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Abstract

Physical activity is essential for the healthy growth and development of children, supporting motor skills as well
as cognitive and psychosocial abilities. Research has demonstrated that children who engage in regular physical
activity show improvements in executive functions, memory, and attention. The Differential Learning approach
promotes variability in movement experiences, minimizing explicit instructions and corrections, which encour-
ages adaptability and cognitive-motor interactions crucial for attention development. This study aims to examine
the impact of a fundamental movement skills training program based on the Differential Learning approach on
the attention skills of elementary school students. The sample consisted of 24 students (13 male, 11 female, aged
8-9 years) from the 3rd grade of a school in Beykoz, Istanbul. The program, lasting 13 weeks with two hours of
weekly sessions, utilized Yellow Cards from Physical Activity Cards and focused on fundamental movement skills.
Attention was assessed using the D2 Test of Attention as both a pre-test and post-test. Descriptive statistics and a
Paired Sample T-test were used to analyze the data, revealing significant differences in psychomotor speed, qual-
ity of work, and attention balance speed (p<0.05). The mean scores for psychomotor speed increased from 2.50
to 4.54, work quality from 2.17 to 3.33, and speed-attention balance from 2.04 to 4.54, indicating a statistically
significant improvement in these subdimensions. These results suggest that the Differential Learning approach
effectively contributes to the development of attention skills in 3rd grade students.
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Introduction

Physical activity is a key factor that plays a central role
in the healthy growth and development of children. Regular
physical activities not only support the development of motor
skills but also positively contribute to cognitive and psycho-
social abilities (Diamond, 2015; Lubans et al., 2016). Research
has shown that children who regularly engage in physical ac-
tivity show improvements in executive functions, memory,
and attention processes (Best, 2010; Pesce, 2012). At the core
of this effect are the positive impacts of physical activity on

brain structure and function.

Regular exercise leads to structural and functional chang-
es in brain areas responsible for cognitive functions, such as
the prefrontal cortex and hippocampus, thereby enhancing
attention skills (Erickson et al., 2011). Furthermore, physical
activity has been shown to support neuroplasticity by increas-
ing connections between nerve cells, which in turn makes cog-
nitive functions more efficient (Hillman et al., 2014). In this
context, regular participation in physical activity at an early
age is emphasized as potentially having long-term effects on

SPORTS .
q:_,@ “q, Correspondence:

S. Kirlangig

*CRg,
%o,
)
¢
oy W

34815, Beykoz/istanbul, Turkey
E-mail: kirlangicsena@gmail.com

N

Sport Mont 23 (2025) 2: 129-135

Marmara University, Faculty of Sport Sciences, Anadoluhisari Campus, Cuma Yolu Street, No:1, Géksu Neighborhood, P.O. Box

129



DIFFERENTIAL LEARNING AND ATTENTION SKILLS | S. KIRLANGIC & S. BOZKURT

attention skills (Tomporowski et al., 2011).

Children in elementary school age go through a critical
period in terms of both motor and cognitive development
(Van der Fels et al., 2015). Acquiring fundamental movement
skills at this age lays the foundation for lifelong physical activi-
ty habits, while also contributing to the development of cogni-
tive functions (Gallahue & Donnelly, 2003). The development
of children’s fine and gross motor skills is directly related to
cognitive processes such as executive functions, attention,
memory, and problem-solving (Diamond & Lee, 2011).

The Ministry of National Education (MEB) has developed
Physical Activity Cards under the International Inspiration
Project as part of the Primary School Physical Education and
Play course curriculum, which has been gradually implement-
ed starting from the 1st grade since the 2012-2013 academic
year (MEB, 2012a; MEB, 2012b). This program aims to contrib-
ute to the psychomotor, cognitive, and affective development
of students through play and physical education. Through
the cards, students are given the opportunity to develop their
movement skills interactively, both individually and in group
activities. Irez et al. (2013) also stated that Physical Activity
Cards (PAC) are highly useful materials for skill development
in physical education classes.

Physical education classes should not only be viewed as an
activity domain that enhances children's physical fitness lev-
els, but also as a holistic educational area that supports their
cognitive and psychosocial development. Specifically, it has
been noted that game-based and movement-focused activities
strengthen children's problem-solving skills, creativity, and
social interactions (Lakes & Hoyt, 2004). However, an import-
ant question arises regarding how much the teaching models
applied in physical education classes support students’ indi-
vidual learning processes.

