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Abstract 

Introduction: Emerging virtual technologies and cognitive rehabilitation methods are two new treatment 
approaches that can be used to strengthen cognitive functions in Autism Spectrum Disorder (ASD). The main aim of 
this study was to examine the effect of using virtual reality-based approaches on cognitive disorders of children and 
adults with ASD.

Methods: This systematic review was conducted on scientific papers to determine the effects of virtual reality-based 
technologies on the cognitive functions of children and adults with ASD. We identified 688 studies related to this 
topic and filtered them down to 17 articles, and then extracted the effects of interventions on cognitive outcomes.

Results: A total of 17 studies met the inclusion criteria, in which 226 persons with ASD had taken place. The sample 
size in the selected studies ranged from 1 to 56 participants (Median: 8, Q1: 3.5, Q3: 15.5). Four of the studies were 
case–control studies, ten were pre-test/post-test studies, and three were Randomized Control Trials (RCTs). Results 
of 16 studies showed significant progress in various cognitive indexes, such as task learning, attention, executive 
functioning, and daily skills in people with ASD. In most studies, virtual technologies had beneficial effects on reduc-
ing cognitive problems, but existing limitations could reduce their effectiveness. These limitations included the cost of 
virtual reality devices, inappropriate size of software, the weight of devices, potential addiction, intolerance of wearing 
glasses or headsets by people with autism (especially in children), and the possibility of eye injury.

Conclusion: Applying appropriate virtual-based approaches could improve cognitive indexes in people with ASD. 
However, further studies are needed to investigate the real effects of these technologies in the long run.

Keywords: Virtual reality, Autism spectrum disorder, Cognitive rehabilitation, Virtual reality-based cognitive 
rehabilitation

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Introduction
Autism spectrum disorder (ASD) is a complex neu-
robehavioral disorder that involves impaired social 
interaction, verbal underdevelopment, problems with 
communication skills, and challenging and repeti-
tive behaviors; ASD has a wide range of symptoms [1]. 
About 1 in 68 children are diagnosed with autism, and 
boys are more likely to have ASD than girls [2]. ASD is 
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characterized by symptoms such as excessive activity, the 
problem with attention, decreased learning in school, 
and aggressive behaviors [3]. People with ASD have dif-
ferent cognitive and intelligence profiles than ordinary 
people [3, 4]. In addition to biological factors, environ-
mental factors such as poverty, poor housing, low socio-
economic status, large families, incompatibility, conflicts 
between parents, and aggression in the family are some 
of the causes of ASD [5]. Several studies have shown that 
most children and adults with ASD have delays in their 
cognitive skills [6, 7]. Increasing awareness about cogni-
tive phenotype will help to understand the better rela-
tionship between genes, brain, and behavior and provide 
more information about treatment methods [8]. Active 
memory is a crucial cognitive function in rehabilitat-
ing and evaluating individuals and children with special 
needs. Active memory is the cognitive executive/func-
tional ability used for academic, behavioral, and social 
functions [9]. Meanwhile, active memory helps to store 
and process information. Many of the critical features 
and behavioral problems of autistic children and adults 
result from executive dysfunction. Executive function is 
a general term for mental abilities such as programming, 
working memory, impulse control, inhibition, transmis-
sion planning, and the ability to initiate and execute tasks 
[10]. This skill usually plays a vital role in one’s emotional, 
social, cognitive, and behavioral development. There-
fore, if such disorders are evaluated and treated from 
childhood, many behavioral problems can be prevented 
in adulthood. Most families prefer to use cognitive reha-
bilitation services to solve their children’s problems with 
executive functioning, attention, and memory, and also 
improve their learning and daily skills [11, 12]. Thus, it 
can be acknowledged that attention, memory, executive 
functioning and learning are the cognitive defects of chil-
dren and adults with ASD, which can be enhanced by 
cognitive rehabilitation techniques [13].

Given the challenges that exist in improving the health 
status of children and adults, paying attention to emerg-
ing approaches to improve cognitive abilities seems to be 
a way forward. Cognitive rehabilitation includes a wide 
range of treatment methods that can be performed by 
different rehabilitation specialists [14]. Cognitive rehabil-
itation helps to restore normal functioning and compen-
sate for cognitive deficits in people with brain damage or 
people with cognitive impairment [15].

Virtual technology refers to the technology that intends 
to imitate a physical world. This imitation is developed 
through the simulated or digital world by constructing 
a sensory feeling. Accordingly, this technology can cre-
ate a sense of reality in people. There are three primary 
categories of virtual reality simulations, which include 
non-immersive, semi-immersive, and fully-immersive 

simulations [16]. All types of virtual technology are ben-
eficial for sciences such as telemedicine, robot develop-
ment, and computer-based rehabilitation [10]. Therefore, 
it would be safe to say that virtual reality technolo-
gies and cognitive rehabilitation are two new treatment 
approaches that promote the functions of patients in spe-
cific areas such as attention, memory, component func-
tion, and perceptual abilities. They do this by sensory 
involvement and increased visual and auditory feedback 
[17]. This technology has the potential to create scenarios 
in the field of cognitive rehabilitation that facilitate brain 
reconstruction [16]. According to our knowledge, no 
systematic review has been conducted to investigate the 
effects of virtual reality-based approaches on the cogni-
tive outcomes of people with ASD.

