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Abstract: Autistic Spectrum Disorder (ASD) is a complex neurodevelopmental disorder associated with various etiologies and characterized by
deficits in social interaction, emotional reciprocity, communication, motor skills and cognitive functions. Studies have proposed that limited levels
of physical activity and late motor skills and fitness, particularly in children and adolescents with ASD, may accentuate social and emotional
deficits.  In  view of  this,  exergames,  which  are  active  video-games,  can  be  considered  a  low-cost  and  safe  type  of  exercise  for  children  and
adolescents with ASD, since they are more enjoyable than ordinary physical activities, influencing on treatment adherence. Thus, our study aims to
evidence the effects of exergames on physical fitness, cognitive functions, and repetitive behaviors in children and adolescents with ASD. Despite
the  small  number  of  studies  investigating  the  effects  of  exergames  as  new  strategy  in  children  and  adolescents  with  ASD,  results  suggest
exergames as potential tool for the treatment of children and adolescents with ASD for improvement in physical fitness, cognitive functions and
repetitive  behavior.  Our  review  pointed  towards  the  importance  of  exergames  for  children  and  adolescents  with  ASD.  Despite  few  studies
conducted about this issue, we can consider exergames a potential tool to increase physical fitness, cognitive functions and to decrease repetitive
behavior in children and adolescents with ASD. Moreover, health professionals should be careful when attempting to help this population, because
the current literature is unclear yet about the improvement of ASD features through exergames.
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1. INTRODUCTION

Autistic  Spectrum  Disorder  (ASD)  is  a  complex
neurodevelopmental disorder associated with various etiologies
and  characterized  by  deficits  in  social  interaction,  emotional
reciprocity,  communication,  motor  skills  and  cognitive
functions,  accompanied  by  impairment  of  imagination,
restricted  and  repetitive  interests  [1  -  3].  The  incidence  of
autism  has  risen  sharply  over  the  years  to  approximately  1
child with ASD out of 160 in the world [4], and in the United
States,  there  is  a  prevalence  of  1  in  68  children  born  [5,  6].
Studies already showed that limited physical activity levels and
late motor skills and fitness, mainly in children and adolescents
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with ASD, can emphasize social and emotional deficits. These
conditions  can  lead  to  higher  incidence  of  overweight  and
obesity  and  health  complications  associated  with  ASD,
compared  to  typical  developing  young  people  [7,  8].

In  this  context,  previous  studies  have  documented  that
children with ASD may have a higher incidence of obesity than
children without ASD [7, 9], and obesity among children with
ASD  may  have  an  even  more  negative  impact  on  social
motivation or motivation to participate in structured physical
activities  with  other  children  [10].  Due  to  this  scenario,  the
impact of physical inactivity on this population is critical and
new strategies to promote functionality and quality of life for
people with ASD are needed, especially through the increase of
physical activity levels [7 - 10].

Interventions  aimed  at  increasing  self-perceived  motor
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skills,  cognitive  functioning  and  repetitive  behavior  of
individuals with ASD through physical exercise have been the
focus of some studies [11 - 15]. Physical exercise is known to
provide numerous benefits for children [16], including but not
limited  to  ASD-specific  behaviors,  such  as  the  reduction  of
repetitive  behaviors  [11]  and  improvement  of  cognitive
functions [11] and physical fitness [12, 13, 15]. However, it is
known that the traditional methods of exercise have limitations
regarding the adherence of people with ASD, which can make
additional treatment difficult. Thus, it is essential to work on
new strategies to provide physical exercise for this population,
and  exergames  seem  to  be  a  potential  tool  to  reach  high
adherence rate, since it is able to overcome the limiting barriers
through playfulness [17, 18].

Given that, exergames, which are games characterized by
the physical interaction of participants with video games, can
be considered a low-cost and safe type of exercise for people
with  ASD,  since  they  are  more  enjoyable  and  playful  than
common  physical  activities,  which  may  influence  treatment
adherence [17, 18]. The most commonly used consoles are the
Xbox Kinetic, Nintendo Switch, and PlayStation Move, and the
most common games are sports (Kinetic Sports),  dance (Just
Dance),  and adventure  (Kinetic  Adventure)  games [19 -  21].
These  games  have  been  mentioned  as  a  relevant  way  to
promote  exercise  for  the  elderly  [19],  individuals  with
hypertension  [22],  Parkinson's  disease  [23],  intellectual
disability  [21],  and  other  neurological  disorders  [24].
Consequently, exergames are a great alternative for promoting
physical  exercise for  ASD [25,  26].  For example,  a  previous
study  [11]  showed  that  the  effects  of  a  single  20-minute
exergame bout were able to generate a significant decrease in
repetitive behavior as well as improved cognitive performance
(e.g. working memory and inhibitory control) of students with
ASD compared with the control group (watched TV).

