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Abstract

Background: Mabile technology has become a necessity in the lives of people in many countries. Its characteristics and
advantages also make it a potential medium of intervention for people with autism spectrum disorder (ASD).

Objective: The objective of this review was to evaluate previous evidence, obtained in randomized controlled trials (RCTS),
on the effectiveness of using mobile devices asthe medium of intervention targeting social and cognitive skillsamong individuals
with ASD.

Methods: Literature search was conducted on electronic databases including Medline, Psyclinfo, PsycArticles, Education
Resources Information Centre, and Social Science Citation Index. Only RCTs published in English and after year 2000 were
included for this review. Data extraction was carried out by 2 independent reviewers using constant comparative methods.

Results: Totally 10 RCTswere identified. Most of the findings indicated that mobile devices could be an effective medium of
intervention for peoplewith ASD, among which 6 indicated significant intervention effects and 2 showed mixed findings. Effective
intervention was more likely to be achieved in the studies that recruited older participants (aged over 9 years), targeting practical
skills that could be readily applied in real life, or using pictures or materials that were highly relevant in daily life in the apps or
mobile devices. Furthermore, the use of mobile devices was also reported to promote participation in the intervention among
individuals with ASD.

Conclusions: The results suggested that mobile devices could be a promising means for the delivery of interventions targeting
people with ASD. Although including a small number of studies was a limitation of this review, the results provided useful
implications for designing effective mobile technol ogy—assi sted interventions for the ASD population in future studies.

(IMIR Ment Health 2021;8(9):€20892) doi: 10.2196/20892
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Introduction

Individuals with autism spectrum disorder (ASD) face
difficulties in the social and cognitive domains of their lives.
According to the fifth edition of the Diagnostic and Statistical
Manual of Mental Disorders[1], the 2 core symptoms of ASD
include limitations in socia interaction and communication,
together with stereotypic interests and behaviors. These
limitations create significant problems when functioning in
social situations including friendship building and daily
interaction with others, in vocational or school settings that
require effective problem-solving skills and persistence, and in
daily life situations where flexibility and the ability to accept
changes are necessary. Furthermore, difficulties in mood
regulation create extra difficulties for carers and professionals
to provide effective training and treatments, which could further
perpetuate the aforementioned problems.

In recent years, the rapidly increasing popularity of mobile
technology has provided a new possibility for providing
interventions. Mobile technology refersto any handheld digital
devices including different brands of mobile phones or
smartphones, such as iPod touch, personal digital assistants
(PDAS), or tablet computers. The World Health Organization
statistics suggest that the number of mobile phone subscriptions
reached 6.9 billion in 2014 [2], which is believed to continue
increasing. High accessibility, together with the versatility owing
to the wide variety of apps available on the market [3], makes
mobile technol ogy an effective medium of intervention. Mobile
devices aso offer additional advantages such as greater
flexibility, lower costs, and overcoming geographical limitations
when compared with traditional face-to-face treatment. Several
characteristics of mobiletechnology such asthe highly attractive
screen and stimulating visual display, high portability [4],
entertaining music and game functions[5], ease of use even for
people with disabilities [4,6], and potential usage in
augmentative and alternative communication, regarded as “a
general term for communi cation support encompassing low-tech
and high-tech systems,” [5] appear to be particularly suitable
for use among people with ASD.

There are 3 main approaches in using mobile technology asthe
medium of intervention for individuals with ASD in previous
research. First, tailored apps serve as the main tools of
intervention. For example, King and her colleagues devel oped
the Proloquo2Go app to train individuals in regquesting skills
[3]. Another app called iTake Turns was designed to train for
turn-taking behaviors|[7], whereasthe MyTalk mobile software
installed in iPod Touch was used to train for functional
communication [5]. All these studies showed positive training
results. Second, mobile devices are used as speech-generating
devices (SGDs) [8-10]. In short, the SGDs facilitate
communication by transferring what the users have selected (ie,
touching objects on the screen) to an audible output from the
devices. Previous research has successfully employed SGDsto
improve various communication skillsamong peoplewith ASD,
such as requesting continuation of toy play [8], 3-step
communication sequences (ie, general request for toys, specific
request for a selected toy, followed by a thank you response)
[9], and training for mand repertoire [10]. Finaly, some
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interventions use video modeling or video prompting strategies
to deliver training through mobile devices, which have been
shown to successfully train for transitional behaviorsin schools
[11], vocational and daily living skills [12], multiple-step job
performance [13], and handwashing skills[14].