Objectives
The main aim of this study was to examine the effect of 
virtual reality-based technologies (non-immersive, semi-
immersive, and fully-immersive simulation) on the cog-
nitive disorders of people with ASD (children and adults). 
The specific aims of this review included:

A) Providing an overview of published papers and their 
critical characteristics,

B) Summarizing and excavating the selected citations,
C) Investigating the effects of virtual reality-based tech-

nologies on improving the cognitive functions of children 
and adults with ASD.

Research methodology
This systematic review was conducted based on the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyzes (PRISMA) method [18].

Design
In this systematic review, a comprehensive and system-
atic search was performed in scientific papers published 
until April 09, 2021. A search with no time limitation was 
carried out in four scientific databases, including Medline 
(through PubMed), ISI Web of Science, Scopus, and IEEE 
Xplore. These databases were selected because of their 
qualitative and health research coverage. A set of key-
words such as Emtree and Mesh related to virtual reality, 
cognition, cognitive rehabilitation and autism were used 
in the search strategy. The detail of search strategy for 
each database is presented in Table 1.

Inclusion and exclusion criteria
The selected academic papers were screened based on 
exclusion and inclusion criteria that are displayed in 
Fig. 1.
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Table 1 Search strategy for each database

Database Search strategy

PubMed (“Virtual reality “[Mesh] OR “virtual immersive technology” OR “serious game” OR “virtual training” OR “virtual environment” OR “Virtual 
Game” OR “Virtual based game” OR “3-D game” OR “virtual train” OR "Virtual Reality Exposure Therapy"[Mesh] OR “Virtual Reality 
Immersion Therapy” OR “Virtual Reality Therapy”) AND ("Autistic Disorder"[Mesh] OR "Autism Spectrum Disorder"[Mesh] OR “Autism” 
OR “ Autistic child” OR “Autistic children” OR “Autistic disorder” OR “Autistic spectrum disorder” OR “Child development disorders” OR 
“Classical autism” OR “Early infantile autism” OR “Infantile autism” OR " Kanner syndrome" OR "Pervasive developmental disorder" OR 
"Typical autism" OR "Kanners Syndrome" OR "Kanner’s Syndrome") AND ("Cognition" OR "Cognition Therapy" OR "Cognitive Dys-
function" OR "Cognitive Decline" OR "Cognitive Impairment" OR "cognitive task" OR "cognitive thinking" OR "cognitive rehabilita-
tion" OR "Cognitive function" OR “attention” OR “executive function” OR “confusion” OR “imagination” OR “learning” OR “memory” OR 
“orientation” OR “thinking” OR “numerical cognition” OR “fantasy” OR “intuition” OR “perception” OR “cognitive reserve”)
Results = 109

Web of Science TS = (“Virtual reality” OR “virtual immersive technology” OR “serious game” OR “virtual training” OR “virtual environment” OR “Virtual 
Game” OR “Virtual based game” OR “virtual train” OR "Virtual Reality Exposure Therapy" OR “Virtual Reality Immersion Therapy” OR 
“Virtual Reality Therapy”) AND TS = ("Autistic Disorder" OR "Autism Spectrum Disorder" OR “Autism” OR “Autistic child” OR “Autistic 
children” OR “Autistic disorder” OR “Autistic spectrum disorder” OR “Child development disorders” OR “Classical autism” OR “Early 
infantile autism” OR “Infantile autism” OR " Kanner syndrome" OR "Pervasive developmental disorder" OR "Typical autism" OR "Kan-
ners Syndrome") AND TS = ("Cognition" OR "Cognition Therapy" OR "Cognitive Dysfunction" OR "Cognitive Decline" OR "Cognitive 
Impairment" OR "cognitive task" OR "cognitive thinking" OR "cognitive rehabilitation" OR "Cognitive function" OR “attention” OR 
“executive function” OR “confusion” OR “imagination” OR “learning” OR “memory” OR “orientation” OR “thinking” OR “numerical cogni-
tion” OR “fantasy” OR “intuition” OR “perception” OR “cognitive reserve”)
Results: 232

Scopus (“Virtual reality” OR “virtual immersive technology” OR “serious game” OR “virtual training” OR “virtual environment” OR “Virtual Game” 
OR “Virtual based game” OR “virtual train” OR "Virtual Reality Exposure Therapy" OR “Virtual Reality Immersion Therapy” OR “Virtual 
Reality Therapy”) AND ("Autistic Disorder" OR "Autism Spectrum Disorder" OR “Autism” OR “Autistic child” OR “Autistic children” OR 
“Autistic disorder” OR “Autistic spectrum disorder” OR “Child development disorders” OR “Classical autism” OR “Early infantile autism” 
OR “Infantile autism” OR "Kanner syndrome" OR "Pervasive developmental disorder" OR "Typical autism" OR "Kanners Syndrome") 
AND ("Cognition" OR "Cognition Therapy" OR "Cognitive Dysfunction" OR "Cognitive Decline" OR "Cognitive Impairment" OR 
"cognitive task" OR "cognitive thinking" OR "cognitive rehabilitation" OR "Cognitive function" OR “attention” OR “executive function” 
OR “confusion” OR “imagination” OR “learning” OR “memory” OR “orientation” OR “thinking” OR “numerical cognition” OR “fantasy” OR 
“intuition” OR “perception” OR “cognitive reserve”)
Results = 593

