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Abstract 

Introduction: Children with Autism Spectrum Disorder (ASD) have different cognitive and intelligence profiles than 
typical developing individuals. Some of these children need cognitive rehabilitation. This study’s main purpose is to 
provide a systematic review about applying computerized cognitive games for autistic children and to determine the 
effectiveness of such interventions.

Material and methods: A thorough search of the ISI Web of Science, Medline (through PubMed), Scopus, IEEE 
Xplore, and APA PsycInfo databases was performed for articles published from inception to May 17, 2022.

Results: Of 1746 papers, 28 studies were found to be eligible in this systematic review. Fifteen studies (53.57%) 
compared a Control Group (CG) with Experimental Groups (EGs), while 13 papers (46.42%) evaluated only the impact 
of the applied intervention in an experimental group. Major domains of cognitive functions are divided into five main 
categories: 1. Executive functions, 2. Social cognition/emotions, 3. Attention/concentration, 4. Learning and memory, 
and 5. Language. In 42.85% (12 studies) of the screened papers, social cognition and emotions were assessed after 
cognitive rehabilitation. The highest rate of effects reported by studies were related to social cognition enhancement. 
Of the total number of included studies, 17 studies reported a positive effect at all scales, of which nine were quasi‑
experimental, and seven were fully experimental.

Conclusion: Using suitable computerized game‑based solutions could enhance cognition indexes in autistic chil‑
dren. Hence, further investigation is needed to determine the real effectiveness of these novel technologies.
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Introduction
Autism Spectrum Disorder (ASD) is a lifelong neurodevel-
opmental condition distinguished by abnormalities in com-
munication, language, typical cognitive components, fun 
activities/play, reciprocal social interaction, restricted and 
repetitive behaviors [1]. According to the Diagnostic and 
Statistical Manual of Mental Disorders (DSM-5), ASD is a 
group of changes that emerge between 12 and 14 months 
of age [2]. Studies show that the prevalence of ASD has 
increased in recent years. The Centers for Disease Control 
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and Prevention (CDC) reported in 2022 that approximately 
1 in 44 children in the United States is diagnosed with 
autism [3]. Autism prevalence has increased 178% since 
2000. According to 2021 statistics, 1 in 34 boys and 1 in 
144 girls are identified with autism, and boys are four times 
more likely to be diagnosed with autism than girls [4].

Researchers have explored the cognitive profiles of 
autistic individuals for decades [5]. Children with ASD 
have different cognitive and intelligence profiles than 
typical developing individuals [6]. Research findings 
demonstrate a high rate of uneven cognitive develop-
ment in children with ASD [7]; some support distinct 
cognitive profiles in ASD and may provide further evi-
dence for distinct etiological mechanisms [8]. Further-
more, several studies have suggested that children with 
ASD have delayed cognitive skills [7, 9, 10]. Likewise, 
there is a study that has investigated the cognitive pro-
files of infants and toddlers on the spectrum, and there 
is an uneven and poor cognitive profile of abilities [11]. 
These children also have apparent deficits or delays in 
daily adaptive activities [6, 12]. The brains of autistic chil-
dren need to return to or reach the optimal point [13, 14]. 
Therefore, individuals with ASD have atypical cognitive 
functions, including executive dysfunction, atypical per-
ceptual, impaired social cognition and perception, and 
information processing, which is usually correlated with 
attentional deficiencies [15, 16]; it can be acknowledged 
that such deficits can be enhanced by cognitive rehabili-
tation techniques [17, 18].

According to studies and DSM-5, six major cognitive 
function domains are as follows: 1. Executive functions, 
2. Social cognition/emotions, 3. Language, 4. Attention/
concentration, 5. Visuospatial and motor function, and 
6. Learning and memory [19–21]. Each of these six main 
areas has sub-sections that are also mentioned in various 
studies. Not all researchers agree on the classification of 
cognitive functions, however, and slight differences in the 
classification exist; nonetheless, the nature of all classifica-
tions is the same. Cognitive rehabilitation includes a set of 
targeted programs that are used to restore or improve one, 
several, or all of the six beforementioned cognitive func-
tions [22]. More comprehensively, cognitive rehabilitation 
therapy focuses on restoring, strengthening, and inten-
sifying cognitive functions (six functions and their sub-
parts) that are impaired because of brain damage, stroke, 
or congenital disorder [23]. Scientifically speaking, cogni-
tive rehabilitation treatment can lead to the improvement 
of cognitive abilities in children with ASD with different 
degrees of disability [12].

Applying Information and Communication Technolo-
gies (ICTs) can compensate and encourage the treat-
ment of children with special requirements and ASD 
[24]. ICTs and novel computerized approaches make 

it possible to create controllable, predictable environ-
ments like games; they offer multisensory stimulation, 
which is ordinarily visual [25]. These technologies pro-
mote the ability for self-control and to work indepen-
dently [26]. Consequently, among the proliferation of 
computers and the Internet, applying computer games, 
both offline and online, has symbolically increased [27]. 
With the increase in the capabilities of personal comput-
ers and mobile phones, the invention of personal mobile 
systems (tablets) and the provision of computer games on 
these systems, the use of computer games has broken the 
boundaries of time and place [28]. Cognitive games are 
specifically designed to reinforce cognitive characteris-
tics; however, games that are specially utilized to evaluate 
or reinforce cognitive components focus on one or more 
cognitive components and reinforce them [29].

By using modern rehabilitation and cognitive empow-
erment methods, some of the cognitive abilities of ASD 
children are improved, such that they can move in the 
best direction in adulthood and suffer the least socio-
psychological impairment [30]. Among these emerging 
interventions, the use of game-based tools for cognitive 
rehabilitation is rapidly increasing [22]. Computer-based 
games may be effective in improving cognitive and social 
skills in children with ASD, and there is good evidence 
of their efficacy in individuals with ASD. These games 
target cognitive problems such as attention, short-term 
and long-term memory, eye-hand adaptation, execu-
tive functions, daily functions, processing, and learning. 
Computerized games can be more engaging than routine 
exercises, because they replace reward and motivation 
systems with real-world motivations as a complement 
to rehabilitation activities. People can be immersed in 
the game world, and their ability and knowledge can be 
improved without any danger [31, 32].

In recent years, reviews concerning ASD and com-
puterized-based approaches have made some contribu-
tions. Shahmoradi et al. provide a review of virtual reality 
interventions in cognitive rehabilitation of people with 
ASD [33]. A scoping review was conducted in 2022 and 
concentrated on studies utilizing virtual reality and aug-
mented reality technology in social skills interventions for 
individuals with ASD. The main difference between previ-
ous work and ours is that previous studies have focused 
on interventions based on virtual and augmented reality 
and considered only the social cognition of autistic people 
[34]. In 2017, Liu et al. performed a review of the technol-
ogy-facilitated diagnosis and treatment of ASD. This study 
differs from ours in many aspects, but the main difference 
is that their review focuses on the engineering perspec-
tive of autism studies [35]. In 2017, van Bennekom et al. 
conducted a review in which they evaluated the assess-
ment of psychiatric disorders by means of a virtual reality 
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environment; however, they did not focus on ASD [36]. A 
systematic review was published in 2022 by Shahmoradi. 
et  al. In this contribution, the authors provide an over-
view of applying serious games in attention rehabilitation 
in patients with traumatic brain injury. This review, how-
ever, focused specially on other disorders, not ASD [31]. 
Patricia Mesa-Gresa et  al. published a systematic review 
that focused mainly on the effectiveness of virtual reality 
for children and adolescents with ASD. Their study differs 
from ours mainly in that the previous researchers focused 
only on virtual reality environments and targeted a differ-
ent age range [37].

The current systematic review aimed to document 
experimental investigations on the efficacy of comput-
erized game-based cognitive interventions in children 
with autism and to evaluate their study design and 
methodology. We present considerations for experts 
and clinicians when utilizing games to remediate cog-
nitive deficits. Our contribution has another impor-
tant added value: In addition to investigating the effect 
of using computer games on the cognitive components 
of autistic children, all articles included in this system-
atic review were examined and compared from various 
aspects such as bibliometric data. Moreover, because we 
searched most databases to retrieve articles, our contri-
bution covers a wider range of publications, offering a 
very thorough review.

Objectives
This qualitative literature review outlines findings about 
computerized games in cognitive rehabilitation for chil-
dren with ASD. The leading queries and ambiguities of 
this review are as follows:

(1) Generally, how many articles investigating the 
impact of computer-based games on the cognitive 
functions of autistic children have been published 
(what is the publication trend)?

(2) What bibliometric data do these studies include 
(journal level, country, publisher, and keyword 
frequencies)?

(3) What are the major characteristics of the papers, 
i.e., the name and type of game, sample size, cog-
nitive consequences of the goal, evaluation, and 
reported limitations/challenges?

(4) How successful have computerized games been 
reported in improving the cognitive functions of 
ASD children?

Materials and methods
Information sources
The current review was performed according to the 
Preferred Reporting Items for Systematic Reviews and 

Meta‐analysis (PRISMA) statement [38]. Research pre-
senting information on cognitive interventions while 
practicing games with autistic children population was 
distinguished. To do this, a comprehensive literature 
search of Medline (through PubMed), Web of Science 
(WOS), APA PsycInfo, Scopus, and IEEE Xplore was con-
ducted for English articles published up to May 17, 2022 
(without time limitation). A combination of Medical Sub-
ject Headings (MeSH) and Emtree keywords and terms 
related to autism, cognitive disorders, game, and children 
were applied in the search strategy (Appendix Table S1).

Study selection
The selected academic papers were screened based on 
the exclusion and inclusion criteria provided bellow:

Inclusion criteria
Setting the correct research question in the determination 
criteria is notable in discovering more relevant evidence in 
the literature. Accordingly, the PICO model was selected 
for this purpose. A reliable and exhaustive question should 
comprise four parts that recognize the patient problem 
or population (P), intervention (I), comparison (C), and 
outcome(s) (O) [39]. The following PICO question was 
organized for the research determination process:

Population— Preschool Children or Children (age < 13) 
with ASD.
Intervention—Computer-based game interventions 
(to improve various complex cognitive functions, we 
have selected five main domains of cognitive func-
tions: 1. Executive functions, 2. Social cognition/emo-
tions, 3. Language, 4. Attention/concentration, and 5. 
Learning and memory).
Comparison—(versus) Non-game-based interven-
tions (children’s condition before game-based inter-
ventions, without rehabilitation: intergroup or base-
line comparisons were conducted).
Outcome—Critical outcomes reached.

Exclusion criteria

o Language other than English,
p Full abstract not available for review,
q Decentralized studies on autism disorder,
r No use of any computer games in study methodol-

ogy,
s Book chapters, reviews, dissertations, meta-analy-

ses, letters to editors, short briefs, short papers, and 
commentaries,

t Interventions without effectiveness reports,



Page 4 of 32Rezayi et al. BMC Psychiatry            (2023) 23:2 

u Articles unrelated to the main five cognitive func-
tions were removed.

Data extraction and screening
According to the high coverage of electronic databases 
such as PubMed, Web of Science, Scopus, and IEEE 
Xplore, all three authors decided to select these databases, 
and based on a comment by MT, APA PsycInfo was added. 
In searches of scientific databases (PubMed, Web of Sci-
ence, Scopus, APA PsycInfo, and IEEE Xplore) with no 
time limitations for articles, a total of 1746 papers were 
retrieved. Manual searches to ensure the inclusion of 
all related papers and reduce the possibility of bias were 
also performed using two approaches: (1) checking the 
references of related papers, and (2) utilizing the Google 
Scholar search engine. After duplicates were removed, 
1241 citations remained. Some exclusion and inclusion 
criteria were adjusted for screening-related citations in 
Sect. 2.2. Three authors (SR, LS, and MT) independently 
mined all abstracts and titles of the retrieved papers to 
include all eligible studies; LS supervised this round. Next, 
the full texts of relevant papers were screened, mined, 
and checked thoroughly by two authors (SR and LS) 
under the supervision of MT. Before data was extracted 
from the full text of the articles, an inter-author reliabil-
ity check was performed. At this stage, two authors ran-
domly selected 50% of the included articles and 20% of 
the excluded articles and checked the reliability between 
them. All of the extracted features and general information 
were re-checked for the authors to reach an agreement. 

All qualitative analyses were conducted in SPSS v20, and 
EndNote X9 and VOSviewer were applied for resource 
management.

Analysis and synthesis phase
Because of the heterogeneity of the papers in terms of 
results and statistical analyses, no meta-analysis was per-
formed. The critical characteristics of each study were 
extracted for use in narrative syntheses. The authors sum-
marized the main characteristics, and they are presented 
in Fig.  1. The effectiveness of computerized game-based 
interventions was classified as positive without statisti-
cal argument, statistically significantly positive, or no 
effect (not statistically significant). Study designs were 
categorized into two classes: true experimental design 
and quasi-experimental designs. Randomized Controlled 
Trial (RCTs) is an example of true experimental design, 
and quasi-experimental designs include two main designs: 
1) Non-randomized Controlled Clinical Trial (NCCT), a 
nonrandomly assigned control (or comparison) group, and 
2) time-series design with pre- and posttest comparisons 
(before and after clinical trial without a control group) 
[40]. Some metrics for the included studies were also ana-
lyzed, including year of publication, journal source, journal 
ranking, and the Impact Factor (IF) of all journals obtained 
from the Journal Citation Reports of 2020.

Risk of bias and quality assessment
The Effective Public Health Practice Project (EPHPP) 
quality appraisal tool was applied to assess the methodo-
logical quality of all included citations [41]. The EPHPP 
is a reliable and appropriate tool for assessing different 
study designs, such as randomized controlled trials and 

Fig. 1 The classification of reviewed articles
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non-randomized controlled trials. In this phase, three 
authors independently carried out the quality rating by 
the EPHPP scale; any disagreements were resolved by 
discussion. Each criterion was graded as strong, moder-
ate, or weak, and then the overall quality score, i.e., global 

rating, was measured for each study. Studies with two or 
more weak ratings were given a global rating of “weak,” 
studies with one weak rating were given a global rating of 
“moderate,” and studies with no weak ratings were given 
a global rating of “strong” [33].

Fig. 2 The PRISMA diagram for the records search and study selection



Page 6 of 32Rezayi et al. BMC Psychiatry            (2023) 23:2 

Ta
bl

e 
1 

Su
m

m
ar

y 
of

 in
cl

ud
ed

 c
on

tr
ib

ut
io

ns
 (n

 =
 2

8)

Co
nt

ri
bu

tio
n

Jo
ur

na
l/

Co
nf

er
en

ce
 

na
m

e

N
am

e/
Ty

pe
 o

f
ga

m
es

 u
se

d 
fo

r 
in

te
rv

en
tio

n

Pl
at

fo
rm

St
ud

y 
de

si
gn

Fi
na

l g
ro

up
 

ch
ar

ac
te

ri
st

ic
s:

 
Sa

m
pl

e 
si

ze
:

G
ro

up
s 

(S
ex

)/
A

ge

Pr
oc

ed
ur

e 
de

ta
ils

(s
es

si
on

 
nu

m
be

r, 
du

ra
tio

n 
an

d 
fr

eq
ue

nc
y)

Ta
rg

et
ed

 
co

gn
iti

ve
 

m
ea

su
re

s

A
ss

es
sm

en
t 

tim
e

Ev
al

ua
tio

n 
sc

al
es

Ev
al

ua
tio

n
Eff

ec
tiv

en
es

s
M

ai
n 

m
es

sa
ge

A
lv

ar
es

 G
A

 
et

 a
l., 

20
19

, 
A

us
tr

al
ia

 [4
2]

A
ut

is
m

 
Re

se
ar

ch
Se

rio
us

 G
am

e
A

nd
ro

id
 

pl
ay

st
or

e
Ra

nd
om

iz
ed

 
co

nt
ro

lle
d 

tr
ia

l

N
 =

 5
6

EG
: 2

8 
(2

2 
M

, 6
 F

)
CG

: 2
8 

(2
6 

M
, 2

F)
A

ge
: 5

–1
2 

yr
s

1 
se

ss
io

n,
 

15
 m

in
• S

oc
ia

l i
nt

er
ac

‑
tio

n 
sk

ill
s

Ba
se

lin
e 

an
d 

po
st

 in
te

r‑
ve

nt
io

n

• S
RS

‑2
,

•M
SE

L
• W

IS
C

‑IV

Pa
irw

is
e 

co
m

‑
pa

ris
on

s 
co

nfi
rm

ed
 

in
cr

ea
se

d 
pr

op
or

‑
tio

n 
of

 s
oc

ia
l c

ha
r‑

ac
te

rs
 s

el
ec

te
d 

in
 

th
e 

tr
ai

ni
ng

 g
ro

up
 

ac
ro

ss
 a

ll 
le

ve
ls

 
(a

p‑
va

lu
es

 <
 0

.0
01

); 
C

hi
ld

re
n 

in
 th

e 
tr

ai
ni

ng
 g

ro
up

 
si

gn
ifi

ca
nt

ly
 ra

is
ed

 
th

e 
pe

rc
en

ta
ge

 
of

 e
ng

ag
em

en
ts

 
to

 fa
ce

s 
re

la
tiv

e 
to

 o
bj

ec
ts

 a
ft

er
 

tr
ai

ni
ng

. T
he

 
ad

ju
st

ed
 m

ea
n 

ch
an

ge
 is

 1
7.

