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Introduction: Children with intellectual disability tend to exhibit lower
performance in fundamental movement skills, such as locomotor skills, object
control skills, and balance, compared to their typically developing peers.
Evidence suggests that physical activity programs tailored for individuals with
intellectual disabilities can positively influence the development of their motor
skills. Similar to typically developing children, physical activity in children with
intellectual disabilities stimulates not only physical development, but also brain
function, resulting in cognitive benefits. However, the extent of physical activity's
impact on the cognitive functioning of this population remains insufficiently
explored. The aim of our study was to assess the effectiveness of a motor
exercise program based on the Bilateral Integration method implemented for
pupils with moderate intellectual disabilities.

Methods: The sample consisted of 27 pupils with moderate intellectual disability
(13 in the intervention group and 14 in the control group) from two special
schools in Poland. Pupils in the intervention group participated in a modified
version of the Bilateral Integration School Program - a 26-week physical activity
program that included both individual and group sessions. The assessment of
cognitive functioning, using the Fifth Edition of the Stanford—Binet Intelligence
Subtests, was conducted over three time points in both groups: a pre-test before
the intervention (T1), a post-test after the intervention phase end (T2) and a
follow-up assessment three months after the post-test (T3).

Results: Significant effects of the intervention compared to the control group
were observed in certain cognitive variables. Repeated measures ANOVA
revealed a significant group-by-time interaction for the Nonverbal Visual-
Spatial Processing score, Nonverbal Working Memory score, as well as Verbal
Fluid Reasoning.

Discussion: The original program based on the Bilateral Integration method
proved effective for pupils with moderate intellectual disability. Preliminary
results indicate improvements in cognition, particularly in working memory
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and visual-spatial processing. Further studies are necessary to assess the
program'’s efficacy comprehensively.

intellectual disability, physical activity, bilateral integration activities/exercises,
executive function, cognitive development

1 Introduction

Intellectual disability is characterized by a significant reduction
in general intellectual functioning, accompanied by limitations in
adaptive behavior. This lifelong condition manifests during
developmental years and is classified under neurodevelopmental
disorders in the ICD-11. Recent meta-analysis estimates the
prevalence of intellectual disability at 10.37 per 1,000 individuals
(1). However, studies focusing on children and adolescents report a
higher prevalence of 18.30 per 1,000. The distribution of severity
levels among individuals with intellectual disability is
approximately 85% for mild, 10% for moderate, 4% for severe,
and 1% for profound cases (2).

The diagnostic criteria for intellectual disability include: (1) a
significantly reduced intellectual level, typically measured as an IQ
below 70 which results in impairments across various cognitive
processes, and (2) limitations in adaptive behavior. Literature often
highlights that children with intellectual disability exhibit notable
deficits in various cognitive functions, such as executive functions,
attention, memory, and language (3). However, research of
executive functions presents a varied picture. Executive function
is conceptualized as a set of higher cognitive skills necessary for
daily activities and abilities, including planning, organizing,
cognitive flexibility, working memory and self-regulation. Some
studies suggest that children with intellectual disability have a
substantial deficit in executive functions compared to typically
developing peers matched for chronological age. Furthermore,
among children with intellectual disabilities, those with a mild
level of disability generally perform better on tasks assessing
executive functions than those with a moderate intellectual
disability (4-7). This indicates that executive function
performance may be related to the level of intellectual disability.
Comparative studies of children with intellectual disabilities,
matched for mental age to typically developing peers, show that
the performance of children with intellectual disabilities either
matches or is slightly lower than that of their typically developing
counterparts (8-11). Overall, children with intellectual disabilities
exhibit a heterogeneous range of cognitive deficits (12).

Children with intellectual disability often face challenges with
verbal executive-loaded working memory, as well as with inhibition
and planning (5). Regarding working memory capacity, both
phonological working memory (the ability to store and
manipulate auditory information) and visual-spatial working
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memory (the ability to store and manipulate visual information)
are typically impaired (13, 14). Additionally, these children have an
increased risk of difficulties with visual-spatial information
processing, which is often associated with a lower IQ (15, 16).