IEEE Xplore library ((“Virtual reality” OR “Virtual Game” OR “Virtual Reality Immersion Therapy” OR “Virtual Reality Therapy”) AND ("Autistic Disorder" OR 
"Autism Spectrum Disorder" OR “Autism”) AND ("Cognition" OR "Cognition Therapy" OR "Cognitive Dysfunction" OR "Cognitive 
Decline" OR "Cognitive Impairment"))
Results = 20

Inclusion criteria: 
- Original articles and proceedings which 
had used virtual reality technology were 
included.
- Targeted disorder is ASD.
- Virtual reality approaches were used for 
cognitive remedies, rehabilitation, and 
improvement. 
- Language of papers was English.
- Papers about cognitive aspects. 
- Papers with effectiveness reports.
- The target population is children and 
adults. 
- All types of virtual reality technologies 
are included (desktop or mobile devices).

Exclusion Criteria:
- Any publication other than journal 
articles and proceedings (review papers, 
letters, etc.).
- The articles without available full-text 
English language were excluded.
- The articles about only assessment or 
diagnosis were excluded. 
- Papers about social skills and 
psychosocial treatments were excluded
- Papers without effectiveness reports 
were excluded.

Fig. 1 Exclusion and inclusion criteria used to select eligible articles
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Literature refinement
The scientific search resulted in the extraction of 688 
papers after removal of duplicates. All abstracts and 
titles were evaluated based on the research questions 
and objectives to select relevant articles. Title and 
abstract screening led to the exclusion of 667 articles. 
In the first examination, 21 articles seemed relevant, 
and their full text was examined and reviewed. After 
examining the full text of these articles and applying 
the inclusion and exclusion criteria, 17 articles were 
included in this systematic review. Critical items in 
each article were entered into a spreadsheet in Excel. 
Two authors (SR and LS) independently extracted the 
study characteristics for each paper. This information 
was re-examined again by LS to reach an agreement. 
Screening and selecting procedures are presented in 
Fig. 2, based on the PRISMA method.

Data analysis and synthesis
In this study, articles that investigated the effects of using 
virtual reality-based approaches on cognitive indexes 
(without proving statistical tests or with statistical argu-
ments) were selected. The studies included in this review 
are classified into two main study types: (1) Investigating 
the effects of using virtual reality-based systems by per-
forming statistical tests, and (2) Investigating the effects 
of using virtual reality-based systems without complex 
statistical calculations (measuring the effectiveness by 
calculating central or dispersion indexes such as mean 
and standard deviation). Therefore, due to the heteroge-
neity of the studies in terms of methodology, statistical 
analyses and outcomes, meta-analysis was not possible in 
this study, so a narrative synthesis was used to describe 
and compare the paper’s results. To conduct synthesis, 
the included papers were categorized based on various 
characteristics, such as bibliographic information, sample 

Records after duplicates removed 
(n = 688)

Records excluded in abstract 
screening
(n = 667)

Records screened based 
on titles and abstracts 

(n =688)

Records identified through 
database searching: (n = 954)
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WOS= 232, IEEE Xplore=20

Full-text articles excluded, with 
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(n = 4)
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Fig. 2 Flow diagram of the literature search and selection of articles
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size and description, experimental interventions, study 
design, cognitive outcomes, assessment times, scores, 
and effectiveness of applied systems. Similar to a system-
atic review conducted by Farzandipour et  al. [19], the 
effect of virtual reality-based interventions was classi-
fied as being significantly positive, positive without sta-
tistical argument, and having no effect (not statistically 
significant).

Quality assessment of the selected studies
The quality of screened papers was assessed by the 
Effective Public Health Practice Project (EPHPP) qual-
ity assessment tool [20, 21]. The EPHPP is a proper tool 
for evaluating diverse study designs such as Randomized 
Clinical Trials (RCTs), Non-Randomized Clinical Tri-
als (Non-RCTs), Observational Studies With Controls 
(OWCs), and observational studies without controls [22]. 
The EPHPP includes domains for assessing internal and 
external evidence validity in studies or model validity 
assessment in RCTs or Non-RCTs. This tool comprises 
six sections, including selection bias, study design, con-
founding variables, blinding, data collection methods, 
and withdrawals and dropout. Each criterion is graded 
as strong, moderate, or weak, and then the overall qual-
ity score (global ratings) is measured for each study. 
Studies with two or more weak ratings are given a global 
rating of weak, studies with one weak rating are given a 
global rating of moderate, and studies with no weak rat-
ing are given a global rating of strong. Two researchers 
(SR and LS) independently scored each study, and disa-
greements were resolved through discussions among the 
researchers.

Research results
Results of literature search
A total of 954 papers were extracted from the primary 
searches in scientific databases, and after removal of 
duplicates, 688 papers remained for further assessment. 
Finally, only 17 articles that met the inclusion criteria 
were entered the review.

