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Abstract

Introduction Cognitive impairments present challenges for patients, impacting memory, attention, and problem-
solving abilities. Virtual reality (VR) offers innovative ways to enhance cognitive function and well-being. This study
explores the effects of VR-based training programs and games on improving cognitive disorders.

Methods PubMed, Scopus, and Web of Science were systematically searched until May 20, 2023. Two researchers
selected and extracted data based on inclusion and exclusion criteria, resolving disagreements through consulta-
tion with two other authors. Inclusion criteria required studies of individuals with any cognitive disorder engaged

in at least one VR-based training session, reporting cognitive impairment data via scales like the MMSE. Only English-
published RCTs were considered, while exclusion criteria included materials not primarily focused on the intersection
of VR and cognitive disorders. The risk of bias in the included studies was assessed using the MMAT tool. Publication
bias was assessed using funnel plots and Egger’s test. The collected data were utilized to calculate the standardized
mean differences (Hedges's g) between the treatment and control groups. The heterogeneity variance was estimated
using the Q test and 12 statistic. The analysis was conducted using Stata version 17.0.

Results Ten studies were included in the analysis out of a total of 3,157 retrieved articles. VR had a statistically sig-
nificant improvement in cognitive impairments among patients (Hedges's g=0.42, 95% Cl: 0.15, 0.68; p_value=0.05).
games (Hedges's g=0.61, 95% Cl: 0.30, 0.39; p_value=0.20) had a more significant impact on cognitive impairment
improvement compared to cognitive training programs (Hedges's g=0.29, 95% Cl: -0.11, 0.69; p_value=0.24). The
type of VR intervention was a significant moderator of the heterogeneity between studies.

Conclusion VR-based interventions have demonstrated promise in enhancing cognitive function and addressing
cognitive impairment, highlighting their potential as valuable tools in improving care for individuals with cognitive
disorders. The findings underscore the relevance of incorporating virtual reality into therapeutic approaches for cogni-
tive disorders.
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Introduction

Cognitive disorders (CDs), also known as neurocogni-
tive disorders (NCDs), can directly or indirectly inter-
fere with the functioning of the cognitive-neural and
perceptual systems, either permanently or transiently
[1, 2]. These disorders lead to confusion in individuals’
self-awareness and their perception of the world, result-
ing in various behavioral abnormalities [3]. Also, these
disorders severely affect the personal and social life of
the patient and reduce their quality of life [3, 4]. Some of
the common cognitive disorders are Alzheimer’s disease,
forgetfulness, dementia, developmental disorders, move-
ment skills disorders, and cognitive impairment caused
by drug use [5, 6].

Despite the different treatment methods that exist for
patients with CD, according to the type of disease, unfor-
tunately, there is no definitive treatment to prevent brain
damage caused by CD [7]. However, treatments can be
used to help people with CD maintain their mental abili-
ties and skills, mitigate the effects of the disease, and per-
form their jobs more effectively and without difficulties
[8, 9]. Currently, due to the prevalence of brain injuries
caused by CD and the challenges associated with drug
treatments, interest in using non-drug treatments to
prevent or reduce the risk of diseases has increased [10,
11]. One of the non-pharmacological treatments is the
use of virtual reality (VR) technology, which is currently
employed in the control and treatment of various dis-
eases [12]. VR technology separates the individual from
external sensory inputs of the surrounding environment.
Then, it immerses them in a simulated world different
from their current environment and helps by distract-
ing them within that virtual and simulated environment
[13]. VR technology can manifest in VR-based education
programs and VR-based games. A VR education program
integrates VR technology into learning, creating immer-
sive experiences for participants [14]. Utilizing com-
puter-generated simulations, it enhances understanding
through realistic scenarios and encourages active partici-
pation in the learning process [14, 15]. VR-based games
also involve the use of virtual reality technology to cre-
ate interactive and immersive gaming experience [16]. In
these games, players are fully immersed in a computer-
generated environment that responds to their actions in
real-time [17]. Education programs leverage VR technol-
ogy to create immersive learning experiences, utilizing
computer-generated simulations to deepen understand-
ing and encourage active participation in educational
content [15]. In contrast, VR-based games use VR to pro-
vide users with engaging and entertaining experiences,
prioritizing narrative, gameplay, and overall enjoyment
[18].
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Available evidence shows that VR technology could
be beneficial in controlling, managing, and treating CD
[19-21].VR-based interventions are vital for patients
with cognitive impairment due to their immersive and
interactive nature, potentially enhancing cognitive func-
tions [22]. This dynamic and personalized therapy allows
for targeted interventions based on individual needs [23].
VR has shown promise in improving cognitive skills,
memory, and overall cognitive function in various condi-
tions, including Alzheimer’s disease and dementia [24].
Foloppe et al. [25], showed the effects of VR-based train-
ing in increasing the functional independence of Alz-
heimer’s patients during cooking activities. This enables
Alzheimer’s patients to learn cooking again through the
utilization of VR techniques. In general, it was shown in
this study that the improvement of work performance
will remain constant over time for patients with Alz-
heimer’s disease. In a clinical trial study on Alzheimer’s
patients, Serino et al. [26], showed that subjects in the
intervention group experienced a significant improve-
ment in long-term memory recall after undergoing VR-
based training. The findings of this study also showed
that training based on VR had a significant effect on the
executive performance of cognitively healthy elderly peo-
ple. Rosa et al. [27], showed that VR-based game inter-
ventions allow faster and more effective improvement
of several cognitive abilities for patients with cognitive
disorders than traditional interventions. Also, Zhu et al.
[28], showed in their study that virtual reality as a non-
pharmacological treatment can improve cognitive and
motor performance in elderly people with mild cognitive
impairment or dementia.

