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Introduction: In the past several years, increasing interest has been in working 
memory training as a cognitive intervention to improve students’ academic 
performance. Despite the considerable interest in this topic, empirical support 
for the real efficacy of such interventions has been mixed and sometimes 
contradictory. This meta-analysis seeks to provide a systematic, evidence-based 
review of the functional effectiveness of working memory training.
Methods: For this purpose, we systematically searched all existing pertinent 
randomized controlled trials. The search was carried out both in major 
international academic databases, such as ScienceDirect, Elsevier, Wiley, 
Springer, Taylor & Francis, Scopus, PubMed, and Google Scholar, and reliable 
national databases, such as IranDoc, MagIran, SID, Noormags, and Civilica. This 
research produced 20 qualifying studies with 628 subjects.
Results: The findings manifested a high heterogeneity among the studies and 
an indication of publication bias. The overall effect size of the impact of working 
memory training on academic performance was computed as g=1.01 (95% CI 
[0.05, 1.98]), indicating a statistically significant effect. However, the observed 
heterogeneity and possible bias in different studies render the interpretation 
difficult and cast doubt on the external validity of the findings.
Discussion: These results highlight the necessity for additional research employing 
more rigorous and better-controlled methodologies to more effectively establish 
the efficacy of working memory interventions in school settings.
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Introduction

Academic performance in different societies shows the efficacy and evolution of the 
educational system in the context of goal selection and attention to individual-social needs; 
therefore, academic performance refers to the person’s learned or acquired ability in school 
subjects, which is measured by standardized learning tests or by teacher-made tests (Rezaei 
et al., 2016). Although acquiring knowledge, a positive attitude, values, and skills in educational 
environments is not easy, Education as an influential factor has constantly improved society’s 
public health and helped people’s social and economic stability (Idris et al., 2012). Tentama and 
Abdillah (2019) study in Indonesia showed that students who had better academic performance 
in an educational environment experienced higher self-confidence, lower levels of anxiety and 
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depression, more social participation, and less substance abuse, and 
even in the field of business, they were more dynamic and had a higher 
income. Reviewing Pham and Taylor (1999) “academic performance 
components” shows that emotions form a significant part of academic 
performance. In addition, the various findings directly pointed to the 
effect of emotions on learners’ educational function and brain 
functions, such as attention, concentration, memory, processing speed, 
information retrieval, inhibition, transfer, and use of strategies (Samadi 
et  al., 2023). Findings in the cognitive field during the past three 
decades imply that working memory as a cognitive process plays a vital 
role in the etiology of learning disabilities (Dehn, 2008).

Working memory (WM) is a cognitive system that keeps and processes 
information for a short time (Fuchs et al., 2006; Holmes et al., 2009; 
Spencer-Smith and Klingberg, 2015). So far, various models of WM have 
been introduced in the cognitive science literature. Nevertheless, the most 
comprehensive and widely used WM model in learning disabilities is 
Baddeley’s model (Dehn, 2008). In this model, WM consists of essential 
components such as the central executive (for control and modulation of 
cognitive processes), phonological loop (for recording and storage of 
verbal and audio information), and visuospatial sketchpad (for storing the 
visual and spatial information) (Dehn, 2008; Sala and Gobet, 2019). In 
recent years, Baddeley has added a fourth component: the episodic buffer, 
which integrates the information of different parts of WM (Baddeley, 
2012). Although Miller et al. (1960) first coined “working memory” in 
1960, Baddeley and Hitch (1974) developed it as a multi-part model. 
Unlike simple short-term memory functions in providing short-term 
information storage, WM is a multi-component system that manipulates 
information storage. WM relies heavily on attention and other central 
executive processes and interacts with long-term memory (Cowan, 2008). 
According to Miyake and Shah (1999) perspective, working memory 
includes mechanisms involved in the active control, regulation, and 
maintenance of work-related information in the service of complex 
cognition, including new and skillful tasks. This model of memory is not 
a fixed “place” or “box” in cognitive architecture but includes multiple 
demo codes and different subsystems.