According  to  the  increased  interest  in  the  effects  of
exergaming  on  individuals  with  ASD,  this  review  was
conducted  to  review  the  current  evidence  from  existing
literature on physical fitness, cognitive functions and repetitive
behavior  in  children  with  ASD.  Therefore,  we  searched  the
Pubmed/Medline,  ISI  Web  of  Knowledge  and  PEDro
databases,  in  the  English  language  and  with  the  keywords:
autism  spectrum  disorder,  ASD,  exergames,  active  video
games,  exergaming.  From  the  references  found  in  the
electronic databases, a manual search of these references was
also performed.

2.  EXERGAMES:  EVIDENCE  OF  A  NEW  STRATEGY
OF TREATMENT IN CHILDREN AND ADOLESCENTS
WITH ASD

Despite few studies examining the effects of exergames as
a new strategy in children and adolescents with ASD, findings
indicate  exergames  as  a  potential  tool  to  treat  children  and
adolescents  with  ASD  [11  -  15],  more  specifically,  physical
fitness, cognitive functions and repetitive behavior.

Anderson-Hanley et al.  [11] were the first  researchers to
examine  the  acute  effects  of  exergames  in  adolescents  with
ASD.  In  this  study,  the  authors  conducted  two  pilot  studies.
The  first  pilot  study,  in  a  crossover  design,  examined  the

behavioral  and  cognitive  benefits  of  exergames  in  12  ASD
children,  where  the  participants  performed  an  acute  bout  of
Dance Dance Revolution (DDR) for 20 min and a control task
in  different  days.  In  the  second  pilot  study,  ten  additional
youths  executed  an  acute  bout  of  cyber  cycling  for  20  min.
Both  exergames  conditions,  when  compared  to  control
condition,  showed  a  significant  reduction  in  repetitive
behaviors  and  an  improvement  in  executive  functions.  In
another  study,  Edwards  et  al.  [14]  investigated  whether  the
exergames practice can increase the actual and perceived object
control skills of 11 children with ASD in comparison to 19 TD
matched  children.  The  ASD group  improved  significantly  in
self-perceived motor  skills;  however,  the use of  active video
game  as  a  play-based  intervention  may  not  provide  enough
opportunity  for  children  to  perform  the  correct  movement
patterns to influence skill. However, playing such games may
influence perceptions of skill acquisition in children with ASD,
which  could  improve  motivation  to  participate  in  physical
activities.

Subsequently,  two  similar  case-control  studies  were
conducted  [12,  13].  Both  studies  compared  the  energy
expenditure among different exergames and verified which one
leads to the greatest amount of time classified as “moderate to
vigorous”.  In  the  study  of  Getchell  et  al.  [12],  individuals
performed 2 to 3 sessions of  exergames for  20 min during 2
weeks and both groups expended similar amounts of kilcalories
in  all  activities,  except  for  Wii  Fit,  in  which the  ASD group
expended significantly more kilocalories. For the ASD group,
EE was greatest in running, followed by walking, Dance Dance
Revolution,  Wii  Fit,  and  Wii  Sport.  Walking,  running,  and
Dance Dance Revolution all had at least 75% of the total time
spent  in  moderate  to  vigorous  intensity  levels.  In  addition,
Golden  and  Getchell  [13]  conducted  an  experiment  where  4
sessions  of  exergames  were  performed  by  each  group.  ASD
individuals spent 76.25% of their time in moderate-to-vigorous
physical activity during active video games compared to 99.4%
during paced walking and 2.31% in a sedentary video game.
Active video game can increase their overall physical activity
levels, although AVG should not be seen as a replacement for
walking or other forms of PA. Similarly, Dickinson and Place
[15]  investigated  the  effects  of  an  exergaming  protocol  on
Eurofit fitness test and body mass index of ASD children. They
found a statistically significant improvement on all tests other
than flexibility in favor of exergames group compared to the
control group (Table 1).

