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Context: Early intervention, and parent-mediated intervention are effective in achieving early childhood development goals for children
with autism spectrum disorder. There is a surge in mHealth technologies delivering such interventions. This review aims to explore the
concept, context and methodology of implementation of such mHealth apps. Evidence Acquisition: A search was conducted using
NICE (National Institute of Clinical Excellence) healthcare database, including keyword ‘early intervention,’ ‘mHealth,’ ‘parent support,’
‘apps,’ and ‘autism.” The quantitative, qualitative, mixed-methods, case reports, grey literature, systematic reviews, clinical trials, and
feasibility studies of children between 2 to 6 years with ASD were included from inception of database to December, 2021. Web/
Internet-based or computer-dependent programs were excluded. The initial search yielded 3786 studies; 17 were finally included based
on the inclusion and exclusion criteria. Result: Studies on a total of mhealth apps were reviewed. Nine apps, apart from TOBY (Therapy
outcome by you), lacked a holistic approach and instead targeted a specific difficulty in autism. The provision of support to parents
using apps was equally beneficial as in-person support, reduced costs, and improved outcomes in children. Conclusion: The review
revealed limited evidence-based mHealth apps available currently in a community setting. This also underscores an opportunity for

clinicians to re-direct parents towards evidence-based information and interventions.

Keywords: Early digital intervention, Digital technology, Mobile application-based support, eHealth, Parental support.

utism spectrum disorder (ASD) is charac-

terized by persistent deficits in the ability to

initiate and sustain reciprocal social inter-

action and social communication with arange
of restricted, repetitive, and inflexible patterns of beha-
vior, interests or activities that are atypical or excessive
for the individual’s age and socio-cultural context [1].
Appropriate early interventions improve a child's deve-
lopment and behavior and reduce symptoms [2-4]. Early
intervention has been defined as “ services and supports
available to babies and young children with develop-
mental delays and disabilities, who are at risk of poor
outcome and their families’ [5]. The primary purpose of
early interventionisto helpin theacquisition and genera-
lization of critical developmental skills, and to achieve
independent functioning across environments [6]. Early
intervention programs are more effective, if provided
early [7]. The definition of early varies according to the
age and developmental status of the child; areas where
problems have been identified; the availability of pro-
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fessionals, the community and other resources at alocal
level; and individual choicesmadeby parents[8,9].

Parents are key participants in the early intervention
process. Information from parents, or carers can contri-
buteto abetter understanding of the complex interactions
between neurodisability and its consequences. It helpsin
the planning of early intervention and providing support
to parents through various implementation and theore-
tical models [10]. Early intervention through parents or
caregivers, based on anintegrated framework inacomm-
unity setting, is helpful [11]. The limiting factors at the
community, schools, parent group-based and home-based
levels were lack of trained professionals, lack of such
services in remote areas, time factor, parents’ adherence
and cost-effectiveness [12-14]. An early intervention
must continue beyond the formal hours of contact to
transfer skills into everyday activities [15]. To achieve
this, there has been arapid increase in the conversion of
evidence-based in-person early inter-vention programs
into remote and tel ehealth programs[16,17].
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The emergence of mobile heath (mHealth) has
opened a new frontier for the delivery of early inter-
vention [18]. The term mHealth was coined to describe a
subset of eHealth that uses mobile technologies, inclu-
ding advancementsin innovative applications to address
health priorities [19]. It has great potential as a scalable
and cost-effective delivery mechanism. This scoping
review aims to present a review of currently available
mHealth apps, which are used to deliver the early inter-
vention to support parents of children with ASD between
2to6yearsof age.

METHODS

A scoping review design based on Joanna Briggs
Ingtitute (JBI) methodology [20] for the conduction, and
PRISMA extension (PRISMA-SCR) checklist and flow
diagram [21] were utilized to guide proceduresfor identi-
fication, screening, eligibility, andinclusion of articlesfor
review.

Search strategy and selection: A search was conducted
from the inception of the database until December, 2021.
Keywords for mHealth application, technology, early
intervention, autism spectrum disorder, parent support
andtraining, and digital program, wereused (Web Tablel,
Priori protocol [10]). Thefollowing databases were used:
NICE Healthcare Databases Advanced Search, Cochrane
Library, EbscoHost, Sabinet, SAGE Journals, Directory of
OpenAccess Journals (DOAJ), BioMed Central, Scopus,
and ScienceDirect. Furthermore, grey literature was
searched through Google Scholar, ShodhGanga, Journal
Storage (JSTOR), CORE, and Bielefeld Academic Search
Engine(BASE).

We defined autism apps as apps developed to
support parents of children with autism aged 2-6 years.
We defined a parent support app as any app to be used by
parents, which hel ps them during the diagnosis pathway,
during diagnosis, and after diagnosis during early inter-
vention, in acommunity-based, hospital, clinic or research
setting. We aso aimed to understand the nature of the
outcomemeasurements, their concept, context of implemen-
tation, methodol ogical framework, and evidencequality.

Classification of mHealth applications was done
using the NICE Evidence standardsframework for digital
health technologies [22]. TiDieR checklist reported the
type of intervention, context, and outcome [23]. The
quality and level of evidence was reported using the
Evidence-Based Practice (EBP) tool developed by the
Center for Evidence-Based Practice[24].

Eligible studies were uploaded to the Google Data
extraction sheet (DES) (Web Tablel ). DESwasscreened
for duplicates. In the second step, al the titles and
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abstracts were screened using the eligibility criteria, and
those not matching were excluded. The final papers
meeting the eligibility criteriawere included for full data
extractionusingthe DES.

Population/participants. Studies that included parents
and carer of children with ASD between theagesof 2to 6
years were included to review the apps supporting
parents in the early years. Parents were defined as a
biological parent, birth parents, carer or foster parents of
childrenwithASD.

mHealth applications (apps) were defined as appli-
cations developed for use on mobiles or smartphones,
tablets, or iPad that can be easily downloaded from the
Play Store or App Store. Web/internet-based programs, or
computer-dependent programs were excluded. The stu-
dies conducted or implemented for parents of children
with ASD to provide support during the early inter-
vention in community settings, school settings, special
schools, clinics, hospitals, at home and child develop-
ment centers were included. The inclusion was indepen-
dent of region, gender, socio-cultural, or languagefactors.