Neurocognitive findings indicate that oral and auditory 
information are more likely to activate Broca’s and Wernicke’s areas. 
In contrast, visual and spatial data are more likely to be processed in 
the right hemisphere (Baddeley, 2000b). In addition, the findings of 
Osaka et al. (2003), Owen et al. (2005), Chein et al. (2011), and Kim 
et al. (2015a, 2015b) showed that the dorsolateral prefrontal cortex 
(DLPFC), the anterior cingulate cortex (ACC), and the parietal cortex 
(PAR) function as memory neural networks when handling and 
storing information. More precisely, the DLPFC deeply intervenes in 
tasks such as information integration during decision-making that 
require executive control (Kim et  al., 2015a, 2015b; Jimura et  al., 
2017). As an attention controller, the ACC is taken to evaluate and 
adjust the information received according to the task’s demands 
(Osaka et al., 2003). The PAR may be a workspace for sensory or 
cognitive processing (Owen et al., 2005; Andersen and Cui, 2009). In 
addition, the basal ganglia may enhance focus on a target while 
suppressing irrelevant distractors during verbal WM tasks, which is 
especially crucial during the encoding phase (Moore et  al., 2013; 
Adams et al., 2018; Emch et al., 2019). Wilson and Swanson (2001), 
Jeffries and Everatt (2004), and Rosselli et  al. (2006) showed that 
children who have problems in the field of reading and mathematics 
are likely to show WM deficiencies, especially in the phonological loop.

In Iran, more recent scientific evidence has revealed that children 
with learning disorder possess significantly lower working memory 

(WM) capacity compared to their age- and IQ-equivalent counterparts 
who develop typically. For example, Ramezani et al. (2021), employing 
a double-blind randomized controlled trial, revealed that dyslexic 
students have profound impairments of verbal WM and that 
incorporating an innovative “verbal working memory–balance” 
training program achieved tremendous improvements in WM 
performance and reading skills. In the same vein, Nazok et al. (2022) 
revealed that students with specific learning disorders possess reduced 
WM capacity compared to their counterparts and related such weakness 
directly to reduced academic performance. Furthermore, Kheiry Guileh 
Pordesari et al. (2024) revealed that multisensory teaching enhances the 
WM and mental processing speed of children with mathematical 
learning disorders, further confirming the overriding function of this 
mental ability in learning achievements. More recent work has further 
underscored the significance of working memory (WM) relative to 
intelligence quotient (IQ), finding that instead of IQ level, WM capacity 
serves as a better predictor of future attainment in academic spheres 
(Alloway and Alloway, 2010; Chooi, 2012; Alloway et al., 2013). In line 
with this, Mirmehdi et  al. (2009) further found that WM training 
improved students’ reading and mathematics performance. From an 
applied standpoint, training programs in WM premising upon focused 
cognitively oriented tasks, like distraction control, multitasking, and 
retrieval of sequences, have proven helpful in upgrading cognitive 
flexibility and expanding WM capacity (Sala and Gobet, 2019). 
Furthermore, Melby-Lervåg and Hulme’s (2013) meta-analysis provided 
robust and multi-faceted evidence supporting the fact that WM training 
can significantly enhance the performance of students with learning 
problems. Furthermore, Muñez et al. (2022) and Ji and Guo (2023) have 
more recently underlined the critical role of WM capacity in handling 
mathematical sequences and unifying information of greater 
complexity. Zhao’s (2012) research has further demonstrated that WM 
training has a significant and direct impact on academic performance 
in technical and math-oriented fields. With a special focus on insights 
derived in cultural and educational contexts, this meta-analysis 
investigates the efficiency of WM training on the academic performance 
of Iranian students. Iran’s centralized curriculum, gender-segregated 
institutions, and strong religious and cultural underpinnings help to 
create a unique backdrop for assessing cognitive interventions. These 
elements will probably affect how WM training is received, and their 
effects will differentiate Iran from other educational environments. The 
structure of the Persian language is another crucial factor that might 
influence the cognitive routes connected in WM and, hence, change the 
academic influence of the training. This study aims to produce relevant 
and directly applicable results for local teaching and learning 
environments by concentrating only on studies conducted inside Iran. 
The study used the STATA meta-analytic instrument to support 
methodological precision, improving the outcomes’ accuracy and 
dependability. The ultimate objective of the study is to help teachers and 
legislators decide on the pragmatic worth of WM training in Iranian 
institutions, so opening the path for evidence-based, culturally 
informed interventions catered to the particular cognitive profiles of 
Iranian students.

Methods

The research was carried out as a systematic review and meta-
analysis to analyze the impact of WM training interventions on Iranian 
students’ academic performance. It considered papers from 2000 to 
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2025, and the research process strictly adhered to PRISMA (Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses) guidelines.