24
 fo

r 
th

e 
tr

ai
ni

ng
 g

ro
up

, 
an

d 
ad

ju
st

ed
 m

ea
n 

ch
an

ge
 is

 −
 1

2.
87

 
fo

r t
he

 c
on

tr
ol

 
gr

ou
p

St
at

is
tic

al
ly

 
si

gn
ifi

ca
nt

 a
t 

al
l e

va
lu

at
io

n 
sc

al
es

Fi
nd

in
gs

 in
di

ca
te

d 
th

at
 tr

ai
ni

ng
‑b

as
ed

 
pa

ra
di

gm
s 

ca
n 

im
pr

ov
e 

st
at

is
ti‑

ca
lly

 ta
rg

et
 fu

nd
a‑

m
en

ta
l a

tt
en

tio
na

l 
pr

oc
es

si
ng

 o
f 

so
ci

al
 in

fo
rm

at
io

n 
in

 A
SD

C
he

n 
J e

t a
l., 

20
19

, C
hi

na
 

[4
3]

Co
m

pu
te

r 
A

ss
is

te
d 

Su
rg

er
y

Fa
ce

Sa
y:

 S
er

io
us

 
G

am
e

PC
Be

fo
re

 &
 

A
ft

er
 C

lin
ic

al
 

Tr
ia

l (
w

ith
ou

t 
co

nt
ro

l)

N
 =

 1
1

EG
: 1

1
A

ge
: 6

–1
2 

yr
s

5 
se

ss
io

ns
, 

29
 m

in
, 

on
ce

 a
 

w
ee

k

• E
m

ot
io

na
l 

Sk
ill

s
Ba

se
lin

e 
an

d 
at

 th
e 

en
d 

of
 

th
e 

la
st

 w
ee

k 
of

 in
te

rv
en

‑
tio

n

• S
RS

‑2
Th

e 
re

su
lts

 s
ho

w
 

th
at

 th
er

e 
is

 a
 

no
n‑

si
gn

ifi
ca

nt
 d

if‑
fe

re
nc

e 
be

tw
ee

n 
SR

S 
to

ta
l s

co
re

 a
t 

ba
se

lin
e 

an
d 

en
d‑

po
in

t, 
w

ith
 C

hi
‑s

q.
 

0.
28

, p
 v

al
ue

 0
.6

0

N
ot

 e
ffe

ct
iv

e
In

 s
ho

rt
‑t

er
m

 
th

er
ap

y,
 th

er
e 

is
 

no
 im

pr
ov

em
en

t 
in

 s
oc

ia
l c

og
ni

tio
n,

 
so

ci
al

 a
w

ar
en

es
s 

an
d 

so
ci

al
 c

om
‑

m
un

ic
at

io
n



Page 7 of 32Rezayi et al. BMC Psychiatry            (2023) 23:2  

Ta
bl

e 
1 

(c
on

tin
ue

d)

Co
nt

ri
bu

tio
n

Jo
ur

na
l/

Co
nf

er
en

ce
 

na
m

e

N
am

e/
Ty

pe
 o

f
ga

m
es

 u
se

d 
fo

r 
in

te
rv

en
tio

n

Pl
at

fo
rm

St
ud

y 
de

si
gn

Fi
na

l g
ro

up
 

ch
ar

ac
te

ri
st

ic
s:

 
Sa

m
pl

e 
si

ze
:

G
ro

up
s 

(S
ex

)/
A

ge

Pr
oc

ed
ur

e 
de

ta
ils

(s
es

si
on

 
nu

m
be

r, 
du

ra
tio

n 
an

d 
fr

eq
ue

nc
y)

Ta
rg

et
ed

 
co

gn
iti

ve
 

m
ea

su
re

s

A
ss

es
sm

en
t 

tim
e

Ev
al

ua
tio

n 
sc

al
es

Ev
al

ua
tio

n
Eff

ec
tiv

en
es

s
M

ai
n 

m
es

sa
ge

Ö
ze

n 
A

, 2
01

5,
 

Tu
rk

ey
 [4

4]
Ed

uc
at

io
na

l 
Sc

ie
nc

es
: 

Th
eo

ry
 &

 
Pr

ac
tic

e

Vi
de

o 
ga

m
e

IO
S 

ap
pl

e
N

on
‑

ra
nd

om
iz

ed
 

Co
nt

ro
lle

d 
C

lin
ic

al
 T

ria
l

N
 =

 6
EG

: 3
 (1

 M
, 2

 F
)

CG
: 3

 (2
 M

, 1
 F

)
A

ge
: 5

–1
1 

yr
s

15
 s

es
si

on
s, 

40
 m

in
, 

tw
ic

e
a 

w
ee

k

• S
oc

ia
l i

nt
er

ac
‑

tio
n 

sk
ill

s
Ba

se
lin

e,
 th

e 
fir

st
 a

nd
 th

e 
se

co
nd

 w
ee

k 
af

te
r t

he
 

in
te

rv
en

tio
n

• S
RS

‑2
Th

e 
an

al
ys

is
 

sh
ow

s 
th

at
 o

ne
 o

f 
th

e 
pa

rt
ic

ip
an

ts
 

pe
rf

or
m

ed
 s

oc
ia

l 
in

te
ra

ct
io

n 
sk

ill
s 

w
ith

 8
5%

 a
cc

ur
ac

y,
 

an
ot

he
r p

er
so

n 
w

ith
 9

1%
 a

cc
ur

ac
y,

 
an

d 
th

e 
th

ird
 

pe
rs

on
 w

ith
 8

8%
 

ac
cu

ra
cy

. T
he

 4
th

, 
5t

h,
 a

nd
 6

th
 p

er
‑

so
n 

pe
rf

or
m

ed
 th

e 
sk

ill
 o

f r
es

po
nd

in
g 

ap
pr

op
ria

te
ly

 to
 

te
ac

hi
ng

 o
pp

or
‑

tu
ni

tie
s 

w
ith

 m
or

e 
th

an
 8

0%
 a

cc
ur

ac
y 

in
 th

e 
in

te
rv

en
tio

n 
se

ss
io

ns

St
at

is
tic

al
ly

 
si

gn
ifi

ca
nt

 a
t 

al
l e

va
lu

at
io

n 
sc

al
es

Th
e 

da
ta

 s
ug

ge
st

 
th

at
 p

ar
tic

ip
an

ts
 

ca
n 

le
ar

n 
ho

w
 

to
 u

se
 th

e 
so

ci
al

 
in

te
ra

ct
io

n 
sk

ill
s 

ne
ce

ss
ar

y 
fo

r i
Pa

d 
ga

m
in

g 
ac

tiv
iti

es

Fa
nt

as
ia

 V
 e

t a
l., 

20
20

, I
ta

ly
 [4

5]
A

ut
is

m
Se

rio
us

 G
am

e
A

nd
ro

id
 

pl
ay

st
or

e
Be

fo
re

 &
 

A
ft

er
 C

lin
ic

al
 

Tr
ia

l (
w

ith
ou

t 
co

nt
ro

l)

N
 =

 2
9

EG
: 2

9 
(2

5 
M

, 4
 F

)
A

ge
: 6

–1
2 

yr
s

2 
se

ss
io

ns
, 

on
ce

 a
 

w
ee

k

• S
ho

rt
‑t

er
m

 
m

em
or

y
• L

on
g‑

te
rm

 
m

em
or

y

Ba
se

lin
e 

an
d 

th
e 

fir
st

 h
al

f 
of

 th
e 

st
ud

y 
ph

as
e 

an
d 

af
te

r 1
‑w

ee
k 

la
te

r i
nt

er
‑

ve
nt

io
n

• P
PV

T‑
R

• V
A

BS
‑II

• R
C

PM

Re
su

lts
 s

ho
w

ed
 

th
at

 m
em

or
y‑

ba
se

d 
re

co
gn

iti
on

 
ac

cu
ra

cy
 w

as
 h

ig
h 

fo
r o

bj
ec

ts
 s

tu
di

ed
 

in
 th

e 
ac

tiv
e 

co
nd

iti
on

 in
 b

ot
h 

th
e 

te
st

 (a
ct

iv
e:

 
M

 =
 0

.6
3,

 S
D

 =
 0

.2
0;

 
yo

ke
d:

 M
 =

 0
.5

3,
 

SD
 =

 0
.2

0)
 a

nd
 

th
e 

re
te

st
 (a

ct
iv

e:
 

M
 =

 0
.5

4,
 S

D
 =

 0
.2

2;
 

yo
ke

d:
 M

 =
 0

.4
8,

 
SD

 =
 0

.2
0)

St
at

is
tic

al
ly

 
si

gn
ifi

ca
nt

 a
t 

al
l e

va
lu

at
io

n 
sc

al
es

A
dv

an
ce

m
en

ts
 in

 
ac

tiv
e 

st
ud

y 
st

at
us

 
co

nt
in

ue
d,

 e
sp

e‑
ci

al
ly

 fo
r o

ne
 w

ee
k 

af
te

r t
he

 in
iti

al
 

st
ud

y 
se

ss
io

n



Page 8 of 32Rezayi et al. BMC Psychiatry            (2023) 23:2 

Ta
bl

e 
1 

(c
on

tin
ue

d)

Co
nt

ri
bu

tio
n

Jo
ur

na
l/

Co
nf

er
en

ce
 

na
m

e

N
am

e/
Ty

pe
 o

f
ga

m
es

 u
se

d 
fo

r 
in

te
rv

en
tio

n

Pl
at

fo
rm

St
ud

y 
de

si
gn

Fi
na

l g
ro

up
 

ch
ar

ac
te

ri
st

ic
s:

 
Sa

m
pl

e 
si

ze
:

G
ro

up
s 

(S
ex

)/
A

ge

Pr
oc

ed
ur

e 
de

ta
ils

(s
es

si
on

 
nu

m
be

r, 
du

ra
tio

n 
an

d 
fr

eq
ue

nc
y)

Ta
rg

et
ed

 
co

gn
iti

ve
 

m
ea

su
re

s

A
ss

es
sm

en
t 

tim
e

Ev
al

ua
tio

n 
sc

al
es

Ev
al

ua
tio

n
Eff

ec
tiv

en
es

s
M

ai
n 

m
es

sa
ge

A
re

st
i‑B

ar
to

‑
lo

m
e 

N
 a

nd
 

G
ar

ci
a‑

Za
pi

ra
in

 
B,

 2
01

5,
 S

pa
in

 
[4

6]

Bi
o‑

m
ed

ic
al

 
m

at
er

ia
ls

 a
nd

 
en

gi
ne

er
in

g

Se
rio

us
 v

id
e‑

og
am

e
PC

N
on

‑
ra

nd
om

iz
ed

 
Co

nt
ro

lle
d 

C
lin

ic
al

 T
ria

l

N
 =

 4
0

EG
: 2

0
CG

: 2
0

A
ge

: 3
–8

 y
rs

2 
se

ss
io

ns
, 

12
 m

in
• A

tt
en

tio
n

• S
oc

ia
l i

nt
er

ac
‑

tio
n 

sk
ill

s

Ba
se

lin
e 

an
d 

en
d 

of
 e

ac
h 

ga
m

e 
se

ss
io

n

• R
es

ea
rc

he
rs

 s
et

 
sc

al
es

 (E
rr

or
s, 

Re
sp

on
se

 ti
m

e,
 

In
te

ra
ct

io
n 

w
ith

 
vi

su
al

 c
on

ta
ct

, 
In

te
ra

ct
io

n 
w

ith
ou

t v
is

ua
l 

co
nt

ac
t, 

an
d 

G
az

e 
an

d 
pu

pi
l 

in
fo

rm
at

io
n

du
rin

g 
th

e 
ga

m
e)

Th
e 

re
ac

tio
n 

tim
e 

of
 th

e 
fir

st
 g

ro
up

 
w

as
 lo

w
er

 a
ft

er
 

re
ha

bi
lit

at
io

n 
se

s‑
si

on
s 

(M
 =

 4
.5

2 
s, 

SD
 =

 3
.4

0)
; t

he
 c

lin
‑

ic
al

 g
ro

up
 (M

 =
 3

6,
 

SD
 =

 3
8.

18
); 

th
e 

re
sp

on
se

 ti
m

e 
de

cr
ea

se
d 

w
he

n 
th

e 
cl

in
ic

al
 g

ro
up

 
pr

ov
id

ed
 in

te
ra

c‑
tio

n 
w

ith
 e

ye
 

co
nt

ac
t

St
at

is
tic

al
ly

 
si

gn
ifi

ca
nt

 o
n 

so
m

e 
ev

al
ua

‑
tio

n 
sc

al
es

Th
e 

re
su

lts
 s

ho
w

ed
 

th
at

 th
e 

in
te

ra
c‑

tio
n 

in
vo

lv
in

g 
lo

ok
in

g 
at

 th
e 

ey
es

 im
pr

ov
ed

 
as

 th
e 

re
ac

tio
n 

tim
e 

de
cr

ea
se

d,
 

in
di

ca
tin

g 
th

at
 th

e 
sy

st
em

 c
an

 h
el

p 
w

ith
 c

og
ni

tiv
e 

re
ha

bi
lit

at
io

n

A
lm

ei
da

 L
M

 
et

 a
l., 

20
19

, 
Br

az
il 

[4
7]

In
te

rn
at

io
na

l 
Jo

ur
na

l o
f 

Co
m

pu
te

r 
G

am
es

 T
ec

h‑
no

lo
gy

A
LT

RI
RA

S
PC

N
on

‑
ra

nd
om

iz
ed

 
Co

nt
ro

lle
d 

C
lin

ic
al

 T
ria

l

N
 =

 3
8

EG
: 1

0
CG

: 2
8

A
ge

: 6
–1

2 
yr

s

4 
se

ss
io

ns
, 

60
 m

in
, 

on
ce

 a
 

w
ee

k

• F
ac

ia
l p

ro
‑

ce
ss

in
g 

sk
ill

s
• S

oc
ia

l i
nt

er
ac

‑
tio

n 
sk

ill
s

Ba
se

lin
e 

an
d 

po
st

 in
te

r‑
ve

nt
io

n

• R
es

ea
rc

he
rs

 s
et

 
sc

al
es

 (Q
ui

zE
m

o‑
tio

n 
sc

al
e)

Ba
se

d 
on

 th
e 

ap
pl

ie
d 

st
at

is
tic

al
 

te
st

, t
he

re
 w

as
 n

o 
si

gn
ifi

ca
nt

 d
iff

er
‑

en
ce

 b
et

w
ee

n 
th

e 
nu

m
be

r o
f c

or
re

ct
 

an
sw

er
s 

of
 c

hi
ld

re
n 

w
ith

 A
SD

 in
 th

e 
pr

e‑
 a

nd
 p

os
t‑

te
st

N
ot

 e
ffe

ct
iv

e
Pl

ay
 e

xp
os

ur
e 

tim
e 

in
 c

hi
ld

re
n 

w
ith

 A
SD

 s
ho

ul
d 

be
 in

cr
ea

se
d 

to
 

eff
ec

tiv
el

y 
ai

d 
fa

ci
al

 e
xp

re
ss

io
n 

re
co

gn
iti

on

Fe
rn

an
de

s 
FD

 e
t a

l.,2
01

0,
 

Br
az

il 
[4

8]

PR
O

‑F
O

N
O

: 
Re

vi
st

a 
de

 
A

ct
ua

liz
ac

ao
 

C
ie

nt
ifi

ca

N
ot

 re
po

rt
ed

PC
Be

fo
re

 &
 

A
ft

er
 C

lin
ic

al
 

Tr
ia

l (
w

ith
ou

t 
co

nt
ro

l)

N
 =

 2
3

EG
: 2

3
A

ge
: 3

–1
2 

yr
s

10
 s

es
si

on
s

• L
an

gu
ag

e 
sk

ill
s

Ba
se

lin
e 

an
d 

af
te

r e
ac

h 
se

ss
io

n

• F
un

ct
io

na
l c

om
‑

m
un

ic
at

iv
e

Pr
ofi

le
 /

sc
al

es

St
at

is
tic

al
 a

na
ly

si
s 

ha
s 

no
t i

de
nt

ifi
ed

 
a 

si
gn

ifi
ca

nt
 d

iff
er

‑
en

ce
 (0

.0
5)

 w
ith

 
an

y 
va

ria
bl

es
, b

ut
 

th
e 

nu
m

be
r o

f 
su

bj
ec

ts
 a

nd
 a

re
as

 
w

ith
 p

ro
gr

es
s 

ca
n 

be
 c

on
si

de
re

d

N
ot

 e
ffe

ct
iv

e
Q

ua
nt

ita
tiv

e 
an

d 
qu

al
ita

tiv
e 

im
pr

ov
em

en
ts

 
w

er
e 

id
en

tifi
ed

 
w

ith
ou

t s
ta

tis
tic

al
 

si
gn

ifi
ca

nc
e.