Little  is  known  about  the  relationship  between  the
improvement of cognitive functioning and repetitive behavior
in  ASD,  with  the  practice  of  physical  exercise,  such  as
exergames  [27].  It  is  well-known  that  physical  exercise  is
promising  for  reducing  repetitive  behaviors  in  children  with
ASD,  and  improving  cognitive  functioning,  especially
executive  function,  in  healthy  individuals  [28].  The
neurophysiological  mechanisms  responsible  for  their
improvement  in  cognitive  functioning  through  physical
exercise are not yet fully understood. For example, immediate
and long-term improvements in cerebral blood flow lead to a
better supply of oxygen and nutrients, as well as the removal of
brain byproducts [29]. In addition, studies have examined the
chronic  effects  of  exercise  on  brain  health  and  cognitive
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functioning  by  examining  biomarkers,  such  as  brain-derived
neurotrophic growth factor, and neuroimaging studies, looking
at structural changes in various brain areas after exercise, such
as the anterior cingulate cortex [30].

It  is  possible  that  physical  exercise  in  children  and
adolescents  with  ASD  combined  with  improved  executive
functioning may indicate a mechanism behind the reduction in
repetitive behaviors. Early evidence showed that children with
ASD reduced their self-stimulating behaviors in the classroom
after physical exercise [31]. Similarly, Kern et al. [32] verified
the influence of jogging, ball-playing, and academic response

to self -stimulation in children with ASD, where only jogging
reduced  self-stimulating  behavior  after  the  end  of  the  study.
Similarly, Rosenthal and Mitchell [33] found that 20 minutes
of  running compared to  no  exercise  promoted a  reduction  in
classroom  self-stimulating  behaviors  in  children  with  ASD.
These  findings  indicate  that  decreased  self-stimulating
behaviors may be the result of fatigue, however, this theory has
been criticized because  studies  have shown that  exercise  not
only  decreases  repetitive  behaviors,  but  also  has  positive
effects on the attention and academic response of children with
ASD [33].

Table 1. Study design and key findings.

Author(s), year,
Country Study Design Sample Size

(attrition %)
Age (Range)

M (SD) Exposure Platform Key Findings

Anderson-Hanley
et al. [11],

USA

Pre–post test: two
independent pilot

studies

N = 24 (8.3%);
two

participants
dropped out

Pilot I:
10–18 years
14.8 (2.7)
Pilot II:

8–21 years
13.2 (3.8)

Pilot I: one
session for
20 minutes
Pilot II: one

session
for 20 minutes

DDR;
Cybercycling

Participants in both
exergaming

groups indicated significant
improvement

in behavioral control
and executive functions

including
working memory, task-

switching
capacity, and inhibition.

Golden and
Getchell [12], USA Case-control study

N = 19 (10.5%);
ASD = 9;
TD= 8;

2 participants
dropped out.

ASD: 10.5
(0.88)

TD: 10.46
(1.22)

Four sessions in
total,

20 minutes for
each

session.

Xbox Kinect

Participants with ASD spent
76% of

time in MVPA during
exergaming

compared with 99% during
walking. Although

exergaming
may not replace walking and

other forms of physical
activities,

it can increase overall physical
activity levels.

Getchell et al. [13], USA Case-control study

N = 30;
ASD = 15;
TD= 15;

No participants
dropped out.

ASD: 17.5
(2.4)

TD: 17.23
(4.1)

Two or three
sessions

per week over a
2-week period,
20 min for each

session.

Nintendo Wii
Sport; Wii
Fit; DDR

Expended energy in ASD and
TD

groups was not significantly
different

in activities, such as running,
walking, and exergaming.

The ASD group had over 75%
of

exergaming time in MVPA
when

playing DDR.

Edwards et al. [14],
Australia Case-control study

N = 30;
ASD = 15;
TD= 15;

No participant
dropped out.

6–10 years
TD: 7.89

(1.45)
ASD: 7.64

(1.12)

TD: one session
per

week for 6 weeks,
50 min for each

session.
ASD: three
sessions per

week for 2 weeks,
45–60 min per

session

Xbox Kinect

Exergames may not provide
adequate opportunities to

develop
actual motor skills for ASD

and
TD groups. But

self-perceived skills
significantly

increased after the exergaming
intervention.
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Dickinson and
Place [15],
England

RCT

N = 100
Intervention = 50

Control = 50
No participant
dropped out.