Characteristics of the selected studies
The key characteristics of selected studies are summa-
rized in Table 2. Most of the selected studies 35% (6/17) 
had been conducted in the USA. The distribution of 
papers based on countries is presented in Fig. 3. Screened 
papers had been published between 2007 and 2021. Five 
studies had been conducted in 2019. A total of 226 autis-
tic patients had participated in all 17 studies. The sample 
size in the selected studies ranged from 1 to 56 partici-
pants (Median: 8, Q1: 3.5, Q3: 15.5). The majority of par-
ticipants in the selected papers were male (85.05%), and 
their mean age ranged from 6 to 44  years. The number 

of intervention sessions ranged from 1 to 24 sessions, 
with the time of each session being varied (minutes). A 
description of experimental interventions for each arti-
cle is reported in Table 2. Meanwhile, four studies were 
observational with a control group (case–control), ten 
were observational without a control group (pre-post 
interventions), and three were RCTs.

Quality assessment of the included papers
The quality of screened studies is presented in Fig.  4. 
Based on the analysis, most studies were strong in terms 
of drop-outs (64.70%) and data collection (52.94%), mod-
erate in terms of study selection (82.35%), and confound-
ing variables (58.82%), and weak in terms of blinding 
(70.58%). According to global rating scores, 29.41% of the 
studies were weak, 47.05% were moderate, and 23.52% 
were strong in terms of quality. Details of quality assess-
ment are presented in Appendix 1, Table 4.

Experimental interventions
The virtual reality training programs and environments 
were the main interventions in the selected studies. In 
two studies (a case–control study and a pre-test/post-
test study) virtual reality-based systems were used to 
teach financial, cleaning, vocational, and shelving skills. 
Patients in these studies received five sessions of vir-
tual reality-based training that took about 10–15  min 
each [26, 39]. Moreover, in two case–control studies, 
supermarket shopping training systems were developed 
through virtual reality environment. In these studies, 
executive functioning like teaching how to conduct shop-
ping was taught, and in other study, patients received 
seven and eight sessions of cognitive rehabilitation [25, 
27]. Additionally, in one case–control and two pre-
test/post-test studies, virtual environments (VEs) were 
designed for teaching street-crossing skills. In some stud-
ies, patients received five or ten rehabilitation sessions 
[36, 37]. In two RCTs, virtual reality driving simulators 
were developed. In these trials, the targeted cognitive 
outcome was rehabilitating executive functioning like 
improving driving skills in real and immersive environ-
ments [28, 29]. In another RCT, how to escape and sur-
vive a fire were trained in virtual environment, so that 
participants received 20 sessions of training that took 
about 30 min each [35]. Furthermore, in one case–con-
trol and two pre-test/post-test study, attention and 
visual-spatial exploration were rehabilitated by virtual 
training programs, and the number of training sessions 
received by patients was different [23, 31, 38]. In four pre-
test/post-test studies, contextual processing of objects, 
memory, various executive functions and meaningful 
academic activities were rehabilitated and improved, 
respectively [24, 30, 32, 34].
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Effects of interventions on outcomes
The results of each paper are presented in Table 3. Each 
study targeted different cognitive indexes. Cognitive 
rehabilitation refers to a wide range of evidence-based 
interventions designed to improve cognitive function-
ing, restore normal functioning and compensate for cog-
nitive deficits in brain-damaged or cognitively impaired 
individuals. Therefore, cognitive rehabilitation is used 
to improve individuals’ psychological, social, mental, 
and functional cognition. In our selected studies, cog-
nitive indexes such as attention, executive functioning, 
and memory had been improved. Eleven studies had 
examined executive functioning or daily skills by using 
various assessment tools. In three studies, attention had 
been assessed at baseline and post-intervention time, 
and in three studies, memory, academic activities, and 
contextual processing of objects had been improved and 
assessed by different assessment tools. Table  3 presents 
a summary of used systems’ effectiveness (1. positive 
and statistically significant, 2. positive without statistical 
argument, 3. no effect (not statistically significant). The 
frequency distribution of studies by cognitive outcomes 
is also provided. As seen in Table 3, nine studies reported 

statistically significant improvement in cognitive out-
comes, and seven studies did not report any statistical 
test for improvement assessment, but they provided posi-
tive arguments along with measuring the effectiveness by 
calculating dispersion or central indicators. In only one 
study, there were no statistical or non-statistical improve-
ments in cognitive indexes.

Research discussion
The main objective of this review was to analyze and 
identify the studies conducted on the use of virtual tech-
nologies in the cognitive rehabilitation of autistic chil-
dren and adults. To do this, we selected 17 studies based 
on our inclusion and exclusion criteria. The article’s 
principal aim was to examine the virtual reality-based 
technologies that can improve cognitive indexes such as 
executive functioning, attention, memory, learning, and 
daily skills. In this regard, it should be mentioned that 
the most popular immersion technology was virtual real-
ity which had relatively positive effects on the cognitive 
outcomes of autistic persons. The results showed that 
in most of the selected studies, males were more likely 
to participate in the study. According to Table  2, the 

Fig. 3 The distribution of articles based on country
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majority of participants in reviewed citations were male 
(85.05%). Various studies, along with anecdotal evidence, 
suggest that the ratio of autistic men to women ranges 
from 2:1 to 16:1; therefore, ASD is more than four times 
more common among males than females. In this regard, 
the most up-to-date estimate is 3:1 [40].