The research strategy

A systematic search was conducted in international and national 
databases to find relevant studies. International databases that were 
searched included PubMed, Web of Science, Scopus, Wiley, Springer, 
Google Scholar, and ScienceDirect. National databases SID, Irandoc, 
Noormags, Civilica, and MagIran were searched. A list of keywords, 
such as “working memory,” “academic performance,” “writing,” 
“reading,” “mathematics,” “dictation,” and “spelling,” were used 
separately and in combination with each other to have maximum 
coverage of existing scholarly literature.

Inclusion and exclusion criteria

Researchers collected all initial studies that examined WM training’s 
impacts on student academic success in reading, writing, and 
mathematics. Three independent reviewers examined titles and abstracts 
to find relevant articles before conducting full-text reviews on chosen 
studies. The research team addressed discrepancies by consulting with 
an additional researcher. To be included in the meta-analysis, studies 
were required to meet the following criteria: Studies needed to 
be published in English or Persian along with a structured WM training 
intervention, and participants typically developed students with normal 
IQ. Additionally, standardized and validated assessment tools were 
required, along with sufficient sample size and full-text article availability. 
We excluded studies that used qualitative methods, depended only on 
correlational approaches instead of experimental or quasi-experimental 
designs, or did not provide enough data for meta-analysis. The research 
team eliminated correlational studies from their analysis because these 
studies lack structured interventions and fail to determine causal links. 
Meta-analyses require aggregation of intervention effect sizes, so studies 
included had defined experimental protocols alongside control 
conditions. The selected approach maintained strict methodological 
standards and enabled trustworthy comparisons between studies.

Data extraction

The STROBE (Strengthening the Reporting of Observational 
Studies in Epidemiology) checklist was utilized to extract data and 
assess the methodological quality of the included scientific texts. They 
were given a score if the desired items were observed in the analyzed 
texts. Otherwise, they were given a zero score. The score range of this 
checklist was between 0 and 10, and higher scores indicated higher 
methodological quality. Based on the checklist score, the texts were 
divided into three categories: weak (scores below 4), mean (scores 
between 4 and 7), and strong (scores more than 7) (Gallo et al., 2012).

Statistical analysis

We performed all statistical analyses with STATA version 17. The 
researchers produced a forest plot that synthesized and visualized the 

collective impact of working memory training on academic 
performance by displaying pooled effect sizes from multiple studies 
alongside their 95% confidence intervals (CI). The graphical 
representation enables direct evaluation of individual study data 
alongside their precision levels and the combined effect estimate while 
making effect size interpretation more understandable across multiple 
studies. The assessment of heterogeneity in the included studies 
involved the I2 statistic alongside Cochran’s Q test and the Galbraith 
plot. The I2 index measures the percentage of total variation that stems 
from between-study differences instead of random error, and values 
above 75% suggest substantial heterogeneity. The analysis showed that 
I2 surpassed the established limit while the Q test produced significant 
findings (p = 0.01), which confirmed substantial heterogeneity among 
studies. The Galbraith plot served as a visual diagnostic method 
alongside statistical analyses to identify studies that disproportionately 
affect heterogeneity. The plot represents standardized effect sizes plotted 
against the inverse of their standard errors to identify potential outliers 
or sources of inconsistency through deviations from the expected linear 
trend. Researchers used a random-effects model to estimate the 
combined effect size after identifying significant heterogeneity in the 
data. The random-effects model operates under the principle that actual 
effects differ across studies by integrating both within and between. This 
act makes it suitable for situations with both methodological and 
clinical variation. Funnel plots were used to evaluate publication bias by 
analyzing the symmetry between effect sizes and study precision. The 
asymmetry in data plots can demonstrate potential publication bias 
through selective reporting of significant findings. The analysis of 
publication bias in this review depended on visual inspection of the 
funnel plot to ascertain its influence on the strength of the meta-analytic 
results. The data extraction process involved thorough examination to 
classify studies that contained control groups properly. The final analysis 
incorporated only those studies that provided detailed and comparable 
data across both intervention and control groups. The analysis excluded 
studies with incomplete or non-comparable group data to maintain 
methodological integrity and analytical validity of the findings.