According to theweak central coherence hypothesis[15], people
with ASD tend to focus on detail sbut fail to capture the meaning
of a global picture during information processing. They are
unable to see the link between situations or environments, so
this tendency makes it difficult for them to generalize their
newly learned skills across different settings. Despite these
difficulties, previous systematic reviews have shown that mobile
technology—based interventions targeting people with ASD
could produce significant improvements in the acquisition of
mand or functional communication repertoire[16] and academic
skills[17]. Hong and colleagues reported similar positive results
in their systematic review of single case studies on the
effectiveness of tablet-mediated interventions for people with
ASD [18]. Recently, Moon and his colleagues conducted a
systematic review with metaanaysis to evaluate the
effectiveness of mobile device intervention in randomized
controlled trials (RCTs) [19]. The meta-analysis showed positive
results, suggesting that mobile interventions could significantly
improve performance in the fine motor and visual aress.
Collectively, the findings showed that mobile technology could
be an effective and attractive means of intervention for people
with ASD.

Although previous systematic reviews on variousinterventional
case studies reported promising results, one limitation was that
most of these reviewed studies employed single case designs
or a multiple probe design or were based on a small sample
(fewer than 10 subjects). RCTs in this area have increased in
recent years. Even though the review conducted by Moon and
his colleagues [19] provided positive evidence concerning the
effectiveness of mobileintervention in peoplewith ASD, amore
detailed investigation where the characteristics of these trials
are particularly useful would be crucial, as the findings could
provide useful practical implicationsfor designing future RCTs
in this area. As a result, this systematic review focuses on
currently available RCT studies with the following specific
research question: What are the crucial characteristics that
contribute to effective mobile intervention to promote social
and cognitive skills among people with ASD?

Methods

Sour ces of Data

Literature search was conducted on electronic databases of
multipledisciplines, including Medline, Psyclnfo, PsycArticles,
Education Resources Information Centre, and Social Science
Citation Index. This selection covered thewidely used databases
in the education, psychology, medicine, and socid sciencefields.
Additional internet searcheswere carried out to identify relevant
articles that could answer the above research question. The
search terms used during these searches were “Autis* or
Asperger* or pervasive development* disorder* (Title)” and
“mobile* or apps* or tablet* or iPad* or iPod* or

JMIR Ment Health 2021 | vol. 8 | iss. 9 | €20892 | p. 2
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MENTAL HEALTH

handheld* (Title);” the 2 first authors conducted initial screening
of the titles and abstracts of the identified studies.

Eligibility and Exclusion Criteria

Inclusion criteriafor this systematic review wereinterventional
studies targeting people with ASD using touch-screen mobile
devices published in English. To include studies with higher
levels of evidence (Level 1b as described by the Centre for
Evidence-Based Medicine [20]), this review only focused on
studieswith RCT designs and excluded those with case studies
or other noninterventional studies such as cross-sectional
surveys, cohorts, reviews, or discussion papers. Given that the
popularity of mobile phonesand tablets has only been increasing
in recent years, only articles published from January 1, 2000,
to March 31, 2019, were selected [17,21].

Procedures

The preparation of this systematic review was in accordance
with the PRISMA (Preferred Reporting Items for Systematic
Review and Meta-Analysis) guidelines [22]. The first authors
(LPWS and WWCW) conducted the literature search using the
keywords listed above. After removing all the duplicated
articles, initial screening of the titles and abstracts was carried
out to ensure the identified studies met the inclusion and
exclusion criteria. Finally, 2 independent researchers (LPWS
and BLL C) conducted a more thorough examination of the full
texts of the eligible studies to investigate the final eligibility.

Risk of Bias Assessment

The Cochranerisk of biastool [23] isthe most frequently used
tool to evaluate the quality of RCTs[24] and has the advantage
of measuring possible biases in the selected studies including
selection, performance, detection, attribution, reporting, and
other types of biases. RevMan 5 (Cochrane Training) [25] was
used to summarize and generate statistics of the assessment
results.

Data Extraction and Analysis

From the sel ected studies, thefoll owing categories of datawere
extracted: basic information of the articles (author, title, year
of publication, journal, and country); participants details (eg,
age, gender, and intelligence level); treatment content and
trestment format employed (eg, mobile phone, apps, and tablets);
characteristics of intervention delivery (eg, frequency, duration,
and group size); description of intervention in the control group;
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outcome measures; and effectiveness of the treatment (defined
by any significant improvements in primary outcomes). Two
independent reviewers carried out the extraction of data and
reached consensus after discussion on the discrepancies. Using
constant comparative methods, a third independent reviewer’'s
opinion would be sought for any disagreement between the 2
reviewers.