The reason for this phenomenon is unknown, but it is 
logical to conclude that it has something to do with the 
male–female gender differences. Some others believe 
that autism and attention disorder affect girls differently 
than boys, as girls may show less restricted interests, 
repetitive behaviors, and cognitive defects than boys [41]. 
The estimations made all over the world indicate that the 
prevalence of ASD in boys is higher than in girls. Also, 
according to our research, 35% of the studies used in this 
review were conducted in the United States, which could 
indicate a high prevalence of autism in this country. In 
2020, it was estimated that around 222 per 10,000 chil-
dren in the United States had autism spectrum disorder, 
one of the highest prevalence rates in the world [42].

Following the increase in the number of children and 
adolescents with ASD, the United States tried to design 
the most advanced technologies to solve this prob-
lem. The American Autism Association tries to make 
as many opportunities as possible for individuals and 

families affected by autism. Given that the United States 
is a developed country, it is expected that it would design 
innovative technologies such as virtual reality for peo-
ple with autism [40]. These technologies, which have 
been designed and used in various studies, have shown 
that they can significantly affect the cognitive function 
of patients. Thus, the combination of immersive virtual 
technologies and cognitive problems has led researchers 
in countries such as the United States to develop virtual 
reality-based systems for the cognitive rehabilitation of 
people with autism.

Based on our results, 16 studies had shown positive 
effects of virtual reality-based systems on the cognitive 
functions of autistic people. Among these studies, nine 
showed a significant and statistical effect of interven-
tions on the cognitive indexes of people with autism. 
Other studies showed that systems that do not require 
the use of heavy tools to annoy autistic patients could 
have a positive effect on their cognition [23, 30–32]. The 
use of comfortable devices (such as glasses or physiologi-
cal sensors) in designed technologies encourages autistic 
patients to use and easily tolerate them during treatment 
sessions. One of the most critical limitations reported by 
the selected studies was the intolerance of virtual real-
ity glasses by children with autism. However, choosing 

Table 3 A summary of the employed systems’ effectiveness by cognitive outcomes

Effectiveness: (1. statistically significantly positive, 2. positive 
without statistical argument, 3.not effective (not statistically 
significant))

Column Labels

Row Labels No effect (Not 
statistically 
significant)

Positive without 
statistical 
argument

Statistically 
significant 
positive

Grand Total

Attention 1 1 2

Attention and visual-spatial exploration 1 1

Contextual processing of objects 1 1

Executive function: teach driving task 1 1 2

Executive function: teach how to escape the fire and survive 1 1

Executive function: teach money skills 1 1

Executive function: teach money skills, cleaning, vocational training, 
shelving

1 1

Executive function: teach shopping task form a supermarket 2 2

Executive function: teach street-crossing skills 1 2 3

Executive functions 1 1

Learning meaningful academic activities 1 1

Memory 1 1

Total 1 7 9 17
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children with the right age range and higher Intelligence 
Quotient (IQ) was one of the solutions used to deal 
with this limitation. In addition, the cost of designing 
and manufacturing immersive technologies was one of 
the most important issues for researchers to be able to 
build the system in the best possible way. Providing such 
expensive systems for all mental health centers is also 
impossible.

The most critical limitations reported by the research-
ers included the small sample size, the need to design 
randomized clinical trials or interventional studies, the 
need to use long-term training program, and short fol-
low-up time [33, 43–45]. In addition, to accurately iden-
tify the impact of designed systems, they must be used 
in a therapeutic environment. Accurate identification of 
cognitive problems in people with ASD is an important 
step that must be taken before designing and applying 
emerging technologies such as virtual reality in the real 
environment. According to the recommendations pre-
sented in the selected papers, needs assessment and iden-
tification of system requirements in the pre-development 
and implementation stages are considered key factors 
[17, 46, 47].

According to the results of the evaluation obtained 
from the "Effective Public Health Project (EP HPP)" 
checklist, the blinding approach was weak in most stud-
ies (12 studies) and moderate in five studies. Participants 
(in different age ranges) in the selected studies had been 
subjected to cognitive rehabilitation by virtual reality 
technology. These individuals were generally aware of the 
type of intervention, and it was impossible to blind the 
participant from the research question. Also, since some 
participants were children, their parents had to provide 
informed consent. On the other hand, the rehabilitation 
team was aware of the type of intervention to guide the 
participants on how to use the technology, so blinding 
them was impossible. Only in a limited number of stud-
ies, the outcome assessor or analyst was unaware of the 
research question or intervention status, but in others, 
the outcome assessor(s) was aware of participants’ inter-
vention status. In 11 of the reviewed studies, drop-outs 
reporting was rated strong, and six citations rated it as 
moderate. In these studies, withdrawals and drop-outs 

mostly reported in terms of numbers and/or reasons per 
group, and the percentage of participants completing 
the study were indicated. Also, in nine studies, the data 
collection method was rated strong, and in seven, it was 
rated moderate. In most studies, the data collection tools 
were shown to be valid and reliable.

Limitations and strengths of this study
This study had several strengths. One of the strengths 
of this study was its search that was carried out in valid 
databases, including Medline (through PubMed), Scopus, 
ISI Web of Science, and IEEE Xplore. This comprehen-
sive scientific search enabled us to cover almost all papers 
published in this field. Meanwhile, we also did not impose 
any time limit on the search strategy. Two authors inde-
pendently extracted data and assessed the quality of stud-
ies. A valid and comprehensive tool was used to assess 
the quality of selected studies.