Traditional physical education approaches typically stan-
dardize teaching by offering the same methods to all students.
However, this approach may not adequately address the in-
dividual differences of students and might include limited
elements that support cognitive development (Rink, 2013).
In traditional models, repetitive routine activities and teach-
er-centered guidance dominate, while there is a noticeable
lack of personalized feedback for students and teaching meth-
ods adapted to individual learning paces (Kirk, 2010). On the
other hand, contemporary educational approaches suggest
that practices that encourage active student participation,
stimulate cognitive processes, and enrich individual learning
experiences could be more effective (Metzler, 2017).

At this point, the necessity of implementing the Differential
Learning approach arises. Applying the Differential Learning
approach in physical education classes could provide more
benefits for students' motor skill and cognitive development.
This approach aims to shape the teaching process by consider-
ing students' individual learning speeds, interests, and physi-
cal capabilities (Schempp & McCullick, 2010).

Differential Learning departs from traditional repe-
tition-based teaching by offering a learning environment
based on individual and variable experiences (Schoéllhorn,
2016). In this approach, the natural variability of movements
is supported with minimal repetition, and individual differ-
ences are prioritized in the learning process. In Differential
Learning, instead of repeatedly practicing the same move-
ment, students are encouraged to experience different vari-
ations continuously, creating more flexible, adaptable, and
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lasting learning processes (Henz & Schéllhorn, 2016). This
method not only aims to develop individuals' motor skills
but also actively encourages them to use cognitive processes
(Schoéllhorn et al., 2009).

Attention refers to the ability of individuals to focus on
and respond to stimuli in their environment. Attention plays
a critical role in educational and developmental processes, as
efficient learning requires the individual to be able to focus on
a specific subject. Attention can be studied in various types,
and these types may influence individuals' learning processes
in different ways (Posner & Petersen, 1990).

Recent studies have shown that the Differential Learning
Approach (DL) can have positive effects not only on motor
skills but also on cognitive functions and attention processes
(Schollhorn et al., 2009; Henz & Schéllhorn, 2016). One of the
most important aspects of this approach is its encouragement
of individuals to consciously plan their movements and con-
tinuously generate new solutions to changing stimuli (Wagner
& Schollhorn, 2014). Activating cognitive processes in this
way can contribute to the development of executive func-
tions, problem-solving skills, and attention processes (Henz &
Schoéllhorn, 2017).

Specifically, when examining attention skills, the Differential
Learning approach has been noted to improve children’ ability
to focus, adapt to changing environmental factors, and sustain
attention (Buszard et al., 2017). Individuals who are constantly
exposed to variable stimuli must actively direct their attention
during the learning process, which helps develop their atten-
tion control mechanisms (Henz, Wagner, & Schollhorn, 2018).
Furthermore, the constant variation and movement experienc-
es brought by the Differential Learning approach contribute to
the holistic development of attention and cognitive processes by
strengthening problem-solving skills (Schollhorn, 2016).

This study examines the effect of the Differential Learning
approach-based movement skills training program on the de-
velopment of attention characteristics in elementary school
students. The research uses a pre-test/post-test model to evalu-
ate changes in the students' attention levels. In this context, the
study is expected to contribute to understanding the effects of
different teaching approaches in physical education and sports
on cognitive development. The aim of this study is to investi-
gate the effects of a basic movement skills training program
implemented with the Differential Learning approach on the
development of attention characteristics in elementary school
students.

Material and methods

The ethical approval for the study was obtained from the
Ethics Committee of a state university (Ethics Committee
Approval Date and Number: 31.08.2022 / 06-2). In addi-
tion, the necessary official permissions were obtained from
the Provincial Directorate of National Education (Ethics
Committee Protocol No: 359829) and the school administra-
tion where the study was conducted. The parents of the stu-
dents participating in the study signed written consent forms.
It was clearly stated to the participating students and their
parents that their performance during the implementation
process would not affect their grades in any way. All partici-
pants voluntarily participated in the study. The research was
conducted in the fall semester of the 2022-2023 academic year,
with the students in the sample group during class hours un-
der the supervision of their classroom teacher.

Sport Mont 23 (2025) 2



DIFFERENTIAL LEARNING AND ATTENTION SKILLS | S. KIRLANGIC & S. BOZKURT

Research Design

The research is designed based on a single-group pre-test/
post-test model, which is one of the experimental approach-
es. Experimental research is used to examine the effect of the
program applied by the researcher (independent variable -
basic movement skills training with the differential learning
approach) on the specified study group (dependent variable
- attention characteristics) (Campbell & Stanley, 1963).

