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Background: Adolescents with developmental intellectual disability often experience deficits in executive
functions, which can negatively affect their communication skills and academic performance. Previous research
indicates that executive functions are significantly associated with the regulation of social interactions, learning
processes, and academic success; however, the findings of existing studies are scattered and heterogeneous.
Therefore, the lack of a comprehensive systematic review and meta-analysis to determine the true effect size of
these variables highlights the necessity of the present study.

Aims: The present study aimed to conduct a systematic review and meta-analysis to examine the effect of
executive functions on communication skills and academic performance in adolescents with developmental
intellectual disability.

Methods: This study was conducted as a simultaneous systematic review and meta-analysis. Relevant studies
published between 2014 and 2024 were identified through searches of Iranian databases (Jihad-e Daneshgahi
[SID] and Magiran) and international databases (Scopus, PubMed, Google Scholar, and Springer) using related
keywords. Based on predefined inclusion and exclusion criteria, a total of nine studies were ultimately selected
for analysis. Data analysis was performed using version 3 of the Comprehensive Meta-Analysis (CMA)
software.

Results: The findings indicated that the pooled effect size was 0.16, which was statistically significant at the
0.001 level. According to Cohen’s criteria for effect size interpretation, this represents a large effect. In other
words, the available evidence demonstrated that executive functions can enhance academic performance through
two specific pathways, namely learning-related behaviors and learning-related cognitions. Moreover,
improvements in executive functions were associated with higher levels of academic performance. The meta-
analysis showed high statistical validity, and no evidence of publication bias was detected, which strengthens
the reliability of the results.

Conclusion: Examining and promoting executive function training in children with developmental intellectual
disability can contribute to the prevention of communication skill difficulties and the improvement of academic
performance, and consequently help reduce cumulative failure and the risk of adverse personal and occupational
outcomes in adulthood.
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Introduction

Introduction

Developmental intellectual  disability is a
neurodevelopmental condition characterized by
significant limitations in intellectual functioning and
adaptive behavior, with onset before the age of 18
(Sacciadi, 2018; Schalock, 2021). This condition,
typically present from birth, adversely affects
cognitive, social, and emotional development and
exposes affected children to multiple challenges
within the family, school, and broader community
(Tassi et al., 2025; Galmarini, 2019). One of the most
critically impaired domains in this population is
communication skills, which constitute a core
component of adaptive behavior and play a pivotal
role in social adjustment and psychological well-
being (Orsolini & Ruggierini, 2022; Just et al., 2020).
Communication skills encompass the ability to
engage effectively in interpersonal interactions
through verbal and nonverbal exchange of thoughts
and emotions, and deficits in these skills can lead to
significant social and psychological maladjustment
(Abed et al., 2023; Manusov, 2020). Alongside
communication abilities, academic performance
represents a key indicator of educational system
effectiveness and individual development, reflecting
students’ learning outcomes and progress (Telsma et
al., 2019; Orugo-Granados et al., 2022; Bhandarkar et
al., 2021). Empirical evidence suggests that students
with higher levels of academic performance are more
likely to achieve better employment opportunities and
contribute more effectively to societal growth and
sustainability (Talaue et al., 2018).

In recent years, psychological interventions targeting
executive functions have gained increasing attention
as an effective approach to reducing difficulties
among children with developmental intellectual
disability (Fiedler & Lanfranchi, 2022). Executive
functions comprise higher-order cognitive processes
such as planning, organization, inhibitory control,
cognitive flexibility, and problem-solving, all of
which play a fundamental role in behavior regulation,
learning, social adaptation, and academic success
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(Kalstabakken et al., 2022; Shapoval et al., 2022;
Diamond, 2020). Despite substantial evidence
indicating significant associations between executive
functions, communication skills, and academic
performance, existing studies—particularly within
the Iranian context—are fragmented, heterogeneous,
and occasionally contradictory. Therefore, a
systematic review and meta-analysis are warranted to
accurately estimate the effect size of executive
functions on communication skills and academic
performance in adolescents with developmental
intellectual disability.