In this review, the selected studies had a variety of treatment
goalsand employed different assessment methods, such asusing
game scores in apps, observing actual performances, or
caculating scores using validated scales. Therefore,
meta-analysis might not a feasible way of data analysis as the
smal number may be prone to providing miseading
conclusions. Instead, the findings of the current study were
based on the analysis of the descriptive summaries of the
selected studies.

Specifically, interventions would be classified as either
“effective,” “partially effective,” or “ineffective” based on the
outcome evaluations. Similar to the data extraction procedures,
2 reviewers conducted the classification independently, together
with athird reviewer when there was any disagreement. More
specifically, effective interventions meant that the main targeted
outcomes were found to improve significantly after the
intervention; “ partialy effective’ denoted interventionsin which
some (but fewer than half) indicators of the primary outcome
showed significant improvement, whereas “ineffective”
interventions meant the data of the targeted outcomes could not
justify the intervention as effective. Satisfactory reliability of
this classification system was achieved, asthelevel of agreement
between reviewers reached 100%.

Results

Article Inclusion and Exclusion

Theinitial searchidentified atotal of 255 articles, anong which
128 articles were excluded owing to duplication, and a further
120 articles were excluded as they did not meet the inclusion
criteria(ie, not interventional studies, not recruiting participants
with ASD, or intervention studies that did not employ an RCT
design). A further Google search identified 3 more articles that
met the inclusion criteria. Finaly, this systematic review
included a total of 10 articles [26-35]. Figure 1 shows the
flowchart of this process.
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Figurel. PRISMA (Preferred Reporting Items for Systematic Review and Meta-Analysis) checklist for systematic review.

IDENTIFICATION Initial literature search
through electronic databases
(N=255)
l Excluded if:
1. studies did not involve
intervention research
SCREENING After initial screening 2. interventions did not use a
and removing duplicates control group
(-128) 3. target participants did not have
(N=127) autism spectrum disorder
4. studies were conducted without
random assignment
—* | (N=120)
—
Additional studies from intemnet
ELIGIBILITY Full text checking to confirm scarch
eligibility (N=3)
(N=10)
INCLUDED Studies meeting criteria for

(N=10)

subsequent systematic review

Risk of Bias Assessment

Figures 2 and 3 show therisk of bias assessment results. Figure
2 gives an overal description of the biases among the 10
included studies, whereas Figure 3 provides a more detailed
explanation of the bias assessment resultsin individual studies.

Although al the studies adopted random assignment for group
alocation, 3 studiesfailed to give sufficient details on how the
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randomization was conducted [26-28] and 5 did not describe
the procedure of all ocation conceal ment [26,28-31]. In addition,
given the different interventions in experimental and control
groups, it wasimpossible to blind the participants and personnel
in these studies. Only 4 studieswere able to blind the assessors
to minimize assessment bias[27,31-33]. Findly, all theincluded
studies had low risk of bias for incomplete data, selective
reporting, and other biases.
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Figure 2. Overall risk of bias assessment results among the 10 included studies.
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Figure 3. Detailed risk of bias assessment resultsin individual studies.

Random sequence generation (selection bias)
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Cheng et al 2018

Esposito et al 2017

Fletcher-Watson et al 2016

Gentry et al 2015
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Movack et al 2019

Parsons et al 2019

Thiemann-Bourque 2018

. . Social skills were selected as the main treatment outcomes in
Overview of Included Studies half of these studies [26,27,31,33,34]. Among these, 2 studies
Table 1 providesasummary of theresearch designsusedinthe  targeted improving the cognitive skills of people with ASD
10 selected studies. using mobile technology [29,30]. In the remaining 3 studies,
the intervention targeted cognitive and social skills among
children with ASD [27,32,35].