There is some empirical evidence suggesting that individuals
with intellectual disability also face movement and motor
limitations. A systematic review of the literature indicated that
children with intellectual disability lack mastery of fundamental
movement skills and exhibit deficits or developmental delays in
these areas. They generally demonstrate significantly lower
performance in fundamental movement skills, such as locomotor
skills, object control skills, and balance skills, compared to typically
developing children (17). The review included studies with
participants with borderline, mild, or moderate intellectual
disabilities. Those with profound intellectual or multiple
disabilities are at an even greater risk of deficits due to frequent
periods of motoric inactivity, which limits their opportunities to
train and improve movement skills (18).

Carefully designed and targeted physical activity programs for
people with intellectual disabilities can positively influence the
development of their basic motor skills (19). Ma et al. (20) found
that six interventions programs used in their study - fitness exercise,
combined strength and proprioceptive training, dual-task
functional exercises, trampoline exercise, hippotherapy, and core
strength training - were effective in improving balance ability in
children. Additionally, combined physio-hemsball training was
shown to enhance postural control, dynamic balance, and static
balance among children with intellectual disabilities (21). However,
research typically focuses on participants with mild intellectual
disabilities, with a notable lack of programs designed for individuals
with more severe levels of disability (22).

It is acknowledged that physical activity not only leads to
positive outcomes in physical health but also benefits mental
health among individuals with intellectual disabilities, such as
increased quality of life indicators among adolescents with
intellectual disability (23). Additionally, several studies
investigating the effects of physical activity on cognition in
children have found that exercise can lead to cognitive
improvements. For instance, in a longitudinal study examining
children with intellectual disabilities and borderline intellectual
disabilities found that skill-related physical fitness was associated
with improved inhibition and cognitive flexibility (24).
Furthermore, deficits in motor skills and executive functions have
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been shown to be interrelated (25). Specifically, Wuang et al. (26)
demonstrated a positive relationship between fundamental
movement skills performance and processing speed as well as
verbal comprehension. Therefore, early interventions that
enhance both motor and cognitive development in children with
intellectual disabilities are recommended.

Some research has indicated that, regarding the effect of
physical activity on cognitive functioning, not only the intensity
of physical activity but also regularity/frequency and type of
exercises are crucial (23, 26, 27). Findings from a review
highlighted that cognitively engaging exercises have a more
significant impact on children’s executive functioning compared
to non-cognitively engaging exercises (29). Schmidt et al. (30) found
that physical activities requiring substantial cognitive engagement
had a more beneficial impact on executive functioning. They
compared three conditions: (1) non-active, (2) aerobic activities
with low cognitive engagement and (3) team games with high
cognitive engagement. Additionally, a novel approach to physical
education, the Better Movers and Thinkers program, has
demonstrated positive effects on coordination and executive
functions in typically developing children (28, 31). In this study,
the effects of 16-week intervention (2 hours of physical education
each week) using the Better Movers and Thinkers approach were
compared with those of the control group, which received the
standard physical education curriculum.

Research has shown that, aside from the well-established links
between aerobic fitness and executive functions, skill-related
physical fitness may be an even stronger predictor of cognitive
development in typically developing children. It has been
hypothesized that, in addition to aerobic mechanisms, learning
and developmental mechanisms are crucial, as skill-related
movements provide learning experiences that support cognitive
growth (32). Skill-related physical fitness includes components of
physical fitness associated with improved performance in sports
and motor skills, with coordination and agility being key features
(33). Coordination refers to the ability to use the senses together
with body parts to perform motor tasks, while agility is the ability to
change the body’s position rapidly with speed and accuracy (33).
Research has also shown that various brain structures play a critical
role in both skill-related movements and executive functions (34,
35). In typically developing children, a strong relationships between
complex motor skills and higher-order cognitive functions has been
demonstrated (36). In individuals with intellectual disability, such
as adolescents with Down syndrome, a positive relationship has
been found between planning ability and manual dexterity (37).