Findings

A systematic search in its first stage resulted in 505 relevant 
articles from scientific databases across national and international 
platforms, with 143 articles from global databases and 362 from 
national databases. The initial screening process removed 212 
duplicate entries. The screening of titles and abstracts resulted in the 
exclusion of 251 articles because they did not fulfill the established 
inclusion criteria. The main reasons for excluding studies were 
non-experimental structures and research focused on specialized 
populations lacking a comparison group and a missing direct 
relevance to the intended target variables. Detailed examination was 
conducted on the complete texts of the 41 remaining articles. The 
detailed review eliminated 22 studies because of multiple 
methodological and reporting deficiencies. Excluded studies used 
non-standardized tools that lacked verified reliability, validity, cultural 
adaptation reports, inadequate statistical information, missing means, 
standard deviations, or group-specific outcomes. Studies with designs 
that did not fit quantitative synthesis requirements were removed 
from consideration at this stage. The final meta-analysis included 20 
studies with 628 participants that fulfilled the predefined eligibility 
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criteria (Figure  1). Seven studies took place in Isfahan and 
Kermanshah, and the other 13 occurred across various regions of Iran. 
Research participants in the studies ranged in age from 9 to 12 years. 
The research team used the STROBE checklist to evaluate the 
methodological quality of the selected studies (Table 1).

This meta-analysis, which used Hedges’ g to measure the effect of 
WM training on student academic performance, showed an 
aggregated effect size of 1.01 with a 95% CI [0.05, 1.98] according to 
the forest plot (Figure 2). The calculated value indicates moderate to 
substantial positive effects, while the broad confidence interval with a 
lower boundary near zero suggests we should interpret the actual 
effect size with caution. The Galbraith plot evaluated the uniformity 
of findings from different studies, as visualized in Figure  3. The 
diagnostic tool demonstrates high effectiveness in identifying 
statistical heterogeneity along with studies that deviate from expected 

patterns. The current analysis revealed two studies that fell beyond the 
95% confidence limits, demonstrating significant heterogeneity. 
Variations in intervention protocols, sample characteristics, 
measurement tools, or implementation fidelity can explain the 
observed variability across study outcomes. Publication bias was 
evaluated by applying both the funnel plot and Begg’s test. When 
studies show no bias, their distribution around the central axis of the 
funnel plot should be symmetrical to demonstrate equal reporting of 
significant and non-significant findings. Visual examination showed 
asymmetry since five studies did not follow the anticipated distribution 
pattern, which suggests potential publication bias. Statistical 
confirmation of the observed asymmetry emerged from Begg’s test, 
which produced a p-value below 0.001, showing substantial 
unevenness in how effect sizes related to study precision were 
distributed. The findings indicate that smaller and non-significant 

FIGURE 1

The comprehensive process of studies selection through the PRISMA 2020 diagram.
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TABLE 1  Characteristics of selected articles.

Author(s) 
(year)

Sample 
size

Quality Location Method/Test/Tools Objective

Abedi and 

Aghababaei (2010)

30 8 Esfahan Experimental method with pre-test-post-test design 

and control group/Covariance Analysis /WISC-IV, 

Deficiency account diagnosis test, Working Memory 

Program

Determining the effectiveness of WM 

training in improving students’ academic 

performance with mathematics learning 

disabilities

Khodami et al. 

(2011)

20 9 Esfahan Experimental method with pre-test-post-test design 

and control group/Covariance Analysis /WISC-R, 

Keymath Test, Mathematical performance test of the 

third grade of primary school, Working Memory 

Program

Analyzing the Effect of Working Memory 

and Metacognition Training on the 

Academic function of Female students 

with mathematics learning disabilities

Malekpour et al. 

(2013)

30 8 Esfahan Semi-experimental method with pre-test-post-test 

design and control group/Covariance Analysis/NEPSY, 

Checklist for identifying students with spelling 

disabilities, WISC-R, Clinical Interview, Working 

Memory Program

Studying the effectiveness of working 

memory training on executive functions 

and academic performance of Students 

with spelling disabilities

Sheykholeslami 

et al. (2017)

32 8 Yazd Experimental method with pre-test-post-test design 

and control group/Multivariate Analysis of Covariance/

Checklist of Dyslexia Syndrome/Researcher-made 

clinical interview form/WISC-R/Reading and Dyslexia 

Test/Wechsler digit memory test/Working Memory 

Program

The Effectiveness of Working Memory 

Training on Reading Performance and 

Memory Capacity of Students with 

Reading Disability

Dehghani and 

Moradi (2019)

