while RIPC
cannot enhance the power output and the fatigue index of a single 30-s Wingate sprint [19].
However, LIPC has been shown to improve the power output of both 60 s [13] and 3 min
all-out [31] cycling sprint. Therefore, it appears that IPC can only facilitate repeated sprint
exercises, with an extended single exercise time or total exercise time. Second, some studies
have found that, for SIE, neither LIPC [14] nor RIPC [23] can consistently improve the
fatigue index of every single 30-s Wingate sprint, in contradiction to our results. This is
possibly due to different calculation methods, as these studies [14,23] only calculated the
individual fatigue index of each sprint. As mentioned earlier, LIPC and RIPC can increase
the total work as well as the percentage decrement score, thereby improving the fatigue
resistance of SIE. Although this is probably associated with the promotion of muscle blood
ow and PCr resynthesis during the rest interval, further research is required to explore
the physiological and biochemical effects of LIPC and RIPC on the rest interval of SIE.
For further improvement in cardiopulmonary endurance, the exercise protocols must
allow athletes to work for as much time as possible at an intensity close to or very close

to VO,max to expand the stimulating effect on the cardiopulmonary system [32]. The
present study revealed that, compared to the CON condition, LIPC and RIPC did not
change the accumulated time spent at high-intensity during SIE, and did not alter the blood
lactate concentration or the H* concentration post-SIE. This is consistent with the results of
previous studies, which reported that the blood lactate concentration remains the same
after high-intensity exercise if LIPC or RIPC is adopted [5 8,14,23,31]. Thus, LIPC and
RIPC can improve the total work and the fatigue resistance of SIE without contributing
to the acidic environment in the body, which indicates that LIPC and RIPC can improve
the metabolic ef ciency of SIE. Similarly, Incognito et al. [2] reported that, by increasing
metabolic ef ciency, IPC can improve the performance of subsequent exercises. Since LIPC
and RIPC can escalate metabolic ef ciency and total work, they can strengthen the training
guality of a sprint interval training (SIT) program. This nding has partly supported the
result of a study conducted by Paradis-Deschfnes et al. [33], who found that the inclusion
of LIPC in a 4-week SIT program could improve the aerobic and anaerobic performance of
endurance athletes. However, at present, there has been no research on the chronic effect of
RIPC interventions. Based on the results of this study, the inclusion of RIPC in the long-term
SIT program in future studies is expected to provide additional adaptation bene ts.

One limitation of this study was that participants were not completely blinded during
the study. The presence of the placebo effect in IPC experiments remains controversial,
with some studies nding [34,35] and others not ndings evidence for this [7,36]. The
use of placebo is a standard control component of most clinical trials, and it attempts
to clarify the potential effect of treatment. It should be noted that a placebo effect relies
on the assumption that participants believe (through conscious or unconscious cues)
an intervention will change outcomes [37]. In general, previous IPC studies used low-
pressure control conditions (e.g., 20 mmHg) as placebo conditions [5,12 14]. Although we
did not inform participants which intervention we thought could improve their exercise
performance, the participants could still distinguish the pressure difference between IPC
and SHAM. The study of Marocolo et al. [35], who informed participants that both IPC
and SHAM (20 mmHg cuff pressure) can increase exercise performance before starting
the experiment, found that compared with CON, both IPC and SHAM could signi cantly
increase the number of repetitions during the leg extension exercise. However, the study by
Ferreira et al. [7], who told participants that both IPC and SHAM can enhance performance
prior to experiment, using 1-min blood ow occlusions (200 mmHg cuff pressure) as SHAM
to simulate the potential nocebo effect of IPC. The results indicated that SHAM induced
similar levels of discomfort to IPC but comparable exercise performance outcomes to the
CON [7]. In the study of Cheung et al. [36], they informed participants that the effects
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of IPC and SHAM on exercise performance were unclear before starting the study, and
used the therapeutic ultrasound procedure as SHAM condition. They reported that 69%
of participants believed that IPC would hinder exercise performance, whereas SHAM
ultrasound could improve performance [36]. Nevertheless, the results indicated that only
IPC could signi cantly increase time to exhaustion during incremental cycling test [36].
Therefore, the placebo/nocebo effects still seem to be a limitation of studies focusing on
IPC and exercise performance.