To the best of our knowledge, no systematic review or
meta-analytic study has been conducted to investigate
the effect of educational programs and games based on
VR on the improvement of cognitive disorders. Only in
some studies, such as Zhang et al's meta-analysis [29],
the effect of VR-based treatments on cognition and men-
tal health of stroke patients has been shown. In another
meta-analysis study, Yan et al. [30], examined the effects
of VR combined with cognitive and physical interven-
tions on cognitive performance in the elderly with mild
cognitive impairment. In a review study and meta-analy-
sis, Dan Yua et al. [31] also investigated the effect of vir-
tual reality on executive function in the elderly with mild
cognitive impairment. None of these studies focused on
all cognitive disorders in general, and only on a specific
population such as patients with stroke or the elderly
with CD. Furthermore, none of these studies have spe-
cifically investigated and analyzed the effect of games and
programs based on VR separately. Therefore, the purpose
of the present study was to investigate the effect of games
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and educational programs based on VR on the improve-
ment of cognitive disorders.

Methods

Study design

The review adhered to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guide-
line. Ethical approval was deemed unnecessary for its
completion (Appendix A).

Data sources and search strategy
A comprehensive search was conducted in the electronic
databases PubMed, Scopus, and Web of Science, cover-
ing publications in English from their inception up until
May 20, 2023. PubMed, Scopus, and Web of Science
are chosen for health-related investigations due to their
extensive scope, multidisciplinary character, and reli-
able indexing of academic publications [32, 33]. PubMed
focuses on biomedical and life sciences research, Web of
Science is renowned for its meticulous journal curation
and citation analysis [33], and Scopus provides compre-
hensive coverage of scientific literature, spanning both
medical and non-clinical sciences. These databases serve
as valuable resources for interdisciplinary studies, offer-
ing researchers access to a diverse and credible array of
scholarly materials. This diverse selection forms a robust
foundation for conducting health-related research [32].
The search strategy was collaboratively developed by
two researchers, KHN, and FD. After its development,
the strategy was then reviewed and approved by KB and
HSH. Keywords and search strategies are included:

((“virtual reality” OR “virtual reality training " OR "
game” OR “gaming” OR “video games” OR “aug-
mented reality”) AND (“cognitive impairment” OR
“cognitive disorder” OR “memory disorder” OR “cog-
nitive decline” OR “memory impairment” OR “cogni-
tive dysfunction”))