 T
hi

s 
pr

og
re

ss
 w

as
 

ob
se

rv
ed

 a
ft

er
 a

 
sh

or
te

r p
er

io
d 

th
an

 
is

 u
su

al
ly

 a
pp

lie
d 

to
 th

is
 ty

pe
 o

f 
co

m
pa

ris
on

, w
hi

ch
 

se
em

s 
fa

vo
ra

bl
e



Page 9 of 32Rezayi et al. BMC Psychiatry            (2023) 23:2  

Ta
bl

e 
1 

(c
on

tin
ue

d)

Co
nt

ri
bu

tio
n

Jo
ur

na
l/

Co
nf

er
en

ce
 

na
m

e

N
am

e/
Ty

pe
 o

f
ga

m
es

 u
se

d 
fo

r 
in

te
rv

en
tio

n

Pl
at

fo
rm

St
ud

y 
de

si
gn

Fi
na

l g
ro

up
 

ch
ar

ac
te

ri
st

ic
s:

 
Sa

m
pl

e 
si

ze
:

G
ro

up
s 

(S
ex

)/
A

ge

Pr
oc

ed
ur

e 
de

ta
ils

(s
es

si
on

 
nu

m
be

r, 
du

ra
tio

n 
an

d 
fr

eq
ue

nc
y)

Ta
rg

et
ed

 
co

gn
iti

ve
 

m
ea

su
re

s

A
ss

es
sm

en
t 

tim
e

Ev
al

ua
tio

n 
sc

al
es

Ev
al

ua
tio

n
Eff

ec
tiv

en
es

s
M

ai
n 

m
es

sa
ge

A
l‑H

am
m

ad
i M

 
an

dA
bd

el
az

im
 

A
, 2

01
5,

 U
SA

 
[4

9]

In
20

15
 

IE
EE

 G
lo

ba
l 

En
gi

ne
er

in
g 

Ed
uc

at
io

n 
Co

nf
er

en
ce

M
is

s.F
ly

: V
id

eo
 

ga
m

e
PC

Pa
rt

ia
lly

 
Ra

nd
om

iz
ed

 
cl

in
ic

al
 tr

ia
l

N
 =

 9
8

EG
: 4

9
CG

: 4
9

A
ge

: 6
–7

 y
rs

N
ot

 
re

po
rt

ed
• A

tt
en

tio
n

• S
ho

rt
‑t

er
m

 
m

em
or

y
• L

on
g‑

te
rm

 
m

em
or

y

En
d 

of
 e

ac
h 

ga
m

e 
se

ss
io

n
• R

es
ea

rc
he

rs
 

se
t s

ca
le

s: 
(T

im
e 

re
sp

on
se

 (s
ec

‑
on

ds
), 

A
cc

ur
ac

y,
 

Pa
y 

A
tt

en
tio

n,
 

St
re

ng
th

en
 

M
em

or
iz

at
io

n,
 

Re
ac

t t
o 

Ra
nd

om
 

Pr
oc

es
se

s)

Th
e 

in
de

pe
nd

en
t 

sa
m

pl
es

 t‑
te

st
 w

as
 

as
so

ci
at

ed
 w

ith
 

a 
st

at
is

tic
al

ly
 s

ig
‑

ni
fic

an
t e

ffe
ct

 s
in

ce
 

p 
<

 0
.0

5.
 T

he
n,

 th
e 

au
tis

tic
 c

hi
ld

re
n’

s 
pe

rf
or

m
an

ce
 d

oe
s 

di
ffe

r s
ig

ni
fic

an
tly

; 
th

e 
in

de
pe

nd
en

t 
sa

m
pl

es
 t‑

te
st

 
w

as
 a

ss
oc

ia
te

d 
w

ith
 a

 s
ta

tis
tic

al
ly

 
si

gn
ifi

ca
nt

 e
ffe

ct
 

si
nc

e 
p 

<
 0

.0
5,

 
t (

35
) =

 4
.0

2,
 

p 
=

 0
.0

02
. T

hu
s, 

th
e 

au
tis

tic
 c

hi
ld

re
n’

s 
tim

e 
re

sp
on

se
 

do
es

 d
iff

er
 s

ig
ni

fi‑
ca

nt
ly

St
at

is
tic

al
ly

 
si

gn
ifi

ca
nt

 a
t 

al
l e

va
lu

at
io

n 
sc

al
es

Th
e 

de
si

gn
ed

 
ga

m
e 

im
pr

ov
es

 th
e 

ab
ili

ty
 o

f c
hi

ld
re

n 
of

 b
ot

h 
gr

ou
ps

 
to

 p
ay

 a
tt

en
tio

n,
 

re
m

em
be

r, 
re

ac
t t

o 
ra

nd
om

 p
ro

ce
ss

es
, 

an
d 

pr
oc

es
s 

pa
ra

l‑
le

l i
nf

or
m

at
io

n

Pe
dr

es
ch

i V
B 

et
 a

l., 
20

19
, 

Pe
ru

 [5
0]

Vi
rt

ua
l R

ea
lit

y
Se

rio
us

 G
am

e
A

nd
ro

id
 

pl
ay

st
or

e
Be

fo
re

 &
 

A
ft

er
 C

lin
ic

al
 

Tr
ia

l (
w

ith
ou

t 
co

nt
ro

l)

N
 =

 2
0

EG
: 2

0
A

ge
: 3

–1
0 

yr
s

D
ur

in
g 

2‑
w

ee
ks

Em
ot

io
na

l 
Sk

ill
s

So
ci

al
 in

te
ra

c‑
tio

n 
sk

ill
s

Fa
ci

al
 p

ro
ce

ss
‑

in
g 

sk
ill

s

Ba
se

lin
e 

an
d 

po
st

 in
te

r‑
ve

nt
io

n

• R
es

ea
rc

he
rs

 s
et

 
sc

al
es

: (
Em

ot
io

n 
Re

co
gn

iti
on

 
Ti

m
es

)

Th
e 

fin
di

ng
s 

de
m

on
st

ra
te

 th
at

 
67

%
 o

f t
he

 A
SD

 
pa

tie
nt

s 
en

ha
nc

ed
 

th
ei

r e
m

ot
io

n 
re

co
gn

iti
on

 s
ki

lls
 

(re
pr

es
en

te
d 

in
 

ca
ric

at
ur

ed
 a

nd
 

hu
m

an
 fa

ci
al

 
ex

pr
es

si
on

s)

Po
si

tiv
e 

w
ith

‑
ou

t s
ta

tis
tic

al
 

ar
gu

m
en

t

Th
e 

ou
tc

om
es

 
re

ve
al

ed
 a

 s
ig

ni
fi‑

ca
nt

 a
dv

an
ce

m
en

t 
in

 e
m

ot
io

n 
re

co
gn

iti
on

 a
ft

er
 

em
pl

oy
in

g 
th

e 
Se

rio
us

 G
am

e



Page 10 of 32Rezayi et al. BMC Psychiatry            (2023) 23:2 

Ta
bl

e 
1 

(c
on

tin
ue

d)

Co
nt

ri
bu

tio
n

Jo
ur

na
l/

Co
nf

er
en

ce
 

na
m

e

N
am

e/
Ty

pe
 o

f
ga

m
es

 u
se

d 
fo

r 
in

te
rv

en
tio

n

Pl
at

fo
rm

St
ud

y 
de

si
gn

Fi
na

l g
ro

up
 

ch
ar

ac
te

ri
st

ic
s:

 
Sa

m
pl

e 
si

ze
:

G
ro

up
s 

(S
ex

)/
A

ge

Pr
oc

ed
ur

e 
de

ta
ils

(s
es

si
on

 
nu

m
be

r, 
du

ra
tio

n 
an

d 
fr

eq
ue

nc
y)

Ta
rg

et
ed

 
co

gn
iti

ve
 

m
ea

su
re

s

A
ss

es
sm

en
t 

tim
e

Ev
al

ua
tio

n 
sc

al
es

Ev
al

ua
tio

n
Eff

ec
tiv

en
es

s
M

ai
n 

m
es

sa
ge

Bo
no

 V
 e

t a
l., 

20
16

, U
K 

[5
1]

Fr
on

tie
rs

 in
 

ps
yc

hi
at

ry
G

O
LI

A
H

: S
er

io
us

 
G

am
e

PC
 a

nd
 

M
ob

ile
 

ap
p

Be
fo

re
 &

 
A

ft
er

 C
lin

ic
al

 
Tr

ia
l (

w
ith

ou
t 

co
nt

ro
l)

N
 =

 1
0

EG
: (

10
 M

, 0
 F

)
A

ge
: 5

–9
 y

rs

60
 s

es
si

on
s, 

du
rin

g 
3‑

m
on

th
, 

20
 m

in

• A
tt

en
tio

n
• I

m
ita

tio
n 

sk
ill

s
Ba

se
lin

e,
 

af
te

r e
ac

h 
se

ss
io

n 
an

d 
po

st
 3

‑m
on

th
 

in
te

rv
en

tio
n

• W
PP

SI
• V

IQ
• P

IQ

Th
e 

tim
e 

to
 te

rm
i‑

na
te

 th
e 

as
si

gn
‑

m
en

t s
ig

ni
fic

an
tly

 
de

cl
in

ed
 a

lo
ng

 
se

ss
io

ns
 (p

 <
 0

.0
01

); 
co

rr
ec

t a
ns

w
er

s 
ra

is
ed

 c
on

si
de

r‑
ab

ly
 w

ith
 th

e 
se

ss
io

n 
nu

m
be

rs
 

(p
 =

 0
.0

05
); 

th
e 

qu
al

ity
 o

f i
m

ita
‑

tio
n 

en
ha

nc
ed

 
th

ro
ug

ho
ut

 th
e 

se
ss

io
ns

St
at

is
tic

al
ly

 
si

gn
ifi

ca
nt

 a
t 

al
l e

va
lu

at
io

n 
sc

al
es

Th
e 

ga
m

e 
pl

at
fo

rm
 

of
 th

is
 s

tu
dy

 is
 

us
ef

ul
 b

ot
h 

in
 th

e 
ch

ild
‑t

he
ra

pi
st

 
in

te
ra

ct
io

n 
in

 th
e 

ho
sp

ita
l a

nd
 in

 th
e 

ch
ild

‑p
ar

en
t i

nt
er

‑
ac

tio
n 

at
 h

om
e

Ka
m

ar
uz

am
an

 
N

N
 e

t a
l., 

20
17

, 
M

al
ay

si
a 

[5
2]

In
di

an
 J

ou
rn

al
 

of
 S

ci
en

ce
 a

nd
 

Te
ch

no
lo

gy

Q
ur

an
ic

: S
er

io
us

 
ga

m
e

A
nd

ro
id

 
pl

ay
st

or
e

Be
fo

re
 &

 
A

ft
er

 C
lin

ic
al

 
Tr

ia
l (

w
ith

ou
t 

co
nt

ro
l)

N
 =

 1
5

EG
: 1

5 
(1

3 
M

, 2
 F

)
A

ge
: 5

–1
2 

yr
s

N
ot

 
re

po
rt

ed
• L

ea
rn

in
g

• A
tt

en
tio

n
• I

m
ita

tio
n 

sk
ill

s

Ba
se

lin
e 

an
d 

po
st

 in
te

r‑
ve

nt
io

n

• R
es

ea
rc

he
rs

 s
et

 
sc

al
es

: (
In

vo
lv

e‑
m

en
t S

ca
le

, 
Re

ac
tio

n 
Ti

m
e,

 
Fa

ci
al

 E
xp

re
s‑

si
on

 &
 P

os
tu

re
, 

Co
m

pl
ex

ity
 a

nd
 

C
re

at
iv

ity
)

Th
er

e 
w

as
 a

 s
ig

ni
fi‑

ca
nt

 e
ffe

ct
 o

f S
D

s 
of

 s
ig

na
ls

 in
 th

e 
in

vo
lv

em
en

t s
ca

le
 

(P
‑v

al
ue

 <
 0

.0
5)

; t
he

 
le

ve
l o

f s
tu

de
nt

 
en

ga
ge

m
en

t i
n 

le
ar

ni
ng

 A
l‑Q

ur
an

 
im

pr
ov

ed
 a

ft
er

 
us

in
g 

th
e 

Q
ur

an
ic

 
ga

m
e

St
at

is
tic

al
ly

 
si

gn
ifi

ca
nt

 a
t 

al
l e

va
lu

at
io

n 
sc

al
es

Th
e 

up
sh

ot
s 

po
in

te
d 

ou
t t

ha
t 

th
e 

in
vo

lv
em

en
t 

of
 c

hi
ld

re
n 

in
 

pl
ay

in
g 

ga
m

es
 

in
flu

en
ce

s 
th

e 
le

ve
l 

of
 e

ng
ag

em
en

t, 
as

 
th

e 
an

al
ys

is
 s

ug
‑

ge
st

s 
a 

si
gn

ifi
ca

nt
 

re
la

tio
ns

hi
p 

be
tw

ee
n 

in
vo

lv
e‑

m
en

t a
nd

 e
ng

ag
e‑

m
en

t l
ev

el

Je
ek

ra
to

k 
K 

et
 a

l., 
20

14
, 

Th
ai

la
nd

 [5
3]

In
te

rn
at

io
na

l 
Jo

ur
na

l o
f 

W
eb

‑B
as

ed
 

Le
ar

ni
ng

 a
nd

 
Te

ac
hi

ng
 

Te
ch

no
lo

gi
es

Vi
de

o 
ga

m
e

PC
Be

fo
re

 &
 

A
ft

er
 C

lin
ic

al
 

Tr
ia

l (
w

ith
ou

t 
co

nt
ro

l)

N
 =

 1
0

EG
: 1

0
A

ge
: 7

–1
0 

yr
s

36
 s

es
si

on
s, 

du
rin

g 
3‑

m
on

th
s, 

60
 m

in

• A
tt

en
tio

n
Im

ita
tio

n 
sk

ill
s

Re
co

gn
iz

in
g 

an
d 

di
ffe

re
nt

i‑
at

in
g

Ba
se

lin
e 

an
d 

po
st

 in
te

r‑
ve

nt
io

n

• S
‑C

AT
 

• P
EC

S
• R

es
ea

rc
he

rs
 s

et
 

sc
al

es

A
ve

ra
ge

 p
os

t‑
te

st
 

sc
or

es
 w

er
e 

hi
gh

er
 

th
an

 p
re

‑t
es

t 
sc

or
es

 (Z
 =

 2
.8

1,
 

2.
81

 a
nd

 2
.8

0 
re

sp
ec

tiv
el

y)
; t

he
 

t‑
va

lu
es

 o
f t

he
 

th
re

e 
va

ria
bl

es
 

w
er

e 
si

gn
ifi

ca
nt

ly
 

di
ffe

re
nt

 a
t p

 <
 .0

1

St
at

is
tic

al
ly

 
si

gn
ifi

ca
nt

 a
t 

al
l e

va
lu

at
io

n 
sc

al
es

Th
er

e 
is

 ro
bu

st
 e

vi
‑

de
nc

e 
to

 s
up

po
rt

 
th

e 
hy

po
th

es
is

 th
at

 
w

eb
‑b

as
ed

 g
am

es
 

an
d 

so
ci

al
 s

to
rie

s 
ca

n 
be

 e
ffi

ca
ci

ou
s 

as
 in

st
ru

m
en

ts
 

fo
r b

eh
av

io
r 

ch
an

ge
ov

er



Page 11 of 32Rezayi et al. BMC Psychiatry            (2023) 23:2  

Ta
bl

e 
1 

(c
on

tin
ue

d)

Co
nt

ri
bu

tio
n

Jo
ur

na
l/

Co
nf

er
en

ce
 

na
m

e

N
am

e/
Ty

pe
 o

f
ga

m
es

 u
se

d 
fo

r 
in

te
rv

en
tio

n

Pl
at

fo
rm

St
ud

y 
de

si
gn

Fi
na

l g
ro

up
 

ch
ar

ac
te

ri
st

ic
s:

 
Sa

m
pl

e 
si

ze
:

G
ro

up
s 

(S
ex

)/
A

ge

Pr
oc

ed
ur

e 
de

ta
ils

(s
es

si
on

 
nu

m
be

r, 
du

ra
tio

n 
an

d 
fr

eq
ue

nc
y)

Ta
rg

et
ed

 
co

gn
iti

ve
 

m
ea

su
re

s

A
ss

es
sm

en
t 

tim
e

Ev
al

ua
tio

n 
sc

al
es

Ev
al

ua
tio

n
Eff

ec
tiv

en
es

s
M

ai
n 

m
es

sa
ge

Be
rn

ar
di

ni
 S

 
et

 a
l., 

20
14

, U
K 

[5
4]

In
fo

rm
at

io
n 

Sc
ie

nc
es

EC
H

O
ES

: S
er

io
us

 
ga

m
e

PC
Be

fo
re

 &
 

A
ft

er
 C

lin
ic

al
 

Tr
ia

l (
w

ith
ou

t 
co

nt
ro

l)

N
 =

 1
9

EG
:1

9 
(1

8 
M

, 1
 F

)
A

ge
: 7

‑ 1
3 

yr
s

se
ve

ra
l 

tim
es

 a
 

w
ee

k 
ov

er
 

a 
6‑

w
ee

k,
 

10
–2

0 
m

in

• S
oc

ia
l i

nt
er

ac
‑

tio
n 

sk
ill

s
• F

ac
ia

l p
ro

‑
ce

ss
in

g 
sk

ill
s

• L
an

gu
ag

e 
sk

ill
s

Ba
se

lin
e 

in
te

r 
an

d 
po

st
 

in
te

rv
en

tio
n

• R
es

ea
rc

he
rs

 s
et

 
sc

al
es

Th
e 

m
ea

n 
pr

ob
‑

ab
ili

ty
 o

f c
hi

ld
re

n 
re

sp
on

di
ng

 to
 

th
e 

pr
ac

tit
io

ne
r’s

 
bi

ds
 fo

r i
nt

er
ac

‑
tio

n 
du

rin
g 

th
e 

pr
e‑

te
st

 w
as

 0
.6

6 
an

d 
du

rin
g 

th
e 

po
st

‑t
es

t w
as

 0
.7

1 
(S

D
 =

 0
.1

4)
; t

hi
s 

sl
ig

ht
 in

cr
ea

se
 in

 
re

sp
on

se
s 

be
tw

ee
n 

th
e 

pr
e 

an
d 

po
st

‑
te

st
 w

as
 n

ot
 s

ig
‑

ni
fic

an
t. 

