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Accepted: 06 Mar 2026 Objectives: Numerous studies have investigated the relationship between bilateral

: coordination and academic performance; however, their findings remain inconsistent. This

study aimed to review the literature on the relationship between bilateral coordination and
academic performance in children to identify the populations studied and summarize the
assessment tools employed in current research.

Methods: This review followed the methodological framework of Arksey and O’Malley
(2005) and was reported according to the preferred reporting items for systematic reviews and
meta-analyses extension for scoping reviews guidelines. A systematic search was conducted in
PubMed, ScienceDirect, and Scopus for studies published between 2010 and 2025. Keywords
and MeSH terms were combined using Boolean operators. Additionally, the first 20 pages of
Google Scholar search results were screened by title and abstract to identify relevant studies.
Quantitative observational and interventional studies investigating the relationship between
bilateral coordination and academic performance in students from preschool to high school age
were included. Data were extracted and charted in a structured Excel spreadsheet and analyzed
descriptively.

Results: Seven studies met the inclusion criteria. In typically developing children, bilateral
coordination was significantly associated with basic mathematics skills (numbers, patterns,
spatial reasoning) and spelling, while inconsistent associations were observed between
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Bimanual coordination, . children with specific learning disorders, greater deficits were noted in those with dyscalculia.
Bilateral integration, Academic The Bruininks—Oseretsky test of motor proficiency, second edition (BOT-2) (was the most
performance, Mathematics, frequently used assessment tool for bilateral coordination. The small number of included

Reading, Writing, Handwriting, studies and the heterogeneity of outcome measures limited the ability to draw firm conclusions
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Discussion: Bilateral coordination appears to play an important role in certain academic skills,
particularly basic mathematics and writing performance. Given the inconsistent results regarding
higher-level academic abilities, further rigorous research using comprehensive assessment
tools and larger samples is recommended and longitudinal or interventional designs should be
employed to better clarify the role of bilateral coordination across specific academic domains.
Nonetheless, inconsistencies across existing studies underscore the need for standardized
assessment tools and further high-quality research with larger, more diverse samples.

Highlights

e Bilateral coordination was most consistently associated with basic mathematics skills and spelling in typically
developing children.

e Evidence regarding reading abilities and handwriting outcomes showed inconsistent findings across studies.

e In children with cerebral palsy and developmental coordination disorder, bilateral coordination was related to
several writing abilities.

e Children with dyscalculia demonstrated greater bilateral coordination deficits than other learning disorder groups.

e The BOT-2 was the most frequently used assessment tool for evaluating bilateral coordination.

Plain Language Summary

This review examined whether children’s ability to coordinate both sides of their body at the same time, known
as bilateral coordination, is related to school performance. Researchers reviewed studies published between 2010
and 2025 that explored links between bilateral coordination and academic skills such as mathematics, reading, and
writing. The findings suggest that children with better bilateral coordination often perform better in some academic
areas, especially basic mathematics skills, such as recognizing numbers and patterns, as well as spelling and certain
writing skills. In children with conditions such as cerebral palsy or developmental coordination disorder, better bilateral
coordination was linked to improved handwriting and writing performance. However, the evidence for reading skills
was less consistent, and some studies found no clear relationship. These findings are important because they suggest
that motor skills may play a role in learning and school success. Activities that improve coordination could potentially
support academic development alongside traditional educational approaches. However, more high-quality research
with larger groups of children is needed before firm conclusions can be made.

both cognitive and academic performance [5]. Among the
motor skills related to academic achievement, bilateral co-
ordination plays a significant role [6].