40 7 Bushehr Semi-experimental method with pre-test-post-test 

design and control group/variance analysis with 

repeated measures/Reading & Dyslexia Test, Checklist 

for identifying students with Dyslexia, WISC-R, 

Clinical Interview, Stroop Test, Working Memory 

Program

Examine of Effectiveness of Working 

Memory Training on Inhibition and 

Reading Performance of Students with 

Specific Learning Disabilities (Dyslexia)

Hamidi and 

Fayazbakhsh 

(2016)

60 8 Rasht Experimental method with pre-test-post-test design 

and control group/Independent T-test and Mann–

Whitney U analysis/WISC-IV, Reading & Dyslexia 

Test, Working Memory Program

Evaluation of Effectiveness of Working 

Memory Training on Improving Reading 

Skills in Dyslexic Primary School 

Students

Ghayedi and 

Hemmati 

Alamdarloo (2016)

24 7 Lar Semi-experimental method with pre-test-post-test 

design and control group/Covariance Analysis/

Keymath Test, WISC-R, Working Memory Program.

Determining of Effectiveness of 

Computer Intervention of Working 

Memory on Mathematical Performance 

of Students

Moazami 

Goudarzi et al. 

(2016)

30 7 Tehran Semi-experimental method with pre-test-post-test 

design and control group/Covariance Analysis/

Dependent-T Test/Tehran Stanford-Binet test/Dyslexia 

Test/WISC-R/Working Memory Program.

Investigating Amplification of Working 

Memory Using Computer and its 

Effectiveness on Recovering the Reading 

Function and Accuracy in Tehran’s 

Dyslexic Students at Primary Level

Zolfi and Rezai 

(2015)

30 7 Miandoab Experimental method with pre-test-post-test design 

and control group/Raven’s Progressive Matrix//

Covariance Analysis /Keymath Test/N-Back Test/

Mathematics Anxiety Test/Working Memory Program.

Appraisal of Effectiveness of Computer 

Intervention of Working Memory on 

Mathematical Anxiety, Working Memory, 

and Mathematical Performance of 

Students

Rahimipour et al. 

(2017)

30 8 Kerman Semi-experimental method with pre-test-post-test 

design and control group/Reading & Dyslexia Test/

WISC-R/ANCOVA Test/Working Memory Strategies.

The effectiveness of working memory 

strategies training on improvement of 

reading performance in dyslexic students

Hossinkhanzade 

et al. (2016)

30 9 Kermanshah A quasi-experimental design with pre-test and post-

test design with control group/Reading & Dyslexia 

Test/Covariance Analysis/Frastig Visual perception 

skills/Working Memory Training Software.

Examine the Effectiveness of WM and 

Visual Perception Enhancement Program 

on Improving Reading in Students with 

Reading Disorder

(Continued)
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studies may not have been published or reported, leading to 
overestimating the real effect size. The positive impact of WM training 
on academic performance is evident yet requires cautious examination 
because heterogeneity and publication bias affect the interpretation of 
findings. Researchers should direct future studies toward strong 
methodological frameworks, clear reporting methods, and improved 
management of moderating variables to enhance their findings’ 
validity and generalizability.

A subgroup sensitivity analysis was carried out using the leave-
one-out technique. This included all 20 studies, grouped into three 
subgroups: Reading, Spelling, and Mathematics (Figure 4). The key 
findings were:

Reading (k = 11): The combined random-effects measure (Hedges’ 
g = 0.885, 95% CI: 0.153–1.617; I2 = 90.9%, Q = 109.59, df = 10) 
showed a positive, statistically significant effect. Within this reading 
subgroup, the effect size remained between 0.673 and 1.059 when each 

TABLE 1  (Continued)

Author(s) 
(year)

Sample 
size

Quality Location Method/Test/Tools Objective

Eskandari et al. 

(2020)

30 7 Kermanshah Semi-experimental method with pre-test-post-test 

design and control group/Covariance Analysis/

Colorado Learning Difficulties Questionnaire /Tower 

of London Test/Working Memory Program.

Investigate the effectiveness of the WM 

method in improving the reading, 

planning, and organizing skills of 

students with Specific Learning 

Disabilities

Badri Gargari and 

Mohammadi 

(2018)

30 8 Tabriz A quasi-experimental design with pre-test and post-

test design with control group/Multivariate Analysis of 

Covariance/Reading Test /Raven’s Progressive 

Matrices/Working Memory Program.