A
cr

os
s 

th
e 

se
ss

io
ns

, b
y 

so
m

e 
ch

ild
re

n,
 th

e 
re

su
lts

 
sh

ow
ed

 a
 s

lig
ht

 
bu

t n
on

‑s
ig

ni
fic

an
t 

de
cr

ea
se

St
at

is
tic

al
ly

 
si

gn
ifi

ca
nt

 
on

ly
 fo

r s
om

e 
ch

ild
re

n

Em
pi

ric
al

 m
ar

ks
 

of
 th

e 
ag

en
t’s

 
eff

ec
tiv

en
es

s 
ar

e 
ba

se
d 

on
 a

n 
ex

te
ns

iv
e 

ev
al

ua
‑

tio
n 

of
 th

e 
EC

H
O

ES
 

pl
at

fo
rm

, w
hi

ch
 

sh
ow

s 
en

co
ur

ag
‑

in
g 

te
nd

en
ci

es
 fo

r 
se

ve
ra

l c
hi

ld
re

n

M
ai

re
na

 M
Á

 
et

 a
l., 

20
19

, 
Sp

ai
n 

[5
5]

Re
se

ar
ch

 in
 

A
ut

is
m

 S
pe

c‑
tr

um
 D

is
or

de
rs

Pi
co

’s 
A

dv
en

‑
tu

re
: V

id
eo

 
ga

m
e

PC
Ra

nd
om

iz
ed

 
co

nt
ro

lle
d 

tr
ia

l

N
 =

 1
5

EG
: 7

 (7
 M

, 0
 F

)
CG

: 8
 (8

 M
, 0

 F
)

A
ge

: 4
–7

 y
rs

4 
se

ss
io

ns
, 

30
 m

in
• S

oc
ia

l i
nt

er
ac

‑
tio

n 
sk

ill
s

Ba
se

lin
e 

an
d 

po
st

 in
te

r‑
ve

nt
io

n

• R
es

ea
rc

he
rs

 s
et

 
sc

al
es

: (
So

ci
al

 
In

iti
at

io
n,

 S
po

nt
a‑

ne
ou

s 
G

es
tu

re
s, 

Re
sp

on
se

s, 
In

te
rlo

cu
to

r, 
G

iv
en

 h
el

ps
, 

O
th

er
 s

oc
ia

l 
In

te
ra

ct
io

n)
,

• A
SE

BA
• A

BC
• S

SR
S

C
hi

ld
re

n 
de

m
on

st
ra

te
d 

si
gn

ifi
ca

nt
ly

 m
or

e 
so

ci
al

 in
iti

at
io

n 
du

rin
g 

th
e 

vi
de

‑
og

am
e 

(M
 =

 9
.3

3,
 

SD
 =

 9
.6

1)
 th

an
 

du
rin

g 
fre

e 
Pl

ay
 (M

 =
 4

.0
8,

 
SD

 =
 3

.8
2)

; t
 

(1
1)

 =
 2

.4
38

, 
p 
=

 0
.0

33
. B

es
id

es
, 

ou
tc

om
es

 a
ss

oc
i‑

at
ed

 w
ith

 re
pe

tit
iv

e 
ac

tio
ns

 in
di

ca
te

 
th

e 
pr

os
pe

ct
 

of
 th

is
 g

am
e 

to
 

le
ss

en
 re

pe
tit

iv
e 

be
ha

vi
or

s

St
at

is
tic

al
ly

 
si

gn
ifi

ca
nt

 o
n 

so
m

e 
ev

al
ua

‑
tio

n 
sc

al
es

Th
er

e 
is

 s
 p

ot
en

tia
l 

us
e 

of
 fu

ll‑
bo

dy
 

in
te

ra
ct

iv
e 

vi
de

‑
og

am
es

 a
s 

to
ol

s 
to

 
fo

st
er

 s
oc

ia
l

in
iti

at
io

n 
co

nd
uc

ts
 

in
 c

hi
ld

re
n 

w
ith

 
A

SD



Page 12 of 32Rezayi et al. BMC Psychiatry            (2023) 23:2 

Ta
bl

e 
1 

(c
on

tin
ue

d)

Co
nt

ri
bu

tio
n

Jo
ur

na
l/

Co
nf

er
en

ce
 

na
m

e

N
am

e/
Ty

pe
 o

f
ga

m
es

 u
se

d 
fo

r 
in

te
rv

en
tio

n

Pl
at

fo
rm

St
ud

y 
de

si
gn

Fi
na

l g
ro

up
 

ch
ar

ac
te

ri
st

ic
s:

 
Sa

m
pl

e 
si

ze
:

G
ro

up
s 

(S
ex

)/
A

ge

Pr
oc

ed
ur

e 
de

ta
ils

(s
es

si
on

 
nu

m
be

r, 
du

ra
tio

n 
an

d 
fr

eq
ue

nc
y)

Ta
rg

et
ed

 
co

gn
iti

ve
 

m
ea

su
re

s

A
ss

es
sm

en
t 

tim
e

Ev
al

ua
tio

n 
sc

al
es

Ev
al

ua
tio

n
Eff

ec
tiv

en
es

s
M

ai
n 

m
es

sa
ge

de
 V

rie
s 

M
 

et
 a

l., 
20

14
, 

N
et

he
rla

nd
s 

[2
2]

Jo
ur

na
l o

f C
hi

ld
 

Ps
yc

ho
lo

gy
 

an
d 

Ps
yc

hi
at

ry

Br
ai

ng
am

e 
Br

ia
n:

 V
id

eo
 

ga
m

e

PC
Ra

nd
om

iz
ed

 
co

nt
ro

lle
d 

tr
ia

l

N
 =

 9
0

EG
1:

 3
1

EG
2:

 2
7

CG
: 3

2
A

ge
: 8

–1
2 

yr
s

25
 s

es
si

on
s, 

on
e 

a 
w

ee
k,

 
40

–5
0 

m
in

• W
or

ki
ng

 
m

em
or

y
• F

ac
ia

l p
ro

‑
ce

ss
in

g 
sk

ill
s

Ba
se

lin
e,

 p
os

t 
in

te
rv

en
tio

n,
 

an
d 

6‑
w

ee
k‑

fo
llo

w
‑u

p

• B
RI

EF
• S

A
RT

 
• C

or
si

‑B
TT

C
hi

ld
re

n 
in

 th
e 

W
M

 a
nd

 fl
ex

ib
ili

ty
 

in
te

rv
en

tio
n‑

co
n‑

di
tio

ns
 im

pr
ov

ed
 

si
gn

ifi
ca

nt
ly

 in
 

se
qu

en
ce

 le
ng

th
s 

in
 th

e 
W

M
‑t

ra
in

in
g 

ta
sk

s, 
an

d 
le

ve
l i

n 
th

e 
fle

xi
bi

lit
y‑

tr
ai

n‑
in

g 
ta

sk
 (p

’s 
<

 .0
01

.(

St
at

is
tic

al
ly

 
si

gn
ifi

ca
nt

 a
t 

al
l e

va
lu

at
io

n 
sc

al
es

A
ll 

ch
ild

re
n 

ar
e 

en
ha

nc
ed

 in
 

w
or

ki
ng

 m
em

or
y,

 
fle

xi
bi

lit
y,

 a
tt

en
‑

tio
n,

 e
xe

cu
tiv

e 
fu

nc
tio

ns
, s

oc
ia

l 
be

ha
vi

or
, a

nd
 q

ua
l‑

ity
 o

f l
ife

. H
ow

ev
er

, 
th

e 
ad

ap
tiv

e 
in

te
r‑

ve
nt

io
n 

co
nd

iti
on

s 
di

d 
no

t r
es

ul
t i

n 
a 

m
or

e 
co

ns
id

er
ab

le
 

im
pr

ov
em

en
t t

ha
n 

th
e 

m
oc

k 
tr

ai
ni

ng

Sa
ni

ee
 S

 e
t a

l., 
20

19
, I

ra
n 

[5
6]

Jo
ur

na
l o

f 
In

te
lle

ct
ua

l 
D

is
ab

ili
ty

 
Re

se
ar

ch

Ta
tk

a:
 V

id
eo

 
ga

m
e

PC
Be

fo
re

 &
 

A
ft

er
 C

lin
ic

al
 

Tr
ia

l (
w

ith
ou

t 
co

nt
ro

l)

N
 =

 1
3

EG
: 1

3 
(1

1 
M

, 2
 F

)
A

ge
: 5

–7
 y

rs

4 
se

ss
io

ns
, 

15
‑m

in
 p

er
 

da
y 

du
rin

g 
2‑

m
on

th
s

• S
et

‑s
hi

ft
in

g 
ab

ili
ty

Ba
se

lin
e,

 p
os

t 
in

te
rv

en
tio

n,
 

an
d 

6‑
w

ee
k‑

fo
llo

w
‑u

p

• S
SI

T
• W

C
ST

• M
C

ST

A
cc

or
di

ng
 to

 th
e 

in
te

rv
en

tio
n 

fin
d‑

in
gs

; a
 s

ig
ni

fic
an

t 
di

ffe
re

nc
e 

in
 

BF
RS

‑R
 w

as
 

ob
se

rv
ed

 b
et

w
ee

n 
pr

e‑
tr

ai
ni

ng
 a

nd
 

po
st

‑t
ra

in
in

g 
(P

 =
 0

.0
00

1)

St
at

is
tic

al
ly

 
si

gn
ifi

ca
nt

 a
t 

al
l e

va
lu

at
io

n 
sc

al
es

A
ll 

ch
ild

re
n 

im
pr

ov
ed

 c
on

si
d‑

er
ab

ly
 in

 c
og

ni
tiv

e 
an

d 
be

ha
vi

or
 fl

ex
‑

ib
ili

tie
s 

w
he

n 
th

ey
 

w
er

e 
gi

ve
n 

th
e 

SS
IT

Kh
ow

aj
a 

K 
an

d 
Sa

lim
 S

S,
 2

01
9,

 
M

al
ay

si
a 

[5
7]

In
te

rn
at

io
na

l 
jo

ur
na

l o
f 

hu
m

an
–c

om
‑

pu
te

r i
nt

er
ac

‑
tio

n

Se
rio

us
 G

am
e

PC
Be

fo
re

 &
 

A
ft

er
 C

lin
ic

al
 

Tr
ia

l (
w

ith
ou

t 
co

nt
ro

l)

N
 =

 5
EG

: 5
 (5

 M
, 0

 F
)

A
ge

: 6
–1

0 
yr

s

15
 s

es
si

on
s, 

20
 m

in
, 

du
rin

g 
1‑

m
on

th
s

• L
ea

rn
in

g
Ba

se
lin

e,
 p

os
t 

in
te

rv
en

tio
n,

 
an

d 
w

ee
k 

on
e 

an
d 

w
ee

k 
tw

o 
fo

llo
w

in
g 

th
e 

w
ith

dr
aw

al
 o

f 
in

te
rv

en
tio

n 
(fo

llo
w

‑u
p)

• R
es

ea
rc

he
rs

 s
et

 
sc

al
es

: (
Co

rr
ec

t 
re

sp
on

se
s, 

N
um

‑
be

r o
f a

tt
em

pt
s)

• S
SI

T

Th
e 

us
e 

of
 S

G
s 

du
rin

g 
in

te
rv

en
‑

tio
n 

im
pr

ov
ed

 
th

e 
pe

rf
or

m
an

ce
 

of
 p

ar
tic

ip
an

ts
 1

, 
2,

 3
, 4

, a
nd

 5
 to

 
97

%
, 9

4%
, 8

1%
, 

96
%

, a
nd

 8
9%

, 
re

sp
ec

tiv
el

y

St
at

is
tic

al
ly

 
si

gn
ifi

ca
nt

 a
t 

al
l e

va
lu

at
io

n 
sc

al
es

Th
e 

re
su

lts
 in

di
‑

ca
te

d 
th

at
 le

ar
ni

ng
 

vo
ca

bu
la

ry
 

en
tit

ie
s 

am
on

g 
ch

ild
re

n 
w

ith
 A

SD
 

en
ha

nc
ed

 a
ft

er
 

us
in

g 
th

e 
ga

m
e



Page 13 of 32Rezayi et al. BMC Psychiatry            (2023) 23:2  

Ta
bl

e 
1 

(c
on

tin
ue

d)

Co
nt

ri
bu

tio
n

Jo
ur

na
l/

Co
nf

er
en

ce
 

na
m

e

N
am

e/
Ty

pe
 o

f
ga

m
es

 u
se

d 
fo

r 
in

te
rv

en
tio

n

Pl
at

fo
rm

St
ud

y 
de

si
gn

Fi
na

l g
ro

up
 

ch
ar

ac
te

ri
st

ic
s:

 
Sa

m
pl

e 
si

ze
:

G
ro

up
s 

(S
ex

)/
A

ge

Pr
oc

ed
ur

e 
de

ta
ils

(s
es

si
on

 
nu

m
be

r, 
du

ra
tio

n 
an

d 
fr

eq
ue

nc
y)

Ta
rg

et
ed

 
co

gn
iti

ve
 

m
ea

su
re

s

A
ss

es
sm

en
t 

tim
e

Ev
al

ua
tio

n 
sc

al
es

Ev
al

ua
tio

n
Eff

ec
tiv

en
es

s
M

ai
n 

m
es

sa
ge

Fr
id

en
so

n‑
H

ay
o 

S 
et

 a
l., 

20
17

, I
sr

ae
l 

[5
8]

Eu
ro

pe
an

 c
hi

ld
 

& 
ad

ol
es

ce
nt

 
ps

yc
hi

at
ry

Em
ot

ip
la

y:
 S

er
i‑

ou
s 

G
am

e
PC

Ph
as

e 
1:

 
Be

fo
re

 &
 

A
ft

er
 C

lin
ic

al
 

Tr
ia

l (
w

ith
ou

t 
co

nt
ro

l)
Ph

as
e 

2:
 

Ra
nd

om
iz

ed
 

co
nt

ro
lle

d 
tr

ia
l w

ith
 tw

o 
in

te
rv

en
tio

n 
gr

ou
ps

 a
nd

 
co

nt
ro

ls

N
 (1

) =
 1

5,
 E

G
 1

: 
15

 (1
1 

M
, 4

 F
)

N
 (2

) =
 7

4
EG

 (2
): 

34
CG

 (2
): 

40
A

ge
: 6

–9
 y

rs

A
t l

ea
st

 2
 h

 
pe

r w
ee

k,
ov

er
 a

 
pe

rio
d 

of
 

8 
w

ee
ks

• E
m

ot
io

na
l 

Sk
ill

s
• F

ac
ia

l p
ro

‑
ce

ss
in

g 
sk

ill
s

• V
oc

al
 in

to
na

‑
tio

n
• B

od
y 

la
n‑

gu
ag

e

Ba
se

lin
e 

an
d 

po
st

 in
te

r‑
ve

nt
io

n

• S
RS

‑2
• V

A
BS

‑II
• E

m
ot

io
n 

Re
co

g‑
ni

tio
n 

Ta
sk

s

Ph
as

e 
1:

 S
G

 
us

e 
si

gn
ifi

ca
nt

ly
 

im
pr

ov
ed

 p
ar

tic
i‑

pa
nt

s’ 
pe

rf
or

m
an

ce
 

on
 th

e 
ER

 b
od

y 
la

ng
ua

ge
 ta

sk
 (P

re
: 

M
 =

 1
4.