Eligibility criteria

Some specific inclusion criteria were established to
ensure the relevance and uniformity of the data. Firstly,
eligible studies had to encompass individuals with any
cognitive disorder, ensuring a focus on the target popula-
tion. Secondly, participants in each study were required
to have engaged in at least one VR-based training ses-
sion, ensuring familiarity with the technology. Thirdly,
the reported results had to contain data on cognitive
impairment, assessed through scales like the Mini-
Mental State Examination (MMSE), thereby providing
a consistent measure of cognitive function. Fourthly,
to maintain consistency in language and accessibil-
ity, only studies published in the English language were
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considered. Lastly, only randomized clinical trial (RCT)
studies were included. Hernandez et al. [34], pointed
out that meta-analyses are commonly classified into two
types: traditional and nontraditional. Traditional meta-
analyses evaluate the effects of one intervention com-
pared to another (e.g., investigational intervention, usual
practice, placebo) by synthesizing aggregated data from
prior studies. They combine various study types, includ-
ing RCTs, observational studies (e.g., cohort studies,
case-control studies), diagnostic studies, and prognostic
studies. Meta-analyses specifically focused on RCTs are
considered the optimal approach for summarizing the
positive and adverse effects of interventions [34].

The exclusion criteria encompassed articles that did
not primarily focus on the intersection of virtual reality
and cognitive disorders. Additionally, materials such as
books, book chapters, letters to the editor, and confer-
ence abstracts were excluded from the analysis.

Study selection

Three authors (KHM, KB, and FD) independently
reviewed the titles and abstracts of studies obtained from
the database searches. They assessed each study against
two criteria: (1) whether the study utilized virtual real-
ity technology, and (2) whether the participants were
described as individuals diagnosed with any cognitive
impairments.

Next, the same three authors conducted a full-text
review of the identified studies, evaluating them against
the complete inclusion criteria (as specified in the eligi-
bility criteria). In case of any disagreements regarding the
inclusion of studies, a fourth reviewer (HSH) was con-
sulted to reach a consensus.

Data collection and extraction process

To ensure accurate and systematic data extraction, the
research team devised a data extraction form to code the
demographic, methodological, and outcome variables
obtained from each study. The responsibility of extracting
the data was carried out independently by KHM and FD.
The final dataset, which was to be included in the anal-
ysis, was confirmed by both KB and HSH to ensure its
accuracy and reliability.

A data extraction form was employed to extract rel-
evant data from the primary studies. This form facili-
tated the systematic collection of information required
for the analysis. The data extraction form encompassed
various fields, including the country, population diag-
nosis, VR equipment, sample size (male/female), mean
age, intervention in treatment group, intervention in
control group, duration of the session and the follow-up
period (Table 1), and mean and standard deviation (SD)
of MMSE for experimental and control groups (Fig. 2).
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In instances where disagreements arose regarding the
extracted information, the research team members
convened to deliberate and reach a final decision. The
extracted information was entered and organized in an
Excel spreadsheet.

Risk of bias assessment

KHM and FD conducted a critical assessment of the data
independently, utilizing the Mixed Methods Appraisal
Tool (MMAT, version 2018: Hong et al., 2018). The
MMAT serves as a crucial assessment instrument tai-
lored for systematic mixed studies reviews, which
encompass a range of study types, including qualitative,
quantitative, and mixed methods studies. The MMAT is
designed to evaluate the methodological quality across
five categories of studies, including qualitative research,
randomized controlled trials (RCTs), non-randomized
studies, quantitative descriptive studies, and mixed
methods studies [35]. In cases where there were disa-
greements between the two authors, KB and HSH inter-
vened to mediate discussions and reach a consensus.
The studies were evaluated based on the MMAT criteria
corresponding to their respective categories. The most
recent version of MMAT presents a descriptive quality
appraisal approach rather than using numerical scores.
The response options for all study categories include
“yes,” “no,” and “can’t tell” If a study received a “can’t tell”
response, it indicates that there was insufficient informa-
tion reported to provide a definitive “yes” or “no” answer.
In such cases, further investigation through companion
studies or direct communication with the study authors
may be necessary [36].

Articles that fulfilled all five quality criteria were clas-
sified as high-quality, earning a full rating of five stars or
100% quality. Additionally, articles meeting four criteria
were considered to have 80% quality, those with three
stars had 60% quality, two stars indicated 40% quality,
and one star denoted 20% quality. If a study did not sat-
isfy any of the quality criteria, it received no stars [37].

Data synthesis and analysis

The meta-analysis was conducted when several studies
reported the effects of using VR on the improvement of
cognitive disorders. The standardized mean differences
represented by Hedges’s g to compare the treatment and
control groups were calculated from the collected data.
Publication bias was evaluated using a funnel plot and
Egger’s test. The statistical heterogeneity was estimated
through the use of the Q test and incoherence index (12).
Moreover, Meta-regression was employed to assess the
source of the heterogeneity among included the studies.
The effect size calculation involved the utilization of a
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random effects model for 95% CI. The statistical analysis
was performed using Stata version 17.0 software.