We have also encountered some limitations in this 
study. The difficulty of comparing studies due to the het-
erogeneity of the results, and the exclusion of published 
studies other than English language ones were among the 
limitations and challenges of this study.

Conclusion
This systematic review revealed the importance of using 
different virtual reality-based approaches to improve 
the cognitive indexes of people with ASD. By applying 
a systematic approach, the authors provided an exhaus-
tive overview of the use of virtual technologies that could 
rehabilitate cognitive indexes such as executive func-
tioning, attention, memory, and daily skills. This survey 
showed that virtual reality-based approaches have the 
potential to improve the cognitive indexes of people with 
ASD. Meanwhile, the results of this study can encour-
age researchers to use the new immersive approaches to 
rehabilitate defects in autistic people. However, further 
studies are needed to investigate the real effects of these 
technologies and their effectiveness in the long run.

Appendix
See Table 4.



Page 21 of 22Shahmoradi and Rezayi  Journal of NeuroEngineering and Rehabilitation           (2022) 19:91  

Acknowledgements
This study was part of the corresponding author’s Ph.D. dissertation, which 
was supported by Tehran University of Medical Sciences, (Ethics approval 
number: IR.TUMS.SPH.REC.1400.192).

Author contributions
Authors LS/SR wrote the first draft of the manuscript. Authors LS/SR per-
formed data collection, analysis and extract main characteristics. All authors 
(SR/LS) reviewed, provided critical feedback. Both authors read and approved 
the final manuscript.

Funding
In this paper, we didn’t have any financial sponsors.

Availability of data and materials
All data generated or analyzed during this study are included in this published 
article.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that there is no conflict of interest regarding the publica-
tion of this article.

Received: 23 May 2021   Accepted: 12 August 2022

References
 1. Leaf JB, Cihon JH, Ferguson JL, Milne CM, Leaf R, McEachin J. Advances 

in our understanding of behavioral intervention: 1980 to 2020 for indi-
viduals diagnosed with autism spectrum disorder. J Autism Dev Disord. 
2020;51(12):4395–410.

 2. Alcaniz M, Chicchi Giglioli IA, Sirera M, Minissi E, Abad L. Autism spectrum 
disorder biomarkers based on biosignals, virtual reality and artificial intel-
ligence. Medicina. 2020;80(Suppl 2):31–6.

 3. Modi ME, Sahin M. Tau: a novel entry point for mTOR-based treatments in 
autism spectrum disorder? Neuron. 2020;106(3):359–61.

 4. Anderson-Hanley C, Tureck K, Schneiderman RL. Autism and exergaming: 
effects on repetitive behaviors and cognition. Psychol Res Behav Manag. 
2011;4:129–37.

 5. van den Bergh SF, Scheeren AM, Begeer S, Koot HM, Geurts HM. Age-
related differences of executive functioning problems in everyday life of 
children and adolescents in the autism spectrum. J Autism Dev Disord. 
2014;44(8):1959–71.

 6. Tschida JE, Yerys BE. A systematic review of the positive valence system in 
autism spectrum disorder. Neuropsychol Rev. 2021;31(1):58–88.

 7. Åsberg Johnels J, Fernell E, Kjellmer L, Gillberg C, Norrelgen F. Language/
cognitive predictors of literacy skills in 12-year-old children on the autism 
spectrum. Logopedics Phoniatrics Vocol. 2021. https:// doi. org/ 10. 1080/ 
14015 439. 2021. 18848 97.

 8. Salgueiro E, Nunes L, Barros A, Maroco J, Salgueiro AI, dos Santos ME. 
Effects of a dolphin interaction program on children with autism spec-
trum disorders–an exploratory research. BMC Res Notes. 2012;5(1):199.

 9. Nadeau SE. Neural population dynamics and cognitive function. Front 
Hum Neurosci. 2020;14:50.

 10. Altschul DM, Deary IJ. Playing analog games is associated with reduced 
declines in cognitive function: a 68-year longitudinal cohort study. J 
Gerontol Ser B. 2020;75(3):474–82.

 11. Chia NKH, Cai Y, Kee NKN, Thalmann N, Yang B, Zheng J, et al. Learning 
activity system design for autistic children using virtual pink dolphins. 3D 
Immersive and Interactive Learning. 2014. p. 105–21.

 12. Parsons S. Learning to work together: designing a multi-user virtual real-
ity game for social collaboration and perspective-taking for children with 
autism. Int J Child Comput Interact. 2015;6:28–38.

 13. Wang M, Reid D. Using the virtual reality-cognitive rehabilitation 
approach to improve contextual processing in children with autism. 
TheScientificWorldJOURNAL. 2013;2013: 716890.

 14. Rabanea-Souza T, Cirigola SM, Noto C, Gomes JS, Azevedo CC, Gadelha A, 
et al. Evaluation of the efficacy of transcranial direct current stimulation 
in the treatment of cognitive symptomatology in the early stages of 
psychosis: study protocol for a double-blind randomized controlled trial. 
Trials. 2019;20(1):199.