Another limitation of this study was that the external validity and applicability of the
results of this study are limited, as they can be in uenced by the particular exercise mode as
well as the training status, sex, and age of the participant. For example, participants in this
study received 6 weeks of structured training using SIT 6 months before the experiment.
Therefore, it needs to be veri ed whether the same promotion effect is observed when
LIPC and RIPC are applied to untrained and obese individuals or diabetes patients, who
are common research participants in SIT programs.

5. Conclusions

This study found that, for trained athletes, LIPC and RIPC were both ergogenic aids
that could improve the performance and fatigue resistance of SIE. In addition, they did not
alter the stimulus that SIE demonstrated on the cardiopulmonary system, which indicated
that IPC could increase metabolic ef ciency during high-intensity interval exercise. Further
research is required to specify the possible mechanism by which IPC improves power
output and delays fatigue during SIE.
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Abstract: A variety of approaches have been proposed for teaching several volleyball techniques to
beginners, ranging from general ball familiarization to model-oriented repetition to highly variable
learning. This study compared the effects of acquiring three volleyball techniques in parallel with
three approaches. Female secondary school students (N =42; 15.6  0.54 years) participated in a
pretest for three different volleyball techniques (underhand pass, overhand pass, and overhead serve)
with an emphasis on accuracy. Based on their results, they were parallelized into three practice
protocols, a repetitive learning group (RG), a differential learning group (DG), and a control group
(CG). After a period of six weeks with 12 intervention sessions, all participants attended a posttest.
An additional retention test after two weeks revealed a statistically signi cant difference between
DG, RG, and CG for all single techniques as well as the combined multiple technique. In each
technique the overhand pass, the underhand pass, the overhand service, and the combination of
the three techniques DG performed best (each p < 0.001).

Keywords: motor learning; differential learning; volleyball; overhand service; overhand pass; under-
hand pass; multiple techniques; skill acquisition

1. Introduction

Coaches and physical education teachers are always faced with the challenge of
teaching multiple techniques and fostering athlete performance in the most time ef cient
manner. To achieve this goal, coaches and athletic trainers are always looking for the
most effective and ef cient learning approaches. The four most popular and widely used
approaches to teaching and improving performance and learning, which include innovative
elements that had not been previously considered, are listed in a historical order:

(a) The repetition method approach. This method was rst mentioned by Plato
(450 B.C.) in the context of learning by contrast and was later investigated in more detail by
Gentile [1]. The repetitive method approach is based on the assumption that there is an
ideal type of movement that can be perfected by several repetitions of the target movement
during the learning process. This method is still considered the method of choice by many
physical education teachers and coaches.

(b) The original purpose of the methodical series of exercise approach [2] is to learn
more complex target movements through a streamlined (blocked) sequence of preliminary
exercises increasingly similar to the target movement. In this process, each preparatory
exercise follows the logic of the RM. This method is still chosen the most for learning
singular complex movements.

(c) The variability of practice approach [3] is based on Schmidt’s schema theory [4],
which coarsely indicates that invariant elements such as relative timing or relative forces
of an already automatized movement become more stable when trained in combination
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with variable parameters such as absolute forces or absolute durations. Nevertheless, each
exercise is trained repetitively (=blocked), oriented on subgoals as prototype. Although
the area of application was limited to movements without the in uence of gravitational
forces [5], this approach inspired teachers and coaches to make the training of a single
technique more variable once it has been learned.

(d) The contextual interference was originally operationalized by Battig [6,7] in the
context of verbal learning and later applied to ne motor learning by Shea and Morgan [8].
From its origin, contextual interference approach is a learning approach in which one
skill is practiced in the context of other skills. The approach is typically associated with
two phenomena, namely impaired acquisition on the one hand, and enhanced learning
on the other [9,10]. Three models from cognitive psychology have been proposed to
explain these phenomena: the elaboration [11], the reconstruction [12], and the retroactive
inhibition hypothesis [13]. All three models assume that a higher cognitive effort is required
for the random schedule compared to a blocked schedule, which is typically associated
with immediately poorer performance due to working memory overload but leads to
better retention.

Originally focused only on the learning of a single (text) motion interspersed with
additional motions (=context), the contextual interference approach is now primarily inves-
tigated for the parallel learning of multiple movements. The approach is still struggling
with its application in sports practice, since, among other things, systematic effects have
only been found for movements with a small number of degrees of freedom [10,14] despite
isolated evidence of positive effects in movements with more degrees of freedom [15].

