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Meta-analysis of the Effectiveness of Executive
Function—Based Interventions on Improving Processing
Speed

Abstract

The aim of the present study was to describe, analyze, and draw overall
conclusions regarding the effectiveness of executive function-based
interventions on improving information processing.speed. The method
employed in this study was meta-analysis, conducted using both fixed-
effect and random-effects models. The identification, screening,
eligibility assessment, and selection of studies were. carried out in
accordance with the PRISMA Y:Y: guidelines. The statistical
population of the study comprised all theses.and articles published in
the last ¢ years, both within Iran and outside Iran, which were
systematically searched in'databases including IranDoc, SID (Scientific
Information Database);, Maglran, Noormags, Google Scholar,
ScienceDirect, PubMed, ERIC, Scopus, Web of Science, and ISC
(Islamic World Science Citation Center) Humanities Comprehensive
Portal in Y+Ye_Following the review and retrieval of various studies
based on the predetermined inclusion and exclusion criteria, ¥\ articles
entered the analysis process) corresponding to ¢Y meta-analytic units.
Furthermore; data analysis was conducted using CMA-Y software. The
results of the analysis revealed that the combined effect size was ), YA€
in the fixed-effect model and Y,Y) ) in the random-effects model, which
were statistically significant (p < .+ °). Therefore, it can be concluded
that executive function-based interventions had a large effect on
improving information processing speed. Accordingly, relevant
stakeholders are recommended to make maximum use of executive
function-based interventions in order to enhance students' information
processing speed.

Keywords: Executive Functions, Information Processing Speed,
Cognitive Interventions, Coding, Symbol Search



Extended Abstract
V. Introduction

Information processing speed is a fundamental component of cognition
that plays a critical role in children’s cognitive and behavioral
functioning (Smith et al., Y+Y)). It refers to the ability to acquire,
maintain, and manipulate information rapidly and efficiently and is
commonly reflected in the time required to perceive, process, and
respond to information (Bergendal et al., Y+ +V; Sicard et al., Y+Y¢).
Processing speed is important for learning, problem-solving, and social
interaction and provides a foundation for other cognitive processes,
particularly working memory, attention,'and executive functions (Kaat
et al.,, Y+YY; Jones & Brown, Y+ YY). Impaitments in processing speed
have been associated with difficulties in reading, mathematics, and
writing, as well as with various cognitive and elinical €onditions (Lovett
etal., Y+YY; Williams, Y+ YY). Moreover, processing speed is related to
semantic memory, working memory,, ‘inhibitory control, and
visuospatial processing(Ferguson & Foley, ¥+ Y¢).

Executive functions are'higher-order cognitive processes that
regulate goal-directed behavior and include working memory,
inhibitory controly.and cognitive flexibility (Mora-Gonzalez et al.,
Y+Y¢) "These functions, support planning, problem-solving, self-
regulation, ‘and adaptive behavior and are particularly important for
academic and\social functioning (Thuaire et al., Y+YY). Because
executive functions are still developing during the preschool years, they
may be particularly amenable to cognitive intervention (Sorensen et al.,
YY), Accordingly, executive function-based interventions have
increasingly been incorporated into educational and therapeutic
programs, with evidence suggesting beneficial effects on various

cognitive and academic outcomes (Rezaei et al., Y+)%; Stad et al.,
YAVA),

Although previous meta-analyses have examined the effects of
executive function-based interventions on specific executive function
components, the potential transfer effects of these interventions on
information processing speed have not been quantitatively synthesized.



Therefore, the present meta-analysis aimed to estimate the overall
effectiveness of executive function-based interventions in improving
information processing speed and to examine whether participants’
gender, the nature of the measured component, and the number of
intervention sessions moderate the magnitude of these effects.

Research Question

Do executive function-based interventions significantly improve
information processing speed, and is their effectiveness moderated by
participants’ gender, processing speed components, and number of
intervention sessions?

Y. Literature Review

Previous studies have reported that cognitive interventions, including
approaches targeting executive functions, may improve processing
speed in children with different developmental, learning, and clinical
characteristics (Conklin etal., ¥+ Y©; Akbarifaretal., ¥+ Y +; Damreihani
etal., Y+Y+; Wong et al;; Y+ Y¥; Caro-Puértolas et al., Y+ Y°). However,
findings regarding the.effects of executive function-based interventions
on processing speed haye not.been consistent. Some studies have
reported significant improvements (Davis & Miller, Y+ Y); Evans et al.,
Y YY), whereas others have found limited or inconsistent evidence
(Anderson. & White, Y+YY).'Such discrepancies may be attributable to
differences in participant characteristics, intervention type and
intensity, number of training sessions, processing-speed assessment
measures, and methodological quality. Furthermore, improvements in
specifically trained executive functions do not necessarily generalize to

untrained cognitive domains such as processing speed (Simons et al.,
Yo,

¥. Methodology

The present study employed a meta-analytic design and was conducted
and reported in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA Y:Y+) guidelines
(Page et al., Y+Y)). Studies were included if they examined executive
function-based interventions targeting information processing speed,



were published in Persian or English from Y+)+ onward in peer-
reviewed scientific journals, employed experimental or quasi-
experimental designs, provided sufficient statistical information for
effect-size calculation, and had accessible full texts. Studies that failed
to meet these criteria or did not provide sufficient methodological or
statistical information were excluded.