Investigate the effect of working 

memory-based cognitive intervention on 

improving reading performance in 

students with specific learning disability 

in reading

Rabiei and 

Kakabraei (2016)

30 9 Kermanshah Experimental method with pre-test-post-test design 

and control group/Covariance Analysis/WISC-R/

Bender-Gestalt Visual Motor Perception Test/Working 

Memory Test/Researcher-Made Dictation Test/

Working Memory Program.

The Effectiveness of Strengthening 

Visual-Motor Perception Programs and 

Working Memory on Improving 

Dictation Disorder

Karimi and 

Rahbari (2022)

30 7 Urmia Experimental method with pre-test-post-test design 

and control group/Covariance Analysis/Reading Test /

Raven’s Progressive Matrices/Wechsler Working 

Memory Test/Working Memory Program.

Determine the Effectiveness of Working 

Memory Enhancement in Improving 

Reading Performance and Improving the 

Working Memory Capacity of Students 

with Reading Impairment

Hassanabadi et al. 

(2017)

20 9 Shahryar Two-factor experimental design Mixed with test time 

(median, post-test, and follow-up)/Analysis of variance 

with repeated measurement/WISC-R /Benton-visual-

questionnaire/Kim-Carrad Visual Memory Test/

Working Memory Program

Visual Capacity versus Cognitive Process: 

Reducing Spelling Errors of Homophone 

Letters

Bapirzadeh et al. 

(2016)

24 8 Kermanshah A quasi-experimental design with pre-test and post-

test design with control group/Covariance Analysis/

Spelling Learning Disability Diagnostic Test/WISC-R/

Working Memory and Visual Perception Strengthen 

Strategies

Determine the Effectiveness of Strategies 

to Strengthen Working Memory and 

Visual Perception on Improving Spelling 

Performance of Students with Learning 

Disabilities

Abdoltajedini and 

Mousavi (2014)

36 8 Sahneh Experimental method with pre-test-post-test design 

and control group/Covariance Analysis /WISC-R/

Dyslexia Checklist/Diagnostic Reading Test/Working 

Memory Program

Investigate the Effectiveness of Teaching 

Working Memory Strategies on 

Improving Reading Performance of 

Students with Dyslexia

Karami et al. 

(2016)

32 9 Kermanshah Experimental method with pre-test-post-test design 

and control group/Covariance Analysis /WISC-R/

Dyslexia Checklist/Diagnostic Reading Test/

Researcher-made reading test/Working Memory 

Program

Examine the Effectiveness of 

Metacognitive Strategies Training and 

Working Memory on Reading 

Performance (Accuracy, Speed, and 

Comprehension) of Dyslexic Students

Karimi 

Bahrasemani et al. 

(2021)

40 7 Kerman Experimental method with pre-test-post-test design 

and control group/Covariance Analysis /WISC-R/Math 

Performance Test/Mathematics Self-Efficacy 

Questionnaire/Working Memory Program

Evaluate the effectiveness of the working 

memory intervention program on math 

performance and self-efficacy of students 

with math learning disabilities
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study was excluded in turn through the leave-one-out analysis. 
Occasionally, the lower 95% CI briefly touched zero (minimum 
LCL = −0.02), but the effect direction always favored the intervention. 
Despite large heterogeneity, likely due to differences in instruments, 
populations, and protocols, these findings indicate a positive impact. 
Spelling (k = 5): No combined random-effects estimate was significant 
(g = −0.044, 95% CI: −2.562 to 2.473; I2 = 96.5%, Q = 112.90, df = 4). 
There was extreme heterogeneity. Leave-one-out analysis revealed a 
wide variation in effect size (range: −1.164 to +0.860), with all 
confidence intervals overlapping zero. These results suggest no 
consistent or significant effect in this subgroup. Mathematics (k = 4): 
The random-effects pooled estimate was large and significant 

(g = 2.546, 95% CI: 0.904–4.187; I2 = 90.6%, Q = 31.86, df = 3). In 
leave-one-out analysis, the effect size ranged from 1.768 to 3.125, with 
all 95% CIs above zero. This shows the effect is robust. No single study 
significantly influenced the results, although high heterogeneity 
persisted (Figure 4).