(e) The differential learning approach [16,17] assumes that improving the performance
or learning of a movement depends largely on an individual’s characteristics and experi-
ences, which are assumed to be embodied in individual neuro-(muscular) structures that
need to be stimulated individually in varying contexts in order to achieve an effective
restructuring for changes in behavior. The reciprocal matching of the exercises provided
by the trainer to the nature or extent of the learner’s individual variations is described by
the principle of stochastic resonance [18 20]. Because the differential learning approach is
the most recent approach proposed to increase technical performance and since it is the
primary subject of the study, it is discussed in some detail below.

The parallel observation of analogies related to uctuations in three research areas
served as the inspiration for the differential learning approach. First, within the research on
the identi cation of individual movement patterns, constant uctuations of biomechanical
parameters were observed [21 23]; second, uctuations in the eld of dissipative dynamic
systems were assigned an essential role especially in phase transitions [24]; third, in the eld
of research on arti cial neural networks, it was known that they perform better when added
with noisy information during the training phase [25 27]. It is postulated that the learner’s
behavior should be the focus of interest rather than the idea of a collective movement
ideal. Supposedly destructive deviations from the movement ideal became reinterpreted
as constructive uctuations that should make the learning system unstable and enable self-
organized learning [17,19]. Whereas differential learning was initially applied and studied
only in sports for learning and improving individual techniques [18,28 30], there are now
also con rming studies on its effectiveness in ne motor [31 33] or everyday movements,
as well as in the eld of tactics [34,35], strength [36,37], and endurance training. Isolated
studies on the parallel acquisition of two techniques [38,39] suggest its application in the
learning of multiple techniques as well.

The only approach that so far tries to explain the learning of multiple techniques is the
contextual interference approach. However, the studies on the simultaneous acquisition
of multiple techniques in volleyball using this approach have led to ambiguous results.
The acquisition of two volleyball techniques showed partial or no support for bene ts
of contextual interference in the form of random compared to blocked order [40]. Fialho,
Benda, and Ugrinovich [41] could not nd signi cant differences between blocked and
interleaved training groups for either the post or the retention test when training two
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service techniques. Similar results were provided by a study on training two techniques
(overhand and underhand service) [42] under the contextual interference approach. Several
other studies [43 45] also failed to ndsigni cant effects of training condition in acquisition
or retention performance when training the three basic volleyball techniques. In contrast,
when training the same three techniques, Bortoli et al. [46] reported better transfer for the
random and serial practice groups than for the blocked group.

Interestingly, all of these studies were conducted on adolescent participants with
an average age between 12.4 years [45] and 16.3 years [41]. None of these studies could
fully substantiate the two contextual interference related phenomena; only one study [46]
partially veri ed the advantageous learning effect. In contrast, a study of three volleyball
techniques with adult students with an average age of 21.5 years found veri cation of the
full contextual interference effect with impaired acquisition and increased retention [47].
Taken together, all these studies on volleyball suggest that the contextual interference
approach should be restricted to adults [48]. Whereas most contextual interference studies
on athletic movements investigated the parallel training of similar techniques within a
sport and found largely consistent changes for this, the parallel acquisition of a running,
a jumping, and a throwing movement showed discipline-speci c¢ trajectories during the
learning process [46].

Apparently, the contextual interference approach does not provide a model that can
explain the different results comprehensively. As suggested above, the differential learning
approach may provide a more general and appropriate framework for understanding
movement learning, at least in movements with more degrees of freedom. In order to
increase external validity by further approximating practical, realistic learning, this study
aims to investigate the effect of differential learning training on the parallel acquisition
and learning of the three volleyball techniques mainly used and taught by beginners.
The expectation, based on previous studies, is that students taught using the differential
learning approach will increase their performance on the posttest and retention test more
than students using the repetitive training method or the general ball familiarization.
To what extent an extension of the applications of the differential learning approach for
novices can be recommended and to what extent the performance developments of the
three approaches differ are the questions that will be investigated.

2. Material and Methods
2.1. Participants

A total of 42 female volleyball novices (15.6  0.54 years) from several Ghanaian state
high schools in Kumasi voluntarily participated in this study. After being informed of
the content and purpose of the study, the participants’ parents provided written informed
consent. All procedures were conducted according to the guidelines of the Declaration of
Helsinki and approved by the Institutional Review Board of Akanten Appiah-Menka Uni-
versity of Skills Training and Entrepreneurial Development (AAMUSTED/K/RO/L.1/219,
31 August 2021).

A pretest in all three techniques was conducted with them in blocked sequence, and
the individual scores for each technique were summed up to form individual total scores
for each of the participants. Based on the individual results, they were parallelized into
three groups of 14 participants each: a repetitive learning group (RG), a differential learning
group (DG), and a control group (CG). The individual scores were summed up to represent
the group score (group means).