Results
Study selection
A comprehensive search initially yielded a total of 3157
articles. Following the removal of duplicates, a set of 2556
studies remained. Each of these studies underwent a rig-
orous and meticulous review, during which inclusion and
exclusion criteria were carefully applied. The assessment
process involved a thorough examination of the method-
ologies, results, and relevance to the research focus.
After this meticulous screening, a total of 10 articles
emerged as meeting the predefined criteria for inclusion
in the study. The details of this selection process are visu-
ally represented in Fig. 1.

Study characteristics

Table 1 provides a comprehensive overview of the
selected studies. As this table shows, most of the studies
were conducted in Korea (n=5, 50%) [38—42], and all the
included studies were related to elderly people with cog-
nitive disorders. The largest sample size was associated
with the study of Thapa et al. [41].

Quality assessment
Appendix B displays the results of the quality evaluation
conducted on the studies using the MMAT tool

The effect size of included studies

We found that VR-based interventions including games
and training programs have a positive effect on cogni-
tive impairment (Hedges’s g=0.42, 95% CI: 0.15, 0.68;
p_value=0.05). The highest and lowest effect sizes were
related to the study of Tarnanas [44] and Oliveira [45],
respectively (Fig. 2).

Based on Cohen’s d standardized effect size, this effect
size is medium [48]. Also, games (Hedges’s g=0.61, 95%
CIL 0.30, 0.92, p_value:0.20) have been demonstrated to
improve cognitive disorders more effectively than cogni-
tive training programs (Hedges’s g=0.15, 95% CI: -0.17,
0.48, p_value:0.24) (Fig. 2).

Publication bias

The funnel plot (Fig. 3) illustrates the absence of publica-
tion bias in the studies. Moreover, the output of Egger’s
test was not significant. This shows there is no publica-
tion bias (p_value=0.86).

Heterogeneity among included studies

Based on the results of the Q test and a significance level
of P<0.001, it can be concluded that the assumption of
homogeneity of the studies is rejected with an error rate
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Full-text articles assessed
for eligibility (n=10)

v

Articles included in the
review (n=10)

Eligibility
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—»

Records excluded after evaluation of

PubMed Scopus Web of Science
g (n=473) (n=1779) (n=905)
k= l
Q
h=!
5 v
S Records identified through
database searching (n=3157)
Records after duplicates
&0 removed (n=2556)
=
Q
o
3
m .
Records after screening title and abstract
_J (n=4438)

(n=2108)

Full-text articles excluded (n=438)

- Incomplete information in studies, such as
insufficient data reporting, insufficient
methodological details (such as not mentioning the
sample size), failure to meet predefined inclusion
criteria, or incomplete findings (n=420)

- Research protocol or protocol study (n=18)

Fig. 1 PRISMA flowchart of screened and included studies to assess the effect of virtual reality-based training programs and games

on the improvement of cognitive disorders in patients

of less than 1%. This confirms the significance of the Q
index, indicating heterogeneity in the effect size across
the studies. The value of I? value is also 47.24%, indicating
a moderate level of heterogeneity [49].

Meta-regression analysis

The effect sizes obtained from the random effects model
were not found to be statistically significant for gender,
age, sample size, duration of intervention, and type of
cognitive disorders (P>0.05) (Table 2). This means that
these variables did not have a great impact on the results
of studies related to the improvement of cognitive dis-
orders through virtual reality. However, the effect size
obtained from the random effects model for the type of
VR intervention was statistically significant (P=0.047).
Therefore, this variable had an impact on the heterogene-
ity of the included studies (Table 2).

Discussion

In this study, the effect of VR-based training programs
and games on the improvement of cognitive disorders
in patients was investigated. Our research revealed that
the implementation of virtual reality had a notable and
statistically significant impact on enhancing cognitive

impairments in patients. Furthermore, the results dem-
onstrated that games were more effective in improving
cognitive impairment compared to cognitive training
programs.