Whitehouse et al 2017
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Table 1. Characteristics of the research design in the studies included in this review (N=10).
Characteristic n (%)
Age of participants
Below 6 years (toddlers to young children) 6 (60)
Between 9 and 18 years (children to adolescents) 3(30)
Above 18 years 1(10)
Total number of participantswith ASD?
30 participants or fewer 4 (40)
31 to 60 participants 5 (50)
61 to 100 participants 1(10)
Duration of intervention
1 month or shorter 4 (40)
2 to 3 months 3(30)
Longer than 3 months 2(20)
Not specified 1(10)
Format of intervention
In-session training 3(30)
Used in their own time (whenever convenient or necessary) 7 (70)
Experimental group content
Self-constructed app 8(80)
PDAP-based app 1(10)
Speech-generating device 1(10)
Control group content
Treatment as usual (including delayed treatment) 6 (60)
Picture exchange communication system 1(10)
Behavioral therapy 1(10)
Paper-based emotion card training 1(10)
Use of untrained peers 1(10)
Outcome variables
Social skills 5 (50)
Cognitive skills 2(20)
Cognitive and social skills 3(30)

8ASD: autism spectrum disorder
bPDA: personal digital assistant

Most of theinterventionstargeted young children or adolescents,
6 of which recruited children under the age of 6 years
[27,30-33,35]; 3 of them targeted those aged 9 to 18 years
[26,28,34], and only 1 study recruited adults with ASD [29].
Findings suggested that interventions targeting those aged 9
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years or above were all found effective (al the 4 studies
considered), but the effectiveness was less robust among
younger children, as shown in Table 2 (2 effective, 2 partialy
effective, and 2 ineffective).
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Table 2. Effectiveness across different characteristics selected in the trials (N=10).

Characteristic

Effective, n (%)

Effectiveness®

Partially effective®, n (%)  Ineffective, n (%)

Age of participants

Below 6 years (n=6) 2(33)

Between 9 to 18 years (n=3) 3(100)

Above 18 years (n=1) 1 (100)
Duration of intervention

1 month or shorter (n=4) 3(75)

2 to 3 months (n=3) 2(67)

Longer than 3 months (n=2) 1 (50)
Format of intervention

In-session training (N=3) 3(100)

Used in their own time (n=7) 3(43)
Control group content

Treatment as usual (including delayed treatment) (n=6) 3(50)

Picture exchange communication system (n=1) 1(100)

Behaviora therapy (n=1) 0(0)

Paper-based emotion card training (n=1) 1(100)

Use of untrained peers (n=1) 1(100)
Outcome variables

Social skills (n=5) 4(80)

Cognitive skills (n=2) 2(100)

Socia and cognitive skills (n=3) 0(0)

2(33) 2(33)
0(0) 0(0)
0(0) 0(0)
0(0) 1(25)
0(0) 1(33)
1(50) 0(0)
0(0) 0(0)
2(29) 2(29
2(33) 1(17)
0(0) 0(0)
0(0) 1(100)
0(0) 0(0)
0(0) 0(0)
0(0) 1(20)
0(0) 0(0)
2(67) 1(33)

Effectiveness is defined by the extent of significant improvements in the selected primary outcomes of the studies.
bpartial ly effective means that fewer than half of the indicators of the main outcomes showed significant improvement.

The sample sizes in these studies were generally small, with 4
studies recruiting 30 or fewer participants [26-28,30], and the
sample size in the other 5 studies ranged between 31 and 60
participants [29,31,33-35]. The duration of the interventions
ranged from 3 weeks to 6 months, and there were studies with
long and short durationsthat reported insignificant intervention
effects.

Given the advantage of high accessibility to mobile technology
devices, over half of the studies (7/10) provided the training
devices to participants who could use them at any time
convenient to them [26-29,32,33,35], whereas in the other 3
studies, only in-session trainings were delivered through mobile
devices at a fixed duration and frequency [30,31,34].
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Nevertheless, all the studies using in-session training were found
to be effective (3 out of 3 studies, Table 2).

In terms of interventional content, the authors of 8 studies
developed their own apps as the training content was tailored
to their training objectives [26-28,30,32-35]. In the remaining
2 studies [29,31], the authors used the built-in functions of the
mobile devices to design their training, namely the
speech-generating functions to facilitate communication [31],
and the built-in PDA-based apps to provide vocational support
[29]. Asfor the content of the control groups, more than half
of them employed treatment as usua or delayed treatment design
[28-30,32,33,35].

Elements of Effective Interventions
Table 3 summarizes each of the 10 selected studies.