Data extraction and analysis. Data extraction was done
in two steps. The DES (Web Table 1) included authors
names, year of publication, the purpose of the study,
population and sample size, context, concept, outcomes,
key findings, strengths, limitations, parental feedback,
and theoretical framework. In the second step, the final
papersmesting theeligibility criteriawereanalyzed using
the Summary of thefindingstable (SOFT; Web Tablel )
developed based on the TiDier checklist [23], by two
authors. The quality and level of evidence and classifi-
cation, for theincluded apps, areshownin Tablel.

RESULTS

The process of screening is shown in Fig. 1. The papers
were excluded after being screened are mentioned in (Web
Table 1V). Seventeen papers were screened in full using
TiDieR checklist and web-based software called
Scholarcy (Web Tablelll).

All 17 paperswere published between years, 2013 and
2021, with anincrease from year 2017 onwards (15 of 17
papers) in the number of publications on mHealth. All
paperswere from high-income countries, most commonly
from United States of America (n=6) and Australia (n=6,
35.3%in each). Thesamplesizeof parentsand childrenin
the studies ranged from 3 to 62 (415 mothers and 13
fathers), and 2 to 1514 (2735) children. All the papers
included children within the age range of 1-12 years. In
thefinal analysis, the findings for the age range 2-6 were
included.
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MHEALTH APPS FOR AUTISM

Tablel Quality and L evel of Evidence, and Classification asper the NI CE Evidence Sandar dsFramework for Digital Health

Technologies

Researchtitle App name NICE Quality Level of evidence
A pilotinvestigation of aniOS-based Toilet training app TierC: B: Good-quality Level | (RCT)
app for toilet training children with an Interventions
autism spectrum disorder.
A randomized controlledtrial of an Therapy outcome TierC: B: Good-quality Leve |
iPad-based application to complement by you (TOBY) Interventions
early behavioura interventionin
Autism Spectrum Disorder
A randomised controlledtrial of an Therapy outcome TierC: B: Good-quality  Level |
information communi cation technology by you (TOBY) Interventions
deliveredinterventionfor
children with autism spectrum
disorder livinginregional Australia.
A twelve-month follow-up of an Therapy outcome TierC: B: Good-quality  Leve Il (Mixed
information communi cation techno- by you (TOBY) Interventions
logy ddliveredinterventionfor children
with autism spectrum disorder livingin
regional Australia. M ethods)
TOBY play-pad application to teach Therapy outcome TierC: C: Low-quality Leve Il (Pilot Trial,
childrenwithASD —A pilot trial by you (TOBY) Interventions with no control group,
or randomi zation)
Appropriateness of the TOBY Therapy outcome TierC: B: Good-quality  Levd Ill: Qualitative
application, aniPad intervention for by you (TOBY) Interventions
children with autism spectrum
disorder: A thematic approach
Parental experiencesusing the Therapy Therapy outcome TierC: B: Good-quality  Leve Ill: Qualitative
Outcomes by You (TOBY) application by you (TOBY) Interventions
todeliver early intervention to their
child with autism.
A trial of aniPad™ intervention target- Findme Tier C: B: Good-quality  Level I:RCT
ing social communication skillsin Interventions
children with autism.
Mobile technology to support iStim TierC: C: Low-quality Level Il: Quasi-
parents in reducing stereotypy. Interventions Experimental
Theuse of behaviour modelling training Map4speech TierC: C: Low-quality Level 2
inamobileapp parent training program Interventions
toimprovefunctional communication
of young children with auti sm spectrum
disorder.
The effectiveness of apsychoedu- Intervention TierB:under-  B: Good-quality Level
cationintervention deliveredvia deliveredvia standing and
WhatsApp for mothers of children whatsapp communicating
with autism spectrum disorder
intheKingdom of Saudi Arabia: A
randomized controlledtrial.
A comparison of PECSandiPadto Sounding Bird TierC: C: Low-quality Levd Il
teach requesting to pre-schoolers Interventions
with autistic spectrum disorders
Evaluating the effectiveness of atabl et Look inmy eyes TierC: C: Low-quality Leve Il
applicationtoincrease eyecontactin steamtrain Interventions
children diagnosed with autism
Contd....
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table contd. frompre-page

Researchtitle App name NICE Quality Level of evidence
An evaluation of amaobileapplication Camp Discovery TierC: B: Good-quality Level | randomized
designed to teach receptivelanguage skills Interventions controlledtria (RCT)
to children with autism spectrum disorder
Tablet-based cognitive exercisesasan Mental Imagery TierC: A:High-quality Levdlll
early parent-administered intervention Therapy for Autism  Interventions
tool for toddlerswith autism - (MITA)
evidencefromafield study
Mental imagery therapy for autism Mental Imagery TierC: B: Good-quality Level Ill: non-
(MITA) - an early intervention com- Therapy for Autism  Interventions experimental,
puterized languagetraining program (MITA) descriptive study
for childrenwithASD
Children with autism appear to benefit Mental Imagery TierC: B: Good-quality Level Il
from parent-administered computerized Therapy for Autism  Interventions
cognitiveand language exercises (MITA)

independent of thechild’'s
age or autism severity

Level I: studies include randomized control trials (RCTs) or experimental studies; Level I1: studies have some degree of investigator control and
some manipulation of an independent variable but lack random assignment to groups and may not have a control group; Level |11 studies lack
manipulation of an independent variable; can be descriptive, comparative, or correlational; and often use secondary data. Quantitative Studies:
A High quality: Consistent, generalizable results; sufficient sample size for the study design; adequate control; definitive conclusions; consistent
recommendations based on a comprehensive literature review that includes thorough reference to scientific evidence. B Good quality:
Reasonably consistent results; sufficient sample size for the study design; some control; fairly definitive conclusions; reasonably consistent
recommendations based on a fairly comprehensive literature review that includes some reference to scientific evidence.C Low quality: Little
evidence with inconsistent results; insufficient sample size for the study design; conclusions cannot be drawn.Qualitative Sudies: A High quality:
Contains high-quality quantitative and qualitative study components; highly relevant study design; relevant integration of data or results;, and
careful consideration of the limitations of the chosen approach.B Good quality: Contains good-quality quantitative and qualitative study
components; relevant study design; moderately relevant integration of data or results; and some discussion of integration limitations.C Low
quality: Contains low quality quantitative and qualitative study components; study design not relevant to research questions or objectives; poorly
integrated data or results; and no consideration of limits of integration.