As stated in our study’s findings, the utilization of
virtual reality demonstrated a noteworthy and signifi-
cant influence in improving cognitive disorders among
patients. Different studies [50-54] have also demon-
strated that VR-based games and educational programs
can enhance the performance of individuals with cogni-
tive disorders. Thapa et al. [55], conducted a study indi-
cating that VR-based educational programs improved
cognitive and physical performance in patients with mild
cognitive impairments. Similarly, Yang et al's study [56]
revealed the potential benefits of virtual reality train-
ing for enhancing cognitive performance in brain tumor
patients. These studies collectively highlight the potential
of VR technology to encourage better treatment adher-
ence among both healthcare providers and patients [57].
By immersing patients in virtual training scenarios and
equipping them with innovative tools, VR facilitates a
more immersive and engaging learning experience. This
can contribute to a deeper understanding of treatment
protocols and potentially improve patients’ adherence



Moulaei et al. BMC Psychiatry (2024) 24:116 Page 8 of 13
Treatment Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% ClI (%)
Games
Lim 2023 12 27.58 1.98 12 2550 3.29 —a— 0.74[-0.06, 1.54] 7.42
Thapa 2020 33 26.90 2.00 33 26.40 2.70 —— 0.21[-0.27, 0.69] 12.94
Yang 2022 33 28.10 1.70 33 26.70 1.90 —— 0.77[ 0.27, 1.26] 12.58
Zheng 2022 18 16.78 7.18 20 13.90 7.96 —— 0.37[-0.26, 1.00] 9.94
Tarnanas 2014 39 28.20 2.50 39 24.60 4.60 —— 0.96 [ 0.50, 1.43] 13.24
Heterogeneity: 7° = 0.05, I> = 37.19%, H’ = 1.59 - 0.61[ 0.30, 0.92]
Test of 8, =06;: Q(4) =5.97, p=0.20
VR-based cognitive training program
Oliveira 2021 10 19.80 7.27 7 12.43 7.18 —#— 0.97[-0.01, 1.94] 5.64
Kang 2021 23 25.87 3.36 18 26.67 3.09 —ll— -0.24[-0.85, 0.37] 10.33
Kim 2021 10 26.50 2.32 10 27.00 2.31 —W— -0.21[-1.05, 0.64] 6.93
Optale 2010 15 22.90 5.00 16 20.99 4.75 —— 0.38[-0.31, 1.07] 8.90
Park 2022 28 26.71 1.23 28 26.43 1.52 —— 0.20[-0.32, 0.72] 12.08
Heterogeneity: 7 = 0.02, I = 11.73%, H* = 1.13 - 0.15[-0.17, 0.48]
Testof ;= 6;: Q(4) =5.46, p = 0.24
Overall o 0.42[ 0.15, 0.68]
Heterogeneity: ° = 0.08, I = 47.24%, H’ = 1.90
Test of 6, =6;: Q(9) =17.12, p = 0.05
Test of group differences: Q,(1) = 4.02, p = 0.04
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Table 2 Effect sizes for separate meta-analyses on moderator variables

Variables (values) Effect size 12 (%) Variance z-value P-value
Age (raw values of mean age) 0.00 52.50 0.1098 0.24 0.683
Gender (male, female, male and female) 435 4724 0.085 -1.11 0.350
Sample size (raw values of sample size) 10.25 44.43 0.07588 0.93 0.353
Type of VR intervention (game and cognitive train- 53.19 29.21 0.0395 -1.91 0.047
ing programs)

Duration of intervention (<20 h, >20 h) 0.00 52.33 0.1075 0.19 0.851
Type of cognitive disorders (AD and MClI) 0.00 53.57 0.1052 091 0.361

to treatment processes [58]. Manera et al. [59], con-
cluded in their research that utilizing VR-based train-
ing represents an intriguing approach for enhancing
adherence to cognitive training among elderly individu-
als with cognitive impairment. In their study, Then et al.
[60], also illustrated that virtual rehabilitation conducted
remotely enhances patient motivation, thereby improv-
ing therapy adherence. As we navigate the evolving
landscape of healthcare, the integration of VR technol-
ogy holds considerable promise for fostering enhanced
treatment adherence and improving outcomes for both
healthcare providers and patients. Moreover, Manera
et al. [59], further demonstrated that the utilization of
VR-based technologies provides patients with mild cog-
nitive impairment (MCI) a sense of safety and satisfac-
tion, reduces fatigue, anxiety, and stress in comparison to
alternative educational methods (such as pen and paper-
based approaches). Additional research [61, 62] has also
highlighted the positive impact of engaging patients
through VR-based stimuli or external factors, leading to
enhancements in functional and mental abilities, as well
as overall quality of life.