Introduction

ducation is one of the most important oc-
cupations of childhood [1]. Poor academic
performance is associated with an in-
creased risk of school dropout and various
secondary consequences, such as employ-

Bilateral coordination, a component of bilateral integra-
tion, refers to the ability to coordinate symmetrical and
asymmetrical movements of the body either on the same

ment and social adjustment problems in adulthood, as
well as psychological issues including depression and low
self-esteem [1, 2]. Because socioeconomic, psychosocial,
home and school environments, nutrition, and the stu-
dent’s own engagement influence academic performance,
one contributing factor in enhancing academic achieve-
ment is improved motor performance [3, 4]. Previous
studies have shown that motor interventions can improve

side or across both sides simultaneously [1, 7]. Improved
bilateral coordination strengthens interhemispheric com-
munication, thereby facilitating message transfer between
the two hemispheres and enhancing learning [8]. This skill
influences academic performance, handwriting, play, and
daily functioning in children [1, 6]. Consequently, deficits
in bilateral coordination can lead to difficulties in these
domains.
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Evidence suggests that better bilateral coordination is
associated with improved academic outcomes [9]. For
example, a 2010 study conducted by Bumin et al. on
children with cerebral palsy (CP) found a relationship
between bilateral coordination and handwriting align-
ment and letter size [10]. Similarly, Norouzi et al. (2016)
demonstrated an association between bilateral coordina-
tion and aspects of writing performance such as content,
organization, language use, and vocabulary [11]. Beyond
writing, other studies have indicated a link between bilat-
eral coordination and additional areas of academic perfor-
mance, including reading skills, as reported by da Silva
Pacheco et al. [6]. Nevertheless, a study by Macdonald et
al. in 2020 found no significant association between bilat-
eral coordination and reading or mathematics skills [12].

Despite the acknowledged importance of bilateral co-
ordination for children’s academic performance, and the
critical role of academic success for students, no compre-
hensive study has examined the influence of bilateral co-
ordination across different academic domains in the past
15 years. Contradictory findings regarding its role, the
diversity of populations studied, the range of assessment
tools employed, and the variety of academic domains in-
vestigated highlight the necessity of such an endeavor.

Previous research in this field has largely examined the
association between academic performance and broader
constructs of motor competence, such as gross motor
skills, fine motor skills, or overall motor proficiency.
While these studies provide valuable insights, they treat
motor skills as a general domain and do not isolate the
role of bilateral coordination. To date, no systematic
or scoping review has exclusively explored the direct
relationship between bilateral coordination and academic
achievement. By addressing this gap, the current review
contributes a distinct perspective and offers a more nuanced
understanding of how bilateral coordination may influence
students’ academic outcomes. The variety of tools, study
designs, and differences in studied populations will give
us better insight. Therefore, this scoping study aimed to
explore the relationship between bilateral coordination
and children’s academic performance. Figure 1 illustrates
the search strategy and the process of retrieving relevant
articles on this topic. By mapping the existing evidence
across studied populations, assessment tools, and reported
outcomes, this study aims to clarify the importance of
bilateral coordination for educators and other stakeholders,
while also identifying gaps in the current literature. Across
existing studies, academic performance has sometimes been
conceptualized as higher-level skills, such as mathematical
reasoning, and at other times as lower-level skills, such
as number knowledge [12-14]. This heterogeneity in
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conceptualization has contributed to inconsistencies in the
reported findings. In the present study, by clearly defining
the specific academic domains under investigation and
examining their relationship with bilateral coordination,
we aimed to clarify the existing evidence and address these
inconsistencies. To our knowledge, no previous scoping or
systematic review has specifically mapped the relationship
between bilateral coordination and distinct academic
domains while accounting for conceptual differences in
how academic performance is defined.

The sub-questions of this study are as follows:

Is there a relationship between bilateral coordination
skills and writing, mathematics, and reading?

In which populations has the relationship between bilat-
eral coordination and academic skills been investigated?

What tools have been used to assess academic perfor-
mance and bilateral coordination in these studies?