33
, P

os
t: 

M
 =

 1
8.

73
, p

 <
 .0

1)
 

an
d 

th
e 

ER
 in

te
gr

a‑
tiv

e 
ta

sk
 (P

re
: 

M
 =

 1
1.

13
, P

os
t: 

M
 =

 1
3.

47
, p

 <
 .0

5)
Ph

as
e 

2:
 P

ai
rw

is
e 

co
m

pa
ris

on
s 

fo
r t

he
 ti

m
e 

by
 

gr
ou

p 
in

te
ra

ct
io

n 
de

m
on

st
ra

te
d 

th
at

 c
on

si
de

ra
bl

e 
im

pr
ov

em
en

t o
ve

r 
tim

e 
w

as
 fo

un
d 

on
 a

ll 
ER

 ta
sk

s 
fo

r 
th

e 
in

te
rv

en
tio

n 
gr

ou
ps

 (F
ac

e:
 M

ea
n 

di
ffe

re
nc

e 
=

 2
.1

7,
 

p 
<

 .0
01

; V
oi

ce
: 

M
ea

n 
di

ffe
r‑

en
ce

 =
 2

.1
9,

 
p 

<
 .0

01
; B

od
y:

 
M

ea
n 

di
ffe

r‑
en

ce
 =

 4
.6

3,
 

p 
<

 .0
01

)

St
at

is
tic

al
ly

 
si

gn
ifi

ca
nt

 a
t 

al
l e

va
lu

at
io

n 
sc

al
es

Th
is

 g
am

e 
(E

m
ot

ip
la

y’
s 

SG
) 

is
 a

n 
in

flu
en

tia
l 

an
d 

m
ot

iv
at

in
g 

in
te

rv
en

tio
n,

 
cr

os
s‑

cu
ltu

ra
lly

 
le

ad
in

g 
ER

 fr
om

 
fa

ce
s, 

vo
ic

es
, b

od
y 

la
ng

ua
ge

, a
nd

 
th

ei
r i

nt
eg

ra
tio

n 
in

 
co

nt
ex

t t
o 

ch
ild

re
n 

w
ith

 h
ig

h‑
fu

nc
‑

tio
ni

ng
 A

SC



Page 14 of 32Rezayi et al. BMC Psychiatry            (2023) 23:2 

Ta
bl

e 
1 

(c
on

tin
ue

d)

Co
nt

ri
bu

tio
n

Jo
ur

na
l/

Co
nf

er
en

ce
 

na
m

e

N
am

e/
Ty

pe
 o

f
ga

m
es

 u
se

d 
fo

r 
in

te
rv

en
tio

n

Pl
at

fo
rm

St
ud

y 
de

si
gn

Fi
na

l g
ro

up
 

ch
ar

ac
te

ri
st

ic
s:

 
Sa

m
pl

e 
si

ze
:

G
ro

up
s 

(S
ex

)/
A

ge

Pr
oc

ed
ur

e 
de

ta
ils

(s
es

si
on

 
nu

m
be

r, 
du

ra
tio

n 
an

d 
fr

eq
ue

nc
y)

Ta
rg

et
ed

 
co

gn
iti

ve
 

m
ea

su
re

s

A
ss

es
sm

en
t 

tim
e

Ev
al

ua
tio

n 
sc

al
es

Ev
al

ua
tio

n
Eff

ec
tiv

en
es

s
M

ai
n 

m
es

sa
ge

Sp
an

io
l M

M
 

et
 a

l., 
20

17
, 

Br
az

il 
[3

2]

Jo
ur

na
l o

f 
A

ut
is

m
 a

nd
 

D
ev

el
op

m
en

ta
l 

D
is

or
de

rs

C
PA

T
PC

Ra
nd

om
iz

ed
 

co
nt

ro
lle

d 
tr

ia
l

N
 =

 1
4

EC
: 8

 (6
 M

, 2
 F

)
CG

: 6
 (6

 M
, 0

 F
)

A
ge

: 6
–1

0 
yr

s

13
 s

es
si

on
s, 

45
 m

in
, 

tw
ic

e 
a 

w
ee

k 
ac

ro
ss

 
a 

2‑
m

on
th

 
pe

rio
d

• A
tt

en
tio

n
• A

ca
de

m
ic

 
pe

rf
or

m
an

ce

Ba
se

lin
e 

(1
 

an
d 

2 
w

ee
ks

be
fo

re
) a

nd
 

po
st

 in
te

r‑
ve

nt
io

n

• C
PM

• A
ca

de
m

ic
 

A
ss

es
sm

en
ts

 
(M

at
hs

, R
ea

di
ng

 
Co

m
pr

eh
en

si
on

, 
Co

py
in

g)
• C

A
RS

Eff
ec

ts
 s

ho
w

ed
 a

 
si

gn
ifi

ca
nt

 in
cr

ea
se

 
in

 th
e 

C
PM

 s
co

re
s 

fro
m

 p
re

 to
 p

os
t‑

as
se

ss
m

en
t f

or
 

th
e 

C
PA

T 
gr

ou
p 

(p
re

 =
 8

6.
25

 ±
 6

.7
3;

 
po

st
 =

 1
00

 ±
 5

.9
8)

; 
th

er
e 

w
as

 a
 s

ig
ni

fi‑
ca

nt
 im

pr
ov

em
en

t 
in

 m
at

h 
sc

or
es

 fo
r 

th
e 

C
PA

T 
gr

ou
p 

(p
re

 =
 2

7.
8 
±

 1
0.

14
; 

po
st

 =
 5

1.
7 
±

 9
.9

8)
; 

th
er

e 
w

as
 a

 s
ig

ni
fi‑

ca
nt

 im
pr

ov
em

en
t 

in
 re

ad
in

g 
sc

or
es

 
fo

r t
he

 C
PA

T 
gr

ou
p 

(p
re

 =
 3

9.
34

 ±
 6

.1
9;

 
po

st
 =

 5
9.

19
)

St
at

is
tic

al
ly

 
si

gn
ifi

ca
nt

 a
t 

al
l e

va
lu

at
io

n 
sc

al
es

Pr
og

re
ss

 w
as

 
ev

id
en

t i
n 

va
rio

us
 

ac
ad

em
ic

 te
st

s, 
in

cl
ud

in
g 

re
ad

in
g 

co
m

pr
eh

en
si

on
, 

co
py

in
g 

sp
ee

d,
 

an
d 

m
at

h



Page 15 of 32Rezayi et al. BMC Psychiatry            (2023) 23:2  

Ta
bl

e 
1 

(c
on

tin
ue

d)

Co
nt

ri
bu

tio
n

Jo
ur

na
l/

Co
nf

er
en

ce
 

na
m

e

N
am

e/
Ty

pe
 o

f
ga

m
es

 u
se

d 
fo

r 
in

te
rv

en
tio

n

Pl
at

fo
rm

St
ud

y 
de

si
gn

Fi
na

l g
ro

up
 

ch
ar

ac
te

ri
st

ic
s:

 
Sa

m
pl

e 
si

ze
:

G
ro

up
s 

(S
ex

)/
A

ge

Pr
oc

ed
ur

e 
de

ta
ils

(s
es

si
on

 
nu

m
be

r, 
du

ra
tio

n 
an

d 
fr

eq
ue

nc
y)

Ta
rg

et
ed

 
co

gn
iti

ve
 

m
ea

su
re

s

A
ss

es
sm

en
t 

tim
e

Ev
al

ua
tio

n 
sc

al
es

Ev
al

ua
tio

n
Eff

ec
tiv

en
es

s
M

ai
n 

m
es

sa
ge

H
u 

X 
et

 a
l., 

20
19

, C
hi

na
 

[5
9]

Jo
ur

na
l o

f 
A

ut
is

m
 a

nd
 

D
ev

el
op

m
en

ta
l 

D
is

or
de

rs

C
A

I
PC

Be
fo

re
 &

 
A

ft
er

 C
lin

ic
al

 
Tr

ia
l (

w
ith

ou
t 

co
nt

ro
l)

N
 =

 4
EG

: 4
 (3

 M
, 1

 F
)

A
ge

: 9
–1

1 
yr

s

7–
13

 
se

ss
io

ns
, 

20
 m

in
 d

ur
‑

in
g 

5 
w

ee
ks

• M
at

ch
in

g 
sk

ill
s

Ba
se

lin
e,

 p
os

t 
in

te
rv

en
tio

n 
an

d 
af

te
r 

1 
w

ee
k,

 
3 

w
ee

ks
, 

an
d 

5 
w

ee
ks

 
fo

llo
w

‑u
p

• V
M

S
• R

es
ea

rc
he

rs
 s

et
 

sc
al

es
: (

So
ci

al
 

Va
lid

ity
 M

ea
su

re
s, 

Re
sp

on
se

 
A

cc
ur

ac
y,

 T
as

k 
En

ga
ge

m
en

t)

D
ur

in
g 

th
e 

in
te

r‑
ve

nt
io

n,
 th

re
e 

st
u‑

de
nt

s 
m

ai
nt

ai
ne

d 
a 

re
la

tiv
el

y 
hi

gh
 le

ve
l 

of
 ta

sk
 e

m
pl

oy
‑

m
en

t i
n 

C
A

I, 
co

m
‑

pa
re

d 
to

 T
II 

(J
ia

hu
a:

 
PN

D
 =

 1
00

%
; 

M
 =

 9
5.

3,
 in

 C
A

I; 
M

 =
 7

2.
5,

 ra
ng

e 
59

–8
2%

 in
 T

II;
 L

in
‑

gl
in

g:
 P

N
D

 =
 8

3.
3%

; 
M

 =
 8

6.
5 

in
 

C
A

I; 
M

 =
 6

7.
8 

in
 T

II;
 Z

ic
he

ng
: 

PN
D

 =
 8

5.
7%

; 
M

 =
 8

4.
1 

in
 C

A
I; 

M
 =

 7
3.

4 
in

 T
II)

; 
al

l f
ou

r s
tu

de
nt

s 
re

qu
ire

d 
a 

fe
w

er
 

nu
m

be
r o

f t
ria

ls
 to

 
ac

hi
ev

e 
cr

ite
rio

n 
in

 C
A

I t
ha

n 
in

 T
II;

 
th

re
e 

of
 th

e 
fo

ur
 

st
ud

en
ts

 re
qu

ire
d 

a 
lo

w
er

 n
um

be
r 

of
 p

ro
m

pt
s 

an
d 

sh
or

te
r d

ur
at

io
ns

 
in

 in
st

ru
ct

io
na

l 
tim

e 
in

 C
A

I t
ha

n 
in

 T
II

St
at

is
tic

al
ly

 
si

gn
ifi

ca
nt

 o
n 

so
m

e 
ev

al
ua

‑
tio

n 
sc

al
es

C
A

I w
as

 m
or

e 
effi

ci
en

t t
ha

n 
TI

I 
co

nc
er

ni
ng

 th
e 

pr
om

pt
s 

su
pp

lie
d 

an
d 

th
e 

du
ra

tio
n 

of
 in

st
ru

ct
io

na
l 

se
ss

io
ns



Page 16 of 32Rezayi et al. BMC Psychiatry            (2023) 23:2 

Ta
bl

e 
1 

(c
on

tin
ue

d)

Co
nt

ri
bu

tio
n

Jo
ur

na
l/

Co
nf

er
en

ce
 

na
m

e

N
am

e/
Ty

pe
 o

f
ga

m
es

 u
se

d 
fo

r 
in

te
rv

en
tio

n

Pl
at

fo
rm

St
ud

y 
de

si
gn

Fi
na

l g
ro

up
 

ch
ar

ac
te

ri
st

ic
s:

 
Sa

m
pl

e 
si

ze
:

G
ro

up
s 

(S
ex

)/
A

ge

Pr
oc

ed
ur

e 
de

ta
ils

(s
es

si
on

 
nu

m
be

r, 
du

ra
tio

n 
an

d 
fr

eq
ue

nc
y)

Ta
rg

et
ed

 
co

gn
iti

ve
 

m
ea

su
re

s

A
ss

es
sm

en
t 

tim
e

Ev
al

ua
tio

n 
sc

al
es

Ev
al

ua
tio

n
Eff

ec
tiv

en
es

s
M

ai
n 

m
es

sa
ge

M
ac

ou
n 

SJ
 

et
 a

l., 
20

20
, 

Ca
na

da
 [6

0]

Jo
ur

na
l o

f 
A

ut
is

m
 a

nd
 

D
ev

el
op

m
en

ta
l 

D
is

or
de

rs

Ca
rib

be
an

 
Q

ue
st

; C
Q

: 
se

rio
us

ga
m

e

PC
Ra

nd
om

iz
ed

 
co

nt
ro

lle
d 

tr
ia

l

N
 =

 2
0

EG
: 1

1 
(9

 M
, 2

 F
)

CG
: 9

 (8
 M

, 1
 F

)
A

ge
: 6

–1
2 

yr
s

24
 s

es
si

on
s,

3 
tim

es
/

w
ee

k,
 

30
 m

in
 p

er
 

se
ss

io
n 

du
r‑

in
g 

8‑
w

ee
ks

• A
tt

en
tio

n
• W

or
ki

ng
 

m
em

or
y

• A
ca

de
m

ic
 

pe
rf

or
m

an
ce

• I
nh

ib
ito

ry
 

co
nt

ro
l

Ba
se

lin
e 

in
te

r 
an

d 
po

st
 

in
te

rv
en

tio
n

• B
RI

EF
‑P

 T
 G

EC
,

• A
ca

de
m

ic
 

su
pp

or
ts

 (t
ut

or
‑

in
g,

 le
ar

ni
ng

 
as

si
st

an
ce

, g
ift

ed
 

pr
og

ra
m

m
in

g)
• C

on
ne

rs
‑3

‑P
 

T 
EF

• S
RS

‑2

Th
er

e 
w

as
 a

 s
ta

tis
ti‑

ca
lly

 s
ig

ni
fic

an
t 

di
ffe

re
nc

e 
in

 e
rr

or
s 

(K
iT

A
P 

‘S
ad

/H
ap

py
 

G
ho

st
 a

nd
 C

ol
or

ed
 

Bo
xe

s)
 b

et
w

ee
n 

th
e 

in
te

rv
en

tio
n 

an
d 

co
nt

ro
l g

ro
up

s, 
F 

(1
,1

6)
 =

 4
.6

1,
 

p 
<

 .0
5,

 p
ar

tia
l 

η2
 =

 .2
24

; F
 

(1
,1

5)
 =

 1
2.

23
, 

p 
<

 .0
1,

 p
ar

tia
l 

η2
 =

 .4
9 

re
sp

ec
‑

tiv
el

y.
 O

n 
th

e 
W

oo
dc

oc
k‑

Jo
hn

‑
so

n 
M

at
h 

Fl
ue

nc
y 

ta
sk

, w
ith

 p
os

th
oc

 
an

al
ys

es
 in

di
ca

tin
g 

th
at

 th
e 

in
te

rv
en

‑
tio

n 
gr

ou
p 

m
ad

e 
fe

w
er

 e
rr

or
s 

th
an

 
th

e 
co

nt
ro

l g
ro

up
 

(M
di

ff 
=

 1
4.

08
 

[9
5%

 C
I .