Ten appswereincluded in thefinal review; nine apps
wereavailableonly oniPhone operating system (i0S) [ 25-
35,37], and three apps were available on both iOS and
android platforms[35,38-41] (Web Tablell1). Nineapps
[25-34,36-41] wereclassified as Tier C: Intervention apps
(Tablel). All the apps differed in terms of interventions
viz., toilet training [25], developmental abilities[28-31],
social communication skills [32], reducing stereotypy
[33], naturaistic language intervention [34], psycho-
education intervention [35], picture exchange communi-
cation system [36], increasing eye contact [37], teaching
receptive language skills [38], and cognitive exercises
through a tablet [39-41]. The method of determining a
participant’s diagnosis also varied across all the studies,
three studies did not mention the use of any diagnostic or
screening tools used, two mentioned diagnosis was self-
reported by parents, and four mentioned the use of the
Autism Diagnostic Observation Schedule 2 (ADOS-2)
[42], two mentioned diagnosis being done by the multi-
professional team but did not mention any specific tool,
one study reported use of Childhood Autism Rating Scale
(CARS2) [43], and two used the criteria mentioned in
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Diagnosis and Statistical Manual of Mental Disorders
(DSM-5) [44]. The context of delivery was home [28],
home aong with treatment as usual [28-35], remote at
home[28-30], community- an school-based [32,34], inter-
vention room/research setting [36,37], home and
trestment center [38], and clinics[39-41].

Out of the seventeen papers included; one was rated
high quality, eleven were rated as good quality and five
were rated as or low quality. And using the EBP tool for
thelevel of evidencerating, six paperswererated aslevel
I, six wererated aslevel |1 and fivewererated aslevel 111
(Tablel).

The apps reported a variety of outcomes- a greater
rate of skill acquisition in the intervention group [25]; no
group difference on the primary outcome, significant
improvements at the 6-month follow-up on three secon-
dary outcomes [28]; no significant difference between
baseline and post-intervention on other variables apart
from expressivelanguage[29]; improvementsin receptive
language, socia skills, pragmatic language and play-
fulness [28]; positive feedback from parents on Therapy
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Identification Recordsidentified through Additional recordsidentified
database searching (n=3768) through other sources (n=40)
Duplicatesexcluded
(n=1664)
Abstracts screened Papers excluded
(n=1704) (n=1286)
Screening 7
Full paper screened Recordsexcluded
(n=418) ineligible (n=227)
J
— Throughreferencesand Full-text papers assessed for
Eligibility grey literature (n=31) digibility (n=191)
I Review full paper (n=31) |
Studiesincluded in the scopin
Included review (17) P9 L [ Exduded(n=14) |

Fig.1 PRISMA flow diagram of the study.

outcome by you (TOBY) app [29-31]; noimpact on real -
world social communication skills [32]; reductions in
stereotypy [33], improvementsin parent’sNLI skillsand
children’sfunctional communication [34]; improvements
in materia happiness, and reducing maternal stress, depre-
ssion, parent-reported ASD symptoms, child behavior pro-
blems[35]; and successful inteaching requesting skills[36].

Thevarioustheoretical framework which theincluded
papers used were psychologica models of stress and
coping, and the double ABCX model (n=1), applied
behaviora analysis(n=7, 41.2%), behaviord inter-ventions
(n=7,41.2%), theory of mind cognitivemodel (n=1), and two
papersdid not mention thetheoretical framework used.

Out of the included 11 mHealth interventions, only
two did feasibility and usability testing. For implemen-
tation, clinical trials(n=1), randomized control trials (n=>5,
29.4%), pilot investigations (n=2, 11.8%), and original
research (n=7, 41.2%) weredone.

DISCUSSION

This scoping review summarizes the evidence on current
mHealth apps delivering early intervention in children
withASD. ThesemHealth appswereequally beneficial as
in-person support, reduced cost, and improved outcomes
in children, which were maintained till after 12 months.
This review identified a gap in such technology support
for parentsin lower- and middle- income countries, asall
publications were from high-income countries. The
mHealth apps were similar in terms of the target popu-
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lation including parents (mostly mothers), and children
aged between 2 yearsto 6 years, training parents, improv-
ing the child’s skills, and treatment fidelity. Most of the
studies used standardized measures of diagnosis; athough,
they varied in the type of assessment used. Few reported
no method of diagnosis or did not use one, thus raising a
guestion on the sampling process.

There was a significant difference in primary and
secondary outcomes across all studies, that did not meet
the defined goal of early interventioni.e., to assist in the
acquisition and generalization of developmental skills.
Instead, most mHealth apps focused on one aspect of
daily life activities (DLA) or focused on improving
autism-related behavior like eye contact, social communi-
cation, reducing stereotypy behavior, and teaching to
request. This highlights the lack of interventions
focusing on overall development, which might help in
achieving the goal of early intensive evidence-based
intervention for childrenwithASD.

All included mHealth apps were rated as Tier C:
intervention level as per the NICE framework, but none
werescrutinized for clinical safety, using Organizationfor
the Review of Case and Health Apps (ORCHA) rating or
WHO criteria for mHealth apps, apart from Mental
Imagery Therapy for Autism (MITA). This suggests a
clear lack of scrutiny of such apps on aspects like data
security, clinical safety and clinical efficacy. They lack
scientific evidence of being conducive to improve the
outcomein affected children. Thereview suggestsaclear
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need for a mandatory real-world trial, patient and public
involvement, and Digital Technology Assessment Criteria
(DTAC) and ORCHA rating of all mHealth apps before
making them available for parents and children with
specia needs. We al so found alack of any regu-lationsor
guidelinesfor such appsfor app providers and publishers
liketheandroid play store.

All the mHealth apps have been grounded in a strong
theoretical foundation, mostly based on behavior analy-
sis, but the findings suggest most of them lack usability,
feasibility, and efficacy before being used with a vulne-
rable population. Before being utilized by parents in
general, only two apps, TOBY and MITA, underwent a
pilot, RCT, feasibility, and usability test. However, TOBY
lacksasufficient samplesizeto generalizethefindings.