Materials and Methods

This comprehensive research employed a scoping study
design to examine studies conducted over the past 15
years. This scoping review followed the methodological
framework proposed by Arksey and O’Malley (2005) and
is reported in line with the preferred reporting items for
systematic reviews and meta-analyses extension for scop-
ing reviews (PRISMA-ScR) guidelines [13]. The protocol
was not registered in any database, as scoping reviews are
typically conducted wto map broad and heterogeneous ar-
eas of research. In many cases, formal registration is not
undertaken. Nevertheless, all five stages of the scoping re-
view process (identifying the research question, identify-
ing relevant studies, study selection, charting the data, and
collating, summarizing, and reporting the results) were
conducted and transparently reported [13].

Eligible criteria

Initially, all studies conducted from 2010 to 2025 that were
written in Persian and English were included; duplicated
studies were excluded and two researchers reviewed the stud-
ies for eligibility criteria in two steps. Study selection was
performed in two phases: initially through title and abstract
screening, followed by full-text screening. To ensure com-
prehensive coverage, both observational and interventional
quantitative studies were included.

This scoping review was structured according to the popula-
tion, concept, context framework recommended by JBI. The
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Articles identified through
database searching

n=339:
pubmed n=8
science direct n=265

scopus n=11

google scholar n=55

Articles after removing
duplications

n=229

Articles screened by title,
abstract, and keywords

n=229

l Articles excluded
n=207

Full-text articles screened
based on inclusion criteria

n=22

Full-text articles excluded n=14

Bilateral coordination as a
motor skill was not examined in|
the study.

the term bilateral integration in
the article referred to visual—
motor abilities and did not
encompass bilateral
coordination.

the effect of bilateral
cordination on improving
academic performance was not
explain clearly

the relation between bilateral
coordination and accademic
performance was not separately
discribed

Articles included in
L data synthesis

n=7

Figure 1. PRISMA-ScR flow diagram of the study selection process
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population included students from preschool to high school
age (<18 years), as this research aimed to map the available
evidence concerning bilateral coordination in school-aged
individuals. The concept focused on bilateral coordination,
which was the primary construct examined across the includ-
ed studies. The context was academic performance, as this
review explored how bilateral coordination relates to differ-
ent aspects of academic achievement.

Studies were included if they: Involved students from pre-
school to high school age; examined the relationship or ef-

fect of bilateral coordination on academic performance; used
quantitative observational or interventional designs; were
published between 2010 and 2025 in peer-reviewed journals.
Studies were excluded if they were review articles, confer-
ence proceedings, case reports, dissertations, guidelines,
books, or doctoral dissertations, involved populations older
than 18 years; or did not specifically address academic out-
comes.

Eligible studies included interventional designs that as-
sessed the effects of bilateral coordination on academic per-
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formance, as well as observational designs examining asso-
ciations between these two variables; therefore, case reports,
cross-sectional studies, randomized controlled trials, and
quasi-randomized trials, quasi-experimental articles were in-
cluded. Given the importance of both academic achievement
and motor development during the school years, this review
included studies focusing exclusively on students from pre-
school to high school age.

To ensure higher validity and recency, conference presenta-
tions, doctoral dissertations, books, and review articles were
excluded. Additionally, studies that did not explicitly inves-
tigate the relationship between bilateral coordination and
academic performance were removed. The review included
studies published in English and Persian.

Search strategy

The electronic databases PubMed, ScienceDirect, and Sco-
pus were searched. Keywords and MeSH terms included

>

“bilateral coordination”, “bimanual coordination”, ‘bilateral

EEINT3 LEINT3 LEINT3

integration”, “mathematics”, “reading”, “handwriting”, “aca-
demic performance”, “children”, and “student”. These terms
were combined using Boolean search strategies and applied
across the selected databases. A publication date filter (2010

2025) was applied. The following search string was applied:

(“bilateral coordination” OR “bimanual coordination” OR
“bilateral integration”) AND (“academic performance” OR
“mathematics” OR “reading” OR “writing” OR “handwrit-
ing”) AND (“children” OR “students”).

This strategy was adapted as appropriate for each database.
In addition, the Google Scholar search engine was used to
identify further studies; the first 20 pages of Google Scholar
search results were screened by title and abstract to identify
potentially relevant studies, and relevant articles were select-
ed and included in the review process. Titles and abstracts
from Google Scholar were reviewed to identify additional
eligible studies. The final search was conducted on 30 Sep-
tember, 2025.