54
4–

7.
61

], 
p 

<
 .0

5)

St
at

is
tic

al
ly

 
si

gn
ifi

ca
nt

 o
n 

so
m

e 
ev

al
ua

‑
tio

n 
sc

al
es

Th
is

 g
am

e 
ha

s 
pr

e‑
lim

in
ar

y 
su

pp
or

t 
an

d 
po

te
nt

ia
l e

ffi
‑

ca
cy

 fo
r c

hi
ld

re
n 

w
ith

 A
SD

M
er

ca
do

 J 
et

 a
l.,2

01
8,

 
M

ex
ic

o 
[6

1]

M
ul

tim
ed

ia
 

To
ol

s 
an

d 
A

pp
lic

at
io

ns

Fa
rm

er
Ke

ep
er

: 
vi

de
o 

ga
m

e
PC

Ra
nd

om
iz

ed
 

co
nt

ro
lle

d 
tr

ia
l

N
 =

 1
2

EG
: 6

CG
: 6

A
ge

: 4
–1

1 
yr

s

20
–3

0 
m

in
, 

4‑
w

ee
ks

• A
tt

en
tio

n
• A

nx
ie

ty
Ba

se
lin

e 
in

te
r 

an
d 

po
st

 
in

te
rv

en
tio

n

• C
RS

D
‑a

nt
 te

st
• A

D
H

D
T

Pa
rt

ic
ip

an
ts

 w
er

e 
8%

 (2
:0

0 
m

in
 

ap
pr

ox
., 

p 
=

 0
.0

02
88

) o
f t

he
 

tim
e 

pa
yi

ng
 m

or
e 

at
te

nt
io

n 
du

rin
g 

th
e 

fu
ll 

se
ss

io
n 

(a
vg

. f
ul

l s
es

‑
si

on
 =

 1
3:

05
 m

in
) 

w
he

n 
us

in
g 

Fa
rm

er
Ke

ep
er

 
(9

7.
15

%
 o

f f
ul

l 
se

ss
io

n)
 th

an
 w

ith
 

Br
ai

nC
at

s 
(8

9.
15

%
 

of
 fu

ll 
se

ss
io

n)

St
at

is
tic

al
ly

 
si

gn
ifi

ca
nt

 a
t 

al
l e

va
lu

at
io

n 
sc

al
es

Fa
rm

er
Ke

ep
er

 c
an

 
im

pr
ov

e 
co

gn
i‑

tiv
e 

in
di

ca
to

rs
 

by
 re

du
ci

ng
 th

e 
le

ve
l o

f a
nx

ie
ty

 
an

d 
in

cr
ea

si
ng

 
th

e 
at

te
nt

io
n 

of
 

ch
ild

re
n 

w
ith

 
au

tis
m

 d
ur

in
g 

th
e 

tr
ea

tm
en

t o
f n

eu
‑

ro
fe

ed
ba

ck
 tr

ai
ni

ng
 

se
ss

io
ns



Page 17 of 32Rezayi et al. BMC Psychiatry            (2023) 23:2  

Ta
bl

e 
1 

(c
on

tin
ue

d)

Co
nt

ri
bu

tio
n

Jo
ur

na
l/

Co
nf

er
en

ce
 

na
m

e

N
am

e/
Ty

pe
 o

f
ga

m
es

 u
se

d 
fo

r 
in

te
rv

en
tio

n

Pl
at

fo
rm

St
ud

y 
de

si
gn

Fi
na

l g
ro

up
 

ch
ar

ac
te

ri
st

ic
s:

 
Sa

m
pl

e 
si

ze
:

G
ro

up
s 

(S
ex

)/
A

ge

Pr
oc

ed
ur

e 
de

ta
ils

(s
es

si
on

 
nu

m
be

r, 
du

ra
tio

n 
an

d 
fr

eq
ue

nc
y)

Ta
rg

et
ed

 
co

gn
iti

ve
 

m
ea

su
re

s

A
ss

es
sm

en
t 

tim
e

Ev
al

ua
tio

n 
sc

al
es

Ev
al

ua
tio

n
Eff

ec
tiv

en
es

s
M

ai
n 

m
es

sa
ge

M
er

ca
do

 J 
et

 a
l., 

20
20

, 
M

ex
ic

o 
[3

0]

Jo
ur

na
l o

n 
M

ul
tim

od
al

 
U

se
r I

nt
er

fa
ce

s

Fa
rm

er
Ke

ep
er

: 
vi

de
o 

ga
m

e
PC

Ra
nd

om
iz

ed
 

co
nt

ro
lle

d 
tr

ia
l

N
 =

 2
6

EG
: 1

3
CG

: 1
3

A
ge

: 4
–1

3 
yr

s

13
 s

es
si

on
s, 

15
 m

in
 

du
rin

g 
10

‑w
ee

ks

• A
tt

en
tio

n
Ba

se
lin

e 
in

te
r 

an
d 

po
st

 
in

te
rv

en
tio

n

• C
RS

D
‑a

nt
 te

st
• A

D
H

D
T

Th
er

e 
is

 a
 s

lig
ht

 
di

ffe
re

nc
e 

of
 c

lo
se

 
to

 3
%

 (p
 =

 0
.2

5)
, 

w
hi

ch
 m

ea
ns

 th
at

 
pa

rt
ic

ip
an

ts
 w

ho
 

us
ed

 F
ar

m
er

Ke
ep

er
 

ha
d 

a 
be

tt
er

 
pe

rf
or

m
an

ce
 th

an
 

th
os

e 
w

ho
 u

se
d 

Ca
rt

oo
ns

St
at

is
tic

al
ly

 
si

gn
ifi

ca
nt

 a
t 

al
l e

va
lu

at
io

n 
sc

al
es

Pr
e‑

 a
nd

 p
os

t‑
as

se
ss

m
en

ts
 

re
ve

al
ed

 th
at

 p
ar

‑
tic

ip
an

ts
’ a

tt
en

tio
n,

 
at

te
nt

io
na

l c
on

tr
ol

, 
an

d 
su

st
ai

ne
d 

at
te

nt
io

n 
w

er
e 

sw
ee

te
ne

d

W
ag

le
 S

 e
t a

l., 
20

21
, I

nd
ia

 [6
2]

Sc
ie

nt
ifi

c 
Re

po
rt

s
Ba

sk
et

 g
am

e,
 

Tr
ai

n 
ga

m
e,

 
Pi

an
o 

G
am

e,
 

Fa
ce

 g
am

e,
 

Sh
ap

e 
G

am
e:

 
Se

rio
us

 g
am

es

A
nd

ro
id

 
pl

ay
st

or
e

Be
fo

re
 &

 
A

ft
er

 C
lin

ic
al

 
Tr

ia
l (

w
ith

ou
t 

co
nt

ro
l)

N
 =

 1
4

EG
: 1

4 
(1

3 
M

, 1
 F

)
A

ge
: 6

–1
3 

yr
s

30
 m

in
 p

er
 

da
y 

du
rin

g 
4 

w
ee

ks

• W
or

ki
ng

 
m

em
or

y
• F

ac
ia

l p
ro

‑
ce

ss
in

g 
sk

ill
s

Ba
se

lin
e 

in
te

r 
an

d 
po

st
 

in
te

rv
en

tio
n

• C
or

si
‑B

T
• A

TE
C

N
o 

ch
an

ge
 

(W
 =

 7
.5

, n
 =

 1
4,

 
P 
=

 1
) w

as
 fo

llo
w

ed
 

in
 th

e 
pr

e 
an

d 
po

st
‑in

te
rv

en
tio

n 
co

nd
iti

on
s; 

no
 

si
gn

ifi
ca

nt
 c

ha
ng

e 
w

as
 o

bs
er

ve
d 

in
 

th
e 

Co
rs

i t
ot

al
 

sc
or

e 
(W

 =
 2

7,
 

n 
=

 1
4,

 P
 =

 0
.2

2)
; 

pa
rt

ic
ip

an
ts

 d
id

 
no

t a
ch

ie
ve

 s
ig

‑
ni

fic
an

tly
 fr

om
 th

e 
m

on
th

‑lo
ng

 g
am

e‑
ba

se
d 

tr
ai

ni
ng

 in
 

re
du

ci
ng

 a
ut

is
tic

 
sy

m
pt

om
s 

or
 

en
ha

nc
in

g 
w

or
ki

ng
 

m
em

or
y

N
ot

 e
ffe

ct
iv

e
Th

er
e 

is
 n

o 
si

gn
ifi

‑
ca

nt
 c

ha
ng

e 
in

 th
e 

au
tis

tic
 s

ym
pt

om
s 

af
te

r t
he

 in
te

rv
en

‑
tio

n 
tr

ai
ni

ng
 w

ith
 

th
e 

gi
ve

n 
ga

m
e



Page 18 of 32Rezayi et al. BMC Psychiatry            (2023) 23:2 

Ta
bl

e 
1 

(c
on

tin
ue

d)

Co
nt

ri
bu

tio
n

Jo
ur

na
l/

Co
nf

er
en

ce
 

na
m

e

N
am

e/
Ty

pe
 o

f
ga

m
es

 u
se

d 
fo

r 
in

te
rv

en
tio

n

Pl
at

fo
rm

St
ud

y 
de

si
gn

Fi
na

l g
ro

up
 

ch
ar

ac
te

ri
st

ic
s:

 
Sa

m
pl

e 
si

ze
:

G
ro

up
s 

(S
ex

)/
A

ge

Pr
oc

ed
ur

e 
de

ta
ils

(s
es

si
on

 
nu

m
be

r, 
du

ra
tio

n 
an

d 
fr

eq
ue

nc
y)

Ta
rg

et
ed

 
co

gn
iti

ve
 

m
ea

su
re

s

A
ss

es
sm

en
t 

tim
e

Ev
al

ua
tio

n 
sc

al
es

Ev
al

ua
tio

n
Eff

ec
tiv

en
es

s
M

ai
n 

m
es

sa
ge

Pi
an

a 
S 

et
 a

l., 
20

19
, I

ta
ly

 [6
3]

IE
EE

 T
ra

ns
ac

‑
tio

ns
 o

n 
A

ffe
ct

iv
e 

Co
m

pu
tin

g

G
ue

ss
 th

e 
Em

ot
io

n:
 s

er
io

us
 

ga
m

e

PC
N

on
‑

ra
nd

om
iz

ed
 

Co
nt

ro
lle

d 
C

lin
ic

al
 T

ria
l

N
 =

 1
5

EG
: 1

0 
(9

 M
, 1

 F
)

CG
: 5

 (4
 M

, 1
 F

)
A

ge
: 8

–1
1 

yr
s

10
 s

es
si

on
s, 

20
 m

in
 

du
rin

g 
4 

to
 

6 
w

ee
ks

• E
m

ot
io

na
l 

Sk
ill

s
• F

ac
ia

l p
ro

‑
ce

ss
in

g 
sk

ill
s

Ba
se

lin
e 

in
te

r 
an

d 
po

st
 

in
te

rv
en

tio
n

• R
es

ea
rc

he
rs

 s
et

 
sc

al
es

 (E
m

ot
io

ns
 

in
 th

e 
re

co
gn

iti
on

 
ta

sk
, R

es
po

ns
e 

ac
cu

ra
cy

, T
im

e 
of

 
re

sp
on

se
)

Th
er

e 
is

 a
 s

ig
‑

ni
fic

an
t d

iff
er

en
ce

 
fo

r t
he

 re
co

gn
i‑

tio
n,

 t(
9)

 =
 3

:9
84

, 
p 
=

 0
:0

03
, a

nd
 

th
e 

ex
pr

es
si

on
 

ta
sk

, t
(9

) =
 4

:4
39

, 
p 
=

 0
:0

02
, i

nd
ic

at
‑

in
g 

th
at

 th
e 

pe
rf

or
m

an
ce

 a
t 

th
is

 ta
sk

 in
cr

ea
se

 
si

gn
ifi

ca
nt

ly
 fr

om
 

th
e 

fir
st

 to
 th

e 
se

co
nd

 p
er

io
d;

 
th

e 
M

D
 b

et
w

ee
n 

th
e 

fir
st

 a
nd

 th
e 

se
co

nd
 a

ss
es

sm
en

t 
w

as
 lo

w
er

 in
 th

e 
co

nt
ro

l g
ro

up
 

(9
:6

0)
 th

an
 in

 th
e 

ex
pe

rim
en

ta
l 

gr
ou

p 
(2

1:
50

)

St
at

is
tic

al
ly

 
si

gn
ifi

ca
nt

 a
t 

al
l e

va
lu

at
io

n 
sc

al
es

D
ur

in
g 

th
e 

ap
pl

ic
a‑

tio
n 

of
 th

is
 g

am
e,

 
th

e 
ac

cu
ra

cy
 o

f 
do

in
g 

th
e 

ta
sk

 
fro

m
 th

e 
be

gi
n‑

ni
ng

 to
 th

e 
en

d 
of

 
th

e 
tr

ai
ni

ng
 s

es
‑

si
on

s 
ha

s 
in

cr
ea

se
d 

si
gn

ifi
ca

nt
ly

 in
 

th
e 

tr
ai

ne
d 

gr
ou

p 
co

m
pa

re
d 

to
 th

e 
co

nt
ro

l g
ro

up

Jo
ue

n 
A

L 
et

 a
l., 

20
17

, U
K 

[6
4]

C
hi

ld
 a

nd
 

A
do

le
sc

en
t 

Ps
yc

hi
at

ry
 a

nd
 

M
en

ta
l H

ea
lth

G
O

LI
A

H
: S

er
io

us
 

G
am

e
PC

 a
nd

 
M

ob
ile

 
ap

p

N
on

‑
ra

nd
om

iz
ed

 
Co

nt
ro

lle
d 

C
lin

ic
al

 T
ria

l

N
 =

 2
4

EG
: 1

4 
(1

4 
M

, 0
 F

)
CG

: 1
0 

(1
0 

M
, 0

 F
)

A
ge

: 5
–8

 y
rs

10
0 

se
ss

io
ns

, 
30

 m
in

, 
du

rin
g 

6‑
m

on
th

s

A
tt

en
tio

n
Im

ita
tio

n 
sk

ill
s

Ba
se

lin
e 

in
te

r 
an

d 
po

st
 

in
te

rv
en

tio
n

• A
D

I‑R
• V

A
BS

‑II
• C

BC
L

• S
CQ

Th
er

e 
w

er
e 

si
gn

ifi
ca

nt
 s

ig
ns

 o
f 

pr
og

re
ss

 in
 A

D
O

S 
sc

or
es

, V
in

el
an

d 
so

ci
al

iz
at

io
n 

sc
or

e,
 

Pa
re

nt
al

 S
tr

es
s 

In
de

x 
to

ta
l s

co
re

, 
an

d 
C

hi
ld

 B
eh

av
io

r 
C

he
ck

lis
t i

nt
er

na
l‑

iz
in

g,
 e

xt
er

na
liz

in
g,

 
an

d 
to

ta
l p

ro
bl

em
s 

(a
ll 
p 

<
 0

.0
5,

 L
in

ea
r 

M
ix

ed
 M

od
el

s, 
tim

e 
eff

ec
t)

; m
ea

n‑
in

g 
th

at
 tr

ea
tm

en
t 

gi
ve

n 
in

 b
ot

h 
gr

ou
ps

 w
as

 fa
vo

ra
‑

bl
e 

an
d 

pr
ac

tic
al

St
at

is
tic

al
ly

 
si

gn
ifi

ca
nt

 o
n 

so
m

e 
ev

al
ua

‑
tio

n 
sc

al
es

Th
e 

fin
di

ng
s 

of
 th

e 
6‑

m
on

th
 tr

ai
ni

ng
 

in
di

ca
te

 th
at

 b
ot

h 
th

e 
ac

ce
pt

an
ce

 o
f 

us
in

g 
th

e 
ga

m
e 

pl
at

fo
rm

 a
nd

 th
e 

ab
se

nc
e 

of
 p

ar
en

‑
ta

l s
tr

es
s 

ha
ve

 
be

en
 s

ee
n



Page 19 of 32Rezayi et al. BMC Psychiatry            (2023) 23:2  

Ta
bl

e 
1 

(c
on

tin
ue

d)

Co
nt

ri
bu

tio
n

Jo
ur

na
l/

Co
nf

er
en

ce
 

na
m

e

N
am

e/
Ty

pe
 o

f
ga

m
es

 u
se

d 
fo

r 
in

te
rv

en
tio

n

Pl
at

fo
rm

St
ud

y 
de

si
gn

Fi
na

l g
ro

up
 

ch
ar

ac
te

ri
st

ic
s:

 
Sa

m
pl

e 
si

ze
:

G
ro

up
s 

(S
ex

)/
A

ge

Pr
oc

ed
ur

e 
de

ta
ils

(s
es

si
on

 
nu

m
be

r, 
du

ra
tio

n 
an

d 
fr

eq
ue

nc
y)

Ta
rg

et
ed

 
co

gn
iti

ve
 

m
ea

su
re

s

A
ss

es
sm

en
t 

tim
e

Ev
al

ua
tio

n 
sc

al
es

Ev
al

ua
tio

n
Eff

ec
tiv

en
es

s
M

ai
n 

m
es

sa
ge

H
ay

ou
ng

 A
. 