2.2. Design

A pre-posttest design with additional retention test (see Section 2.2.2) was chosen for
this investigation. The pretest was followed by an intervention period of six weeks with
a subsequent posttest and a retention test after another two weeks without intervention.
A standardized warm-up was performed before all tests. During the intervention phase,
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the participants trained twice a week (always on Mondays and Thursdays), where each
training session lasted one hour.

2.2.1. Intervention

The RG trained according to the Federation International de volleyball Coaches man-
ual [49]. Each training session was preceded by a ve-minute warm-up activity, which
consisted of minor games, such as three-on-one , chase and catch ,and seven-on-one .
After completing the warm-up activities, the participants proceeded directly to practice
in their respective groups. After the group training, the session was nished. The RG
training was characterized by taking one of the techniques per session repeating it 15 times
in the blocked form, from overhand service (S) to overhand pass (O), to underhand pass
(U)(SSS...,000...,UuU... ) following that order repeatedly with corrective feedback
per session.

The DG training corresponded to the training sequence of the RG in block; however,
their training was characterized rst by no repetitions by adding stochastic perturbations
to the three techniques to be learned and second by no corrections. Appendix A Table Al
contains a list of all given tasks from which a number was randomly selected to instruct
the group. Each participant in both intervention groups had 15 trials per training session
for each technique. In total, each participant had 180 relevant ball contacts over the
entire period.

The control group (CG) engaged in ball familiarization games that were not directly
related to volleyball, such as ball throwing and catching games.

2.2.2. Test Design

The test as presented in Figure 1 comprised of three subtests, each corresponding to
one of the techniques to be learned: underhand pass, overhand pass, overhand service. All
subtests were carried out according to the AAHPERD volleyball skill test manual [50] on a
regular outdoor volleyball court.

Subtest underhand pass (Figure 1A): To test the underhand pass accuracy, the student
stood in a 2 m? square on the right-hand side of the volleyball court (zone Z5) and received
a ball thrown from zone 2 of the other court and passed the ball over a rope (height 2.24 m)
intoa3m 2 m target area in zone Z2 of the participant’s court for which 4 points are
awarded if ball lands in the target area and 2 points if it lands on the lines of the target area.

Subtest overhand pass (Figure 1B): To test the accuracy of the overhand pass, the
participant stood in zone Z2, received the ball from zone Z6, and passed the ball over a
2.24 m high rope intotwo 1 m 2 m target areas, with the one farther from the participant
scoring 4 points, the one closer scoring 2 points, and the line in between scoring 3 points.

Subtest overhand service (Figure 1C): The participants stood at the end of the eld
in a central 2 m wide area and served the ball over their head to the other eld over the
2.24 m high netinto the 2m 2 m rectangular target areas, with points awarded for each
area. The further back and sideways the target area that was hit, the more points a serve
resulted in, ranging from 1 to 4 points. In between the zones, the two zone points were
added and divided by two and the points given.

For all subtests, a score of zero was given if the ball did not land within the target
zones or did not touch any of the lines of the marked target areas. The participants
performed 10 trials in each subtest. The maximum score for each subtest was 40 points and
a minimum of 0. The test was performed in the order from underhand pass to overhand
pass to overhand service and on the same day under comparable conditions.

Six research assistants were trained to assist in the process of training and conducting
the test. The execution of an attempt was counted only if the ball thrown by the research
assistant was receivable by the participant within the marked area. Otherwise, the attempt
was repeated.
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Figure 1. Test designs for the three volleyball techniques including scores. Each subtest corresponds
to one technique: (A) underhand pass, (B) overhead pass, and (C) overhead service.

2.3. Data Analysis

The groups were compared statistically based on their results in each technique and in
combined multiple techniques. To determine the combined multiple techniques, the mean
values of the three individual techniques (overhand pass, underhand pass, and overhand
service) were adjusted using z-standardization. To check the internal consistency of the
tests for the respective techniques, 10 participants each performed the respective test at
intervals of one week. Cronbach’s alpha was determined based on the values from weeks 1
and 2.

Analyses of the data using Shapiro Wilk tests revealed that some variables violated
the assumption of normal distribution. Consequently, the development of the groups
across the measurement time points and the comparison of the groups at the respective
measurement time points were performed using non-parametric statistical tests.