Research on able-bodied individuals has demonstrated that
engaging in physical activity is believed to enhance cognition
through changes in the brain’s structure and function. A
systematic review by Singh et al. (38) highlights that the positive
effects of physical activity on cognition can be attributed to its role
in promoting neurogenesis, angiogenesis, and improving the central
nervous system’s metabolism. Moreover, regular physical activity is
thought to increase the levels of specific growth factors, including
brain-derived neurotrophic factor (BDNF), which plays a critical
role in the development, modification, and maintenance of brain
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structures and functions, directly influencing learning and memory
processes (39, 40).

As previously discussed, the literature has established
connections between interventions targeting executive function
skills and improvements in cognition among able-bodied
children. It is expected that skill-related physical fitness, which
facilitates the smooth and accurate performance of motor tasks, will
also be positively associated with executive functions in children
with intellectual disabilities. Therefore, the primary aim of the
present study was to investigate the impact of bilateral integration
exercise program on the cognitive functioning of pupils with
moderate intellectual disabilities.

2 Methods
2.1 Participants and procedures

Our research involved pupils participating in the project
entitled Original model of supporting pupils with special
educational needs based on the school program of the Bilateral
Integration method (Grant EOG/21/K4/W/0086), funded under the
Educational Program financed by EEA FM for the years 2014 -
2021, Component IV “EDUCATION” PROGRAM. The project was
implemented from March 2022 to December 2023. Pupils were
recruited from two special education centers/schools involved in the
project for the intervention and control groups, respectively. The
project included all pupils attending primary school classes in these
institutions during the 2022/23 school year who agreed to
participate in the project and met the inclusion criteria.
Ultimately, 52 pupils were qualified (26 in the intervention group
and 26 in the control group) all of whom had moderate intellectual
disability and without co-existing disorders (verified through
current certificates of special educational needs issued by public
psychological and pedagogical counseling centers). The participants
ranged in age from 8 to 20 years, in accordance with the Education
Law in force in Poland. The parents/guardians of the pupils
qualified for the project were informed about the goals and
organization of the project activities and provided written
informed consent for their child’s participation.

The project included: 1) the development and implementation
of an innovative support model based on the Bilateral Integration
method (BI), conducted through exercise classes following original
lesson plans, 2) training of staff responsible for conducting classes
with the pupils, and 3) an assessment of the effectiveness of the
intervention. A natural experiment design was used to evaluate the
effectiveness of the intervention. All pupils involved in the project
followed the same core curriculum and had no prior exposure to the
BI method. Pupils in the intervention group participated in
additional extracurricular activities as part of the intervention
program (a 26-week BI program implemented during the school
year), while pupils in the control group continued their regular
school routine without any modifications during T1, T2, and T3.
Between T2 and T3, pupils from both study groups had a summer
break. The project was implemented in four phases, as shown in
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Pre-test 26 weeks
prior to intervention intervention
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Post-test
after intervention

Follow-up testing
3 months after
phase ending
(May 2023)

post-test phase
(Sep 2023)

Chronology of pre-test (T1), intervention, post-test (T2) and follow-up testing (T3).

Figure 1. The research, which included the assessment of cognitive
functioning in pupils with moderate intellectual disabilities, was
conducted across three terms in both the intervention and control
groups: the first term - at the beginning of the school year, before
the start of the intervention (pre-test); the second - at the end of the
school year, at the end of the intervention (post-test); and the third
— after the summer break, three months after the end of the
intervention (follow-up testing).

For the purposes of this article, only pupils who had complete
results across all three test terms and who were aged 18 years or
younger were included in the analysis. Additionally, the selection of
pupils from both the intervention and control groups was
conducted with the goal of ensuring homogeneity in terms of
sociodemographic variables between the groups, thus minimizing

TABLE 1 Sociodemographic characteristic in the intervention and
control groups.