Li
m

 e
t a

l., 
20

22
, 

U
SA

 [6
5]

C
hi

ld
 

La
ng

ua
ge

 
Te

ac
hi

ng
 a

nd
 

Th
er

ap
y

A
n 

O
nl

in
e 

M
us

ic
‑B

as
ed

 
Sp

ee
ch

 a
nd

 L
an

‑
gu

ag
e 

Le
ar

ni
ng

 
G

am
e:

 O
nl

in
e 

ed
te

ch

PC
 a

nd
 

M
ob

ile
 

ap
p

Be
fo

re
 &

 
A

ft
er

 C
lin

ic
al

 
Tr

ia
l (

w
ith

ou
t 

co
nt

ro
l)

N
 =

 2
6

A
ge

: 2
–6

 y
rs

4–
6 

se
ss

io
ns

 
ov

er
 a

 
2‑

w
ee

k

La
ng

ua
ge

 s
ki

lls
Ba

se
lin

e 
an

d 
po

st
 in

te
r‑

ve
nt

io
n

• C
A

RS
• R

es
ea

rc
he

rs
 s

et
 

sc
al

es
 (R

es
po

ns
e 

ac
cu

ra
cy

, T
im

e 
of

 
re

sp
on

se
, V

er
ba

l 
pr

od
uc

tio
n)

O
ut

co
m

es
 p

oi
nt

 
th

at
 th

e 
SS

4K
id

s 
pr

og
ra

m
 is

 a
n 

effi
ca

ci
ou

s 
m

us
ic

‑
ba

se
d 

sp
ee

ch
 a

nd
 

la
ng

ua
ge

 tr
ai

ni
ng

 
te

ch
ni

qu
e 

fo
r 

su
pp

or
tin

g 
ta

rg
et

 
w

or
d 

pr
od

uc
tio

n 
in

 c
hi

ld
re

n 
ac

ro
ss

 
a 

tw
o‑

w
ee

k 
tim

es
‑

pa
n 

(a
ll 
p 

<
 0

.0
5.

)

St
at

is
tic

al
ly

 
si

gn
ifi

ca
nt

 a
t 

al
l e

va
lu

at
io

n 
sc

al
es

Em
er

gi
ng

 p
ro

of
 o

f 
th

e 
si

gn
ifi

ca
nc

e 
of

 a
n 

on
lin

e 
ev

id
en

ce
‑b

as
ed

 
pr

ac
tic

e 
su

pp
or

ts
 

th
e 

sp
ee

ch
 a

nd
 

la
ng

ua
ge

 o
ut

‑
co

m
es

 fo
r v

ar
io

us
 

ch
ild

re
n 

in
 e

ar
ly

 
in

te
rv

en
tio

n

C
ha

ox
in

 a
nd

 
Ju

n 
Ya

ng
, 2

02
2,

 
C

hi
na

 [6
6]

Br
ai

n 
sc

ie
nc

es
Vi

rt
ua

l T
ra

in
in

g
PC

Ra
nd

om
iz

ed
 

co
nt

ro
lle

d 
tr

ia
l

N
 =

 1
00

,
EG

1 
=

 3
4

EG
2 
=

 3
3,

CG
 =

 3
3

M
A

ge
: 1

2.
9 

yr
s

3 
se

ss
 in

 a
 

w
ee

k,
30

 m
in

A
tt

en
tio

n
Ba

se
lin

e,
 p

os
t 

in
te

rv
en

tio
n,

 
an

d 
6‑

w
ee

k‑
fo

llo
w

‑u
p

• C
A

RS
• R

es
ea

rc
he

rs
 

se
t s

ca
le

s 
(V

is
ua

l 
at

te
nt

io
n)

A
lth

ou
gh

 n
on

e 
of

 th
e 

th
re

e 
pa

r‑
tic

ip
an

ts
 n

ot
ic

ed
 

pr
og

re
ss

 in
 th

e 
co

rr
ec

t r
at

e,
 th

e 
ob

se
rv

at
io

ns
 o

f t
he

 
VT

 a
nd

 P
E 

gr
ou

ps
 

w
er

e 
si

gn
ifi

ca
nt

 
(p

 <
 0

.0
5)

 c
om

‑
pa

re
d 

to
 th

e 
CG

 
gr

ou
p 

in
 u

nc
ov

er
‑

in
g 

th
e 

de
te

ct
io

n 
ra

te
 o

f t
he

 p
ro

be
 

st
im

ul
us

St
at

is
tic

al
ly

 
si

gn
ifi

ca
nt

 a
t 

al
l e

va
lu

at
io

n 
sc

al
es

Th
is

 p
ro

gr
am

 h
as

 
th

e 
po

te
nt

ia
l t

o 
im

pr
ov

e 
vi

su
al

 
at

te
nt

io
n 

in
 c

hi
l‑

dr
en

 w
ith

 A
SD

Ab
br

ev
ia

tio
ns

: S
RS

-2
 S

oc
ia

l R
es

po
ns

iv
en

es
s 

Sc
al

e,
 M

SE
L 

M
ul

le
n 

Sc
al

es
 o

f E
ar

ly
 L

ea
rn

in
g,

 W
IS

C-
IV

 W
ec

hs
le

r I
nt

el
lig

en
ce

 S
ca

le
 fo

r C
hi

ld
re

n,
 P

PV
T-

R 
Pe

ab
od

y 
Pi

ct
ur

e 
Vo

ca
bu

la
ry

 Te
st

-R
ev

is
ed

, V
AB

S-
II 

Vi
ne

la
nd

 A
da

pt
iv

e 
Be

ha
vi

or
 S

ca
le

s-
II,

 R
CP

M
 R

av
en

’s 
Co

lo
re

d 
Pr

og
re

ss
iv

e 
M

at
ric

es
, G

PS
 G

az
e 

Po
si

tio
ns

 S
ca

le
, W

PP
SI

 W
ec

hs
le

r P
re

sc
ho

ol
 a

nd
 P

rim
ar

y 
Sc

al
e 

of
 In

te
lli

ge
nc

e,
 V

IQ
 V

er
ba

l I
nt

el
lig

en
t Q

uo
tie

nt
, P

IQ
 P

er
fo

rm
an

ce
 In

te
lli

ge
nt

 Q
uo

tie
nt

, 
S-

CA
T  

So
ci

al
-C

om
m

un
ic

at
io

n 
A

ss
es

sm
en

t T
oo

l, 
PE

CS
 P

ic
tu

re
 E

xc
ha

ng
e 

Co
m

m
un

ic
at

io
n 

Sy
st

em
, A

SE
BA

 A
ch

en
ba

ch
 S

ys
te

m
 o

f E
m

pi
ric

al
ly

 B
as

ed
 A

ss
es

sm
en

t, 
AB

C 
Th

e 
A

be
rr

an
t B

eh
av

io
r C

he
ck

lis
t, 

SS
RS

 T
he

 S
oc

ia
l S

ki
lls

 
Ra

tin
g 

Sy
st

em
, B

RI
EF

 T
he

 B
eh

av
io

r R
at

in
g 

In
ve

nt
or

y 
of

 E
xe

cu
tiv

e 
Fu

nc
tio

n,
 S

AR
T  

Su
st

ai
ne

d 
at

te
nt

io
n 

re
sp

on
se

 ta
sk

, C
or

si
-B

TT
 T

he
 C

or
si

 b
lo

ck
 ta

pp
in

g 
ta

sk
, S

SI
T 

Se
t-

sh
ift

in
g 

im
pr

ov
em

en
t t

as
ks

, W
CS

T 
W

is
co

ns
in

 C
ar

d 
So

rt
in

g 
Te

st
, M

CS
T 

M
od

ifi
ed

 C
ar

d 
So

rt
in

g 
Te

st
, V

AB
S-

II 
Vi

ne
la

nd
 A

da
pt

iv
e 

Be
ha

vi
or

 S
ca

le
s, 

CP
M

 C
ol

or
ed

 P
ro

gr
es

si
ve

 M
at

ric
es

 (C
PM

), 
Ac

ad
em

ic
 A

ss
es

sm
en

ts
 (M

at
h,

 R
ea

di
ng

 C
om

pr
eh

en
si

on
, C

op
yi

ng
), 

CA
RS

 C
hi

ld
ho

od
 

Au
tis

m
 R

at
in

g 
Sc

al
e,

 V
M

S 
Vi

su
al

 M
at

ch
in

g 
Sc

al
e,

 B
RI

EF
-P

 T
 G

EC
 B

eh
av

io
r R

at
in

g 
In

ve
nt

or
y 

of
 E

xe
cu

tiv
e 

Fu
nc

tio
n 

Pa
re

nt
 T

 S
co

re
 G

en
er

al
 E

xe
cu

tiv
e 

Co
m

po
si

te
, C

on
ne

rs
-3

-P
 T

 E
F 

Ex
ec

ut
iv

e 
Fu

nc
tio

ns
, C

RS
D

-a
nt

 te
st

 A
tt

en
tio

n 
ne

tw
or

k 
te

st
, A

D
H

D
T 

A
tt

en
tio

n-
D

efi
ci

t/
H

yp
er

ac
tiv

ity
 D

is
or

de
r T

es
t (

2n
d 

ed
), 

AT
EC

 T
he

 A
ut

is
m

 T
re

at
m

en
t E

va
lu

at
io

n 
Ch

ec
kl

is
t, 

AD
I-R

 A
ut

is
m

 D
ia

gn
os

tic
 In

te
rv

ie
w

-R
ev

is
ed

, C
BC

L 
Th

e 
Ch

ild
 B

eh
av

io
r C

he
ck

lis
t, 

SC
Q

 T
he

 S
oc

ia
l 

Co
m

m
un

ic
at

io
n 

Q
ue

st
io

nn
ai

re
, S

D
 S

ta
nd

ar
d 

D
ev

ia
tio

n,
 M

 M
ea

n,
 P

C 
Pe

rs
on

el
 C

om
pu

te
r, 

AD
O

S 
Au

tis
m

 D
ia

gn
os

tic
 O

bs
er

va
tio

n 
Sc

he
du

le
, C

AI
 C

om
pu

te
r-

A
ss

is
te

d 
In

st
ru

ct
io

n,
 T

II 
Te

ac
he

r-
Im

pl
em

en
te

d 
In

st
ru

ct
io

n



Page 20 of 32Rezayi et al. BMC Psychiatry            (2023) 23:2 

Results
Study selection
The process of searching scientific databases and identify-
ing papers based on the PRISMA statement is presented in 
Fig. 2. A total of 1746 papers were retrieved. After duplicates 
were removed, 1241 articles remained for screening. Title 
and abstract screening led to the deletion of another 1082 
articles. Fifty articles seemed relevant in the first phase, and 
their full texts were scrutinized. After reviewing the full 
texts of the articles and applying the inclusion and exclusion 
criteria, 28 studies were included in our systematic review. 
A summary of the key results is described in Table 1.

Publication analysis
Distribution of articles over the past years
The final distribution of citations includes 28 academic 
papers which met the adjusted inclusion criteria. Fig-
ure  3 depicts the frequency of published articles in 
the time period between 2010 and 2022. As the figure 
shows, researchers have been interested in applying 
cognitive games to autism since 2019.

Distribution of academic papers by journals, quartile scores, 
and conference name
Our selected scientific citations (n = 28) were retrieved 
from 25 various journals and one international conference. 

Most of the reviewed articles have been published in rep-
utable journals. Journal Citation Ranking and Quartile 
Scores are presented in Table 2. Notably, 17 of 25 journals 
(68%) are ranked in the first quartile.

Distribution of studies by journal/conference name, publisher 
and IFs
Based on our results, ProQuest ranked first (19.23%) 
among the publishers presented in Table  3, while 
Springer ranked second (11.54%) of the 16 publishers in 
the current review. It is noteworthy that one of the jour-
nals did not have a specific publisher. Table 4 represents 
the frequency of papers by publishers and journals/con-
ference names and impact factors.

The distribution of papers by their conducted countries
The included articles have been published in 17 differ-
ent countries. The distribution of studies based on coun-
try (country of the first author) is shown in Fig. 4 on the 
worldwide map. As it turns out, USA, UK, and Brazil 
have the highest frequency compared to other countries.

Keywords analysis
We performed a co-occurrence analysis based on key-
words for included publications. Network visualization 

Fig. 3 The distribution of included studies based on publication years
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and density visualization of terms analyses of the reviewed 
publications are presented in Fig. 5.

Methodological quality assessment
Figure  6 provides the methodology quality of the 
included studies. Based on the sum of scores, most stud-
ies were strong in terms of selection bias and drop-outs 
(82.14%) and moderate in terms of blinding (71.42%). 
Based on the study design score, 42.85% were weak, and 
32.14% were strong. Concerning the global rating score, 
46.42% of the reviewed studies were strong, 46.42% mod-
erate, and 7.14% weak.

Study specifications
Frequency of studies by main game types and platforms
In the papers included in our study, serious and video 
games are the most popular and frequent types of 

games used in cognitive rehabilitation in autistic chil-
dren. The deployment platforms for most of the stud-
ies were Personal Computers (PC) (n = 19, 67.85%) 
and mobile or tablet applications (android playstore) 
(n = 5, 17.85%).

Distribution of papers based on type of studies, sample size 
and session detail
In the examined studies, a total of 842 subjects partici-
pated; 552 participants were in an Experimental Group 
(EG), and 290 were in a Control Group (CG). Fifteen 
studies (53.84%) compared EG vs. CG, while 13 papers 
(46.42%) evaluated the applied intervention’s effect on 
an experimental group. Out of 28 studies, only 14 papers 
mentioned the male–female gender ratio; 227 partici-
pants (96.59%) were males, and eight participants (3.46%) 
were females. The youngest and oldest participants 

Table 2 Distribution of papers based on journals, quartile scores, and conference name

Count of Journal/ Conference name Column Labels

Row Labels Q1 Q2 Q3 Q4 Without Q Grand Total

Conference 1 1
In2015 IEEE Global Engineering Education Conference 1 1

Journal 17 5 3 1 1 27
Autism 1 1

Autism Research 1 1

Bio‑medical materials and engineering 1 1

Computer Assisted Surgery 1 1

Educational Sciences: Theory & Practice 1 1

European child & adolescent psychiatry 1 1

Frontiers in psychiatry 1 1

IEEE Transactions on Affective Computing 1 1

Indian Journal of Science and Technology 1 1

Information Sciences 1 1

International Journal of Computer Games Technology 1 1

International journal of human–computer interaction 1 1

International Journal of Web‑Based Learning and Teaching 
Technologies

1 1

Journal of Autism and Developmental Disorders 3 3

Journal of Child Psychology and Psychiatry 1 1

Journal of Intellectual Disability Research 1 1

Journal on Multimodal User Interfaces 1 1

Multimedia Tools and Applications 1 1

PRO‑FONO: Revista de Actualizacao Cientifica 1 1

Research in Autism Spectrum Disorders 1 1

Scientific Reports 1 1

Virtual Reality 1 1

Child and Adolescent Psychiatry and Mental Health 1 1

Child Language Teaching and Therapy 1 1

Brain sciences 1 1

Grand Total 17 5 3 1 2 28
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were two and 13  years old, respectively. The mean age 
of the children in the different studies ranged from 4 
to 12.9  years ((interquartile range) IQR1: 6. 5, IQR2: 
8.25, IQR3: 9). Of the 28 screened studies, the percent-
age of studies that involved subjects of a specific age 
range is given in Fig. 7. As can be seen, the age range of 
7.5 to 9  years was the most frequent age range for par-
ticipants. Furthermore, study sample sizes ranged from 
4 to 100 participants (IQR1:12, median: 19.5, IQR3: 
38). The number of intervention sessions ranged from 
1 to 100 sessions, with the time of each session varying 
(based on minutes); the duration of the interventions var-
ied from one day to 6 months. Interestingly, nine of the 
screened studies were experimental, and 18 of them were 
quasi-experimental; the distribution and effectiveness of 
various study designs are presented in Table 5. It is note-
worthy that out of the total number of studies (n = 28), 17 
studies (60.71%) reported a positive effect on all scales, 
of which nine studies (52.94%) were quasi-experimental, 
and seven (41.17%) were true experimental. Totally, only 
four studies did not report a positive effect.