JMIR Ment Health 2021 | vol. 8 | iss. 9| €20892 | p. 8
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MENTAL HEALTH

Table 3. Summary of the 10 selected trials.
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Authors Mean age of Duration  Intervention Format Control Main outcomes (op- Effectiveness
participants content erational definitions
and tools)
Espositoet 47 months 4weeks  App games: Self-use Behavioral Cognitiveand social  Ineffective:
a[27] agame play app to therapy ;?”T_ vocabgl_ar)_/,t (1) Attention: P=.06
train for vocabu- i oflns::i)lr:,san "M mitation of actions with ob-
!ar_;;,atqtteng(c?lr:, and D Torot jects: P=.84.
mitation s ﬁnémarg IMPrOVE™ " peceptive identification of ob-
NG jects: P=.21
(2) Gamescores o 1 ttention: P=.47
Imitation of actions with ob-
jects: P=.02
Receptive identification of ob-
jects: P=.32
Thiemann- Exptl gp? 9to 19 SGDC with trained  |N-session  Untrained ~ Social skills: Effective:
Bourque et 48 months weeks peers: training peers communication be- (1) Rate of communication:
a [31] b, promoting commu- haviors P<.001
Ctl gp™. nication through (2) Rate of communi-  (2) Balanced initiation and re-
46 months SGD and trained cation sponse; P=.047
Peers: peers, guided by (2) Balanced initia-
40 to 61 months trained school staff tion and response
during interactions
Fletcher- Exptl gp: 2months  FindMe app: Self-use TAUM Social skills: Ineffective:
Watson et al  49.30 months agame play app to social communica= (1) Overall: P=.29
[33] Ctl gp: train for attending tion skills Social communication: P=.56
to people (touching e L
49,96 months the single person (1) BOSCC (2) Communication; P=.93
on the screen) and (2) ADOS-2 Reciprocal social interaction:
following social g P=.40
cues (touch the (3 MCDI Social effect: P=52
item being pointed 4) CSBS-DP" . . .
and looked a) C) Rfstncted repetitive behavior:
pP=.81
(3) Words understood: P=.12
Words produced: P=.09
Gestures: P=.07
(4) Social communication:
P=.31
Gestures: P=.93
Parsonseta  Exptl gp: 3months  Togyl app: Self-use Delayed ngnitive andsocia Partialy effective:
[39] 64.4 months agameplay app to treatment 5'_('”5 o (1) Visual reception: P=.39
Ctl gp: train for visual mo- ;{' suall motor, |m|t3r Fine motor: P=.15
60.8 months tor (perception and on, anguage, and - pecentive language: P=.04
discrimination of social skills vel oreg o
sensory informa- 1 MmseL Expressive |language: P=.30
tion), imitation 2. csBSMSELK (2) Social domain: P<.001
(copy an action), 3. TopmSEL! Speech domain: P=.07
language (recog- 4 m  Symbolic domain: P<.001
nizeand reproduce - POMMSEL 2 Top: P12
object and actlop 5 SPTMSEL" (3) ToP: P=.
names), and social (4) POM: P=.02
skills (eye gaze, (5) SPT: P=.95
gestures, etc)
Novack et al  69.29 months 4weeks CampDiscovery  In-session Delayed Cogpnitive skills: Effective
(30] app: traning treatment  recentive language (1) Number of words learned:

identifying the cor-
rect words based
on the instructions
they heard

skills
(1) Number of new

P<.001

target wordslearned
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Authors Mean age of Duration  Intervention Format Control Main outcomes (op- Effectiveness
participants content erational definitions
and tools)
Whitehouse 3.38 years 6 months TOBY app: Self-use TAU Cognitiveand social  Partially effective:
etal [37] agame play app to skills: (1) Total: P=.14
:rajnforvistgal mo(; ;aarly lc;ghavioral i communication: P=.08
dc_)r (per;ep onan ervention Sociability: P=.50
i scrimination of 1) ATEC®
sensory informa @ Sensory: P=.20
tion), imitation (2) MSEL Physical: P=.28
(copy an action), VABS[IP . - P
language (recog ?3) S 2 Recgptlvelanguage. P=.32
nize and reproduce Expressive language: P=.89
object and action Visua reception: P=.03
names), and social Fine motor: P=.07
sKills (eye gaze, .
gestures, etc) (3) Total composite: P=.08
Communication: P=.10
Socialization: P=.35
Daily living skills: P=.03
Motor skills: P=.08
Chengetal  Exptl gp: 3weeks  3pFERY gpp: Self-use Paper- Social skills: Effective
[26] 11.3years identifying facial based emotional facial (1) Posttest between group
Ctl gp: 10.9years expressionsand the recognition skills score difference: P<.001
associations be- (1) Achievement
tween situations scores in the app
and emotions game
Zink et al Exptl gp: Notde-  Appwithself-con- In-sesson  pgcg Social skills: Effective
(34] 12,5 years scribed - structed pictures:  training patient-dentist com- (1) Number of attempts re-
Ctl gp: showing dental munication quired for skills acquisition:
120 years procedures with (1) Number of at-  P<-001
images and audio tempts required for  (2) Number of dental appoint-
comments skill acquisition ments required: P<.001
(2) Number of den-
tal appointments re-
quired to complete
dental cleaning
Hayeseta  Allaged18years 1 month  VidCoach app: Self-use TAU Social skills: Effective
(28] (except one aged useof video model- jobinterview skills (1) Scoresimproved ininterven-
17) ing and video (1) Scoresin inter- tion group: P<.001