Control
group

Mean + SD/% (n)

Intervention
group

Parameters

Gender
Male 62% (8) 57% (8)

0.03¢ 0.8713
Female 38% (5) 43% (6)
Age (years) 1323 + 1.92 14.67 + 2.08 -1.724 0.0849
Q 4192 + 5.54 40.07 +3.32 0.08¢ 0.4519
Place of residence of the pupil's family
Village 54% (7) 50% (7)

0.344° 0.8528
City 46% (6) 50% (7)
The pupil's place of residence during the school year
Family home 69% (9) 93% (13)
Outside the 240 0.1212

. 31% (4) 7% (1)

family home
Assigned family guardian
Yes 54% (7) 21% (3)

1.81° 0.1789
No 46% (6) 79% (11)
Significant health and/or family events
Yes 77% (10) 93% (13)

1.31° 0.2531
No 23% (3) 7% (1)

Pearson’s Chi-square test; "V-square test; “Chi-square test with Yates’ correction; “Mann-
Whitney U test.
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potential environmental influences (see Table 1). Consequently, the
final sample consisted of 13 pupils in the intervention group and 14
pupils in the control group.

All research procedures implemented in the project were
approved by the appropriate university Bioethics Committee.

2.2 Intervention

The original support model for pupils with special educational
needs included a program of physical activities based on the
Bilateral Integration (BI) School Program, tailored to meet the
specific individual needs and capabilities of pupils with moderate
intellectual disabilities. The selection of this method as the
foundation for the intervention was made with careful
consideration. The BI method focuses on promoting correct
postural-motor patterns, coordination, alternation, balance, and
fine motor skills. Most importantly, it offers a form of physical
activity that simultaneously stimulates both movement and
cognitive processes. The BI method is grounded in research that
demonstrates movement not only fosters physical development but
also enhances brain function (27). The BI exercise program aims to
develop brain structures responsible for facilitating more efficient
and faster information flow between the hemispheres. Previous
research suggests that the type of physical activity is crucial in
establishing a link between aerobic fitness and the development of
executive functions in children with intellectual disabilities. It is
thought that, skill-related physical fitness may serve as a stronger
predictor of executive functioning (EF) than aerobic fitness. This is
based on the hypothesis that learning and development
mechanisms, facilitated by skill movements, provide experiences
that support cognitive development (24).

The BI program places significant emphasis on the perception,
understanding, and using one’s own body. Developing a “body
map” — a physical sense of self including awareness of body
boundaries, the identification of body parts, and their spatial
relationships — is essential for establishing correct posture and
enabling alternate use of the body’s left and right sides, as well as
upper, lower, front, and back sections in various ways. Accurate
data on the body’s current position, its individual elements in
relation to each other, and its position within the surrounding
space are crucial for proper motor control. The movement
sequences employed in the BI method involve specific alternating
movements performed in starting positions aligned with the child’s
motor development. One system consists of movement sequences
of varying lengths (e.g. 24 elements), which the student ultimately
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performs independently. In teaching movement, polysensory
stimulation is used - tactile, visual, and auditory - along with
different levels of support provided by the teacher. According to
the lesson plans, distractors are minimized at the beginning and
cognitive processes are gradually integrated into the reproduction of
movement sequences, combining them with the stimulation of the
primary sensory channels.

The original modification of the Bilateral Integration School
Program is a 26 - week physical activity program in which each
student from the intervention group participated in three
therapeutic sessions per week. These included two individual
sessions (30 minutes each) and one group session (60 minutes)
with groups of 6 - 7 pupils). This adaptation was designed to
accommodate the special needs and abilities of children and
adolescents with moderate intellectual disabilities. The classes
followed original lesson plans developed by teachers who were
certified Bilateral Integration method therapists. The exercises were
aimed at developing and enhancing various skills, including:
interhemispheric cooperation; perception and cognitive
understanding of one’s own body (“body map”); differentiation of
the right and left sides, as well as directions (right/left, up/down,
front/back); cooperation within upper/lower, left/right, front/back
body dimensions; spatial perception, visual and auditory
perception, visual-motor integration and a sense of rhythm
overall motor coordination, and bilateral coordination for
symmetrical and asymmetrical movements; crossing the body’s
midline; posture control, muscle tension distribution, and balance
reactions; movement automatization and planning (fine and gross
motor skills); fine motor skills such as discriminative sensation and
finger separation; sequential and alternating movements, along with
improvements in sequential and working memory. A detailed
description of the lesson plan creation process, along with specific
examples, can be found in the manual published as a product of
the grant.

