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Abstract. In this overview of the two neurodevelopmental disorders, intellec-
tual disabilities and autism spectrum disorders we systematically searched the
literature for scientic publications of group-based designs that tested various
interventions through the use of Virtual Reality technology. After screening of
a total of n = 366 publications, n = 13 studies (intellectual disabilities n = 7,
autism spectrum disorders n = 6) were included in the nal analyses. We present
descriptive data in terms of type of intervention content for the various studies
as well as information regarding research design, number of participants enrolled
in the studies, age cohorts, and outcome measures. We discuss the ndings as
a whole but also by comparing the studies that are published within each of the
two neurodevelopmental disorder groups. Finally we discuss some challenges and
opportunities for future research.

Keywords: Autism Spectrum Disorder · Intellectual disabilities · Virtual
Reality · Measurement · Intervention

1 Introduction

Virtual Reality (VR) is dened as ‘articial environment which is experienced through
sensory stimuli (such as sights and sounds) provided by a computer and in which one’s
actions partially determine what happens in the environment’ [1].
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VR has not only become popular for the gaming industry but has been continuously
developed to implement educational and interventional approaches, with a strong focus
on certain psychiatric disorders. VR interventions for individuals with psychiatric diag-
noses and its effectiveness have repeatedly been reported for diagnostic groups such as
anxiety and depression [2]. VR interventions allow for controllable and safe exposure
that are difcult to construct in real world settings.

Typical intervention settings for children and adolescents with neurodevelopmen-
tal disorders such as autism spectrum disorder (ASD) and intellectual disability (ID),
are one-to-one training sessions. Target of these interventions for neurodevelopmental
groups vary but usually include specied training within areas of language, non-verbal
communication and social skills, learning of specic academic skills as well as daily
living skills. All these areas of training can be supported by using VR technology [3].
Common outcome measures assessed in VR-supported therapeutic interventions include
behavioral and emotional functioning levels, typically obtained via observation, ques-
tionnaires, or parental reports. Although there is no shortage of available measures [4],
no consensus exists regarding which measures should be used to appraise therapeutic
success [5]. For a rst discussion and overview of intervention research within neu-
rodevelopmental disorders we chose to focus on autism spectrum disorders (ASD) and
intellectual disability (ID) as two major conditions of interest to be studied in VR research
(Table 1).

Table 1. Diagnostic criteria for ASD and ID from DSM-5 [6]. *IQ may not always be an exact
feature, has to be seen in relation to the qualitative indications of the other functions.

Autism Spectrum Disorders (ASD) Intellectual Disability (ID)

Decits in communication and social
interaction

Decits in intellectual functions

Repetitive patterns in behaviour and activities Decits in adaptive functions compared to
developmental standards

No criteria regarding IQ, however, the IQ may
indicate level of severity

Onset of the above mentioned decits during
the developmental period

IQ>70*

VR systems are not yet widely used in clinical interventions and when VR is being
used in clinical studies it is rather an implementation of an already existing therapeutic
concept. Further, signicant outcomes are not always expected [7] as most interventions
are short-term pilot-studies. Also, most behavioral intervention studies for individuals
with neurodevelopmental disorders indicate that although there might be an effect of
the intervention at short-term follow-ups, this effect tends to fade out when longer term
follow-ups are carried out [8].

In their review of the 31 published articles on VR in children and adolescents with
ASD, Mesa-Gresa and colleagues [7] mentioned over 25 different standardized eval-
uation forms, and an additional 46 specically constructed/newly designed evaluation
forms of effectiveness and outcome measures. The ndings extracted from Mesa-Gresa
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et al. illustrate the lack of consensus in regard of the use of common outcome measures.
As noted earlier, this is however not only a problem within VR-research and ASD but
the intervention research in general. In this study we conduct a systematic search for
empirical intervention studies that used VR technology in children and adolescents with
neurodevelopmental disorders. We investigated what type of designs, intervention types,
sample size, age cohorts and outcome measures that have been used in intervention trials
using group-based research designs for individuals with ASD and ID. Our intentions for
conducting this review is to get an overview of intervention studies within two of the
most common neurodevelopmental disorder groups. We address implications for future
research using VR in interventions studies with individuals with neurodevelopmental
disorders.