Method

The present study was conducted as a concurrent
systematic review and meta-analysis, and its target
population comprised all Persian- and English-
language studies published between 2014 and 2024
that examined executive functions, communication
skills, and academic performance in children and
students. A systematic search was carried out in
international databases (Scopus, PubMed, Google
Scholar, and Springer) and Iranian databases
(Magiran, SID, and EImnet) using relevant keywords
and logical operators. Inclusion criteria consisted of
full-text availability, adequate methodological
quality, and study populations comprising children or
students, while duplicate studies and those lacking
sufficient quality were excluded. Of the 548 initially
identified records, after removing duplicates and
screening titles, abstracts, and full texts, a total of nine
eligible studies were ultimately included in the meta-
analysis. Statistical data, including means, standard
deviations, standard errors, and significance levels,
were extracted, and the pooled effect size was
calculated using Hedges’ g under both fixed- and
random-effects models with Comprehensive Meta-
Analysis software (version 3). Publication bias was
also assessed using funnel plots, Begg and Mazumdar
rank correlation tests, classic fail-safe N, and the
Duval and Tweedie trim-and-fill method.

Results

As previously noted, a total of nine studies were
identified as eligible for inclusion in the concurrent
systematic review and meta-analysis.
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Model Statistics for each study

Study

name
1.A Hedges Standard Variance Lower

error Limit

1.B 1.24 0.28 0.07 1.87
2A 1.62 0.22 0.10 227
2B 0.02 0.16 0.02 0.28
2C 0.01 0.16 0.02 031
3A 0.08 0.16 0.02 0.25
4B 0.0%9 0.15 0.01 022
4.C 0.09 0.15 0.01 022
5A 0.76 0.21 0.31 0.07
5.B 0.75 0.26 0.02 0.09
5.C 0.76 0.21 0.01 0.07
6. A 0.54 0.16 0.04 0.21
6B 0.45 0.16 0.04 0.23
TA 0.53 0.14 0.02 0.26
8A 0.23 0.12 0.03 0.31
8B 0.23 0.11 0.02 0.30
9.A 0.43 0.12 0.04 0.28
3B 0.41 0.13 0.04 027
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Hedges g and 95% CI

Upper P-
Limit Value
0.86  0.00 |_l-| B
1.06 0.01
037 0.00
0.34 0.03
041 0.00
0.49 0.02
0.49 0.02 S
0.32 0.02 =
0.31 0.00
032 0.00
0.28 0.01
0.27 0.01
0.12 0.02
1.02 0.00
1.03 0.00
025 0.01 —
026 002 ——

Figurel. Cumulative Forest Plot

Based on the cumulative meta-analytic forest plot
(Figure 1), a total of 16 effect sizes were extracted
from the nine included studies. The synthesis of these
individual effect sizes yielded a pooled effect size of
0.16, which was statistically significant at the 0.001
level and, according to Cohen’s criteria, represents a
large effect. These findings indicate the high
methodological validity of the included studies and
support the generalizability of the meta-analytic
results to the target population with 99% confidence.
Visual inspection of the funnel plot revealed a

symmetrical and normal distribution of studies
around Hedges’ g, suggesting no evidence of
publication bias. In addition to graphical assessment,
publication bias was statistically evaluated using the
classic fail-safe N, Begg and Mazumdar rank
correlation test, and the Duval and Tweedie trim-and-
fill method. The results showed a fail-safe N of 225,
indicating that 225 null studies would be required to
render the combined two-tailed p-value non-
significant, thereby confirming the robustness of the
findings and the absence of publication bias.