Individual sessions were conducted by trained teachers, each of
whom supervised two to three pupils. These sessions provided an
opportunity to build a relationship with the child, closely observe
their progress, and make necessary adjustments to the. Group
sessions, on the other hand, were led by experienced therapists
who were also the authors of the lesson plans. These therapists acted
as supervisors for the teachers conducting individual sessions.
During the group classes, pupils engaged in activities where they
observed, compared, and imitated each other. This environment
fostered peer motivation, cooperation, mutual acceptance, and the
development of self-esteem, self-confidence, and communication
skills. This class structure allowed for the continuous oversight of
the individual program’s implementation, ensuring adequate
support for the teachers, as well as consistent monitoring of each
student’s progress throughout the intervention To ensure that all
the pupils in the intervention group completed the physical activity
program with 100% attendance, make-up sessions were promptly
organized for any pupil who missed class due to illness. This
approach guaranteed that no student was left behind or missed
any critical parts of the program.
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2.3 Measures

The Fifth Edition of Stanford-Binet Intelligence Subtests (SB5)
(41). SB5 is a comprehensive, individually administered tests
designed for individuals for aged 2 through 85+ (with Polish
norms extending to those aged 2-18). It is widely used for both
clinical and research purposes to assess general intellectual ability.
The test is structured into Verbal and Nonverbal IQ subscales, each
comprising five subtests: Fluid Reasoning, Knowledge, Quantitative
Reasoning, Visual-Spatial Processing and Working Memory.

These subtests are defined as follows: Fluid Reasoning - the
ability to solve verbal and non-verbal tasks using inductive and
deductive reasoning; Knowledge - the accumulated general
information acquired from various environments, such as home,
school, or work; Quantitative Reasoning — the ability to solve
numerical problems; Visuospatial Processing - the capacity to
recognize patterns, relationships, spatial orientation, and the
perception of the whole figures among visual elements; Working
Memory - the processes involved in checking, organizing, and
transforming information held in short-term memory. Test scores
can be converted into Nonverbal IQ, Verbal IQ and Full Scale IQ as
well as into ten subtests. All SB5 subtests were administered
individually to the pupils by a certified school psychologist in a
quiet setting within the school, following the procedural guidelines
outlined in the SB5 manual (41). Reliability and validity data for
SB5 are available in the interpretive manual (41).

Sociodemographic data were collected from pupils in both the
intervention and control groups. This data included variables such
as age, sex, place of residence of the pupil’s family, the pupil’s living
arrangements during the 2022/23 school year, any significant health
and/or family events, and the appointment of a family guardian.
Additionally, IQ scores were recorded for all pupils. This
information helped ensure the comparability of the two groups
and provided context for interpreting the study results.

2.4 Data analyses

The analysis of quantitative variables was performed by
calculating the mean and standard deviation (SD). Qualitative
variables were presented using counts (n) and percentage of each
value. The Shapiro-Wilk test was used to assess the normality of
data distribution, while Levene’s test was employed to check
homogeneity of variance. For variables that did not meet the
normality conditions in at least one group, the Mann-Whitney U
test was applied to compare the two groups. Pearson’s Chi-square
test, Chi-square test with Yates correction, and V-square were used
to assess percentage differences between the study groups.

A repeated measures analysis of variance (ANOVA) was
conducted to compare the cognitive variables across three
measurement points between the two groups. Tukey’s post-hoc
repeated-measures ANOVA was applied to examine significant
group-by-time interactions and to assess changes between the
three study terms for the intervention and control groups. Effect
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sizes (Cohen’s d coefficient) were calculated to describe significant
differences in Nonverbal and Verbal SB5 subtest scores, including
Nonverbal Visual-Spatial Processing, Working Memory, and
Verbal Fluid Reasoning. According to Cohen’s criteria, effect sizes
>0.20 and < 0.50 were classified as small, those > 0.50 and < 0.80 as
medium, and those > 0.80 as large (42). All cognitive variables
analyses (SB5 subtests scores: Fluid Reasoning, Knowledge,
Quantitative Reasoning, Visual-Spatial Processing and Working
Memory) were completed using the accumulated raw scores from
each subtest, as specified in the test’s procedure manual. The level of
statistical significance was set at 0.05 for all statistical analyses. All
statistical procedures were performed using the STATISTICA
statistical package (TIBCO Software Inc. (2017) Statistica, data
analysis software system, version 13. http://statistica.io).