2 Method

2.1 Literature Search

We systematically searched for empirical VR-based intervention studies. The literature
search was conducted in the second week of January 2020. We searched the databases
PubMed, PsycINFO, and ERIC that are broad-based but with a focus on articles related
to medicine, health, psychology, and education. The search string below with Boolean
operators was used to search titles and abstracts: autism OR autistic OR asd OR asperger*
OR pervasive development* disorder* OR pdd OR pdd-nos AND virtual reality OR
vr OR virtual world OR cyberspace OR hmd OR head-mounted display* OR virtual
learning environment OR immersive virtual environment OR augmented reality OR
articial reality OR oculus OR display technolog* OR immersive technolog* OR mixed
reality OR hybrid reality OR virtual environment OR immersive virtual reality system
OR 3d environment OR htc vive OR cave OR virtual reality exposure AND intervent*
OR treat* OR therap* OR train* AND experiment OR randomized controlled trial OR
randomised controlled trial OR controlled clinical trial OR group* OR quasi experiment.
We used the same search string only substituting the rst part related to autism diagnosis
with: intellectual impairment OR intellectual disability* OR intellectual dysfunction OR
developmental disabilit* OR intellectual developmental disorder OR mental deciency
OR mental* retard* OR mental* handicap* OR mental* disab* OR mental* insufciency
OR mental impair* OR mental* subnormality OR learning disabilit*. In addition to the
structured search, we conducted an ancestry search of all authors of relevant papers.
A search string like this enabled us to compare empirical evidence across the autism
spectrum diagnosis and intellectual disability.

2.2 Inclusion Criteria

Following the literature search relevant articles on VR and therapeutical interventions
were selected based on the following inclusion criteria: publications had to include
therapeutic interventions with human participants with a diagnosis of ASD or intellec-
tual disability (if participants had syndromic variations such as Down Syndrome but
were categorized and met general criteria for an ID diagnosis, these studies were also
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included); studies had to be in English language and published in peer-reviewed jour-
nals; we included group comparison studies, with participants assigned to at least two
groups (case-control designs).

2.3 Screening and Study Selection

The total number of studies from the initial search was N = 366. We removed all
duplicates and one of the authors (LB) screened the remaining titles and abstracts.
Another author (AN-H) double-screened 45 titles and abstracts (approx. 15%) of the
titles and abstracts for reliability purposes. Agreement was met on 43 of the 45 abstracts
and the two publications where there was disagreement were included for closer full-text
inspection. Full-texts were assessed for eligibility by two authors (AN-H and AD). After
full-text screening 13 (ASD n = 6, ID n = 7) publications were included in the nal
review and included in Tables 2 and 3. The screening process is depicted in Fig. 1.

2.4 Criteria for Included Participant Numbers

The number of participants that were included in the nal analyses are reported separately
for the respective studies. We report the number of participants in the intervention after
dropouts were excluded. This leads to reporting the true size of the study sample on
which results are based.

2.5 Analysis

In this article we report descriptive results of the included studies. For each of the studies
reported we list study design, number of participants, type of intervention, age range
of participants, as well as outcome measures used. We compare the studies conducted
for the two different disorders with each other to indicate trends within the intervention
research.

3 Results

Details of the included studies are reported in Tables 2 and 3 below. A total of six interven-
tion studies for persons with ASD and seven studies for persons with ID were included
for nal analyses (Fig. 1). The prevailing study design was of pretest-posttest structure
with non-randomized groups, with small sample sizes (range 8–105 meaning smallest to
largest N in ASD and ID and overall). The total number of participants in all ID-studies
were n = 502, whereas for the ASD-studies the total number of participants were n =
182. The age range in ID-studies was 7–60 years, and 2–60 years in ASD-studies. Only
one out of seven ID-studies, and half of the ASD-studies (3/3) were randomized con-
trolled trials. We found a broad spectrum in terms of scope in the included research work.
In most of the applications, the intervention target aimed to alter a specic well-dened
behaviors, such as physical tness, motor-skills or particular skills such as job interview
training or space navigation. The typical measures of outcome for the majority of these
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studies were measures that can be considered proximal to the intervention target, mean-
ing that there is a great overlap of the intervention content and the operational denition
of outcome. Three of the ASD-studies [24, 25, 27] were considered broader than the
remaining ones, as the intervention type and content addressed social communication
in general and as such per denition targeted a core symptom and diagnostic criterion
of the disorder. The outcome measures used in the three studies were also more general
as the measures used are designed to capture a more global, as opposed to specically
dened skill set within social communicative behaviors.

