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Abstract
Background Executive function plays a crucial role in children’s cognitive development, academic performance, as 
well as their physical and mental health. This study aims to assess the impact of exergaming on executive functions in 
pediatric populations.

Methods The criteria of inclusion were randomized controlled trials of exergaming intervention and evaluation 
of executive function in children aged 4–12 years. A meta-analysis was performed in databases of China National 
Knowledge Infrastructure (in Chinese), Wan Fang (in Chinese), Web of Science, Embase, and PubMed, from January 
2010 to February 2023, following the PRISMA guidelines. Risk of bias was assessed by the Jadad scale, the Cochrane 
risk of bias assessment tool, funnel plot, and regression-based Egger test. The Review Manager 5.3 was used to analyze 
the included articles using a random-effects model, and the effects were calculated as standardized mean difference 
(SMD).

Results Eleven experimental studies with children (n = 508) were included. Exergaming was found to have a positive 
impact on children’s cognitive flexibility (SMD = 0.34, 95%CI [0.17,0.52], P < 0.01), inhibitory control (SMD = 0.57, 95%CI 
[0.31,0.83], P < 0.01), and working memory (SMD = 0.26, 95%CI [0.02,0.51], P < 0.05). The publication bias were observed.

Conclusions Exergaming has the potential to improve executive functions in children. More studies with rigorous 
designs are warranted to explore the specific effects of exergaming intervention. This study was registered on the 
PROSPERO (CRD42023401526).
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Text box 1. Contributions to the literature
• Executive functions are cognitive processes that involve de-
liberate, organized, and concentrated control over complex 
tasks to achieve a specific goal.

• Exergaming refers to physical activity that involves playing 
video games and has been suggested as a potential means 
of enhancing the executive functions of children, though the 
evidence for its effectiveness is currently inconclusive.

• A meta-analysis of recent research indicates that exergam-
ing has the potential to improve the executive functions of 
children, particularly those with special needs.

• This study represents the most comprehensive overview to 
date of the effects of exergaming programs on the executive 
functions of children.

Introduction
Executive functions refer to the planned, organized, and 
focused control process for the goal of a complex cogni-
tive task [1], which includes three core functions (inhibi-
tion control, working memory, and cognitive flexibility) 
and other higher-level functions such as reasoning, plan-
ning, and problem-solving [2]. They are a set of cogni-
tive skills that allow children to plan, focus, remember 
instructions, and multitask [3]. Previous studies indicate 
that executive functions are essential in children’s devel-
opment as they play a pivotal role in helping children 
learn how to regulate their behavior, think flexibly, and 
stay organized [4, 5]. Children can better control their 
behavior, follow directions, and remember important 
information by developing strong executive functions 
[6]. Executive functions can help them in their journey 
to success in school and life [7]. The earlier the children 
develop the executive function, the more conducive to 
their daily life and learning performance in the future [8]. 
Therefore, executive function is of great significance to 
children’s development.

Physical activity plays an important role in the devel-
opment of executive functions in children [9]. Studies 
have shown that regular physical activity can improve 
children’s executive functions, such as memory, plan-
ning, and problem-solving [10, 11]. It also helps to reduce 
stress and anxiety, both of which can interfere with 
executive functions [12]. Furthermore, physical activ-
ity helps to build strong connections between neurons, 
which is important for developing executive functions 
[13]. Therefore, children need to engage in regular physi-
cal activity to improve their executive functions. Among 
various physical activity programs, exergaming has been 
increasingly studied in children and adults in recent years 
[14–16]. Exergaming is a video game activity based on 
motion-sensing technology and devices, which can read 
and interpret the user’s body movements and give feed-
back via the screen [17]. Children do not need to use 
traditional controllers such as a keyboard and mouse. 

They can participate in games through their body move-
ments, which is easier to bring an immersive experi-
ence [18]. Research has found that exergaming can lead 
to improved physical fitness, motor skills [19], and even 
academic performance in children. Furthermore, exer-
gaming may enhance children’s executive functions more 
than traditional non-exercise video games or single aero-
bic exercise sessions [20, 21]. Overall, the research has 
found that exergaming can be a beneficial activity great 
option for promoting children’s cognition and physical 
activity [22]. It is essential to provide opportunities for 
children to participate in this type of play.

According to the literature, engaging in exergam-
ing might be a favorable approach to improve children’s 
executive functions in a fun and interactive way [22]. 
However, the effectiveness of exergaming on executive 
functions remains unclear and the findings are incon-
clusive [23–25]. This meta-analysis aims to examine the 
influence of exergaming on children’s executive function, 
with a focus on inhibition control, working memory, and 
cognitive flexibility. It quantitatively assesses the impact 
of exergaming on executive functions in pediatric popu-
lations, including health and special children. By synthe-
sizing and analyzing the existing body of research, this 
study seeks to provide a comprehensive understanding of 
the effects of exergaming on children’s cognitive abilities. 
The findings from this meta-analysis will contribute to 
the growing field of exergaming research and shed light 
on the potential benefits of incorporating exergaming 
interventions in promoting children’s executive function.