Participants

In this study, the sample group consists of 24 students
(13 male students and 11 female students) from a 3rd-grade
class of 9-year-olds at an elementary school in Beykoz district,
Istanbul. The students' average age was 8.63+0.50 years, their
average height was 136.21+5.20 cm, and their average weight
was 35.17+6.31 kg.

D2 Test of Attention

The D2 Test of Attention was used to determine the atten-
tion characteristics of the students. The adaptation and norm
studies of the D2 Test of Attention in Turkey were carried out
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by Toker (1993). The test's split-half reliability was found to be
0.94. In the validity study, a correlation of 0.44 was found be-
tween the total score and the WISC-R coding subtest (Kirici,
2008).

D2 Test of Attention, is a psychological test developed by
Brickenkamp and Zillmer in 1982 (Brickenkamp & Zillmer,
1998). This test is used to assess individuals' selective attention
and concentration abilities (Baysal, 2019). The test consists of
a single-page form with 14 rows, each containing 47 figures,
totaling 658 figures. The test uses the letters 'd" and 'p.' Some
of the letters may have one, two, three, or four dots above or
below them. The letters, which can appear in 16 different ways,
vary based on the position and number of dots. The main task
for the person taking the test is to identify the 'd' letter with ex-
actly two dots. These letters can appear in three different forms
in the test. The participant is given 20 seconds to complete the
task in each row. The total administration time for the test is
approximately eight minutes. In group applications, an addi-
tional 7-8 minutes may be required for preparation, ensuring
the instructions are understood, and conducting a sample trial
(Ocal & Aybek, 2023).

dpddpdopd

FIGURE 1. Examples of letters found in the D2 Test of Attention

Test scores are calculated using two separate scoring
keys. Six different scores are obtained during the test. These
are: TN (total number of figures marked), E1 (number of
figures skipped), E2 (number of incorrectly marked figures),
CP (number of correctly marked figures), TN-E (test perfor-
mance), and E% (error rate).

Experimental treatment

The physical activity exercises and games based on fun-
damental movement skills included in the physical activity
cards were implemented during the fall semester of the 2022-
2023 academic year in physical education and play classes for
13 weeks, with two hours per week, totaling 26 class hours.
During the implementation process, attendance was taken at
the beginning of each lesson, and students who demonstrat-
ed regular participation throughout the 13-week period were
identified. Students who missed three consecutive lessons
were excluded from the study due to absenteeism and were
not included in the groups.

The topics in the physical activity cards (displacement
movements, balancing movements, object control move-
ments, and combined movements) were implemented based
on the Differential Learning approach, with no routine repe-
titions or corrective external feedback provided. The exercises
were diversified through various activities, including different
surfaces such as artificial turf, asphalt, and tiled floors, small
and large spaces, various cognitive tasks, additional challeng-
es, and the use of materials of various sizes and types (balls,
jump ropes, markers, cones, hoops, etc.). These activities were
performed under both indoor and outdoor skill conditions, in
individual, pair, and group work formats.

The application process of the Differential Learning ap-
proach was based on varying the movements and presenting
each movement in different variations, rather than repeating
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the same movements continuously. This approach accelerat-
ed students' learning processes and supported skill develop-
ment. Additionally, changing the directions of the movements
aimed to increase the flexibility of the children's motor skills;
for example, movements originally performed forward were
varied by performing them backward or sideways. Increasing
the difficulty level by introducing more complex tasks stimu-
lated students’ development without overwhelming their skill
levels. Applying the same movement with different technical
variations allowed students to understand and apply different
forms of the movement by making technical adjustments.
Each session was divided into warm-up, main, and cool-
down phases and was applied in the form of games. The tests
and game applications in the research were carried out by the
researcher, a sports expert and physical education teacher.

Data Analysis

The data analysis was conducted using the SPSS Statistics
25.00 program (IBM Corp., Armonk, NY, USA). In determin-
ing the analysis techniques, the skewness and kurtosis values
of the variables were considered to evaluate the normality
distribution. It was assumed that variables with skewness and
kurtosis values within the range of +2 exhibited a normal dis-
tribution (George & Mallery, 2010).

Descriptive statistics, including the arithmetic mean (X),
standard deviation (Ss), minimum (Min.), and maximum
(Max.) values, were reported. The comparison of pre-test and
post-test scores was performed using the Paired Sample t-test.
The significance level was set at p<0.05.