Table 3 The frequency of published articles by publishers

Row Labels Papers Percentage

Springer, ProQuest 5 19.2%

Springer 3 11.5%

Elsevier 2 7.6%

Sage 2 7.6%

Wiley, ProQuest 2 7.6%

Taylor and Francis 1 7.6%

Frontiers Media S.A 2 3.8%

IGI Publishing 2 3.8%

ProQuest 1 3.8%

Hindawi 1 3.8%

Indian Society for Education and Environment 1 3.8%

John Wiley and Sons Inc 1 3.8%

Nature, ProQuest 1 3.8%

Institute of Electrical and Electronics Engineers Inc 1 3.8%

Edam Egitim Danismanligi 1 3.8%

Grand Total 26 100%

Table 4 Distribution of papers based on journal/conference name, publisher and IFs

Journal/Conference name Journal rank Impact 
Factor of 
journal

Publisher Count 
of 
papers

Autism Research Q1 5.216 John Wiley and Sons Inc 1

Computer Assisted Surgery Q1 1.787 Taylor and Francis 1

Educational Sciences: Theory & Practice Q3 Without IF Edam Egitim Danismanligi 1

Autism Q1 5.689 Sage 1

Bio‑medical materials and engineering Q3 1.243 IOS Press 1

International Journal of Computer Games Technology Q2 Without IF Hindawi 1

PRO‑FONO: Revista de Actualizacao Cientifica _ Without IF Unknown 1

In2015 IEEE Global Engineering Education Conference _ _ _ 1

Virtual Reality Q1 5.095 Springer 1

Frontiers in psychiatry Q2 4.157 Frontiers Media S.A 1

Indian Journal of Science and Technology Q4 Without IF Indian Society for Education and Environment 1

International Journal of Web‑Based Learning and 
Teaching Technologies

Q2 Without IF IGI Publishing 1

Information Sciences Q1 6.795 Elsevier 1

Research in Autism Spectrum Disorders Q2 2.881 Elsevier 1

Journal of Child Psychology and Psychiatry Q1 8.982 Wiley, ProQuest 1

Journal of Intellectual Disability Research Q1 2.424 Wiley, ProQuest 1

International journal of human–computer interaction Q1 3.353 Taylor and Francis 1

European child & adolescent psychiatry Q1 4.785 Springer, ProQuest 1

Journal of Autism and Developmental Disorders Q1 4.291 Springer, ProQuest 3

Multimedia Tools and Applications Q1 2.757 Springer 1

Journal on Multimodal User Interfaces Q2 1.769 Springer 1

Scientific Reports Q1 4.379 Nature, ProQuest 1

IEEE Transactions on Affective Computing Q1 10.506 Institute of Electrical and Electronics Engineers Inc 1

Child and Adolescent Psychiatry and Mental Health Q1 3.033 Springer, ProQuest 1

Child Language Teaching and Therapy Q1 1.324 Sage 1

Brain sciences Q3 3.394 ProQuest 1
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Effects of computerized cognitive games on outcomes
Based on the related studies, major domains of cognitive 
function are divided into six main categories: 1-execu-
tive functions, 2- social cognition/emotions, 3- attention/ 
concentration, 4- learning and memory, 5- language and 
6- motor functions [19, 21]. The sixth domain was not 
included in the current review, because we wanted to 
focus on the core problems of children with ASD. Hence, 
we have categorized the targeted cognitive impairments 
in the reviewed studies (28 studies) in the first five classes. 
Table 6 presents the effects of cognitive games on autistic 
children. As can be seen in Table 6, no negative effects of 
using computer games on the five categories of cognitive 
outcomes were reported in the included studies.

Executive functions
Ten studies investigated the effects of cognitive games on 
executive functions, and nine citations (90%) reported the 
positive effects of applied games on autistic children in this 
category. The most positive executive function improve-
ments were related to one subgroup, i.e.; imitation skills 

(four studies), and in working memory improvement, 
three studies reported partial effects, and one reported the 
effects as statistically significant on all evaluation scales.

Social cognition/emotions
In 42.85% (12 studies) of the screened papers, social cog-
nition and emotions were examined. The highest rate of 
effects reported by studies was related to social cognition 
enhancement. In nine of the studies, the relative and sta-
tistical effects of the use of cognitive games on this factor 
were observed. It should be noted that in some of these 
studies, some statistical scales were not significant; three 
studies have reported that functional games were not 
effective on social cognition.

Attention/ concentration
Eleven of the reviewed studies assessed the attention and 
concentration of children with autism after the use of 
cognitive games. In most studies (28.57%), positive sta-
tistical effects were seen, and some studies reported that 
effects were relative.

Fig. 4 World map displaying the frequency of papers, in which the different color depths outline the different numbers of papers in various 
countries
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Learning, memory and language
Eight of the studies assessed the learning skills, memory, 
and language skills of children with autism were assessed 

after the use of cognitive games. Seven studies reported 
positive effects of applied cognitive games for these cat-
egories. The most positive effect of games in these classes 

Fig. 5 Terms Analysis of included Publications: a) Network Visualization and b) Density Visualization
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Fig. 6 Risk of bias appraisal and quality assessment

Fig. 7 Number of investigations by mean age of participants
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was related to the improvement of learning skills and 
short/long-term memory.

Reported limitation of studies
Nineteen mined papers (67.85%) reported some limita-
tions and faced fundamental challenges. The limitations 
mentioned in the studies are provided in Table 7.

Discussion
The main objective of our systematic review was to 
describe and screen the critical results related to the 
effectiveness of applying computer-based games for the 
cognitive rehabilitation of autistic children. In this sys-
tematic review, the bibliometric data of the included 
studies, such as the name of the published journal, its 
level, and the country of the first author, was analyzed. 
Moreover,, the specific characteristics of each study, such 
as the type and the name of the game, platform, sample 
size, comparison and study group, targeted cognitive 
functions, evaluation and limitations, are given in detail. 
This study focused principally on identifying experi-
mental interventions used in digital games to remediate 
cognitive functions like executive functions, social cog-
nition, attention, face processing, etc. Totally, 28 studies 
that began to publish and were collected from the WOS, 

PubMed, Scopus, IEEE Xplore, and APA PsycInfo data-
bases were included for review.

Methodological quality evaluation using the EPHPP 
scale [41, 67] showed that more than 90% of the stud-
ies had a moderate to high-quality design for random 
controlled experiments, non-random assignment stud-
ies, and before and after clinical trials (without con-
trol). Of the nine experimental studies, six randomized 
controlled trials reviewed reported a significant post-
intervention effect compared to control groups who 
did not practice the training game. Two of the rand-
omized controlled studies reported a positive effect 
on some evaluation scales. Significantly, 17 of the 28 
studies reviewed reported positive statistical effects 
on all evaluation scales; in five studies, positive statis-
tical effects were seen in some evaluation scales, and 
in one study, a positive effect was seen without per-
forming statistical calculations. In brief, this review 
recommends that computerized game-based solutions 
may be helpful in the fields of cognitive rehabilitation 
and future research in the pediatric population. These 
issues do not allow any inferences to be made about 
the potential benefits of game-based interventions 
beyond more traditional approaches [68, 69].

Table 5 Distribution of papers based on study design and effectiveness

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

Not effective Positive without 
statistical 
argument

Statistically 
significant at all 
evaluation scales

Statistically 
significant on some 
evaluation scales

Statistically 
significant only for 
some children

Grand Total

Experimental 7 2 9
Partially Randomized 
clinical trial

1 1

Randomized controlled 
trial

6 2 8

Quasi-experimental 4 1 9 3 1 18
Before & After Clinical 
Trial (without control)

3 1 7 1 1 13

Non‑randomized Con‑
trolled Clinical Trial

1 2 2 5

Quasi-experimental& 
Experimental

1 1

Phase 1: Before & After 
Clinical Trial (without 
control)
Phase 2: Randomized 
controlled trial with 
two intervention 
groups and controls

1 1

Grand Total 4 1 17 5 1 28
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Table 6 Effects of computerized cognitive games on outcomes

a SS Statistically significant on all evaluation scales, bWS Positive without statistical argument, and cPS Partially Statistically significant (on some evaluation scales or 
children)

Outcome category Outcomes Subcategory Effect

Positive No effect

aSS bWS cPS

Executive functions Working memory  [22]  [60]  [62]

Imitation skills  [51–53]  [64]

Recognizing and differentiating  [53]

Set‑shifting ability  [56]

Academic performance  [32]  [60]

Matching skills  [59]

Inhibitory control  [60]

Social cognition/emotions Social interaction skills  [42, 44]  [50]  [54, 55]  [47]

Emotional Skills  [50, 58, 63]  [43]

Facial processing skills  [22, 58, 63]  [50]  [54]  [47, 62]

Body language  [58]

Anxiety  [61]

Attention/ concentration Attention  [30, 32, 49, 51–53, 
61, 66]

 [46, 60, 64]

Learning and memory Learning  [52, 57]

Short‑term memory  [45, 49]

Long‑term memory  [45, 49]

Language Language skills  [65]  [54]  [48]

Vocal intonation  [58]

Table 7 Limitations of included studies

Challenges/limitations Citations

Sample size was limited  [30, 32, 43, 45, 51, 53, 55, 56, 59–62, 64, 65]

Short‑term therapy  [30, 32, 43, 47, 51, 55, 60–62, 65]

Short‑term follow‑up  [30, 51, 53, 55, 60–62]

Cultural differences and the family environment  [43, 58]

Heterogenous populations  [22, 54]

Lack of control group  [51, 56, 65]

Double‑blind design is need  [60]

The lack of more precise and external evaluation of improvements  [51]

Heterogenous populations  [45, 66]

Not blinding assessors  [55]

Double‑blind design is need  [32]

Psychotropic medication using  [22]

Study the gender differences  [51]

Limited in developmental profiles, abilities, and difficulties  [45]

Duplication of game objects  [44]

Sensitivity of game pages and children reaction  [44]

Limited generalizability to the wider autism spectrum  [45]

Insert the game in routine program  [47]

Not to randomize experimental treatment  [64]
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As 21.42% of the studies included in this review were 
conducted in the United States and the United Kingdom, 
it can be concluded that autism in these countries has a 
relatively higher prevalence compared to the rest of the 
societies. According to 2020 statistics, about 222 out of 
every 10,000 children in the United States have ASD, 
one of the highest prevalence rates in the world [70, 71]. 
Because of the increased number of children and adoles-
cents with ASD, the United States has tried to develop 
the most advanced technologies to reduce the problems 
of these people. The Autism Society of America strives 
to provide as much perspective as possible for individu-
als and families with autism [72]. Therefore, studies sug-
gest emerging technologies such as computer games have 
been designed and widely adopted for people with ASD 
in developed countries such as the United States [73]. 
Emerging technologies based on computer games, which 
have been designed and used in various studies, can sig-
nificantly affect the cognitive performance of patients 
and help them achieve relative recovery. Consequently, 
combining computer technologies and cognitive prob-
lems has led investigators in countries such as the United 
States and the United Kingdom to create computer-based 
approaches to rehabilitate autistic individuals.

In the screened interventions, various cognitive meas-
ures were targeted for rehabilitation using computer-
based games. Based on the literature, we classified these 
cognitive processes, including working memory, atten-
tion, social interaction skills, languages, and so on, into 
five main classes: 1-executive functions, 2- social cogni-
tion/emotions, 3- attention/ concentration, 4- learning 
and memory, and 5- language [21]. Our findings dem-
onstrate that the second metric, i.e., social cognition and 
emotions, were more commonly considered the main 
hallmark deficit in autistic children. Clearly, a significant 
proportion of the studies (48%) targeted the improve-
ment of abilities such as facial processing skills, emotional 
skills, body language to communicate, etc., as observed 
in nine studies of relative positive effects in children after 
the intervention period. Studies have further shown that 
the use of digital cognitive games can significantly reduce 
the errors of children with autism in identifying facial 
expressions (such as sad, happy, surprised, scared, etc.) 
and improve children’s communication to some extent. 
Similar to our study, a systematic review conducted by 
Patricia Mesa-Gresa et al. concluded that social cognition 
problems in children with autism are significant and cog-
nitive games can effectively reduce this impairment [37]. 
Accordingly, computer-based games offered in a training 
approach appear to be a hopeful tool for improving the 
capacity of autistic children to state critical emotions and 
recognize body motions and gestures [63].

Based on the characteristics of the participants in 
the studies, the average age range in children was 4 to 
12.9 years; however, the age range of 7.5 to 9 years was 
more considered in the interventions. As autism is more 
commonly diagnosed in childhood, non-drug therapies 
can be given more attention at this age. Some of the cog-
nitive problems identified in children with autism require 
special attention. Therefore, it can be concluded that the 
use of cognitive rehabilitation approaches at a younger 
age can be effective in shaping personality and reducing 
cognitive problems such as executive functions, atten-
tion, and working memory deficits [74]. Also, in the 
mined studied, the participants were mostly boys; as it 
turns out from the literature, boys are about five times 
more likely to have autism than girls [75].

The duration of cognitive interventions was varied in 
our included studies, from ten minutes to an hour in each 
session. Segers et al. [76] demonstrated that the amount 
of time children spent at play is related to their improve-
ment in cognitive problems. The results of our review 
show that the amount of intervention time is also rela-
tively related to the effectiveness of the designed cogni-
tive games. In some of the included studies, as shown in 
Table  2, the longer the time and greater the number of 
intervention sessions were, the more positive the effects 
reported by the researchers were, but this claim is not 
always accurate. In the few studies we reviewed, although 
the number of sessions was high, the effectiveness of the 
game was not observed [43, 47, 48]. The reason for this 
is related to the target group. Since some autistic chil-
dren are very vulnerable and doing particular tasks may 
be disturbing for them, the number of rehabilitation ses-
sions with repetitive games may not be effective for the 
individual.

Most of the studies in our review (15 out of 28) had a 
control group to evaluate the effects of cognitive games. 
It is noteworthy that in some studies, the control group 
did not receive any intervention, but in others, the con-
trol group received other computer games or traditional 
games instead of the cognitive games of the intervention 
group [22, 30, 44, 46, 47, 63, 77]. One study had a design 
that differed from the rest; it had two phases with two 
intervention groups and one control group [58].

Regarding the type of game and platform, serious 
games were the most popular type with various ava-
tars and educational scenarios in our included studies. 
Serious games can also include online options. One of 
the advantages of serious games is their ability to stim-
ulate behavior and social competition, so playing time 
increases and, at the same time, motivates children. 
Serious games can be described as digital/computer 
games and tools that provide an agenda of educational 
design and are over entertainment. However, some 
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games included in this review can be executed online. 
Online games can allow the therapist to monitor the 
patients remotely, control their progress, and adjust 
the game’s goals. In line with our review, one study 
[78] noted that the use of serious online games could 
lead to easier control of children, and the therapist 
could remotely monitor the child’s progress and per-
formance. Notably, most studies used the PC platform 
for games. This platform includes Mac, Sony, Asus, 
HP, etc. Because most cognitive rehabilitation studies 
were performed in medical centers, laptops or com-
puters were used.

Computerized game-based training solutions have 
advantages for cognition remedies beyond traditional 
therapies. These rehabilitation approaches have the 
capacity to simulate various imaginary or real-life 
conditions. Furthermore, unlike conventional training 
methods, they present a peaceful and safe setting for 
limitless repetition of training duties and better per-
formance [79].

Based on the results of this systematic study, the 
included studies have major limitations and challenges 
that cannot be ignored. One of the most significant chal-
lenges was the limited sample size for evaluating the 
effectiveness of cognitive games. Because communicat-
ing with autistic children is difficult and challenging, and 
these children have an unknown spectrum of behavior 
[56], their parents resist entering intervention studies or 
refuse to cooperate after entering the study. Short-term 
treatment or intervention and short-term follow-up are 
other reported limitations. The cost of intervention stud-
ies and the refusal of further cooperation by children’s 
parents are among the reasons for these limitations.

Limitations and strengths of this study
The current study has both strengths and weaknesses. 
The strengths of the study comprise:

• Application of an extensive search strategy to identify 
a large number of studies (1746 studies),

• Performance of searches to retrieve studies in five 
important databases, namely WOS, Scopus, Medline 
(through PubMed), IEEE Xplore, and APA PsycInfo,

• Review and evaluation of studies to extract data by 
three authors independently,

• Use of comprehensive tools for evaluating the quality 
of included studies,

• Performance of a manual search to retrieve possible 
missing studies.

Some limitations were also encountered in this study, 
particularly the challenges to comparing studies caused 

by the heterogeneity of the results and the exclusion of 
studies published in languages other than English.

Conclusion
This qualitative review spotlights the use of various 
computerized games to enhance cognitive metrics in 
autistic children. Employing a systematic approach, 
the authors have provided a comprehensive overview 
of the usage of cognitive games that could rehabilitate 
factors like executive function, attention, memory, 
daily skills, and social cognition. This review study 
demonstrated that computer games have the poten-
tial and effectiveness to improve the cognition of chil-
dren with ASD. At the same time, the findings of this 
review could encourage investigators to utilize new 
comprehensive methods to remedy the defects of peo-
ple with ASD, especially at a young age. Nevertheless, 
more studies are required to examine the real effects of 
these technologies and their effectiveness.
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