The review revealed an opportunity for mHealth
technology to aid early intervention in ASD. Although,
there is an abundance of technology available, we found
alack of scientificrigor inthe current mHealth apps. There
is a need to create clear guidelines for the mHealth app
stores to screen the apps for scientific evidence, and
quality before making them freely availablefor parentsof
childrenwith ASD. We suggest the need for acommunity-
based mHealth app deliver early intervention to support
parents of children with ASD based on the child's needs
and at home, along with regular intervention. Thereisa
need for a large-scale population tria of such apps, to
generaizethefindingto alarger population.
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Web Table I Result from search done on 215 December 2021 using National Institute for Health and Care Excellence (NICE)

Healthcare Databases Advanced Search (HDAS)

Search The search strategy used in MEDLINE (NICE Healthcare Databases Advanced Search) Records retrieved
#1 Digit* OR exp TECHNOLOGY/ OR exp ELECTRONICS/ OR exp "DIGITAL TECHNOLOGY"/ OR | 2,263,054
exp "ANALOG-DIGITAL CONVERSION"/ OR digitisa* OR digitiza* OR onlin* OR technolog* OR
computeriz* OR digitaliz* OR cell phone* OR mhealth* OR mobile technology* OR smartphone* OR
mHealth apps* OR digital health intervention®* OR digital health technology* OR e-health* OR tele-
health* OR telemedicine*
#2 paren* OR exp PERSONS/ OR paren*or guardi* OR famil* OR Parent training* OR psychoeduca- 178,797
tion* OR parent education®* OR Parent Education Programmes* OR Parent Education Groups* OR
Parent Psychoeducation* OR Parent Education Training*
#3 "Autism spectrum disorder"/ or "autistic disorder"/ or "pdd"/ or "asperger"/ or "neurodis"/ or "autism 461,50
spectrum conditions"/ or "autistic spectrum conditions"/ or "autism"/ or "complex autistic spectrum"/
or "social communication disorders"/ or "neurodisability"/ or "autistic disorder"/ or "autistic condi-
tion"/ or "asperger syndrome"/ or "spectrum"
#4 Child health services"/ or "preventive health services"/ or "early intervention, educational" 88604
MEDLINE COMBINED- (1 AND 2 AND 3 AND 4) 500
Pubmed 546
PsycINFO® 904
EMBASE 765
HMIC 53
Note: The search keywords shown, are the one used in MEDLINE
Abbreviations:
MEDLINE - Medical Literature Analysis and Retrieval System Online
EMBASE- Excerpta Medica database
HMIC - Health Management Information Consortium
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Origin

Population and
sample size

Methodology

Classification as
per the NICE

Key findings that relate
to the scoping review
question

Major strengths and limi-
tations

Parental feedbacks

United States of
America

74 potential
participants were
screened, and 33
(45%) were
randomized to
either WMP or
SBT.

pilot randomized
controlled trial

Tier C: interven-
tions

Parents used the app and
related technology with
few difficulties or mal-
functions.

strength: RCT

limitations: larger number
of participants and longer
intervention period (e.g.,
6months) may have yielded
different results; sessions,
it is unknown how these
interventions would fare
under guidance from less
academically trained pro-
viders or with fewer oppor-
tunities for consultation
during intervention.

- parent satisfaction was
high for both groups, par-
ents saw benefit in partici-
pation.

- most parents found the
technology reliable and
easy to use

- minor challenges: replac-
ing a dead battery, activat-
ing device, connectivity
between transmitter and
iPod, troubleshooting by
interventionist and broad
research team

Australia

80 children,
randomised to
either the ‘TO-
BY group’ (n=
41,80.6%male)
or the ‘Therapy
as Usual’ (TAU;
n=
39,76.9%male)
group.

This was a multi-
centre, stratified
(site, socioeco-
nomic status and
developmental
quotient, with 1:1
randomisation),
parallel group
RCT

Mhealth based support led
to small improvements in
developmental skills, and
provided evidence that
well-designed therapeutic
apps can provide assis-
tance to caregivers in
delivering therapy, and
increased exposure to
therapy at relatively low
cost.

Type of study, Limitation-
lower level of use of App
during the second 3-6
month, no significant im-
provement in autistic se-
verities and drop outs.

Like’ statements

Helpful curriculum and
therapy planning tool; lots
of ideas for therapy and
activities

Easy to use

Positive learning experi-
ence with off-iPad and
social activities

Front end of app attractive;
presentation, structure and
layout; colourful

Relevant and reinforcing
reward system

Enjoyable experience for
child and parent
Enhanced understanding
about child profile; in-
creased awareness about
therapy

‘Dislike’ statements

Off iPad activities time
consuming to prepare
Curriculum too challenging
Tasks were too repetitive;
lacked variety

Curriculum difficult to
implement

Curriculum too easy; be-
low child’s cognitive level
and general abilities

Child not interested

Old interface

Australia

59 children and
their families -
2-6 years

Exploratory Study

For hypothesis one, the
expressive language sub-
scale of the MSEL was
the only statistically sig-
nificant difference be-
tween the intervention and
waitlisted groups between
baseline and post inter-
vention. For hypothesis
two and three, when all
the participants’ scores
were pooled and meas-
ured over time, statistical-
ly significant improve-
ments were shown in
receptive and pragmatic
language and social skills
and these gains were
maintained, thus suggest-
ing skill acquisition.
These findings indicate
limited effectiveness of
the TOBY app for fami-
lies living in regional
areas. However, this was
an exploratory study with
a lower intervention dos-
age and fidelity than pre-
scribed and a high partici-

strengths: RCT, significant
gains were observed in the
areas of receptive and
pragmatic language and
social skills from the inter-
vention, suggesting skill
acquisition.

limitations: participant
drop out, poor dosage and
intervention fidelity, indi-
vidual differences, location
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pant drop-out rate.