For the analysis of the development within the groups in the respective techniques
at pre-, post-, and retention-test, the results of the tests were statistically compared using
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Friedman ANOVA. In case of signi cant results, pairwise Bonferroni-corrected post hoc
Dunn Bonferroni tests were performed.

In order to compare the different groups at the respective pre-, post-, and retention test,
the test results of the speci ¢ techniques were compared statistically using Kruskal Wallis
tests. The comparison at the time of the pretest here also represents the basis of the test
for homogeneity. Signi cant results were further statistically compared using pairwise
Bonferroni-corrected post hoc Dunn Bonferroni tests.

In addition, the effect size r was calculated for the pairwise post-hoc tests of the
Friedman and Kruskal Wallis tests, respectively. Thereby, 0.1 r < 0.3 corresponds to a
weak effect, 0.3 r <0.5toamedium effect,andr 0.5 to a strong effect [51].

The p-value at which it is considered worthwhile to continue research [52] was set
at p = 0.05, with decreasing p increasing the probability that the null hypothesis does not
explain all the facts.

3. Results

The proof for internal consistency of the tests showed acceptable or good results for
the overhand pass (= 0.774), underhand pass ( = 0.812), and for combined multiple
techniques (= 0.889) tests. Only the overhand service test was just below the threshold in
the questionable interval ( = 0.678). The test results of each technique and the combined
z-standardized values of each test are shown in Figure 2A D. The results of the statistical
analyses are presented in Table 1.

Table 1. Statistical comparisons at the three measurement time points within and between groups.

Comparison Friedman-Test or Kruskal-Wallis-Test (Rank Scores) Post Hoc Dunn-Bonferroni-Tests
Overhand Pass
RG: 2(2) =3.720, p = 0.156
Pre Post Ret (Pre: 1.61; Post: 2.25; Ret: 2.14)
DG: 2(2) = 25.529, p < 0.001 *** Pre vs. Ret: p < 0.001 *** r = 0.544 ***
Pre Post Ret (Pre: 1.04; Post: 1.96; Ret: 3.00) Post vs. Ret: p=0.024 *,r=0.288 *
CG: 2(2) = 11.306, p = 0.004 ** Pre vs. Post: p = 0.010 *, r = 0.296 *
Pre Post Ret (Pre: 1.57; Post: 2.68; Ret: 1.75) Post vs. Ret: p=0.042* r=0.248 *
Pre: 2(2) =1.709, p = 0.426
RG DG CG (RG: 24.14; DG: 22.11; CG: 18.25)
Post: 2(2)=7.758,p=0.021* o R .
RG DG CG (RG: 18.04; DG: 28.89; CG: 17.57) CGvs. DG:p=0042%,1=0.465
Ret: 2(2) = 15.508, p < 0.001 *** RG vs. DG: p =0.013 *, r = 0.550 ***
RG DG CG (RG: 18.36; DG: 31.42; CG: 13.96) DG vs. CG: p <0.001 ***, r=0.732 ***
Underhand Pass
RG: 2(2) =21.714, p < 0.001 *** Pre vs. Post: p =0.004 **, r = 0.324 **
Pre Post Ret (Pre: 1.07; Post: 2.29; Ret: 2.64) Pre vs. Ret: p < 0.001 ***, r =0.420 **
DG: 2(2) = 23.306, p < 0.001 *** Pre vs. Post: p =0.007 **, r = 0.319 **
Pre Post Ret (Pre: 1.00; Post: 2.19; Ret: 2.81) Pre vs. Ret: p < 0.001 ***, r = 0.483 **
CG: 2(2) = 14.000, p < 0.001 *** Lo .o N
Pre Post Ret (Pre: 1.82; Post: 2.64; Ret: 1.54) Postvs. Ret: p =0.010%r=0.296
Pre: 2(2)=0.392, p=0.822
RG DG CG (RG: 22.79; DG: 20.86; CG: 20.86)
“n= *k = +++
RG DG CG (RG: 20.36; DG: 34.50; CG: 9.64) DG vs. CG: p < 0.001 ***, r = 1.049 ***
. *% = +++
Ret "(2)=36687,p <0001 RGve G <0008 120869
RG DG CG (RG: 21.43; DG: 35.00; CG: 7.57) CG vs. DG- p < 0.001 *, r = 1165 ***
Overhand Service
RG: 2(2) =8.000, p = 0.018 *
Pre Post Ret (Pre: 1.86; Post: 2.43; Ret: 1.71)
DG: 2(2) = 21.347, p < 0.001 *** Pre vs. Post: p = 0.002 **, r = 0.360 **
Pre Post Ret (Pre: 1.00; Post: 2.35; Ret: 2.65) Pre vs. Ret: p < 0.001 ***, r = 0.442 **
CG: 2(2)=9.172,p=0.010 *
Pre Post Ret (Pre: 1.96; Post: 1.61; Ret: 2.43)
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Table 1. Cont.
Comparison Friedman-Test or Kruskal-Wallis-Test (Rank Scores) Post Hoc Dunn-Bonferroni-Tests
Pre: 2(2) =14.235, p < 0.001 *** RG vs. CG: p=0.002 **, r = 0.649 ***
RG DG CG (RG: 16.39; DG: 17.86; CG: 30.25) DG vs. CG: p =0.006 **, r = 0.580 ***
Post: 2(2) = 29.276, p < 0.001 ** RG vs. DG: p <0.001 *** r = 0.892 ***
RG DG CG (RG: 14.39; DG: 35.43; CG: 14.68) DG vs. CG: p <0.001 *** r=0.879 ***
. Kk —_ +++
RG DG CG (RG: 8.21; DG: 34.85; CG: 20.93) DG vs. CG- p = 0.006 *, r = 0,597 ++
Combined multiple techniques
RG: 2(2) = 18.582, p < 0.001 ** Pre vs. Post: p < 0.001 ***, r = 0.391 **
Pre Post Ret (Pre: 1.07; Post: 2.54; Ret: 2.39) Pre vs. Ret: p =0.001 **, r = 0.353 **
DG: 2(2) = 24.571, p < 0.001 ** Pre vs. Post: p = 0.007 **, r = 0.305 **
Pre Post Ret (Pre: 1.00; Post: 2.14; Ret: 2.86) Pre vs. Ret: p < 0.001 *** r = 0.496 **
CG: 2(2) =11.259, p = 0.004 * Pre vs. Post: p = 0.007 **, r = 0.305 **
Pre Post Ret (Pre: 1.57; Post: 2.71; Ret: 1.71) Post vs. Ret: p=0.024 *, r =0.267 *
Pre: 2(2) =0.288, p = 0.866
RG DG CG (RG: 16.39; DG: 17.86; CG: 30.25)
Post: 2(2) = 28.127, p < 0.001 *** RG vs. DG: p < 0.001 *** r =0.775 ***
RG DG CG (RG: 14.39; DG: 35.43; CG: 14.68) DG vs. CG: p <0.001 *** r=0.938 ***
Ret: 2(2) = 30.205, p < 0.001 *** RG vs. DG: p = 0.001 ***, r = 0,700 *+*
RG DG CG (RG: 8.21; DG: 34.85; CG: 20.93) DG vs. CG: p <0.001 *** r=1.015***