The question now arises: why is it that virtual real-
ity technologies can improve cognitive disorders? Some
reasons have mentioned how VR technologies could
improve CD. Rose et al. [63], highlighted that VR offers
an artificial, interactive environment closely mimick-
ing and enhancing reality. VR technologies also offer a
heightened degree of resemblance between the educa-
tional or gaming environment and the real world. These
factors promote stronger patient adherence to their treat-
ment. Additionally, this technology holds greater poten-
tial for transferring to daily activities among patients
with cognitive impairment. By regulating emotions and
providing immediate, precise performance feedback, VR
proves to be a favorable method in comparison to alter-
native approaches. As highlighted by Miedany et al. [64],
the engagement of patients in immersive and interac-
tive virtual environments through VR effectively stimu-
lates cognitive processes, fostering improvements that
could have significant implications for medical interven-
tion and patient care. In another study [65], it has been

noted that virtual reality enables individuals with cogni-
tive impairments, the elderly, and those with Alzheimer’s
disease to more readily and securely experience sensory
stimuli within a virtual simulation environment, in an
easier and simpler manner. This very same virtual envi-
ronment enhances the comprehension and acquisition of
functional learning and function transfer. In connection
with this assertion, it should be noted that several studies
[15-17] have demonstrated how the virtual environment
stimulates and activates brain metabolism, increases cer-
ebral blood flow, facilitates the movement and release of
neurotransmitters, and supports various cortical func-
tions. It holds the potential to reactivate and promote
brain healing.

The findings of our study revealed that VR-based games
have been more effective in improving cognitive disorders
compared to VR-based educational programs. Liu et al's
study [66] demonstrated significant improvements in the
Montreal Cognitive Assessment (MoCA), Trail-Making
Test-A (TMT-A), Digit Symbol Substitution Test (DSST),
Digital Span Test (DST), Verbal Fluency Test (VFT), and
Modified Barthel Index (MBI) following the use of VR-
based puzzle games by stroke patients. Yang-Kun et al.
[67], demonstrated that VR-based games enhance chil-
dren’s cognitive performance, including attention, critical
thinking, abstract reasoning, and information processing.
Yanguas et al's study [68] similarly exhibited cognitive
function improvement through the utilization of VR-
based games. VR-based games offer users a captivating
experience by incorporating features such as interactive
screens, touch controllers, motion sensors, voice notifi-
cations, physical vibrations, omnidirectional vision, and
engaging gameplay elements like collecting points and
defending against enemies. These aspects contribute to
the attraction, sense of competition, and excitement that
users derive from these games [69-71]. It is for this rea-
son that these games have a more significant impact than
training based on virtual reality. For example, the feeling
of being in places such as bicycle or ski tracks, football
fields, or engaging in games such as adventure games
and duels, which react extremely quickly, brings a spe-
cial appeal to users who have Cognitive disorders [72].
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Moreover, in some adventure-style games, users man-
age the game with their own body movements and dis-
cover the mystery inside, rather than typing commands
or clicking in the game [73]. This itself is very attractive
to the user and captivates their attention.

Finally, what is crucial for us to understand is that the
design of virtual reality-based training programs and
games can significantly influence users’ engagement.
Moulaei et al's [18] investigation delves into the scoping
review, shedding light on identifying the parameters nec-
essary to design a successful rehabilitation game and the
outcomes of using these games. Their findings emphasize
the importance of considering specific design elements,
such as the immersive nature of virtual reality environ-
ments, in achieving positive outcomes. This studies col-
lectively underscore the importance of thoughtful design
in virtual reality-based programs and games for optimiz-
ing their impact in patients. The synthesis of evidence
from various sources informs our understanding of how
specific design features contribute to the overall efficacy
of virtual reality interventions in the context of cognitive
disorders. Additionally, Samarasinghe, et al's research
[74], focused on the design aspects of virtual reality
games for people with Alzheimer, highlights the signifi-
cance of tailoring interventions to address the unique
cognitive needs of patients. These diverse perspec-
tives collectively reinforce the pivotal role of thoughtful
design in maximizing the effectiveness of virtual reality
interventions in the realm of cognitive health. Moreover,
Understanding the specific cognitive challenges faced
by this population informs the tailoring of virtual reality
interventions to meet their unique needs, thereby opti-
mizing the potential benefits.