3 Results

Thirteen pupils (8 boys, 5 girls) participated in the intervention
group, and fourteen pupils (8 boys, 6 girls) participated in the
control group. There was no statistically significant difference in
gender distribution between the groups (p > 0.05). Both compared
groups were also homogeneous in terms of the other
sociodemographic variables examined (p > 0.05) (Table 1). All
participants provided complete data for all test terms (pre-test,
post-test, and follow-up testing).

Table 2 shows the means and standard deviations for all the
Nonverbal and Verbal SB 5 subtests (Fluid Reasoning, Knowledge,
Quantitative Reasoning, Visual-Spatial Processing and Working
Memory) outcome measures for participants in the control and
intervention groups at T1, T2, and T3 research dates. The table also
presents the results of group-by-time interaction for all
cognitive variables.

3.1 Nonverbal measure score

The repeated measures ANOVA revealed a significant group-
by-time interaction for the Nonverbal Visual-Spatial Processing
score [F(2, 50) = 3.75, p = 0.0303, partial nz =0.13]. This significant
intervention effect was driven by a notable increase in this variable
between pre- and post-testing (T1-T2) in the intervention group
(p = 0.0018; d = 0,913). No significant changes were observed
between the examination dates in the control group.

Similarly, a significant group-by-time interaction was found for
the Nonverbal Working Memory score [F(2, 50) = 4.07, p = 0.0231,
partial N> = 0.14]. This effect was due to a significant increase in the
intervention group between pre- and post-testing (T1-T2; p = 0.0019;
d = 1,048) and between post-test and follow-up testing (T1-T3; p =
0.0074; d = 0,918). Again, no significant changes were observed in the
control group across the testing periods.

The group-by-time interaction for other Nonverbal variables
were not statistically significant: Fluid Reasoning [F(2, 50) = 2.29,
p = 0.1114, partial nz = 0.08]; Knowledge [F(2, 50) = 0.19, p =
0.8278, partial n? = 0.01]; Quantitative Reasoning [F(2, 50) = 0.54,
p = 0.5840, partial 0 = 0.02].
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3.2 Verbal measure score

The repeated measures ANOVA revealed a significant group-by-
time interaction for the Verbal Fluid Reasoning score [F(2, 50) = 4.47,
p = 0.0146, partial 0> = 0.15]. This significant intervention effect was
driven by a significant higher result for this parameter in
the intervention group compared to the control group at T3
(p = 0.0073; d = 1,506).

The group-by-time interaction for the remaining verbal
variables did not reach statistical significance: Knowledge
[F(2, 50) = 1.94, p = 0.1547, partial nz = 0.07]; Quantitative
Reasoning [F(2, 50) = 1.59, p = 0.2134, partial n2 = 0.06]; Visual-
Spatial Processing [F(2, 50) = 2.89, p = 0.0649, partial nz =0.10];
Working Memory [F(2, 50) = 2.33, p = 0.1074, partial n* = 0.09].

4 Discussion
4.1 Main findings and study implications

The primary aim of this study was to evaluate the efficacy of an
original support model for children and adolescents with special needs,
based on the BI method, in enhancing cognitive functioning among
pupils with moderate intellectual disabilities. Over a period of 26
weeks, pupils in the intervention group participated in exercise
sessions, while those in the control group did not receive any
intervention. Cognitive assessments were conducted at three time
points: 1) at the beginning of the school year, prior to the
intervention; 2) at the end of the school year, following the
intervention; and 3) three months post-intervention, after a summer
break. It was hypothesized that the intervention would lead to higher
cognitive tasks performance in the intervention group compared to the
control group.