The research utilizes bubble plots (Figure 5) to demonstrate the 
connection between effect size and selected moderator variables 
through an easy-to-understand visual approach. In these plots, 
moderators such as sample size, year of publication, gender, and 
publication location are displayed along the horizontal (X) axis. The 
vertical (Y) axis features the plotted effect size in these bubble plots. 
The size of each bubble on the plot represents the statistical weight or 

FIGURE 2

Forest plot of studies for the impact of working memory training on academic performance.
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precision of its corresponding study within the meta-analytic model. 
Within this analysis, larger bubbles indicate studies that contribute 
more significantly to the pooled effect estimate. Each plot contains a 
regression line to demonstrate the data’s overall trend. The shaded 
region around the line represents the 95% confidence interval, which 
functions as a visual indicator of the uncertainty level related to the 
trend. The regression analyses performed on these visualizations 
showed that none of the moderator variables tested reached statistical 
significance as predictors of effect size. The moderators examined 
showed no explanatory power for the observed heterogeneity between 

studies because R2 remained 0.00. The data analysis demonstrates that 
the assessed moderators fail to account for effect size variations, while 
unidentified factors may explain the observed heterogeneity.

The cumulative meta-analysis chart illustrates temporal changes 
in effect sizes from reading, mathematics, and writing performance 
studies, which compared intervention groups to control groups. The 
variations of effect sizes over time reveal instability in aggregated 
results, which demands the implementation of more thorough 
research methods in this area (Figure  6). This analytical method 
enables researchers to evaluate how new studies affect the overall effect 

FIGURE 3

Funnel and Galbraith plots to determine heterogeneity and publication bias of studies.

FIGURE 4

Robustness assessment via leave-one-out subgroup analysis.
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estimate. The cumulative forest plot is a vital tool to illustrate how 
combined effects evolve by representing study contributions and their 
joint progression. Point estimates of effect size for studies appear as 
green circles, while horizontal lines in the visualization represent their 
95% confidence intervals. Color and shading techniques guide viewers 
to perceive the larger pattern while reducing attention to individual 
study results. The Hedges’ g score decreased from 1.34 to 1.01 
following the inclusion of more research studies into the analysis. The 
confidence interval became significantly narrower, moving from [0.57, 
2.12] to [0.05, 1.98], which indicated improved precision and stability 
in the estimate. Despite its reduction relative to the initial estimate, the 
final effect size remains statistically significant, with the confidence 
interval’s lower bound approaching zero. Students’ academic 
performance benefits from the intervention at a moderate level of 
effectiveness. Model adjustments that include bigger and more 
rigorous studies demonstrate a decrease in effect size by correcting 
inflated outcomes from weaker research. Cumulative meta-analysis 
enables us to track evolving effect sizes and gain a transparent 
understanding of the research findings’ relevance and accuracy.

Discussion

A comprehensive review of 20 randomized controlled trials that 
met moderate to high standards of methodological quality provides 

strong evidence supporting the positive impact of working memory 
training on student academic performance. Students demonstrate the 
most significant improvements from working memory training in 
their performance on mathematics, reading, and writing tasks. The 
average effect size, measured using Hedges’ g = 1.01; 95% CI: The 
calculated range for Hedges’ g from 0.05 to 1.98 demonstrates that the 
academic performance impact of working memory training is 
statistically significant. The statistical analysis demonstrated high 
heterogeneity among studies, evidenced by an I2 value of 96.4 and an 
H2 value of 27.79. The considerable variation observed appears to 
result from multiple factors, including how programs are structured 
alongside variations in sample demographics and cultural 
environments, and the different tools used for evaluation. The meta-
regression investigated several factors, including sample size, year of 
publication, gender, and publication location, but found no significant 
effect size moderators among them. The findings of the present meta-
analysis underscore the critical role of working memory (WM) 
capacity as a significant predictor and enhancer of students’ academic 
performance. These results are consistent with established cognitive 
frameworks that conceptualize working memory (WM) as a dynamic 
system acting as an intermediary between short-term and long-term 
memory, enabling the simultaneous maintenance and processing of 
complex information (Cowan, 2008). Strengthening this cognitive 
component through targeted educational interventions not only 
enhances core cognitive processes, such as attention, problem-solving, 