Results

Table 1 presents the descriptive statistics of the physical
characteristics of the participants in the study group.

It was observed that 45.8% of the 24 participants in the
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Table 1. Demographic Information

Participants

N=24
n %
Gender
Female 11 45.8
Male 13 54.2
Handedness
Right-handed 22 91.7
Left-handed 2 83
Age (years)
MeanxSD 8.63%£0.50
Min-Max 8.00-9.00
Height (cm)
Mean+SD 136.21+5.20
Min-Max 125.00-147.00
Body Weight (kg)
Mean+SD 35.17+6.31
Min-Max 25.00-47.80

Table 2. Descriptive Statistical Information of the Study Group’s D2 Test of Attention Scores

Pre-Test Post-Test
P wv w

Participants g w g )

N=24 c § 3 c § 3

8 o £ 8 & § 8 o £ §F % 5

= ) = = wn 3 = w0 = = 7 3

D2 Attention Test

TN (Psychomotor Speed) 250 1.10 1.00 5.00 0.11 -037 454 072 3.00 500 -130 034
E (Quality of Work) 217 117 1.00 500 0.72 -0.19 333 1.01 200 500 064 -0.59
TN-E (Speed-Attention Balance) 204 091 1.00 3.00 -009 -185 454 072 300 500 -1.30 034
FR (Sustained Attention Capacity) 263 097 1.00 4.00 -070 -049 246 093 1.00 500 0.66 1.23

study group were girls and 54.2% were boys; 91.7% were
right-handed and 8.3% were left-handed; the average age was
8.63 years, with an average height of 136.21 cm and an average
body weight of 35.17 kg.

Descriptive statistical information regarding the study
group's D2 Test of Attention scores is provided in Table 2.

When we look at the pre-test mean scores of the D2 Test
of Attention for the study group, the psychomotor speed mean
score is 2.50, the work quality mean score is 2.17, the speed-at-
tention balance mean score is 2.04, and the sustained attention
power mean score is 2.63.

When we examine the post-test mean scores of the D2 Test

of Attention for the study group, the psychomotor speed mean
score is 4.54, the work quality mean score is 3.33, the speed-at-
tention balance mean score is 4.54, and the sustained attention
power mean score is 2.46.

The results of the comparison between the pre-test and
post-test scores of the D2 Test of Attention for the study group
are shown in Table 3.

There was no significant difference between the pre-test
and post-test scores for attention span (p>0.05); however,
a significant difference was found between the pre-test and
post-test scores for psychomotor speed, work quality, and
speed-attention balance (p<0.05).

Table 3. Comparison of Pre-Test and Post-Test Scores of the D2 Test of Attention for the Study Group

Participants Pre-Test Post-Test ¢ p
N=24 Mean SD Mean SD
D2 Test of Attention
TN (Psychomotor Speed) 2.50 1.10 4.54 0.72 -8.113 0.000*
E (Quality of Work) 217 1.17 333 1.01 -7.000 0.000*
TN-E (Speed-Attention Balance) 2.04 0.91 4.54 0.72 -11.519 0.000*
FR (Sustained Attention Capacity) 2.63 0.97 2.46 0.93 0.500 0.622

Note. T - Dependent Samples t-test, p<0.05: * - The relationship is significant.
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It was found to be statistically significant that the post-test
scores for psychomotor speed, work quality, and speed-attention
balance of the research group were higher compared to the pre-

test scores. These improvements indicate that the intervention had
a positive effect on the participants' psychomotor abilities. This
difference between the pre- and post-test is also shown in Figure 2.

D2 Test of Attention

B TN (Psychomotor Speed)
W TN-E (Speed-Attention Balance)

5,00
4,50
4,00
3,50
3,00
2,50
2,00
1,50
1,00
0,50
0,00

250 2,63
217 2,04

Mean

Pre-Test

W E (Quality of Work)

FR (Sustained Attention Capacity)

4,54 4,54
\
3,33 \
\
I 26
1
\
|
Post-Test

Participants — Total (N=24)

FIGURE 2. Research Group's D2 Test of Attention Scores

Discussion

In this study, the effects of a fundamental motor skills
training program based on the Differential Learning approach
on primary school students’ attention characteristics were ex-
amined. As a result of the 13-week intervention, significant
improvements were observed in the sub-dimensions of psy-
chomotor speed, work quality, and speed-attention balance
(p<0.01). These findings indicate that motor skill training pos-
itively contributes to children's attention processes.