Data and methods
This meta-analysis followed the Preferred Reporting 
Items for Systematic Reviews and Meta-analyses pro-
tocols (PRISMA-P 2009) reporting guidelines [26]. The 
protocol was registered on the PROSPERO (https://www.
crd.york.ac.uk/prospero/) and the registration number is 
CRD42023401526.

Data source
The electronic databases of China National Knowledge 
Infrastructure (in Chinese), Wan Fang (in Chinese), Web 
of Science (in English), Embase (in English), and PubMed 
(in English) were searched for studies investigating the 
influence of exergaming on children’s executive function. 
The publication time of articles was from January 2010 to 
February 2023. The key search terms were (“exergame” 
OR “active video game” OR “video game”) AND “child” 
AND (“executive function” OR “cognitive functions” OR 
“inhibition control” OR “working memory” OR “cognitive 
flexibility”). The keywords in Chinese included “体感游
戏”, “儿童”, “执行功能”, “认知灵活性”, “抑制控制”, and “工
作记忆”. The list of references was also checked.

https://www.crd.york.ac.uk/prospero/
https://www.crd.york.ac.uk/prospero/
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Literature inclusion and exclusion criteria
Participants
Healthy children or special children aged 4–12 years. 
Healthy children: no previous history of neurological or 
psychiatric disorders. Special children: children diag-
nosed with autism spectrum disorder (ASD), attention 
deficit hyperactivity disorder (ADHD), or other disorders 
by clinical or parental reports.

Intervention
Exergaming or active video games, such as using Micro-
soft Kinect, or Nintendo Wii exergaming console.

Comparison
No intervention, conventional exercise, or others (e.g., 
medications)

Outcomes
Cognitive flexibility, inhibition control, and working 
memory. Cognitive flexibility refers to an individual’s 
ability to accurately and quickly adjust our thoughts and 
behaviors based on changes in the external environment 
and internal states [27]. Inhibition control is an active 
suppression process that prevents irrelevant information 
from entering working memory to ensure the integrity of 
cognitive processes [28]. Working memory is a capacity-
limited memory system that temporarily processes and 
stores information [29]. There were no specific require-
ments of measures for the included literature regarding 
questionnaires or experimental tasks.

Study design
Randomized controlled trials

Exclusion criteria
Participants included adults only; article types were lim-
ited to review studies, dissertations, conference reports, 
book chapters, or policy documents; the intervention 
measures were either non-exergaming or unknown; out-
comes did not include executive functions or their com-
ponents; and data was either missing or incomplete.

Literature screening and data extraction
After removing duplicates, all titles and abstracts were 
independently screened by two researchers (JC, XW) 
based on inclusion and exclusion criteria. The full texts 
of the papers were screened based on the initial screen-
ing. The opinions of the third author (SY) would be con-
sulted if there was an inconsistency in screening until 
a consensus was reached. The data of included studies 
about sample size, mean value, and standardized differ-
ence of executive functions in experimental group and 
control group including pre- and post- intervention were 
extracted (Supplemental Table  1). When using two or 

more measurement tasks to evaluate the same executive 
function domain in a study, the result of selecting the 
most popular measurement task was used [30]. When 
there are multiple measurement scores for an executive 
function domain, the one that requires a higher level of 
executive function should be selected for meta-analysis. 
For example, non-perseverative errors are selected as the 
outcome measure in the Wisconsin Card Sorting Test 
[11].

Literature quality assessment
Two researchers (JC, XW) assessed the literature qual-
ity with the Jadad scale [31] and the Cochrane risk of 
bias assessment tool after full-text reading. The Jadad 
scale is scored by evaluating the generation of random 
sequences, randomization hiding, blindness (“appropri-
ate"=2, “unclear"=1, “inappropriate"=0), and withdrawal 
(“described = 1”, “not described"=0). A score of 0–3 is 
deemed low quality, and a score of 4–7 is regarded as 
high quality. The Cochrane library systematic review 
manual was divided into seven areas. The two researchers 
(JC, XW) independently evaluated the potential biases 
of the study. In disagreement, the literature risk bias was 
determined through a collective discussion.