prompting strate-
giesto learn inter-
view skills

view performance
assessed by employ-
ers
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Authors Mean age of Duration  Intervention Format Control Main outcomes (op-  Effectiveness
participants content erational definitions
and tools)
Gentryeta 24 years 3months  ppASiniPod: Self-use Delayed Cognitive skills: Effective
[29] Training on iPod treatment  joh coaching support (1) Difference in cumulative
Touch-based apps (1) Cumulativejob ~ €0aching hours: P<.001
and strategies to coaching hours (2) Difference in monthly

support their job

(2) Monthly job coaching hours: P<.001

coaching hours

3Exptl gp: experimental group.

bl gp: control group.

CSGD: speech-generating device

4TAU: trestment as usual.

®BOSCC: Brief Observation of Social Communication Change.
fADOS-2: Autism Diagnostic Observation Schedule second edition.
9MCDI: MacArthur Communicative Development Inventory.

hCSBS-DP: Communication and Symbolic Behavior Scale — Developmental Profile.

"TOBY: Therapy Outcomes By You.

IMSEL: Mullen Scales of Early Learning.

KcsBS: Communication and Symbolic Behavior Scale.
IToP: Test of Playfulness.

MPOM: Pragmatic Observation Measure.

NSPT: Symbolic Play Test.

OATEC: Autism Treatment Evaluation Checklist.
PVABS-II: Vineland Adaptive Behavior Scale second edition.
93DFER: 3D complex facial expression recognition.
"PECS: picture exchange communication system.
SPDA: personal digital assistant.

In the 2 studies that used real-life pictures or 3D animationsin
the apps[26,34], theintervention was effective. These materials
highly resembled what the participants could encounter in daily
life. For example, Cheng and colleagues designed a new 3D
complex facial expression recognition system to train children
for emotional facial recognition with high-functioning ASD
(aged approximately 9 to 12 years) [26]. A ViewPad showed
3D animated humanoids, and participants were required to
identify certain facial expressions and then associate the
corresponding emotionswith appropriate situations. Participants
in the intervention group demonstrated significant positive
training effects when compared to the control group (P<.001)
after 3 weeks of training.

In another study, Zink and her colleagues designed a mobile
intervention to train agroup of children aged 9to 15 yearswith
ASD for patient-doctor communication during their first dental
visit [34]. The app used redl-life pictures showing different
treatment procedures. Positive results among the intervention
group were reported (fewer sessions required to compl ete dental
prophylaxis, P<.001) when compared to those receiving picture
exchange communication system training in the control group.

Besides devel oping their own training apps, there were 2 studies
in which the interventions used the built-in functions of mobile
devices and achieved positive intervention effects. Gentry and
his colleagues evaluated the use of PDA functions in Apple
iPod Touch as a cognitive behavioral aid in supporting work
among adults with ASD [29]. After being trained by

https://mental .jmir.org/2021/9/e20892

occupational therapists, participants learned how to use the
built-in functions of the device to obtain timely on-the-job
assistance, including task reminders, task lists, maps, and videos
aspromptsfor task completion. Thosein theintervention group
required significantly fewer cumulative job coaching hoursthan
those in the control group during their first 12 monthsin their
jobs (P=.01). Thiemann-Bourgue and her colleagues used i Pads
as SGDs to train preschoolers with ASD in communication
behaviors [31]. Instead of directly evaluating the effectiveness
of the intervention, that study employed trained peers for
delivering the intervention as compared with the control group
using untrained peers. The results demonstrated that those in
the intervention group showed improved communication
behaviors, manifested by more intentional communication
(P<.001) and a more balanced proportion of responses and
initiations during communication (P<.001).