Table 4 Quality of the included studies

Study Selection bias Study design Confounders Blinding Data collection Drop-outs Global rating

[26] Weak Moderate Weak Weak Strong Strong Weak

[27] Moderate Moderate Moderate Weak Strong Strong Moderate

[28] Strong Strong Moderate Weak Strong Strong Moderate

[29] Strong Strong Strong Moderate Strong Strong Strong

[30] Moderate Moderate Moderate Weak Moderate Strong Moderate

[36] Strong Strong Moderate Moderate Strong Strong Strong

[31] Moderate Moderate Moderate Weak Strong Strong Strong

[33] Moderate Moderate Moderate Weak Moderate Moderate Moderate

[34] Moderate Moderate Weak Weak Weak Moderate Weak

[35] Moderate Moderate Weak Weak Moderate Moderate Weak

[37] Moderate Moderate Moderate Weak Strong Strong Moderate

[23] Weak Moderate Moderate Weak Strong Moderate Weak

[24] Moderate Moderate Weak Moderate Moderate Moderate Moderate

[25] Moderate Moderate Moderate Weak Moderate Strong Moderate

[32] Weak Moderate Weak Moderate Moderate Moderate Moderate

[38] Moderate Moderate Moderate Moderate Strong Strong Strong

[39] Moderate Moderate Weak Weak Moderate Strong Weak

https://doi.org/10.1080/14015439.2021.1884897
https://doi.org/10.1080/14015439.2021.1884897


Page 22 of 22Shahmoradi and Rezayi  Journal of NeuroEngineering and Rehabilitation           (2022) 19:91 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 15. Sun IYI, Varanda CA, Fernandes FD. Stimulation of executive functions 
as part of the language intervention process in children with autism 
spectrum disorder. Folia Phoniatr Logop. 2017;69(1–2):78–83.

 16. Zhao J, Lin L, Sun J, Liao Y. Using the summarizing strategy to engage 
learners: empirical evidence in an immersive virtual reality environment. 
Asia-Pac Educ Res. 2020;29:1–10.

 17. Zhang Q, Fu Y, Lu Y, Zhang Y, Huang Q, Yang Y, et al. Impact of virtual 
reality-based therapies on cognition and mental health of stroke patients: 
systematic review and meta-analysis. J Med Internet Res. 2021;23(11): 
e31007.

 18. Zhang X, Tan R, Lam WC, Yao L, Wang X, Cheng CW, et al. PRISMA 
(preferred reporting items for systematic reviews and meta-analyses) 
extension for Chinese herbal medicines 2020 (PRISMA-CHM 2020). Am J 
Chin Med. 2020;48(06):1279–313.

 19. Farzandipour M, Nabovati E, Sharif R, Arani MH, Anvari S. Patient self-man-
agement of asthma using mobile health applications: a systematic review 
of the functionalities and effects. Appl Clin Inform. 2017;8(04):1068–81.

 20. Thomas B, Ciliska D, Dobbins M, Micucci S. Quality assessment tool 
for quantitative studies dictionary: the Effective Public Health Practice 
Project (EPHPP). McMaster University. 2008.

 21. Armijo-Olivo S, Stiles CR, Hagen NA, Biondo PD, Cummings GG. Assess-
ment of study quality for systematic reviews: a comparison of the 
Cochrane Collaboration Risk of Bias Tool and the Effective Public Health 
Practice Project Quality Assessment Tool: methodological research. J Eval 
Clin Pract. 2012;18(1):12–8.

 22. Ciliska D, Miccouci S, Dobbins M. Effective public health practice project. 
quality assessment tool for quantitative studies. Hamilton, On: Effective 
Public Health Practice Project. 1998.

 23. De Luca R, Leonardi S, Portaro S, Le Cause M, De Domenico C, Colucci PV, 
et al. Innovative use of virtual reality in autism spectrum disorder: a case-
study. Appl Neuropsychol Child. 2021;10(1):90–100.

 24. Wang M, Reid D. Using the virtual reality-cognitive rehabilitation 
approach to improve contextual processing in children with autism. 
Scientific World J. 2013;2013:716890.

 25. Lamash L, Klinger E, Josman N, editors. Using a virtual supermarket to 
promote independent functioning among adolescents with Autism 
Spectrum Disorder. International Conference on Virtual Rehabilitation, 
ICVR; 2017.

 26. Adjorlu A, Serafin S. Head-Mounted Display-Based Virtual Reality as 
a Tool to Teach Money Skills to Adolescents Diagnosed with Autism 
Spectrum Disorder. Lecture Notes of the Institute for Computer Sciences, 
Social-Informatics and Telecommunications Engineering, LNICST2019. p. 
450–61.

 27. Adjorlu A, Hoeg ER, Mangano L, Serafin S, editors. Daily Living Skills Train-
ing in Virtual Reality to Help Children with Autism Spectrum Disorder in 
a Real Shopping Scenario. Adjunct Proceedings of the 2017 IEEE Inter-
national Symposium on Mixed and Augmented Reality, ISMAR-Adjunct 
2017; 2017.

 28. Bian D, Wade J, Swanson A, Weitlauf A, Warren Z, Sarkar N. Design of a 
physiology-based adaptive virtual reality driving platform for individuals 
with ASD. ACM Trans Access Comput. 2019;12(1):1–24.