The results demonstrated improvements in three key areas of
cognitive functioning. Statistically significant improvements were
observed in the intervention group for nonverbal visual-spatial
processing and working memory across subsequent testing points.
Additionally, by the third testing term, participants in the intervention
group exhibited better outcomes in verbal fluid reasoning compared to
those in the control group. In terms of nonverbal visual-spatial
processing, participants in the intervention group showed
improvement by the second testing term, but there was a slight
decline in performance following the summer break. Conversely, the
control group’s results remained relatively consistent across all testing
terms. Similarly, working memory scores in the intervention group
increased significantly after the intervention, and although there was a
slight decrease after the holiday break, the scores remained statistically
higher than in the first term. No improvement was observed in the
control group across any of the testing terms.

The research project was founded on several key assumptions.
Firstly, individuals with intellectual disabilities are characterized by a
lower general intelligence quotient, however, their internal cognitive
profile is varied. For instance, they tend to score lower on verbal
subtests compared to non-verbal ones, and exhibit significant
difficulties with working memory. Secondly, empirical evidence
suggests that children with intellectual disabilities also face
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TABLE 2 Means, standard deviation (SDs), and group-by-time interaction for Verbal and Nonverbal SB 5 subtests.

Follow-u -value
Pre-test Post-test V-up p
testing repeated
Outcome measures measures
Mean + SD ANOVA (term
= X group)
Intervention 9.85 + 3.69 10.85 + 4.08 12.54 + 3.89
Fluid Reasoning 0.1114
Control 10.14 + 6.31 10.50 + 5.14 10.00 + 6.11
Intervention 12.54 £ 0.88 12.85 £ 0.99 13.38 £ 0.77
Knowledge 0.8278
Control 11.50 + 2.65 11.57 £ 2.10 11.86 + 2.35
E Intervention 12.15 £ 2.97 13.23 £ 1.09 13.08 + 1.80
§ Quantitative Reasoning 0.5840
g Control 10.43 + 4.82 10.93 + 4.05 10.50 + 5.08
Z
Intervention 11.08 + 2.90 13.54 £ 2.47* 12.38 £ 3.71
Visual-Spatial Processing 0.0303"
Control 10.71 £ 4.79 10.93 +5.28 11.07 £ 5.25
Intervention 11.62 + 3.18 14.38 + 1.94* 14.08 + 2.06*
Working Memory 0.0231*
Control 11.36 + 3.99 11.93 + 4.20 11.43 + 4.27
Intervention 8.69 +£2.43 9.62 + 2.06 10.46 + 2.40"
Fluid Reasoning 0.0164*
Control 6.93 +3.83 6.50 + 4.72 543 +4.07
Intervention 19.54 + 3.48 22.38 +4.37 22.69 + 4.11
Knowledge 0.1547
Control 16.21 + 4.41 18.36 + 5.37 17.14 £ 5.10
E Intervention 8.31 +2.39 9.38 + 2.60 923 £2.17
§ Quantitative Reasoning 0.2134
Control 8.57 +2.17 8.43 +3.74 8.07 + 3.56
Intervention 12.00 £ 2.00 14.38 + 1.80 13.92 + 2.69
Visual-Spatial Processing 0.0649
Control 9.64 + 4.50 10.21 + 4.63 10.00 + 4.88
Intervention 10.38 + 2.84 11.15 £ 2.70 11.62 + 2.47
Working Memory 0.1074
Control 8.36 + 4.09 8.64 +4.13 8.57 + 3.80

SD, standard deviation; statistical significance p < 0,05; no statistical significance p>0,05; “significant statistical analysis of variance with repeated measures interaction (groups x time);
* statistically significantly different from pre-test; “statistically significantly different from the control group.

movement and motor limitations. They typically demonstrate lower
proficiency in fundamental movement skills compared to their
typically developing peers. A systematic review highlighted that
children and adolescents with intellectual disabilities tend to show
deficits or delays in fundamental movement skills, particularly in
balance (43).