Tablel. Begg and Mazumdar Rank Correlation Test for Publication Bias

Statistic

Value

Kendall’s S statistic (P-Q)

12.0000

Kendall’s tau (without continuity correction)

Tau

Z-value for tau

P-value (one-tailed)
P-value (two-tailed)

0.03000
0.17564
0.37545
0.76335

Kendall’s tau (with continuity correction)

Tau

Z-value for tau

P-value (one-tailed)
P-value (two-tailed)

0.02581
0.15560
0.27460
0.68130

The results presented in Table 1 indicate that the Begg
and Mazumdar rank correlation test is used to assess

publication bias. This test calculates the rank-order
correlation (Kendall’s tau-b) between the treatment
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effect and the standard error (study size). Since the p-
values in both the positive and negative directions are
greater than 0.05, the results are not statistically
significant. Therefore, publication bias did not
influence the pooled effect size in the present study.
Based on the Duval and Tweedie method, the
inclusion of missing or unpublished studies on both
the right and left sides of the mean would not result
in any change in the pooled effect size.

Conclusion

The present study aimed to conduct a systematic
review and meta-analysis of the effects of executive
functions on communication skills and academic
performance in adolescents with developmental
intellectual disability. The meta-analysis revealed a
pooled effect size of 0.16, which was statistically
significant at the 0.001 level and, according to
Cohen’s criteria, represents a large effect. This
finding indicates that executive functions play a
significant and decisive role in improving
communication skills and academic performance in
this population. Notably, the results are consistent
with the findings of Hutchison et al. (2020) and the
meta-analysis by Spiegel et al. (2021), which
highlighted the role of executive function
components, particularly working memory and
inhibitory control, in enhancing social interaction and
communication  skills among children  with
developmental disorders.

The findings also demonstrated a significant effect of
executive functions on academic performance in
adolescents  with  developmental intellectual
disability. This result aligns with the studies by
Shabanzadeh et al. (2022) and Nasiri et al. (2023),
which identified planning and working memory as
significant predictors of academic achievement.
Furthermore, experimental studies by Azadfar et al.
(2020), Amani (2017), and Autullo et al. (2020) have
shown that executive function training leads to
significant improvements in academic outcomes,
particularly in reading and mathematics. These
findings suggest that executive functions play a
central role in academic learning through attention
regulation,  self-regulation, and performance
monitoring.
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Assessment of publication bias indicators indicated
that the meta-analytic findings were robust and not
influenced by publication bias. The symmetry of the
funnel plots, along with the results of the fail-safe N
test, Begg and Mazumdar rank correlation test, and
the Duval and Tweedie trim-and-fill method,
consistently supported the absence of publication
bias. Despite limitations such as restricted access to
the full texts of some studies and the limited number
of studies focusing specifically on adolescents with
developmental intellectual disability, the findings of
the present study provide a strong empirical
foundation for the development of executive
function-based educational and rehabilitation
interventions and help address existing gaps in the
literature.
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Model Statistics for each study Hedges g and 95% CI
Study
name

1.A Hedges Standard Variance Lower Upper P-

error Limit Limit Value l
1B 1.24 0.28 0.07 1.87 0.86 0.00 | 3 B
2.A 1.62 022 0.10 2.27 1.06 0.01
2B 0.02 0.16 0.02 0.28 0.37 0.00
2.C 0.01 0.16 0.02 031 0.34 0.03
3A 0.08 0.16 0.02 0.25 041 0.00
4 B 0.09 0.15 0.01 022 0.49 0.02
4.C 0.09 0.15 0.01 0.22 0.49 0.02 +
5A 0.76 0.21 0.31 0.07 0.32 0.02 +
5B 0.73 0.26 0.02 0.09 0.31 0.00
5.C 0.76 0.21 0.01 0.07 0.32 0.00
6. A 0.54 0.16 0.04 0.21 0.28 0.01
6.B 0.45 0.16 0.04 0.23 0.27 0.01
TA 0.53 0.14 0.02 0.26 0.12 0.02
8.A 0.23 0.12 0.03 0.31 1.02 0.00
8B 0.23 0.11 0.02 0.30 1.03 0.00
9.A 0.43 012 0.04 0.28 025 0.01 —
9B 041 0.13 0.04 027 0.26 0.02 ——
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