Although the content design of mobile interventions was an
important factor influencing the overal training effectiveness,
mobile interventions targeting practical skills directly applied
indaily lives, such asverbal communication, job coaching, and
interview performance, were al so effective for peoplewith ASD.
Hayes and colleagues used the video play function of mobile
devices as the intervention tool to improve interview
performance [28]. They developed a new app called VidCoach
to train adolescents with ASD for interview skills using two
training strategies, video modeling and video prompting. The
intervention brought positive results, and those in the
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intervention group showed significantly greater improvement
in interview performance than those in the control group
(difference between the pretest and posttest scores: 0.561 vs
0.194, P<.001). In another study [30], Novack et al developed
a new mobile app called Camp Discovery to improve the
receptive language skills among children with ASD. This app
aimed to enhance receptive language skills among younger
children aged 1 to 8 years. Participantswere required to correctly
touch the pictures described in the voice output of aniPad. After
training for a month, those in the intervention group
demonstrated a significant improvement in receptive language
skillsthan those in the delayed treatment group (P<.001; effect
size d=2.33).

On the other hand, 4 studies reported insignificant training
effects using mobile interventions targeting people with ASD.
These studies used “in-app” mini games to train people for
certain microskillssuch asvisual motor, social communication,
attention, and imitation skills required in social situations or
performing cognitive tasks. For example, Esposito and his
colleagues devel oped an app with interactive gamesto improve
vocabulary, attention, and imitation skills among children with
ASD [27]. Participants in the intervention group demonstrated
no dstatistically significant improvements (P values ranged
from.06 t0.84) after the 4 weeks of training.

More importantly, a common characteristic of these 3
“insignificant” studies was the use of validated scales as the
toolsfor effectiveness assessments. These authors administered
relevant scales at baseline and postintervention and calculated
the score changes to determine the intervention effectiveness.
The Therapy Outcomes By You app was evaluated in 2 studies
that aimed to improve language and social abilities among
children with ASD [32,35]. Although the duration of the 2
interventions (3 months vs 6 months) and the level of support
(support over telephone every 2 weeksvs only technical support
when necessary) were varied, both studies did not achieve any
significant improvements in their primary outcomes after the
interventions (Whitehouse et al: Ps=.03 t0.89; Parsons et al:
Ps=.03 t0.84).

In another study, Fletcher-Watsons and her colleagues devel oped
an app called FindMe for developing social communication
skills among autistic children aged under 6 years [33]. The
intervention consisted of interactive gamesto train these children
in attending to persons and following social cues. After 2 months
of training with the app through an iPad, there was no significant
improvement observed in the main social communication
outcomes when compared with the outcomes in the control
group (P=.2910.74). These results suggested that after delivering
the intervention to the participants through the apps, their
learning might not befully reflected in the assessment conducted
using validated rating scales, when compared to measuring
outcomesviaactual observation or based on game performances
in the apps.

https://mental .jmir.org/2021/9/e20892

Leung et d

Discussion

Principal Findings

This review identified 10 RCT studies that employed mobile
technology for delivering interventions to improve the social
and cognitive skills of peoplewith ASD. Among these, 5 RCTs
focused on socia skills, 2 on cognitive skills, and the remaining
3 on both. Overall, most of the studies showed that mobile
technology interventions could provide positive and significant
training effects to improve the social and cognitive skills for
people with ASD. The present review also suggests that
beneficial effects are more likely to be achieved when
interventions focus more on training for practical skills, such
asinterview skills[28], receptive language skills[30], and those
providing on-the-job support [29]. The current findings provide
some potential useful directionsfor future intervention studies.

In addition, we found that the age of the target population could
potentially affect the intervention outcomes. All 4 studies
recruiting adolescent or adult participants reported positive
training effects, compared with the insignificant findings
reported in 4 out of the 6 studies conducted with younger
children aged under 6 years. This difference can be related to
thefact that older participants have more* hands-on experience”
and are more competent in using mobile devices, whichin turn
make them more receptive to mobile interventions. Therefore,
mobile technology interventions are more likely to be effective
among those with ASD at or beyond early adol escence.

In contrast to using mini games, training this group of people
to develop more explicit and practical skills for application in
real life could be easier. Similarly, the use of real pictures and
3D animation in apps might further enhance their learning.
These findings suggest that the training context within the
mobile intervention is crucial to the overall effectiveness of the
intervention. Within a familiar context, people with ASD can
perform better. In addition, practice can have a major impact
on their task performance aswell, and they are able to perform
better in taskswith fewer modifications or unexpected changes.