Thirdly, it has been demonstrated that cognitive functions can
generally be improved through education and cognitive training. The
effectiveness of such interventions is particularly evident in clinical
trials, although sustaining their effects over time can be challenging.
The findings of our study align with previous research, such as a meta-
analysis on the effectiveness of cognitive training in enhancing working
memory among individuals with intellectual disabilities (44). While
the original model based on Bilateral Integration primarily involves
motor training, it also incorporates cognitive training elements, such as
the requirement to remember sequences of movements.

Lastly, research suggests that cognitive functioning can be
enhanced through appropriately selected physical activities.
Current evidence points to a positive association between physical
activity and cognitive functioning. Preliminary studies, similar to
ours, have demonstrated that exercise training yields positive effects
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in both typically developing children (28, 31) and children with
intellectual and borderline intellectual disabilities (24). However,
given the limited research conducted specifically among individuals
with intellectual disabilities, the results of our study should
primarily be interpreted in the context of findings from studies on
other populations.

It is suggested that participation in regular physical activity
enhances memory through changes in the brain, such as increased
neurogenesis in hippocampus - an area crucial for learning and
memory (40). However, the literature highlights that the specific
types and levels of activity that yield the greatest cognitive benefits
remain unclear. In our study, we employed exercises that
simultaneously required the integration of movement and
cognitive skills. The intervention involved tasks targeting both
gross motor coordination and fine motor control, aimed at
improving balance, postural control, muscle coordination,
rhythm, and timing. The exercise program started with a basic
motor patterns, progressively increasing in complexity as each
student advanced. As students improved, cognitive challenges
were incorporated, requiring them to build on previously learned
tasks, adjust to new demands, and remember prior instructions.
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These types of tasks demand significant neurocognitive processing.
The improvements observed in this study, attributed to the original
modification of the Bilateral Integration School Program, may be
due to the layering of cognitive demands onto coordination tasks
throughout the intervention.

Working memory capacity is a strong predictor of fluid
intelligence (45) and may even represent the most critical factor
influencing fluid intelligence (46). Working memory is fundamental
to children’s capacity to acquire knowledge and develop new skills.
Consequently, many interventions targeting overall cognitive
enhancement focus on working memory. Even modest
improvements in working memory can have a meaningful impact
on children’s academic performance and daily functioning.
Interventions like the one analyzed in this study, therefore, offer
tangible benefits to the everyday lives of participating children.
Visual-spatial processing - which encompasses the ability to
recognize patterns, relationships, spatial orientation, and the
perception of visual elements as an integrated whole, also holds
significant practical and educational implications.

4.2 Study strengths and limitations

The present study possesses several notable strengths, including
its focus on children with moderate intellectual disability, the
inclusion of a control group, the objective measurement of
cognitive functions, and the application of an innovative support
model based on the Bilateral Integration method tailored for
children and adolescents with special needs.

However, the study also has certain limitations. First, the
participants selection was based on prior diagnoses of moderate
intellectual disability, resulting in variability in the participants’
initial cognitive profile. Future research should aim to recruit a
more homogeneous group, although this may prove challenging
and result in a smaller sample size. Second, various personal and
family-related factors may have influenced participants’
engagement with the intervention and their cognitive test results.
While efforts were made to gather information from children,
parents, and teachers to identify and exclude participants based
on such factors, it is possible that unidentified influences persisted
within the final sample, potentially impacting the outcomes.
Subsequent studies should prioritize identifying and controlling
for potential confounding variables. Finally, although there were no
significant differences in age between the groups, the relatively
broad age range within the sample (8-18 years), presents a
limitation. This issue arose due to the limited number of
participating institutions. Future research should encourage
collaboration across multiple specialized centers to facilitate the
recruitment of larger, more homogeneous study cohorts.

5 Conclusion

The present study demonstrated significant cognitive
improvements following the intervention, indicating that the
proposed model not only enhances physical abilities but also
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contributes to cognitive development, particularly in nonverbal
working memory and visual-spatial processing, among children
with moderate intellectual disabilities. Further research is warranted
to investigate the underlying mechanisms by which physical activity
influences cognitive function in this population. Additionally,
future studies should aim to assess the durability of these
cognitive benefits and explore effective strategies for sustaining
them over the short, medium, and long-term periods.
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