Australia 15 parents and 12-month follow Findings demonstrate the | limitations - non- - Twelve out of 15 parents
their children up of RCT receptive language, social | randomised sample, ceiling | reported their child had
with ASD (2-6 skills, pragmatic language | effect due to long term maintained at least one
years) and playfulness of chil- follow up, decrease in sen- | skill at 12 months post-

dren with autism spectrum | sitivity of measures to de- intervention in one of the

disorder improved tect change areas of receptive lan-

during the three-month guage, social communica-

intervention period and tion or daily living skills,

were maintained at least despite them no longer

12 months after ceasing using the TOBY app.

the Therapeutic Outcomes - Further, responses from

by You app intervention. the parents indicated 13 out
of the 15 children were no
longer using the TOBY
app after twelve months,
citing a lack of time and a
loss of interest from their
child as common reasons.
- Parents reported the ac-
tivities on the TOBY be-
came too easy for their
child and did not match
their child’s changing pref-
erences since
the initial intervention
period.

Australia 33 families Pilot trial study Tier C: interven- The TOBY play pad is an | limitation: no independent | positive - majority of fami-

tions early intervention applica- | pre or post intervention lies used toby to some

tion through parent- measures, nor was there a extent during the trial, even

mediation. This pilot trial | control group for compari- | without therapist support

sought out to collect in- sons; no independent data and in the absence of any

formation on the usage of | on indicators of function- kind of encouragement,

the application rather than | ing parents were able to utilize

it's feasibility. this tool. Negative - acces-
sibility issues, high levels
of parenting stress,

Australia 24 parents of 3-montbh trial - Findings from this study | - Limitations: selection - Most parents stated the
children with partially support the ap- bias, generalisation to other | TOBY app was straight-
ASD propriateness of the TO- sees, bias due to conflict of | forward to use, with clear

BY app for children with | interest. instructions and easy navi-
ASD and their parents gation.

who live in regional Aus- | - Strengths: first study to - parents reported some
tralia. investigate the experience issues with the TOBY app
- Thematic analysis of of using ICT based inter- that tainted their experi-
interviews of parents who | vention for families of ence: (1) it was challenging
used the TOBY app as children with asd in re- to get their children to

part of an effectiveness gional areas, engage with the app for 20
study identified the core min per day; (2) a limited
theme that the TOBY app ability to choose and con-
is not a panacea for the trol the activities complet-
challenges associated with ed on the app; (3) the man-
ASD. ifestation of problem be-

- Collectively, parents haviours in their children
reported that that the TO- associated with using the
BY app was appropriate TOBY app; and (4) the

for some children and not need for ongoing support
others, and should be used from therapists, which they
to complement other ther- did not receive as part of
apies and not in isolation. this research project.

- Ongoing support from - Parents in the study
therapists, increased cus- acknowledged the rele-
tomisation through more vance of the TOBY app,
choice and control, and a with all participants ex-
focus on user-experience pressing their desire to help
was highlighted by par- their children overcome
ents as strategies that may their developmental chal-
improve the overall ap- lenges.

propriateness of the TO- -Additionally, all parents
BY app. interviewed would recom-
- toby app provided varia- mend the TOBY app to a
ble benefits and experi- friend, even if they felt it
ences for parents and was not beneficial for their
children. children, indicating they

- the app did not accom- believe its utility and rele-
modate the individuality vance

of families by providing for helping children with
enough choice and con- ASD.

trol.

Australia 17 parents of Semi-structured - positive experience with - positive experience
children with interviews and application use. - One of the most signifi-
ASD thematic analysis -With sufficient support cant barriers reported by

of parents' experi- and guidance, parents parents was the time re-
ences using the reported that they were quired in the organization
able to use TOBY effec- of materials and equipment
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application.

tively in their home to
provide successful inter-
vention to their child with
ASD.

- The primary barriers
identified by parents were
occasional information
overload, difficulty solv-
ing behavioural challeng-
es, and a lack of sufficient
support using the app.

- Parents reported greater
knowledge of the ASD
condition and appreciated
the guidance and structure
by which TOBY provided
so as to best support their
child.

to run the lesson plan, be-
fore using the TOBY app
with their children.

- Some parents found it
challenging to orient
themselves to the applica-
tion’s layout and structure.
- Many parents reported
feeling too time-poor

and overwhelmed with the
volume of information
contained within the TO-
BY introduction.

- Parents felt that training
empowered them to deliver
activities to their fullest
potential, alleviated stress,
and reduced time spent
learning how to

navigate the app itself.
Parents also reported that
this support also helped
with understanding their
contribution in delivery of
the interventions and the
importance of the NET for

children with asd
and their moth-
ers

single-case exper-
imental design

tions

promising platform to
deliver intervention for
children with ASD.

- effectiveness of special-
ly developed PT program

response bias among par-
ticipants, only included
mothers.

strengths: Findings from
this study suggest that mo-
bile apps may improve

generalization
of learning.
United Kingdom 54 children Randomized Con- | Tier C: Interven- There were no significant | strength: study design, - app was highly rated by
trolled Trial tions group differences in par- limitation: usage of new, parents
ent-report measures invalidated measure, lack - There were no problems
postintervention, of intervention effects no with access of inappropri-
nor in a measure of par- immediate effect on behav- | ate content via the iPad and
ent—child play at follow- iours targeted by app. no parent reported con-
up. Therefore, this inter- cerns about the child be-
vention did not have an coming obsessive.
observable impact on real- - Parent perceptions of the
world social communica- intervention were
tion skills and caution is largely positive and it is
recommended about the probable that one of the
potential usefulness of main advantages of this
iPad™ apps for ameliora- kind of approach is in the
tion of difficulties in in- potential beneficial impact
teraction. However, posi- on family life and reduc-
tive attitudes among par- tion of burden.
ticipants, lack of harms - Some parents reported
and the potential of apps that their child was able to
to deliver therapeutic play and concentrate for
content at low economic longer using the FindMe
cost suggest this approach app than with other
is worth pursuing further. toys, even at the end of the
2-month access period.
- Other parents enjoyed the
iPad as a way to sit with
their child while mutually
focussing on a rewarding
activity.
Canada 12 children with | quasi-experimental | Tier C: Interven- 1. a mobile application limitations: study design,
ASD and one of | AB design tions used by parents can teach | no participation in func-
their parents - 5 them how to implement tional analysis, participant
parents with- behavioural interventions | withdrawal from study,
drew - 7 parents to effectively reduce ste- didn't study placebo effect
total reotypy.
2. more families could strengths: replication of
have access to effective intervention effects, a
services to reduce stereo- | greater number of observa-
typy in their child with tion sessions to reduce
ASD. participant bias.
3. cost-effective since it
does not require a profes-
sional being present dur-
ing
multiple sessions.
4. parents may need to use
the iSTIM for longer pe-
riods of time in order to
produce meaningful
changes in functional
engagement.
Singapore three young multiple-baseline Tier C: Interven- - mobile technology limitations: low sample (3),
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access to those who want
to develop their skills and
desire more flexibility and
convenience to access the
training. Training apps
may also be a valuable
adjunctive tool for face-to-
face training programs.