It should be noted that effective interventions through mobile
deviceswere not limited to the use of tailor-made training apps.
Using the PDA [29] or speech-generating functions [31] of
mobile devices, these interventions could produce significant
effects among their participants, including adults and young
children. One advantage of using mobile phonesisthe possible
delivery of multisensory outputsincluding visual, auditory, and
even vibrating stimuli, which effectively strengthen the learning
process among people with ASD. In addition, some PDA
functions, such asreminder alarms, are also useful solutionsto
improve their executive functioning and planning abilities.
Therefore, these results provide further supportive evidence that
mobile devices could be afavorableintervention tool for people
with ASD [4-6].

Nonetheless, different assessment methods could cause
substantial differences in the results. Among the studies with
“ineffective” training effects[32,33,35], the assessments of the
interventions (delivered through interactive games or activities
in their self-designed apps) were conducted using validated
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scales measuring the improvements in the targeted microskills
in the participants' own lives, such as visual motor, attention,
or social communication skills. Therefore, performance
outcomes depended on how well participants could generalize
what they had learned in the appsto their daily lives. According
to the weak central coherence hypothesis [15], this skill
generalization processis particularly challenging among people
with ASD. Some insignificant results might not be attributed
directly to ineffective training, but rather to the difficulty in
applying the skillslearned by the peoplewith ASD intheir daily
life [33]. Given these findings, to measure the effectiveness of
the intervention comprehensively, multiple assessment
approaches are recommended in future studies, which should
include the measures of “in-app” task performances and those
used to assess how well the participants can apply these skills
in real-life scenarios.

In previous systematic reviews on mobileinterventionstargeting
peoplewith ASD that reported significant effects[16-18], most
of the included studies employed a small sample size and did
not include a control group. The current findings were able to
provide further positive support to the effectiveness of using
mobile interventions targeting people with ASD. As a result,
the robustness of these findings suggested that mobile phones
could be an effective medium of intervention. In addition to
other interventions shown to be effective in the past reviews,
such as peer-mediated [36] or psychosocia interventions [37],
mobile interventions could be another potentialy viable
treatment option for people with ASD.

In addition to theseintervention effects, several reviewed studies
further reported positive feedback from participants with ASD
and their parents regarding the use of mobile devices as the
means of intervention. For example, most of the participants
reported higher motivation to participate in the intervention
[26,27,32]. Thisadditional benefit may not be readily achieved
during interventions delivered by “real persons’ in which more
time and effort would be required to build arapport and trustful
relationships with participants having ASD. Therefore, evenin
the traditional face-to-face intervention, adding some
components of mobile technology might potentially benefit the
intervention effects.

According to arecent World Health Organization guideline on
the use of technology to assist the delivery of hedth care
services, “health content,” “digital health interventions,” and
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“digital applications’ are the 3 componentsfor effective digital
health implementation [38]. The current findings state that
mobile devices could serve as an effective “digital medium”
for people with ASD. The guideline recommended that
providing training in an internet-based setting should
“complement rather than replace” [38] traditional face-to-face
format, and maobile phones could be used as an additional
medium of instruction, termed “mobile learning” [38].
Therefore, the overal positive findings from this review
emphasize the usefulness of mobile learning for people with
ASD.

Limitations

There are several limitations that should be considered when
interpreting the results of this study. First, given that mobile
technology intervention is still anew research area, there were
only 10 eligible RCT studies included for this review. More
RCT studies with rigorous research designs would be needed
to understand the actual effectiveness of these interventions.
Second, as af orementioned, the previous interventions focused
on different treatment outcomes and used assessment strategies.
Only 2 studies used the same measurement tool; therefore,
meta-analysis was not performed, which might otherwise
provide a biased conclusion given the small number of studies.

Implications for Future Studies

People with ASD have their own cognitive styles and ways of
learning. The results of the present review provided several
useful implications for designing future interventional studies
targeting this unique population. First, mobiletechnology could
be a promising means of providing interventions for people
with ASD. Second, older participants (eg, aged above 9 years)
are more likely to benefit from using mobile technology as the
medium of intervention. Third, in-session training regarding
the use of these apps may be the preferred mode of intervention
delivery. Fourth, training materials should resemble what the
participants might encounter in daily life, such as the use of
real-life pictures shown on mobile devices or 3D animations
created based on real faces or objects. Fifth, given the weakness
of people with ASD for developing new skills, the targeted
skills should be practical and related to their daily life. Finally,
effectiveness assessment should be composed of different levels,
such as in-app task performances and the improvement
demonstrated in daily life based on self-reports or caregivers
observations.
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