Additionally, unlike conventional cognitive exercises
that might feel monotonous or repetitive, games often
offer a dynamic and captivating environment that natu-
rally holds the player’s attention [75]. This heightened
engagement is significant as sustained focus and inter-
est can foster a more immersive cognitive experience,
potentially leading to increased neural plasticity and
the strengthening of cognitive pathways. The interactive
nature of games, requiring players to make quick deci-
sions, solve puzzles, and adapt to changing scenarios,
inherently stimulates a broader spectrum of cognitive
functions, effectively providing a comprehensive mental
workout [76]. In the other hand, the emotional and psy-
chological involvement elicited by games can contribute
significantly to their effectiveness [77, 78]. The enjoy-
ment, achievement, and sense of progress experienced
during gameplay can trigger the release of neurotrans-
mitters such as dopamine, which are linked to motivation
and reward systems in the brain [79]. This neurochemical
response can create a positive feedback loop, encouraging
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individuals to invest more time and effort into gaming
activities. As a result, the increased time spent engaging
with games may lead to prolonged cognitive engagement
and exposure to diverse cognitive challenges, ultimately
facilitating more robust cognitive improvements. These
findings shed light on the potential inherent in leveraging
the unique qualities of gaming as a promising approach
to address cognitive impairments more effectively, mark-
ing a paradigm shift in therapeutic interventions.

Study implication

Theoretical implications

The theoretical implications of this study contribute to
the growing body of literature exploring innovative inter-
ventions for cognitive disorders. By demonstrating the
statistically significant improvement in cognitive impair-
ments among patients through VR-based interventions,
our findings support the notion that technology, particu-
larly virtual reality, can play a crucial role in addressing
cognitive challenges. The identification of games as hav-
ing a more substantial impact on cognitive impairment
improvement compared to cognitive training programs
adds nuance to individuals understanding of effective VR
interventions. This insight may prompt further research
into the specific attributes of VR games that contribute to
cognitive benefits.

Furthermore, the identification of the type of VR inter-
vention as a significant moderator of heterogeneity high-
lights the need for a nuanced approach in assessing and
implementing VR-based interventions. Understanding
the role of different VR interventions can inform the
development of tailored interventions for specific cogni-
tive disorders, thus contributing to the theoretical foun-
dation of personalized cognitive rehabilitation strategies.

Practical implications

The practical implications of this study are particularly
relevant for clinicians, caregivers, and policymakers
involved in the care of individuals with cognitive dis-
orders. The demonstrated promise of VR-based inter-
ventions in enhancing cognitive function suggests
that incorporating such technologies into therapeutic
approaches can be beneficial for patient care. Clinicians
may consider integrating VR interventions, especially
games, into their treatment plans to complement tradi-
tional cognitive training programs.

Caregivers can explore VR-based interventions as a
potential at-home therapy option, offering individu-
als with cognitive disorders an engaging and accessible
means of cognitive improvement. Policymakers may find
value in supporting the integration of VR technologies
into healthcare settings, recognizing their potential to
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enhance cognitive care and improve overall well-being in
individuals with cognitive disorders.

Limitations

This study has two limitations. Firstly, it only reviewed
articles written in English, and it is recommended that
future studies encompass articles published in non-Eng-
lish languages for a more inclusive analysis. Secondly,
the search for related studies was conducted across
three databases. However, to attain more comprehensive
results, it is advisable to conduct further research across
additional databases.

Conclusion

In conclusion, our systematic review and meta-anal-
ysis revealed a substantial and statistically significant
improvement in cognitive function through the utili-
zation of virtual reality interventions. Notably, games
emerged as a particularly effective approach, outperform-
ing traditional cognitive training programs in enhanc-
ing cognitive abilities among patients. These results
underscore the potential of virtual reality as a valuable
tool in cognitive rehabilitation strategies and highlight
the advantages of incorporating game-based interven-
tions for optimal cognitive outcomes. Further researches
and explorations in this domain may provide even more
comprehensive insights into the therapeutic applications
of virtual reality for cognitive enhancement in clinical
settings.
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