FIGURE 5

Bubble plots for determining meta-regression based on moderator variables.
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and information organization, but also significantly impacts academic 
achievement. Neuropsychological evidence has identified the 
involvement of specific brain regions, including the anterior cingulate 
cortex (ACC), the dorsolateral prefrontal cortex (DLPFC), and 
parietal areas, in regulating various working memory (WM) 
components and cognitive control mechanisms (Kim et al., 2015a, 
2015b; Osaka et al., 2003). Dysfunction in these neural structures, 
particularly within the phonological subsystem, has been significantly 
associated with learning disorders such as difficulties in reading and 
mathematics (Rosselli et al., 2006; Wilson and Swanson, 2001). Thus, 
designing educational interventions that specifically target the 
activation and reinforcement of these brain regions may offer a solid 
scientific foundation for improving cognitive and academic outcomes.

From these meta-analytic findings, working memory (WM) 
training produces the strongest and most reliable effects in the near-
transfer field, where improvements are predominantly restricted to 
the proximally related task, training structure, and content domains. 
In contrast, far transfer, the broader generalization of such 
improvement to novel or task-irrelevant learning situations, 
continues to be sporadic, and, across most cases, of small magnitude. 
This pattern resembles the larger global WM literature, where 

meta-analyses and systematic reviews (Melby-Lervåg and Hulme, 
2013; Sala and Gobet, 2019) consistently show impressive short-term, 
task-specific improvements but more restricted and heterogeneous 
cross-domain transfers. Such convergence underscores the necessity 
of a more mechanism-sensitive research program that informs the 
cognitive and environmental moderators of transfer and the 
particular situations under which such transfer is most likely to 
be obtained.

These results are subject to cautious interpretation from 
practice and policy perspectives. We do not support the premature 
widespread adoption of WM training into national curricula due 
to the extreme methodological heterogeneity of intervention 
designs and outcomes reporting. Instead, we support earmarked 
pilot programs in selected teaching or clinical settings to 
demonstrate feasibility, scalability, and long-term efficacy in 
ecologically valid settings. Pilot trials should utilize stringent 
experimental designs, such as heterogeneous student samples, and 
assess cognitive and functional outcomes to establish a robust, 
favorable database for broader adoption. For teachers and course 
developers, best practice informed by evidence suggests 
incorporating teaching subject matter as an everyday feature of 

FIGURE 6

Cumulative meta-analysis plot of studies over time.
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approaches favorable to working memory, rather than relying solely 
on stand-alone packages of WM training. These approaches are 
composed of short, focused exercises of recall, processes of 
scaffolding of problem solving, and teaching explicit strategies of 
management of cognitive load when undertaking complex learning 
tasks—all methods proven and validated by converging evidence 
across the worldwide literature (Gathercole and Alloway, 2008; 
Holmes et  al., 2009). For policymakers, the development of 
formally structured, multi- and transdisciplinary collaborations 
among researchers, teachers, and clinical practitioners has the 
potential to refine working memory interventions iteratively and 
ensure that a cumulative, cross-cultural base of excellent evidence 
informs policy decisions. A slow, evidence-informed path, with 
intensified pilot implementations, frequent assessments, and cross-
sector collaboration, holds the most tremendous potential for 
optimizing WM training among heterogeneous student 
populations. This path reduces the risk of scaling up too quickly 
and provides the most significant potential for achieving 
sustainable, generalizable gains in educational equity and cognitive 
development at scale.

Conclusion

The present study showed that training WM in children can 
improve their academic performance in reading, mathematics, and 
writing. In other words, WM training helps students process textual 
information more deeply and understand its meaning, progress 
significantly in reading speed and accuracy, manipulate information 
related to mathematical operations more accurately, and avoid 
distraction by focusing and paying closer attention to the words. 
Furthermore, meta-regression analyses showed that the memory-
based interventions’ effect size on academic performance was not 
moderated by variables such as location, gender, year of publication, 
sample size, and age.

Limitations

One limitation of the present research is the heterogeneity 
between studies and the publication bias related to them, which 
challenges us in accurately determining the effectiveness of the WM 
training programs. In addition, and unfortunately, since many studies 
conducted in Iran lacked information and did not use appropriate 
statistical methods, they could not be included in this meta-analysis. 
Another area for improvement of the present research is that its 
findings only concern Iranian students, making it difficult to 
generalize our findings to other societies. This study opens new 
perspectives for future meta-analyses.
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