A comprehensive search was conducted in Persian and international
databases, including SID, Magiran, Noormags, Elmnet, Google
Scholar, PubMed, ScienceDirect, PsycINFO, ERIC, Scopus, and Web
of Science, using combinations of terms related to executive functions,
cognitive training, cognitive rehabilitation, and processing speed. Of
the ©+ studies initially identified, Y met the eligibility criteria and were
included in the meta-analysis. These studies yielded £ ¢ effect sizes, of
which one was excluded as an outlier, resulting.in £Y effect sizes for
the final analysis.

Data were extracted using a structured checklist. Effect sizes were
calculated according totHedges and Olkin () %A°). Fixed- and random-
effects models, heterogeneity statistics (Cochran’s Q and I?), funnel-
plot analysis, and moderator analyses were conducted to examine the
effects of participants’ gender, processing speed component, and
number of intervention sessions. Analyses were performed using
Comprehensive Meta-Analysis (CMA), version Y.

¢, Results

Following the “application of the predefined eligibility criteria, Y)
studies comprising ¢ ¢ effect sizes were initially included in the meta-
analysis. After the exclusion of one effect size identified as an outlier,
the final analysis included £Y effect sizes. The characteristics of the
included studies are summarized in Table ).

The pooled effect size was V,YA¢ (30Z CI[Y,)12,),¢+Y]) under the
fixed-effect model and Y,Y)) (%eZ CI [+,4Y+, Y,©+Y]) under the
random-effects model. The heterogeneity analysis revealed significant
variability among the effect sizes, Q(V3)=1+2,¢Y+ p<.+ ) with 2=
AY,4Y47 indicating substantial heterogeneity across the included
studies. Accordingly, the random-effects model was considered
appropriate for estimating the overall effect. The overall pooled effect



indicated a substantial positive effect of executive function-based
interventions on information processing speed.

Moderator analyses showed differences in pooled effect sizes across
participant gender. The pooled effect size was YY1+ for female
participants, ), YY for male participants, and Y, ¥ £ © for studies including
both genders. Regarding processing speed components, the pooled
effect size was Y,°Y4 for Symbol Search and Y, Y+ Y for Coding, with a
larger effect observed for Symbol Search. Across intervention duration,
the pooled effect sizes were *,°+A for interventions comprising -V
sessions, Y, A for Y- + sessions, and Y,Y®V for more than ) * sessions.
The largest pooled effect was observed among interventions involving
more than ) + sessions.

0. Discussion

The findings of the present meta-analysis demonstfated a significant
and large positive effect of executive function-based interventions on
information processing speed in children. This finding is consistent
with previous studies indicating that interventions targeting executive
functions can improve processing speed and related cognitive abilities.
One possible explanation wis that executive functions, including
inhibitory control, working ‘memory, and cognitive flexibility,
contribute to the efficient allocation of attention and rapid processing
of task-relevant information. Repeated cognitive practice may therefore
enhance the efficiency.of cognitive processing and facilitate transfer to
processing-speed performance.

The moderator analyses indicated that intervention effects varied
across processing speed components, with a larger effect for Symbol
Search than for Coding. This difference may be related to the distinct
cognitive demands of these measures, as Symbol Search relies strongly
on rapid visual discrimination and attentional control, which may be
more directly influenced by improvements in executive functioning.
The effect was also larger in studies involving male participants than in
those involving female participants. This finding should be interpreted
cautiously, as it may reflect differences in sample characteristics,
developmental profiles, or intervention conditions rather than inherent
gender differences in responsiveness to intervention. Finally,
intervention duration moderated the effect size, with studies involving
more than ) + sessions showing the largest effects. Greater intervention



exposure may provide more opportunities for repeated practice and
consolidation of cognitive skills.

1. Conclusion

Overall, the findings support the effectiveness of executive function-
based interventions in improving information processing speed in
children. The effects varied according to participants’ gender, the
processing speed component assessed, and the number of intervention
sessions. Despite the substantial heterogeneity and limited number of
eligible studies, these findings highlight the potential value of executive
function-based interventions for improving processing speed and
underscore the importance of intervention duration.and outcome-
measure characteristics. Future studies with larger samples and longer
follow-up periods are needed to establish the durability and
generalizability of these effects.
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