Note. All p-values of the post hoc tests are Bonferroni-corrected. RG = repetitive learning group; DG = differential learning group;
CG = control group; Pre = pretest; Post = posttest; Ret = retention test. *p  0.05. **p  0.01. **p 0.001. *0.1 r<03.*"03 r<05
**r o 05

3.1. Development within Groups over Measurement Time Points

The DG improved statistically signi cantly over the course of the study in all three
techniques and also in the combined multiple techniques (p < 0.001) and the effect size
was at least medium each time (r > 0.442). In the subtests for the underhand pass, the
overhand service, and the combined multiple techniques, there was a statistically signi cant
improvement with a medium effect size in each case in the acquisition phase (p < 0.007,
r >0.305) and a further, however, not signi cant, improvement in the retention phase.
Solely in the case of the overhand pass there was only a statistical trend in the acquisition
phase (p = 0.056, r = 0.256), although there was a signi cant increase in the retention phase
(p=0.024, r =0.288).

In the overall course, the performance level of RG tended to develop similarly to the
DG in the techniques of the underhand pass and in the combined multiple technique. The
results showed a signi cant improvement with a medium effect size (p < 0.001, r > 0.391).
In both techniques, signi cant improvement was also observed in the acquisition phase
(p <0.004, r > 0.324). However, no signi cant improvement was shown in the overhand
service and the overhand pass.

The performance level of CG never changed signi cantly, neither positively nor
negatively, over the course of the study. Nonetheless, signi cant improvements from
pretest to posttest were seen in the underhand pass and the overhand pass, each followed
by signi cant decreases to the retention test. In the case of the overhand service, the exact
opposite development was observed.
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