Fig. 1. Flowchart of the screening process.



262 A. Nordahl-Hansen et al.

Ta
bl

e
2.

In
cl

ud
ed

st
ud

ie
s

w
ith

pa
rt

ic
ip

an
ts

w
ith

in
te

lle
ct

ua
ld

is
ab

ili
tie

s

A
ut

ho
r

(Y
ea

r)
D

es
ig

n
In

te
rv

en
tio

n
ty

pe
D

ia
gn

os
tic

la
be

l(
s)

In
te

rv
en

tio
n/

co
nt

ro
l

A
ge

co
ho

rt
(y

ea
rs

)
O

ut
co

m
e

m
ea

su
re

(s
)

L
in

et
al

.[
15

]
R

C
T

Ph
ys

ic
al

ex
er

ci
se

tr
ai

ni
ng

D
ow

n
sy

nd
ro

m
e,

in
te

lle
ct

ua
l

di
sa

bi
lit

y

46
/4

6
10

.9
(m

ea
n)

M
us

cl
e

st
re

ng
th

,
ag

ili
ty

pe
rf

or
m

an
ce

L
ot

an
et

al
.[

16
]

Pr
e-

po
st

-t
es

tw
.

tw
o

gr
ou

ps
Ph

ys
ic

al
ex

er
ci

se
tr

ai
ni

ng
In

te
lle

ct
ua

l
de

ve
lo

pm
en

ta
l

di
so

rd
er

30
/3

0
35

–6
0

H
ea

rt
ra

te
,e

ne
rg

y
ex

pe
nd

itu
re

in
de

x,
m

od
i

ed
C

oo
pe

r
te

st

M
en

gu
e-

To
pi

o
et

al
.

[1
7]

L
ea

rn
in

g
ph

as
e

-P
os

t-
te

st
w

.t
w

o
gr

ou
ps

Sp
ac

e
na

vi
ga

tio
n

vi
rt

ua
le

nv
ir

on
m

en
t

in
te

lle
ct

ua
l

di
sa

bi
lit

y
N

on
-I

D
co

nt
ro

ls

18
/1

8
29

.3
9

(m
ea

n)
M

ea
n

w
al

ke
d

di
st

an
ce

be
tw

ee
n

tw
o

po
in

ts
an

d
nu

m
be

r
of

at
te

m
pt

s
ne

ed
to

na
vi

ga
te

co
rr

ec
tly

R
os

e
et

al
.[

18
]

L
ea

rn
in

g
ph

as
e-

po
st

-t
es

tw
.

th
re

e
gr

ou
ps

Fi
ne

m
ot

or
sk

ill
s

(s
te

ad
in

es
s

te
st

er
)

L
ea

rn
in

g
di

sa
bi

lit
ie

s
n=

45
in

th
re

e
gr

ou
ps

(n
o

in
fo

on
gr

ou
p

si
ze

)
16

–4
6

E
rr

or
s

du
ri

ng
st

ea
di

ne
ss

te
st

er
de

vi
ce

Ta
m

et
al

.[
20

]
Pr

e-
po

st
-t

es
tq

ua
si

ex
pe

ri
m

en
tw

.t
w

o
gr

ou
ps

Ps
yc

ho
ed

uc
at

io
na

l
su

pe
rm

ar
ke

t-
sh

op
pi

ng
tr

ai
ni

ng

In
te

lle
ct

ua
l

di
sa

bi
lit

y
8/

8
17

–2
3

C
he

ck
lis

tf
or

su
pe

rm
ar

ke
t

sh
op

pi
ng

sk
ill

s

W
ua

ng
et

al
.[

21
]

Pr
e-

po
st

-t
es

tq
ua

si
ex

pe
ri

m
en

tw
.t

w
o

gr
ou

ps

Se
ns

or
i-

m
ot

or
sk

ill
s

D
ow

n
sy

nd
ro

m
e

52
/5

3
07

-D
ec

M
ot

or
pr

o
ci

en
cy

,
vi

su
al

m
ot

or
in

te
gr

at
io

n,
se

ns
or

y
in

te
gr

at
io

n



An Overview of Virtual Reality Interventions 263

Ta
bl

e
3.