Manual searches of reference lists and gray literature were
not performed.

Study selection

Two authors independently screened all titles and abstracts.
Full texts of potentially eligible studies were reviewed for
inclusion. Articles that met the criteria were selected to be
included in the study. Inter-rater disagreements were resolved
through consensus discussion, and if disagreement persisted,
a third reviewer independently assessed the study to reach a
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final decision. The study selection process is illustrated in the
PRISMA flow diagram.

Data charting

Data items including the title of the article, year, authors,
population, bilateral coordination tools, academic perfor-
mance tools, area of academic performance studied, and
main results were entered into an Excel spreadsheet by the
first author and reviewed under the supervision of the re-
search team. Table 1 presents the data from the studies.

Data synthesis

Given the nature of scoping review studies and in accor-
dance with PRISMA-ScR guidelines, no critical appraisal of
methodological quality was performed, as the primary aim of
this scoping review was to map the extent, range, and nature
of evidence rather than to assess study quality or risk of bias.
Data were summarized in tables, and descriptive analysis was
performed. Due to substantial heterogeneity in study designs,
populations, assessment tools, and academic outcomes, a
meta-analysis was not feasible; therefore, the analyses were
performed descriptively.

Results

The search identified 339 records (PubMed=8, Sco-
pus=11, ScienceDirect=265, Google Scholar=55). After
removing duplicates (110), 229 studies were screened by
title and abstract. Following full-text review, 7 studies met
the inclusion criteria. The study selection process is pre-
sented in the PRISMA-ScR flow diagram.

Between 2010 and 2025, several studies examined the
relationship between bilateral coordination and academic
performance. Among them, four studies reported associa-
tions between bilateral coordination and reading ability
[6, 9, 14, 15], five studies found links between bilateral
coordination and writing skills [6, 9-11, 14], and two stud-
ies demonstrated associations with mathematical perfor-
mance [14, 15]. Specifically, bilateral coordination was
found to be related to mathematical skills such as data
handling, numbers, patterns, and spatial/figural reasoning
(P<0.05) [14]; writing skills, such as legibility, alignment,
size of handwriting (P<0.05) [10], and writing content,
writing organization, vocabulary, writing mechanics, and
language use (P=0.001) [11], and spelling (P<0.01) [9];
and overall reading performance (P<0.01) [9].
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However, some studies reported no statistically signifi-
cant association between bilateral coordination and aca-
demic subdomains, including mathematics composite
scores, math reasoning, and numerical operations [12],
as well as measurement [14] in mathematics; and word
reading, reading comprehension, and pseudoword de-
coding in reading [12].

Four studies examined bilateral coordination in relation
to a broader range of academic skills, including reading,
writing, mathematics, initial knowledge, creative arts,
and physical education, among typically developing stu-
dents aged 5-11 years [6, 9, 12, 14]. One study focused
on the relationship between bilateral coordination and
handwriting performance in children with CP aged 8—12
years, while another study investigated differences in bi-
lateral coordination among children with specific learn-
ing disorders aged 9—13 years, comparing groups with
dyscalculia, dyslexia, and mixed-type learning disorders
[15], Another study explored the relation between bilat-
eral coordination and writing composition in children
with developmental coordination disorder (DCD) aged
7 9 years [11].

Regarding measurement tools, the most frequently
used instrument for assessing bilateral coordination was
the Bruininks—Oseretsky test of motor proficiency, sec-
ond edition (BOT-2) [6, 9, 12, 15], with one study using
the first edition of this test [10]. Another study employed
bilateral coordination activities such as gliding, skip-
ping, and star jumps [14]. One study used technological
assessment tools to evaluate bilateral coordination, in-
cluding potentiometers (Bourns Instruments, Riverside,
CA), and an auditory metronome (NCH Swift Sound
Tone Generator, version 2.01), which were used to as-
sess the speed of bimanual tasks [11]. To evaluate aca-
demic performance, a variety of tools were applied de-
pending on the domain of interest, including: The ESSI
reading and spelling tests [9], the Wechsler individual
achievement test, second edition (WIAT-II) for writing,
reading, and mathematics [12], academic reports [14],
the academic performance test (APT) [6], and the Min-
nesota handwriting assessment [10], a composition task
evaluated based on Jacobs et al.’s criteria [11, 16].