 29. Cox DJ, Brown T, Ross V, Moncrief M, Schmitt R, Gaffney G, et al. Can youth 
with autism spectrum disorder use virtual reality driving simulation train-
ing to evaluate and improve driving performance? An exploratory study. 
J Autism Dev Disord. 2017;47(8):2544–55.

 30. Peisley M, Foster TM, Sargisson RJ. Reinforcing the prospective remem-
bering of children with autism spectrum disorder. J Appl Behav Anal. 
2020;53(1):121–33.

 31. Austin DW, Abbott JAM, Carbis C. The use of virtual reality hypnosis with 
two cases of autism spectrum disorder: a feasibility study. Contemp 
Hypn. 2008;25(2):102–9.

 32. Herrera G, Alcantud F, Jordan R, Blanquer A, Labajo G, De Pablo C. 
Development of symbolic play through the use of virtual reality tools 
in children with autistic spectrum disorders: two case studies. Autism. 
2008;12(2):143–57.

 33. Josman N, Tamar Weiss N, Ben-Chaim HM, Friedrich S. Effectiveness of vir-
tual reality for teaching street-crossing skills to children and adolescents 
with autism. Int J Disabil Hum Dev. 2008;7(1):49–56.

 34. Weilun L, Elara MR, Garcia EMA, editors. Virtual game approach for 
rehabilitation in autistic children. 2011 8th International Conference on 
Information, Communications & Signal Processing; 2011: IEEE.

 35. Self T, Scudder RR, Weheba G, Crumrine D. A virtual approach to teaching 
safety skills to children with autism spectrum disorder. Top Lang Disord. 
2007;27(3):242–53.

 36. Saiano M, Pellegrino L, Casadio M, Summa S, Garbarino E, Rossi V, et al. 
Natural interfaces and virtual environments for the acquisition of street 
crossing and path following skills in adults with Autism Spectrum Disor-
ders: a feasibility study. J Neuroeng Rehabil. 2015;12:17.

 37. Dixon DR, Miyake CJ, Nohelty K, Novack MN, Granpeesheh D. Evaluation 
of an immersive virtual reality safety training used to teach pedestrian 
skills to children with autism spectrum disorder. Behav Anal Pract. 
2019;13:1–10.

 38. Wade J, Weitlauf A, Broderick N, Swanson A, Zhang L, Bian D, et al. A 
pilot study assessing performance and visual attention of teenagers 
with ASD in a novel adaptive driving simulator. J Autism Dev Disord. 
2017;47(11):3405–17.

 39. Bozgeyikli L, Bozgeyikli E, Raij A, Alqasemi R, Katkoori S, Dubey R, editors. 
Vocational training with immersive virtual reality for individuals with 
autism: towards better design practices. 2016 IEEE 2nd Workshop on 
Everyday Virtual Reality (WEVR); 2016: IEEE.

 40. Coury DL, Murray DS, Fedele A, Hess T, Kelly A, Kuhlthau KA. The autism 
treatment network: bringing best practices to all children with autism. 
Pediatrics. 2020;145(Supplement 1):S13–9.

 41. Wellman BS, Hepburn KS, Mostofsky CP. The impact of autism on child 
development; a case study of children within Illinois State, USA. J Med 
Nurs Public Health. 2020;3(1):1–7.

 42. Kiseleva M, Yagovkina L, Ovsyannikova A, Baranov S, editors. Statistical 
Analysis of the Prevalence of Persons with Autism in Modern Society. 
Ecological-Socio-Economic Systems: Models of Competition and Coop-
eration (ESES 2019); 2020: Atlantis Press.

 43. Rapela J, Lin T, Westerfield M, Jung T, Townsend J, editors. Assisting 
autistic children with wireless EOG technology. 2012 Annual International 
Conference of the IEEE Engineering in Medicine and Biology Society; 
2012 28 Aug.-1 Sept. 2012.

 44. Kuriakose S, Lahiri U. Design of a physiology-sensitive VR-based social 
communication platform for children with autism. IEEE Trans Neural Syst 
Rehabil Eng. 2017;25(8):1180–91.

 45. Lahiri U, Warren Z, Sarkar N. Design of a gaze-sensitive virtual social 
interactive system for children with autism. IEEE Trans Neural Syst Rehabil 
Eng. 2011;19(4):443–52.

 46. Lan YJ. Immersion, interaction, and experience-oriented learning: Bring-
ing virtual reality into FL learning. Lang Learn Technol. 2020;24(1):1–15.

 47. Banire B, Al Thani D, Qaraqe M, Mansoor B, Makki M. Impact of main-
stream classroom setting on attention of children with autism spectrum 
disorder: an eye-tracking study. Univers Access Inf Soc. 2020;20(4):785–95.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Cognitive rehabilitation in people with autism spectrum disorder: a systematic review of emerging virtual reality-based approaches
	Abstract 
	Introduction: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Objectives

	Research methodology
	Design
	Inclusion and exclusion criteria
	Literature refinement
	Data analysis and synthesis
	Quality assessment of the selected studies

	Research results
	Results of literature search
	Characteristics of the selected studies
	Quality assessment of the included papers
	Experimental interventions
	Effects of interventions on outcomes

	Research discussion
	Limitations and strengths of this study

	Conclusion
	Acknowledgements
	References