In
cl

ud
ed

st
ud

ie
s

w
ith

pa
rt

ic
ip

an
ts

w
ith

in
te

lle
ct

ua
ld

is
ab

ili
tie

s
w

ith
A

ut
is

m
Sp

ec
tr

um
D

is
or

de
r

A
ut

ho
r

(Y
ea

r)
D

es
ig

n
In

te
rv

en
tio

n
ty

pe
D

ia
gn

os
tic

la
be

l(
s)

In
te

rv
en

tio
n/

co
nt

ro
l

A
ge

co
ho

rt
(y

ea
rs

)
O

ut
co

m
e

m
ea

su
re

(s
)

H
um

m
et

al
.[

22
]

R
C

T
Jo

b
in

te
rv

ie
w

tr
ai

ni
ng

A
SD

,S
ch

iz
op

hr
en

ia
,

PT
SD

32
/6

4
20

–6
0

R
ol

e
pl

ay
in

te
rv

ie
w

sc
or

es

Jo
sm

an
et

al
.[

23
]

SS
D

&
gr

ou
p

co
m

pa
ri

so
n

Pe
de

st
ri

an
tr

ai
ni

ng
A

SD
,t

yp
ic

al
de

ve
lo

pm
en

t
6/

6
8–

16
C

on
tr

ol
lin

g
an

av
at

ar
in

tr
af

c

L
or

en
zo

et
al

.[
24

]
Pr

e-
po

st
qu

as
i

ex
pe

ri
m

en
ta

l
So

ci
al

in
te

ra
ct

io
n

A
SD

5/
6

2–
6

A
ut

is
m

sp
ec

tr
um

in
ve

nt
or

y,
au

gm
en

te
d

re
al

ity
so

ci
al

in
te

ra
ct

io
n

sc
or

e

M
as

ke
y

et
al

.[
25

]
R

C
T

C
og

ni
tiv

e
be

ha
vi

ou
r

an
d

ph
ob

ia
tr

ea
tm

en
t

A
SD

17
/1

6
8–

14
B

eh
av

io
ur

al
ra

tin
g,

so
ci

al
co

m
m

un
ic

at
io

n
qu

es
tio

nn
ai

re
,a

nx
ie

ty
di

so
rd

er
s

in
te

rv
ie

w
sc

he
du

le

Se
lf

et
al

.[
26

]
Pr

e-
po

st
-t

es
tw

.
tw

o
gr

ou
ps

Fi
re

an
d

to
rn

ad
o

sa
fe

ty
sk

ill
s

tr
ai

ni
ng

A
SD

4/
4

6–
12

Q
ue

re
sp

on
se

(Y
es

/n
o)

St
ri

ck
la

nd
et

al
.[

27
]

R
C

T
Jo

b
in

te
rv

ie
w

tr
ai

ni
ng

A
SD

11
/1

1
16

–1
9

In
te

rv
ie

w
sk

ill
s

ra
tin

g,
re

sp
on

se
de

liv
er

y
sc

al
e,

so
ci

al
re

sp
on

si
ve

ne
ss

sc
al

e



264 A. Nordahl-Hansen et al.

4 Discussion

Even though there has been a substantial increase in the use of VR in studies with neu-
rodevelopmental disorders (e.g. Autism; [9]). Empirical evidence to support the efcacy
of its implementation is however still scarce and unsystematic. Only one out of seven ID-
studies and half of the ASD-studies were randomized controlled trials, which also results
in the need to interpret all ndings on a cautionary note. Future research with greater
sample sizes will shed light on details regarding this new approach, to date the total
number of participants in all ID-studies were n = 502, whereas for the ASD-studies the
total number of participants were n = 182. In addition, to the age range of VR application
studies ranges from 2–60 years (ID-studies: 7–60 years; ASD-studies: 2–60 years).