First and foremost, the significant improvements found
in our study can be explained by the neurologically coor-
dinated development of movement and attention process-
es (Schollhorn, 1999). The Differential Learning approach,
which is based on continuous variability and change, enables
children to use their attention processes more flexibly and ef-
ficiently, thereby supporting the development of skills such
as psychomotor speed and attention balance. As Schéllhorn
(2009) emphasizes, the brain is actively engaged in this pro-
cess, integrating movement and attention functions, which
enhances students’ attentional performance.

In this regard, the findings of Topsakal et al. (2019) are
consistent with our results. They also reported significant im-
provements in students’ attention performance following a
10-week motor skill training program based on the Differential
Learning approach. Similarly, Ozdemir (2019) showed that
physical activity cards and exergaming activities improved
the attention levels of 10-11-year-old children, supporting the
positive effects of motor skill-oriented programs on attention.
These studies reveal that movement diversity and innovative
methods stimulate students' attention processes.

Furthermore, a study by Yurdakul et al. (2012), which in-
vestigated the effects of movement training on attention and
memory development in 8-year-old children, also supports
our findings. Following a 12-week movement training pro-
gram delivered twice a week, significant improvements were
observed in attention performance. This suggests that move-
ment is directly related to cognitive processes, and that regular,
structured motor activities play a critical role in attention de-
velopment. Additionally, Akcinli (2005) reported that move-
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ment training had positive effects on attention and memory
development in 8-year-old children. Similarly, Adsiz (2010)
found that primary school students who regularly participated
in sports were 83% more attentive than their peers who did
not. Goktepe et al. (2016) also reported that planned games
based on fundamental movements and movement patterns
made a significant contribution to attention and memory de-
velopment in children participating in sports. These findings
support the positive effects of movement and planned physical
activities on children’s cognitive development.

However, not all studies show consistent findings. For ex-
ample, in the study by Yasar et al. (2018) examining the effects
of Life Kinetik training on attention and speed-attention bal-
ance, no significant changes were observed in some sub-di-
mensions, whereas our study identified significant improve-
ments in psychomotor speed, work quality, and speed-atten-
tion balance. These differences may result from variations
in methodology, duration of intervention, or participant age
groups. In addition, the content and intensity of Yasar et al.'s
training program may have differed. In such cases, variables
such as the quality and intensity of movement programs play a
critical role in attention development. Moreover, a study con-
ducted by Kanbir et al. (2024), which investigated the effects of
complex motor activities and exergaming games on attention,
timing, and hyperactivity, found significant improvements in
the complex movement group. This supports the idea that di-
verse and complex motor activities have a positive effect on
attention. The DL-based approach and physical activity cards
used in our program may have created a similar stimulating
effect by continuously varying and diversifying children's mo-
tor actions.

The positive effect of physical activity on attention is widely
supported in the literature. Tine and Butler (2012) demonstrat-
ed that 12 minutes of aerobic exercise enhanced selective at-
tention in 10-13-year-old children, while Chaddock-Heyman
et al. (2013) reported that sports activities increased cognitive
control in the prefrontal cortex of 8-9-year-old children. Alesi
et al. (2016) emphasized the particularly positive effects of
football on attention skills, and Bidzan-Bluma and Lipowska
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(2018) showed that regular daily physical activity enhances
cognitive functions. These studies provide neurological and
psychological foundations for the mechanisms through which
motor skill training supports attention development.

Motivational factors may also have played an important
role in our findings. Borrego-Balsalobre et al. (2021) empha-
sized that innovative and constantly varying experiences in-
crease student motivation, which in turn accelerates motor
skill development. The DL-based approach applied in our
study offered a dynamic learning environment far from mo-
notony and appealing to children's interests, allowing students
to maintain more focused and sustained attention.

On the other hand, our study has certain limitations. The
most significant limitation is the absence of a control group,
which makes it difficult to determine whether the observed
effects are specific to the intervention group. In addition, the
limited sample size and the fact that participants were selected
from a single school restrict the generalizability of the find-
ings. Future research is recommended to employ experimen-
tal designs with control groups for comparison with the DL
approach. Increasing the sample size and including different
age groups would also enhance generalizability. Moreover, ex-
amining more detailed sub-dimensions of attention and using
different measurement tools could contribute to a deeper un-
derstanding of the findings.

In conclusion, this study demonstrates that the Differential
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