Statistical analysis
Review Manager 5.3 was used to summarize and statis-
tically analyze the results of all included studies using a 
random-effects model. Standardized mean difference 
(SMD) was chosen as the effect size, and 95% confidence 
intervals (CI) were calculated. The SMD were computed 
by dividing the mean differences derived from the dispar-
ity between pre-and post-intervention by the standard 
deviation (SD) of the post-intervention in each group 
[32]. The SMD cutoff values of 0.2, 0.5, and 0.8 are corre-
spond to effect sizes of small, medium, and large, respec-
tively [33]. Heterogeneity analysis was carried out, and I² 
was used to assess inconsistency across studies [34]. To 
further investigate the effects of other variables on the 
results, subgroup analyses were conducted, including 
age, intervention participants, exercise intensity, exercise 
frequency, and intervention duration. The moderating 
variables causing heterogeneity were found and deter-
mined by subgroup analysis. Publication bias is primarily 
assessed by a funnel plot and regression-based Egger test. 
Nonparametric trim-and-fill analysis was used if publica-
tion bias existed. In addition, sensitivity analysis (exclud-
ing each article one by one) was conducted to determine 
whether to retain or exclude outliers. If the results were 
significant (p < 0.05), outliers were retained. A statistically 
considerable level was set at p < 0.05.
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Results
Literature selection flow and result
Upon searching of relevant databases, 4366 Chinese and 
English articles were identified; however, after eliminat-
ing duplicates, 4261 remained. After applying the inclu-
sion and exclusion criteria, 11 papers were ultimately 
selected for the meta-analysis. The screening process is 
shown in Fig. 1.

Basic characteristics of included studies
The sample size of this study was 508 participants aged 
4 to 12 years old, with 254 belonging to the experimen-
tal group and 254 to the control group. The experimental 
group underwent exergaming, while the control group 
did conventional lifestyle or traditional sports activities. 
Further details can be found in Table 1.

Risk of bias results assessment
Jadad scale assessment
5 papers scored 7, 1 paper scored 6, 2 papers scored 4, 2 
papers scored 2, and 1 paper scored 1.

Cochrane risk of bias assessment
Eleven studies employed experimental methods, two of 
which did not mention the use of randomization. Seven 
studies described hidden allocation schemes, while the 
other seven were double-blind. Even though all studies 
experienced a loss of follow-up with some participants, 

they all provided explanations and processed the data 
accordingly as depicted in Fig. 2.

Publication Bias Test
The funnel plot of the publication bias test including 
three components of executive function is shown in 
Fig. 3 and for subgroup analysis is shown in Supplemen-
tal Fig.  1. The results of regression-based Egger test are 
p = 0.035 for cognitive flexibility, p = 0.036 for inhibition 
control, and p = 0.578 for working memory, respectively.

Integration of research evidence
A total of 11 papers were included in the meta-analysis on 
cognitive flexibility. The results showed that SMD = 0.34, 
95%CI: 0.17–0.52, p < 0.001, as shown in Fig.  4. The 
results of analysis on inhibition control and working 
memory showed that SMD = 0.57, 95%CI: 0.31–0.83, 
p < 0.001 and SMD = 0.26, 95%CI: 0.02–0.51, p < 0.05. No 
significant heterogeneity (I2 < 50%, p > 0.05) was observed 
in meta-analysis on executive functions. Sensitivity anal-
ysis shown that no significant changes were observed 
after excluding studies (e.g., Nekar et al., 2022) that may 
cause the heterogeneity. Nonparametric trim-and-fill 
analysis shown that SMD = 0.28, 95%CI: 0.11–0.44 for 
cognitive flexibility (imputed = 2), no changes for inhibi-
tion control and working memory.

In all aged subgroups of children, the improvement 
effects of exergaming on executive functions were 

Fig. 1 PRISMA flow diagram of the study selection
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statistically significant (p < 0.01), but not for working 
memory in children aged > 6 years (p > 0.05), See Table 2. 
The effects of exergaming on cognitive flexibility (in both 
healthy and special children) and inhibition control in 
special children were statistically significant (p < 0.05). All 
levels of exercise-intensity exergaming had statistically 
significant effects (p < 0.05) on children’s executive func-
tions except for working memory. The study showed that 
children’s cognitive flexibility was significantly improved 
when exposed to 15–20  min of the activity (p < 0.01). 
Furthermore, children’s inhibition control and working 
memory improved when exposed to 20–30  min of the 
action (p < 0.01). Finally, cognitive flexibility and inhi-
bition control were improved when exposed to more 
than 30  min of the action (p < 0.05). The effect was sig-
nificant for children’s cognitive flexibility (p < 0.05) when 
the intervention was over 6 weeks. The significant effects 
(p < 0.01) on cognitive flexibility, inhibition control, and 
working memory were observed in subgroups of 2–6 
weeks, but not in those ≤ 1 week.

Discussion
This meta-analysis provides an overview of the cur-
rent research on the impact of exergaming on children’s 
executive functions. Its main objective is to review and 
synthesize the findings of recent experimental exergam-
ing studies. Eleven studies met the inclusion criteria and 
were included in our final analysis [20, 21, 35–43]. Over-
all, our data suggested that exergaming interventions 
could significantly improve executive functions (e.g., cog-
nitive flexibility, inhibition control, and working mem-
ory) in healthy and special children aged 4–12 years old. 
Findings indicated significant improvements, yet more 
than one-quarter of the studies was deemed at risk for 
bias, particularly regarding performance bias.