There was a large difference of participants enrolled in the ID-studies (n = 502) com-
pared to ASD-studies (n = 182). A closer inspection of the age ranges in the studies also
shows that, to a large extent, the studies were conducted with older children, adolescents
and young adults. It is perhaps natural that the youngest children are under-represented,
especially since head-mounted wearables can be difcult to use for a long time for this
group. Still, Lorenzo et al. [24] did include participants as young as 2 years of age.
Thus, augmented and virtual reality studies are also possible to conduct with very young
children.

Using VR-devices for persons with neurodevelopmental disorders such as ASD and
ID is not necessarily straight forward or easily applicable. For instance, head mounted
displays can be difcult to use if the participant is reluctant or feel anxious. There can
be many reasons for this, such as feelings of unease of wearing such equipment. For
instance, different age-groups might react differently. In particular, as noted, with young
children it can be challenging to use VR-equipment. Individuals with neurodevelop-
mental disorders can also experience unease such as sensory issues. However, there are
individual differences in terms of the acceptability for use among this group. In fact, as
is reported elsewhere in this volume [9] many studies report that acceptability of use of
VR-technology is high for groups with neurodevelopmental disorders such as ASD.

Few of the included studies had older adults as participants. This age cohort are
generally under-researched within the neurodevelopmental eld [10], and hence in need
of more focus from researchers whether conducting VR-studies or not. It is also worth
noting that, in particular within the ID-studies, the studies are quite old and mainly
conducted in the 2000s. For the ASD-studies, there were also some older studies but
newer studies such as Lorenzo et al. and Maskey et al. indicate that interventions that in
one way or another use augmented reality and virtual reality studies and different studies
are in the pipeline.

4.1 Intervention Type and Outcome Measures

Assessing the studies reported here some trends emerge regarding intervention type
and outcome measures deployed in the studies. All publications with ID-participants
included interventions that targeted a well-dened specic skill or behavior. The mea-
sures used to assess the outcome from these studies were proximal to the intervention
target, meaning that the outcome measure used highly resembles what was being trained
in the intervention (e.g. ne-motor skill task as measure of outcome in an intervention
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targeting ne-motor skills). Specically dened skills as intervention targets and over-
lapping measures of outcome were also used in the studies conducted by Humm et al.,
Josman et al., and Self et al. in the included ASD-studies. Such studies have high value
as they go on to show that training particular skills can be taught and many of these skills
can be lifesaving on its own, as well as many of the studies give clear indices that using
VR for training skills can be used effectively. The studies of Lorenzo et al., Maskey
et al., and Strickland et al. are somewhat different as the outcome measure are more
distally, as opposed to proximal, to the intervention target [11]. Further, a dimension is
added in that these studies aim to increase social communicative abilities more broadly
and as such alter core diagnostic symptoms more globally [12].

5 Future Considerations

There is a need for more intervention studies using VR-technology as the body of research
to date is too small. Most of the studies reported in this review have small sample sizes.
Also, the studies go over a short time span and there is a particular need for studies
that investigate longer terms effects following intervention. Further, the development
of measures that capitalize on VR technology can potentially be used for objective
outcome assessments and may compensate observational measures or parent reports.
For instance, in head mounted displays used in VR-interventions it is possible to develop
and capitalize on measures such as eye-tracking through the built-in technology which
records for instance eye-gaze “live” during intervention [13]. However, little attention has
been given to investigate the strengths and weaknesses of such assessments, nor to their
potential in intervention research for children and adolescents with neurodevelopmental
disorders.

6 Conclusion

Although there are some intervention studies published using VR-technology for indi-
viduals with ASD and ID, and that there are some promising results it is still difcult to
conclude on the efcacy and effectiveness of such interventions. This is not surprising
given the relatively short time span that VR-technology has been available for use in
interventions.

Technological advancements are moving fast and opportunities for non-traditional
measures are being developed. These advancements can lead to more precise outcome
measures with potential clinical relevance available. However, creating a need for more
systematic research on their respective validity, reliability and practical-clinical appro-
priateness. This may lead to better precision in terms of lower measurement error as for
instance eye-tracking devices [14] and similar measures do not rely on arbitrariness in
terms of subjectivity such as can be the case when observers score behavioral acts in
observational scoring paradigms. This may in turn pave the way for more solid conclu-
sions regarding the relevance and sustainability of effects following VR interventions in
individuals with neurodevelopmental disorders.
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