Discussion

This review aimed to examine existing studies on the
relationship between bilateral coordination and academic
performance in children. This section maps the breadth,
characteristics, and distribution of the available evi-
dence, including populations studied, assessment tools
applied, and academic domains evaluated. We identi-
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fied seven studies published between 2010 and 2025,
five of which employed cross-sectional designs, with
only two interventional studies conducted in this field.
Across these studies, we examined the study designs,
sample characteristics, assessment tools, and key find-
ings. The mapping process revealed that the majority of
the evidence was derived from typically developing chil-
dren, although additional studies included children with
cerebral palsy, DCD, and specific learning disorders.
The BOT-2 was the primary instrument used to assess
bilateral coordination; some studies also used physical
activities or technological assessment tools for this aim.
A variety of tools and procedures were applied to evalu-
ate academic performance (ENRICHD social support
instrument [ESSI], WIAT-II, APT, Mental Health Amer-
ica, academic reports), highlighting substantial hetero-
geneity across studies. The findings indicate that bilat-
eral coordination is associated with essential academic
skills, including reading, writing, and mathematics [0,
9, 11, 12, 14]. These results are consistent with Ayres’
theoretical work, which emphasized the importance of
bilateral coordination in children’s learning [17], while
providing a more detailed perspective of its relevance to
academic outcomes. Despite these limitations, mapping
the seven included studies allows identification of key
trends and gaps in the literature, guiding both interpreta-
tion of current evidence and priorities for future research
on bilateral coordination and academic performance in
children. we interpret the mapped evidence across three
key domains:

Mapping of findings by academic domain

A deeper analysis of the evidence highlights associa-
tions between bilateral coordination and both higher-
order academic skills, such as data handling and writing
composition, as well as fundamental skills, including
spatial and figural reasoning [11, 12, 14]. This under-
scores the role of bilateral coordination in supporting
both basic and advanced cognitive functions necessary
for academic success. Bilateral integration may be asso-
ciated with interhemispheric communication [5], which
in turn strengthens working memory [18]. Improved
working memory facilitates higher-level cognitive pro-
cesses, such as planning, comprehension, reasoning, and
problem solving [19]—skills that are crucial for math-
ematics, reading, and writing.

Although several studies in children with normal devel-
opment demonstrated significant associations between
bilateral coordination and domains such as numbers, pat-
terns, spaces and figures [ 14], spelling [9], other research
reported no significant associations with mathematics
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subdomains (measurements, composite mathematics
scores, math reasoning, and numerical operations) [12,
14], or with reading subdomains (word reading, reading
comprehension, and pseudoword decoding) [12]. Find-
ings on handwriting were also inconsistent: in typically
developing children, no significant associations were
reported between bilateral coordination and parameters
such as rate, legibility, form, alignment, size, and spac-
ing [10].

In children with cerebral palsy, bilateral coordination
was significantly associated with legibility, alignment,
and size, but not with form, space, or rate [10]. Further-
more, bilateral coordination difficulties were observed
across children with learning disorders, with greater
impairments in children with dyscalculia compared to
those with dyslexia or mixed-type learning disorders
[15]. Bilateral coordination abilities were also signifi-
cantly related to writing content, writing organization,
vocabulary, writing mechanics, and language use in chil-
dren with DCD [11].