United King-
dom/KSA

62 months of
children with asd

randomized con-
trolled trial

Tier B: understand-
ing and communi-
cating

- significant reduction in
maternal depression post
intervention

- decrease in child behav-
ioural problems

- parental mean total
stress significantly re-
duced

Strengths: This study has
many strong points. This
study used a randomized
controlled trial (RCT) de-
sign to evaluate the effica-
cy of the intervention,
which is considered to be
the golden design for pro-
gramme evaluation. The
CONSORT statement
guidelines for reporting
RCTs were used in this
study, which ensured a
clear and comprehensive
reporting of RCTs. Moreo-
ver, a follow-up data col-
lection was used in this
study to test the stability of
findings overtime.

limitations: lack of objec-
tive measures of maternal
wellbeing and child behav-
ioural problems, limited
sample size, no info on
health economics, low
alpha value in some
measures

United Kingdom

A multiple base-
line design (MBD)
across participants
was

combined with an
adapted alternating
treatment design

Tier C: Interven-
tions

United States of 3 Children with multiple baselines | Tier C: Interven- - no significant result after | limitations: assessments not given
America ASD across participants | tions usage of application, run by researcher and not
design however after differential | parent, inconsistent eye

reinforcement was im- contact across different

plemented, all three par- assessments, small sample

ticipants showed sig. in- size.

crease in eye contact.
United States of 28 children randomized, con- Tier C: Interven- the current findings show | limitations: small sample not given
America trolled design tions that participants demon- size, did not control for

strated relatively high differing levees of asd

rates of learning severity, wide range in

over a short duration (i.e., | participant age, lack of

12 h in 1 month). Finally, | treatment fidelity data.

CBI may increase the

efficiency and accessibil-

ity of treatment for ASD.
United States of 823 children and | feasibility study Tier C: Interven- App based cognitive exer- | Study of tablet-based cog- not given
America their families tions cise for children with nitive exercises adminis-

autism. tered to two-year-old tod-

dlers with autism.

United States of 59 parents and App development | Tier C: Interven- Hypothesis children who The findings are from a not given
America 14 children tions begin training at an early feasibility study.

age, and who make con-

sistent progress over the

course of training, will see

drastic improvements in

their language function.
United States of 1514 children feasibility study Tier C: Interven- MITA worked as de- Major Strength: sample not given

America

and their parents

tions

signed, and parents were
able to implement it an
engage their children as
young as 2 years with the

app.

size, age range, Limitation:
ATEC done by parents,
and not professionals
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Web Table III Summary of finding table based on Template for Intervention Description and Replication (TIDieR) checklist

Author Brief Why 2 What Who/ trainer | How ¢ | Where | When and How # | Tai- | Modi- How well
& Year Name ! S 7 lor- fica-
Materials 3 Procedures * ing® | tions | Planned | Actual
10 1 12
Mruzek | Parent An innovative | WMP and At start of intervention, | Trained deliv- | Home | Parents were Non | None Yes, by At all
et al., mediated toilet training SBT inter- parents received a 1.5-h | study inter- ered then expectedto | e measur- | Visits,
2019 toilet train- | intervention vention man- | center-based training. ventionist throug carry out the ing the both
ing inter- that consists of | uals, mois- During this initial train- | (each witha | h intervention for number study
vention WMP; an iOS- | ture paging ing, all key aspects of master’s or manu- 12 weeks in their of ses- groups
app based app with | device, con- the WMP or SBT inter- | postdoctoral | als. home and partic- sions achiev
transmit- nected to vention were reviewed, level of ipate in four 1-h, attended | ed
ter/disposable | iPod. with a special emphasis | training in center-based 1:1 by par- mean
sensor; and a on completing an indi- psychology) study visit (i.e., ticipants | treat-
corresponding vidualized training pro- | at each study “booster ses- of both ment
manualized gram. For the WMP visit using sions”) at weeks group fideli-
training pro- group, this initial re- only the 2,4,6,and 9 to ty
gram for use view included devel- manual for troubleshoot and per-
by parents in opment of an individu- their ran- collect data on centag
the home. alized training program | domly as- adherence and e
based on the content of | signed inter- efficacy, and a scores
all six modules of the vention. closeout visit at great-
WMP intervention week 12. er
manual. Parents were than
then expected to carry 80
out the intervention for (SBT
12 weeks in their home mean
and participate in four =
1-h, center-based 1:1 94%,
study visit (i.e., “boost- WMP
er sessions”) at weeks mean
2,4, 6,and 9 to trouble- =
shoot and collect data 90%)
on adherence and effi- with
cacy, and a closeout medi-
visit at week 12. Also, an
during these sessions, scores
interventionists encour- of
aged parents to continue 100.

with their training ef-
forts and complete the
data logs on the 3 days
prior to the next booster
session. Parents in both
groups received a brief
telephone call immedi-
ately prior to the onset
of the 3-day data collec-
tion interval to remind
them to complete the
data logs. At 3 months
following the close of
intervention, parents
were reminded by tele-
phone to complete the
data logs for 3 consecu-
tive days and return
them to the study team
in a self-addressed
stamped envelope.