Our sub-population analysis results show that the effi-
cacy of exergaming on special children appears to be 
more consistent than that of healthy, typical children. 
This might be because special child typically has a lower 
initial level of executive function [44, 45], so they may 
experience more significant gains from an exergaming 
intervention than healthy children. For example, due to 
the late development of the frontal cortex in children 
with ASD and ADHD, the activity in the cerebellum 
and prefrontal lobes is weaker, leading to more inade-
quate executive functions [46]. Meanwhile, exercise may 
enhance children’s co-activation between the cerebel-
lum and the dorsolateral prefrontal cortex [47]. Previ-
ous studies have suggested that those with lower starting 
cognition performance have more significant potential 
for enhancement, whereas those with higher starting per-
formance have limited chances for further optimization 
[48]. Thus, the degree of improvement may be relatively 
small for healthy children due to the ceiling effect.St
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Fig. 3 Funnel plot publication bias of exergaming and executive functions in children (2010–2023)

 

Fig. 2 Cochrane library risk bias of exergaming on executive functions in children (2010–2023)
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In this study, the findings indicated that exercising 
through exergaming at moderate intensity may provide 
better benefits for enhancing executive functions in chil-
dren compared to exercising at a medium-high inten-
sity. Previous meta-analysis studies found that engaging 
in physical activity at a moderate intensity level showed 
an improvement in executive function that was greater 
than when physical activity was done at a vigorous inten-
sity [47, 49]. Another study in long-term exercise train-
ing found that, under the same mental state, the group 
that exercised at a higher intensity saw greater benefits 
in terms of improved executive functions than the group 
that exercised at a lower intensity [21]. Thus, further 
research is necessary to gain greater clarity on this topic.

Regarding the effects of intervention duration and fre-
quency, our findings indicated that children’s executive 
functions were not improved by exergaming with a ses-
sion time of fewer than 20 min or a frequency of no more 
than one week, except for cognitive flexibility. This may 
be due to the shorter intervention time or duration that 
only generates short-term and less significant improve-
ments. Previous research has also suggested that longer 
intervention periods were more effective, as longer-term 
interventions might have longer-lasting effects on neuro-
development and plasticity, leading to more significant 
improvements in executive function [35].

The current review did not have observed signifi-
cant difference on executive functions between the 

Fig. 4 Forest plot for meta-analysis regarding the effects of exergaming intervention on children’s cognitive flexibility (A), inhibition control (B) and work-
ing memory (C) from 2010 to 2023
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exergaming and traditional physical activity programs 
due to the limited number of studies (for cognitive flex-
ibility, n = 6, SMD = 0.22(-0.01, 0.46), p = 0.07; for inhi-
bition control, n = 3, SMD = 0.35(-0.29, 0.99), p = 0.29; 
and for working memory, n = 2, SMD = 0.32(-0.57, 1.21), 
p = 0.48). Previous study found that exergaming were 
more effective than traditional physical activity in pro-
moting children’s motor skill development, particularly 
in terms of postural stability after comparing the effects 
of exergaming and traditional physical activity on chil-
dren’s health outcomes [50]. Xiong et al. found that exer-
gaming also had a greater impact on children’s executive 
function and perceived social competence compared to 
traditional physical activity [21]. However, other studies 
have shown that both exergame and traditional physi-
cal activity or gameplay had positive effects on children’s 
basic movement skills and the differences between them 
were not significant [51, 52]. It is important to note that 
above studies have limitations, such as small sample sizes 
or short intervention periods, and therefore, more high-
quality research is needed to fully understand the poten-
tial benefits and drawbacks of different types of activities.

This review’s major strength is that it provides the first 
comprehensive overview of the latest research on how 
exergaming programs affect the executive functions of 
healthy and special needs children. However, this study 
has a few limitations: First, the investigation into the 
effects of exergaming on children’s executive function 
is limited, which means that the potential moderating 
variables such as intervention intensity, frequency and 
duration have not been able to be adequately looked at. 
Second, publication bias were observed, while studies 
with null or non-significant results may remain unpub-
lished or go unnoticed. Third, the measures of executive 
functions were variable, which may contribute to the 
measurement bias. Standardizing the measurement tools 
utilized in future studies could also help to improve the 
comparability and reliability of the results.

Conclusions
The current experimental evidence has demonstrated 
that exergaming can positively affect children’s inhibition 
control, working memory, and cognitive flexibility. Nev-
ertheless, more randomized controlled studies with stan-
dardized evaluation methods and processes are necessary 
to provide more accurate evidence of the potential ben-
efits of exergaming to promote children’s cognition.
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