Taken together, the evidence suggests that in typically
developing children, bilateral coordination may be more
closely related to basic mathematics skills (numbers,
patterns, spatial reasoning) and spelling, but less strong-
ly associated with reading and handwriting [9, 10, 12,
14]. For higher-order mathematics skills (data handling,
measurements, reasoning, and numerical operations),
the contradictory findings [12, 14] highlight the need for
further rigorous investigation. In typically developing
children, although no significant association has been
found between bilateral coordination and handwriting
skills [10], a clear relationship has been reported with
spelling abilities [9]. In children with CP, bilateral coor-
dination has shown significant associations with specific
handwriting components such as legibility, alignment,
and size [10]. Similarly, in children with DCD, bilat-
eral coordination has been linked to multiple aspects of
writing performance, including writing content, organi-
zation, vocabulary, mechanics, and language use [11].
With respect to reading skills, the evidence remains
inconsistent. While several studies have confirmed a
relationship between bilateral coordination and overall
reading performance [6, 9, 14], another study found no
significant associations across specific reading subdo-
mains, including word reading, reading comprehension,
and pseudoword decoding [12].

Mapping by population

Most studies were conducted in typically developing
children aged 5-11 years, likely due to the educational
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and developmental importance of this age range and the
relative ease of sampling. The consistency of findings
across studies with large, diverse samples of typically
developing children strengthens the generalizability
of the results, although the study by Macdonald et al.
(2020), which reported no significant associations with
reading and mathematics [12], raises important ques-
tions. Given its relatively small sample size, but the use
of a more precise academic assessment tool, replicating
this study with larger cohorts could clarify the generaliz-
ability of its findings.

Research on populations with neurodevelopmental
disorders, such as children with CP, DCD, or learning
disabilities, has provided further insights. Evidence sug-
gests a relationship between bilateral coordination and
writing performance in children with CP or DCD [10,
11]. Greater bilateral coordination deficits were ob-
served in children with dyscalculia compared to those
with dyslexia [15].

Mapping by assessment tools

Another issue addressed in this review is the assess-
ment tools used to measure bilateral coordination and
academic performance. The most widely used and vali-
dated tool for bilateral coordination was the BOT-2,
which provides detailed evaluation through subtests of
symmetrical and asymmetrical upper limb coordination
[6, 9, 12, 15]. Some studies, however, relied on bilat-
eral coordination activities such as gliding, skipping, and
star jumps [14]. In one study, bimanual coordination was
evaluated using technological instruments, including po-
tentiometers to measure hand displacement and an audi-
tory metronome to control the speed and rhythm of the
bimanual task [11].

For academic performance, the WIAT-II was the most
comprehensive tool, assessing writing, reading, and
mathematics [12]. Despite its strengths, its administra-
tion time (approximately 90 minutes) limits its clinical
applicability, indicating a need for shorter yet equally
comprehensive assessment tools. Other tools included
the ESSI reading and spelling tests, the Brazilian APT
[6, 12], and the Minnesota Handwriting Assessment,
which evaluates handwriting across multiple dimensions
(rate, legibility, form, alignment, size, and spacing) [10].
In some cases, teacher-reported academic performance
was used, such as in the study by de Waal, which em-
ployed reports based on the Foundations for Learning:
Assessment Framework Grade R issued by the Ministry
of Basic Education [14]. Also, children’s academic per-
formance in writing was evaluated using a composition
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task assessed according to criteria developed by Jacobs
et al. including five aspects: content, organization, vo-
cabulary, language use, and mechanics [11, 16].

Research gaps and implications for future re-
search

Although the relationship observed between bilateral
coordination and academic performance may be ex-
plained by improved interhemispheric communication
and related cognitive processing, the variability in the
assessment tools used to measure academic skills, along
with the time-related limitations of cross-sectional stud-
ies, heterogeneity in study designs, as well as the pre-
dominance of cross-sectional studies, prevents drawing
any causal conclusions. Future research should use lon-
gitudinal designs to examine the causal relationship be-
tween bilateral coordination and academic performance.
Conducting intervention studies, preferably random-
ized controlled trials, to determine the effectiveness of
bilateral coordination—based therapeutic programs on
academic outcomes would further clarify the importance
and necessity of this skill.