Moore, | Therapy Pilot trail of An iPad for All participant respons- | parents iPad Home | 20 minutes per Non | None None None
et. al., Outcomes | TOBY app each partici- | es were uploaded, au- using day e
(2015) By You providing a pating child tomatically in the case iPad
(TOBY) comprehensive | loaded with of Solo and Partner

system for the TOBY activities and manually,

facilitating the | app and con- | by the parents, for NET

delivery of nected to the | activities, as an inte-

intensive early | internet. grated part of TOBY

intervention by use. Dependent varia-

parents in the bles generated by TO-

home and as BY algorithms were (i)

part of daily participant use patterns

routines. including total time

engaged in Solo, Part-
ner and NET activities,
number of sessions and
of completed learn units
(stimulus, response,
feedback — sequences)
and (ii) indicators of
child progress: correct/
incorrect response pat-
terns differentiated
across the four curricu-

lum areas.
Whiteh | TOBY Use of the The TOBY The length of the inter- | Trained iPad At at least 20 Non | None Yes Yes,
ouse, et. TOBY app as app installed | vention period was 6 Therapist home min/day of TO- e there
al., an addition to on iPad months, with follow-up along BY based thera- was
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(2017)

community-
based therapy
would help
support home-
based therapy,
and thus facili-
tate greater
improvement
in a range of
ASD-specific
and broader
developmental
skills.

assessments taking
place at the mid-point
(3 months postbaseline)
and conclusion (6
months postbaseline) of
this period. Treatment
group: TOBY interven-
tion. Caregivers of chil-
dren randomised to the
TOBY intervention
group received an initial
2-hr training session
during which they were
familiarised with the
TOBY curriculum, and
the entry point in the
curriculum was deter-
mined for each child in
consultation with care-
givers. Caregivers were
contacted by the study
team every fortnight
during the trial period to
encourage use of the
TOBY app, to provide
an opportunity for care-
givers to ask any ques-
tions, and for the re-
search team to enquire
about perceived barriers
to use of the TOBY

app.

with
TAU.

py for the next 6
month

no
chang
einn
the
num-
ber of
fort-
night-
ly
tele-
phone
calls
made
to
fami-
lies,
how-
ever,
there
was a
large
drop
in
usage
of
TOBY
in the
sec-
ond 3
month
S.

Par-
sons, et
al.,
(2019)

TOBY

To evaluate
the appropri-
ateness of the
ICT interven-
tion and toby
app and to
examine the
barriers and
facilitators
identified by
parents who
used TOBY
app living in
regional Aus-
tralia.

The TOBY
app installed
on iPad

Twenty-four mothers of
a child with ASD from
a pool of 59 families
from the RCT partici-
pated in a three-month
RCT using the TOBY
app were included in
this study. Participants
were ranked for use on
three measures: (1) time
spent using the app on
the device; (2) items
attempted; and (3) items
completed. Phone inter-
views - semi structured
interview: experience
using the app; (3) if
parents perceived the
TOBY app to be effec-
tive for their child; (4)
if parents perceived the
TOBY app to be effec-
tive for themselves; (5)
the ease of use, includ-
ing the planning needed
to implement the sug-
gested dosage; (6) the
level of support re-
quired to use the app
effectively; (7) their
intended future use of
the app; and (8) sug-
gested improvements to
the app. Interviews
lasted between 16 and
45 min in duration, and
digital voice recorder
was used to record the
interviews, which were
subsequently tran-
scribed verbatim by a
professional transcrip-
tion service.

Occupational
therapist and
qualitative
researcher

The
TOBY
app is
a tab-
let
(10S©

along
with
face-
to-face
thera-

py.

Aus-
tralia,
remote
inter-
ven-
tion -
phone
inter-
views.

App use was
measured using
backend server
data that is au-
tomatically
gathered from
the tablet device.
Semi- structured
interviews be-
tween 20 and 45
min in duration
were conducted
to explore the
experience of the
TOBY app

Non

None

None

None

Parsons
et. al.,
(2019)

TOBY

Comparative
study of 3
months TOBY
users and wait-
list control
group improv-
ing visual
motor, imita-
tion, language
and social
skills of chil-
dren with
ASD.

The TOBY
app installed
on iPad

In addition to receiving
therapy-as-usual, the
intervention group were
instructed to practise at
least 20 min on the
TOBY app daily for 3-
months using an iPad.
Participants were then
re-assessed at 3 and 6
months after the base-
line assessment to es-
tablish post-intervention
and follow-up meas-
urements, respectively.
The waitlisted group
received an iPad with-
out the TOBY app in-

psycholo-
gists and
occupational
therapists

Toby

app) I_
Pad

home,
remote

20 min once per
day, follow up
every 2 weeks
for 3-6 months.
The intervention
has three meth-
ods for the de-
livery of thera-
py: solo, partner,
and Natural
Environment
Training (NET)
(Venkatesh et al.
2013). The syl-
labus includes a
variety of activi-
ties that utilise

Non

None

20
min/day
using the
TOBY
app.

low
fideli-
ty
after
three
month
]