5–15 years

15-minute
session,

three sessions per
week for three

academic
semesters.

Nintendo Wii

Benefits of exergaming
intervention

were identified in participants’
fitness levels, such as

cardiorespiratory
function, explosive

strength, speed, agility, and
abdominal

strength and endurance.
Note: ASD: Autism Spectrum Disorder; DDR: … ; MVPA: … ; Randomized Controlled Trial; TD: Typically Developing.

Exercise seems to promote health benefits for children and
adolescents with ASD [16, 27, 28]. However, several studies
indicate the existence of  challenges for  the physical  exercise
practice  of  children  and  adolescents  with  ASD [17,  18].  For
example,  the  inability  or  difficulty  to  perform  complex
movements may impair their adherence to exercise [17]. It was
observed that  autists  were more interested in participating in
activities  with  exergames  as  recreational  activity  [18].
Therefore, exergames may be a potential  intervention tool in
promoting physical activity for children and adolescents with
ASD [11 -  15].  Some positive features of exergames include
fun, interaction with other people, and whole-body movements.
These features can encourage lifelong involvement in moderate
to vigorous physical activity. Corroborating the above findings,
participants using Xbox Kinect spent 76% to 94% of their time
playing at moderate to vigorous intensity [13, 34], within the
ACSM guidelines, which recommend at least 150 minutes of
moderate-intensity  aerobic  exercise  per  week  [35].  Thus,  an
exergame  protocol  of  three  to  four  sessions  of  one  hour  per
week will lead the subject to be within the recommended levels
of physical activity.

The evidence summarized in this review shows only one
randomized controlled trial in the literature, and it reported no
mental health benefits, only fitness levels improved. The other
studies were case-control studies, which according to research
guidelines provide very low evidence of therapeutic efficacy in
contrast to randomized control trails that provide level 1 or 2 of
evidence.  Thus,  this  is  a  key  point  to  be  taken  into  account
during evidence interpretation.

3.  FUTURE  DIRECTIONS  ON  EXERGAMES  FOR
CHILDREN AND ADOLESCENTS WITH ASD

Regarding  future  perspectives  on  the  use  of  exergames
with children and adolescents with ASD, an important factor is
the improvement in self-perceived skills performance [14]. It is
suggested  that  for  a  better  perception  of  motor  skills,  there
should  be  a  higher  motivational  level  for  the  practice  of
physical exercise. Despite the positive results associated with
the  use  of  exergames,  nothing  was  observed  regarding  the
development  of  motor  skills  and  emotional  regulation  in  the
literature.  Therefore,  prescribing  exergames  to  children  and
adolescents with ASD should be cautious about the expectation
of  obtaining  benefits  for  emotional  regulation  and/or  motor
skills  development.  The study by Edwards  et  al.  [14]  differs
from three other studies with low methodological quality [36 -
38], which showed minor changes in emotional regulation as
well  as  behavior  management  [36  -  38].  Contrary  to  these
studies,  Edwards  et  al.  [14]  did  not  observe  improvement  of
social behavior or expressions of positive affection after video

game intervention. Findings can be explained due to the dose-
dependent effects of the interventions applied. It seems that the
duration of the intervention applied in the study by Edwards et
al. [14] was not long enough to produce significant effects on
emotional regulation. Another point to note is that exergames
may not offer adequate opportunities for the correct execution
of  targeted  skills.  Therefore,  further  integrative  studies  are
needed to further advance towards how to impact motor skill
development  and  emotional  regulation  using  exergames  in
children  and  adolescents  with  ASD.

CONCLUSION

This  review  showed  the  importance  of  exergames  for
children  and  adolescents  with  ASD.  Despite  we  have  found
few studies  about  that  issue,  exergames  can  be  considered  a
potential tool to improve physical fitness, cognitive functions
and to reduce repetitive behavior in children and adolescents
with ASD. In addition, due to the lack of sufficient evidence
about  the  improvement  of  ASD features  through  exergames,
health professionals should be careful when attempting to help
this  population.  Just  one  randomized  controlled  trial
investigated this issue, a significant limitation since we need
rigorous studies to provide a better understanding of the effects
of  exergames  for  children  and  adolescents  with  ASD.
According to these limitations, future research should strive to
provide  rigorous  evidence  established  by  randomized
controlled  trials,  report  effect  sizes  of  treatment,  and
investigate  longitudinal  effects  of  exergames.
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