Additional studies are required to systematically ex-
plore the relationship between bilateral coordination and
academic performance, as findings have been contradic-
tory. Identifying these relationships could help inform
more targeted assessments and interventions aimed at
improving academic outcomes for children with neuro-
developmental conditions. Replicating such studies in
larger samples and in populations in which bilateral co-
ordination difficulties are prevalent—particularly where
academic performance represents a central life occupa-
tion—would provide more robust evidence.

Overall, the diversity of assessment tools used across
studies underscores the urgent need for standardized
and validated protocols to examine motor—academic
relationships. Future studies are encouraged to compare
the BOT-2 with digital or technology-based assessment
methods in order to evaluate and contrast their diagnos-
tic capabilities and sensitivity. Furthermore, developing
a time-efficient, comprehensive tool for academic per-
formance assessment would greatly enhance both re-
search and clinical practice in this field.

Limitations

This scoping review has several methodological limi-
tations. First, language restrictions (English and Persian
only) and the exclusion of dissertations and conference
abstracts may have led to missing relevant evidence.
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Second, the included studies used a variety of assess-
ment tools for both bilateral coordination and academic
performance, contributing to heterogeneity and limiting
comparability. Third, most studies used cross-sectional
designs, preventing causal inferences. Finally, in accor-
dance with PRISMA-ScR recommendations, this scop-
ing review did not undertake a methodological quality
assessment (critical appraisal), as its primary aim was
to map the breadth and nature of the existing evidence
rather than evaluate the risk of bias of individual stud-
ies. Nevertheless, the absence of a quality appraisal indi-
cates that the findings should be interpreted with caution.
These limitations should be considered when interpret-
ing the results and planning future research.

Conclusion

This scoping review identified bilateral coordination as
an important factor related to children’s academic per-
formance across domains, including reading, writing,
and mathematics. Among typically developing children,
bilateral coordination was most consistently linked to
basic mathematics skills (numbers, patterns, and spatial/
figural reasoning) and spelling. In contrast, no clear as-
sociations were found with reading skills (word reading,
reading comprehension, pseudoword decoding) or hand-
writing parameters (rate, legibility, form, alignment, size,
and spacing). For higher-order mathematics skills (data
handling, measurements, composite mathematics, rea-
soning, and numerical operations), findings were incon-
sistent, underscoring the need for further research with
larger sample sizes and more comprehensive assessment
tools. The findings also highlight the potential relevance
of motor-based interventions within both educational and
clinical contexts. Enhancing bilateral coordination skills
may be a promising strategy for optimizing academic
achievement alongside other contributing factors, while
also supporting broader aspects of child development.
Strengthening bilateral coordination may be considered
for incorporation into school-based and rehabilitation in-
terventions aimed at enhancing academic performance.
However, because a comprehensive, standardized assess-
ment tool for evaluating academic outcomes is lacking,
as noted earlier, such interventions must be accompanied
by a multidimensional evaluation approach.

The main strength of this review is its comprehensive
search across multiple databases and its inclusion of full-
text analyses of recent studies.

While this scoping review provides an overview of the
relationship between bilateral coordination and academ-
ic performance, several limitations should be noted. The
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variability in study designs, populations, and assessment
tools, as well as the predominance of cross-sectional
studies, limits the ability to draw causal conclusions.
These limitations should be considered when interpret-
ing the findings and their implications for practice and
future research.

Future research is recommended to examine the role
of bilateral coordination in higher-order academic
skills such as problem solving and critical thinking, to
explore its relationship with academic performance in
diverse populations (including children with neurode-
velopmental disorders, autism spectrum disorder, and
attention-deficit/hyperactivity disorder), and to employ
standardized, validated tools to improve cross-study
comparability. To our knowledge, this is the first scop-
ing review to specifically synthesize evidence on the re-
lationship between bilateral coordination and academic
performance in children since 2010.
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