INDIAN PEDIATRICS

VOLUME 60—MARCH 15, 2023




MHEALTH APPS FOR AUTISM

stalled and therapy-as- different meth-
usual after the baseline ods of delivery
assessment. After the to address the
waiting period of 3- four targeted
months, the control skill areas. The
group received the TO- TOBY app solo
BY app for 3-months. activities in-
The waitlisted group volved the child
were then assessed at 6 interacting di-
and 9-months to estab- rectly with the
lish the post- iPad. Caregivers
intervention and follow- then inputted the
up measurements. result directly
into the TOBY
app to track their
progress. The
NET activities of
the TOBY app
aimed to gener-
alise learning
from the solo
and partner ac-
tivities into natu-
ral situations by
educating,
prompting, and
logging the
caregiver’s
translational
intervention with
their child.
Rog- TOBY Parental expe- | The semi- Data were obtained Paediatric In home Prior use of the Non | None None None
erson et rience of using | structured through semi-structured | occupational | person application with- | e
al., the TOBY app | interview interviews with parents | therapy stu- and in 2 years of
(2019) designed to guide of children with ASD dent tele- child's diagnosis.
provide target- that were later analysed phone
ed training in by initially identifying inter-
imitation, lan- content manifesting views.
guage, sensory perceived barriers and
discrimination, facilitators to the use of
and joint atten- TOBY. A thematic
tion; all of analysis followed in
which are which meaning-bearing
typically de- units related to facilita-
layed or dis- tors, barriers, and to
rupted in parents’ experiences
young children were identified and later
with ASD. analysed as described in
the data analysis sec-
tion.
Parsons | TOBY Use of the The TOBY This study used a sin- parents Throu | at Parents in this Non | None None None
et. al., TOBY app app installed | gle-site cohort design, gh home RCT, in the e
(2020) was anticipat- | on iPad with data collected at TOBY intervention
ed to lead to baseline (T1), post- app group were pro-
improvements intervention (T2) and using vided with an
in the longer follow-up at 12 months iPad. iPad which had
term for the post-intervention (T3). The TOBY app in-
skills of lan- After the assessment, NET stalled and were
guage, social participants were asked tasks instructed to use
communica- a series of open-ended are the applications
tion and play- questions lasting be- per- for 20 min per
fulness as the tween 5—15 minutes to forme day at a time
children de- provide further explana- d sep- convenient to the
veloped. tion regarding the con- arately family. One-
tinued use and mainte- from hour training by
nance of skills learnt the the researchers
while using the TOBY iPad (occupational
app. The TOBY app with therapists and
comprises the following care- psychologists)
three types of tasks: giver on how to navi-
solo, partner, and natu- sup- gate and use the
ral environment tasks port intervention was
(NET). Children begin and provided.
the intervention with are
activities at their current inte-
level of functioning and grated
progress through the into
curriculum at their own daily
rate of development and life to
ability. en-
cour-
age
gener-
alisa-
tion of
skills
learnt
during
solo
and
part-
ner
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tasks.
Re-
spons-
esto
each
task
are
in-
putted
into
TOBY
app,
and a
sylla-
bus of
future
tasks
is
tai-
lored
for the
child.
Fletch- | FindMe FindMe aimed | FindMe app The length of the exper- | parents iPads one to | Children in the Non | The Children | The
er- to enhance the iment/intervention was were one intervention e trial in the mean
Watson real-world 72 days on average, and sent sup- group had access design | interven- | num-
et al., social commu- parents were suggested outto | portin | tothe FindMe seta tion ber of
2016 nication skills to aim for game play of each nurse- | app for a period high group days
of the children about five minutes per child’s | ry or of 72 days on bar for | had on
through moti- day, or ten minutes home, | prima- | average (95% CI meas- | access to | which
vating, daily every other day. Parents for the | ry =70-75 days). uring the chil-
rehearsal of and children were inter- school, benefit | FindMe dren
very basic sub- filmed for 10 min play- ven- includ- by app fora | actual-
skills. ing with a standard set tion ing select- | period of | ly
of toys with no specific group, | spe- ingas | 72days | played
instructions given. In- before | cialist the onaver- | the
tervention group: 2 shut- units out- age app
months of app access at ting and come was
the same time as all down inte- meas- 28.
usual treatments. Wait- func- grated ure a Medi-
list group: only treat- tions main- par- an
ment as usual. aside stream ent— length
from clas- child of
the ses. play- game
app. based play
Brief obser- was
in- va- 339
struc- tional min
tion meas- (inter-
docu- ure quar-
ment taken tile
which at the range
dealt Fol- =
with low- 206—
the Up 1074)
basics ap- over
of point the
work- ment inter-
ing and ven-
and not tion
charg- imme- period
ing the diately (min-
iPad fol- imum
and lowing 15
offer- the min,
ing inter- max-
advice ven- imum
on tion. 3522
trou- min).
ble- Only
shoot- four
ing, chil-
and dren
sug- in the
gested Inter-
that ven-
par- tion
ents group
aimed failed
for to
game reach
play the
of most
about com-
five plex
minute level
s per of the
day, or game.
ten Of the
minute 23
s eve- chil-
ry dren
other reach-
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day. ing
the
high-
est
level,
22
car-
ried
on to
repeat
the
game
cycle
after
achiev
ing
that
top
level.
Dunn et | iStim This applica- The iSTIM is | To assess the effects of | research i0S home Families partici- | Non | None None None
al., 2017 tion offers an 108 appli- | the app, researchers assistants devic- pated in sessions | e
parents a solu- | cation, cur- conducted a series of and Parents es once or twice
tion and a rently availa- | AB quasi-experiments per week over a
method to ble for re- wherein each partici- period of 8 to 16
reduce stereo- | search pur- pant served as their own weeks.
typy in chil- pose only, control. Research assis-
dren who do with four tant measured stereo-
not have the parent train- typy before and during
ability touse a | ing and sup- the implementation of
self- port modules. | the intervention while
monitoring the parent was using the
method. iSTIM.
Trudel, | Map4speec | Map4speech Each parent There were five phases Psycholo- i-pad, | com- Phase 1: The Non | None Parents Par-
L,La- | h uses the BMT | was loaned in this experiment: gists as- munity | shortest baseline | e were ents
novaz, framework to an iPad con- | baseline, PT, post- sess- play- period lasted 1 required | were
M.J, & conduct natu- taining the training intervention ment ground | day with 5 ses- to attain | able to
Préfon- ralistic inter- Map4speech | (PTI), novel settings, faceto | s, fam- | sions, and the 90%— main-
taine, 1. vention with mobile app. and 1-month follow-up. face ily longest baseline 100% of | taina
(2021) young children Phases 1, 2, and 3 (i.e., dining | period lasted 7 the in- high
with ASD to baseline, PT, and PTI) areas, days with 14 terven- level
improve their used a concurrent de- skype sessions. tion of
functional sign and were conduct- call Phase 2: For 5 skillsin | im-
communica- ed in the children’s days a week, two ple-
tion. homes with the same they were asked consecu- | men-
toy materials within to spend 15 min tive tation
each parent—child dyad. to practice the practice | fideli-
Phases 4 and 5 (i.e., learned interven- videos in | ty.
novel settings and 1- tion skills with orderto | They
month follow-up) used their child. They advance | achiev
a non-concurrent design used the app to to the ed
and were conducted to take two or three next 88%9
learn how parents gen- 2-min video stage of | 2%
eralized their new skills clips of them- the app fideli-
in different contexts. selves practicing where ty for
the skills with they inter-
their child and learned ven-
uploaded them new tion
to a secure serv- skills im-
er via the app. while ple-
Phase 3: The continu- | men-
average post- ing to tation
training period use the during
was around 9 previ- the
days across three ously PTI,
parents. The learned 83%—
average feed- skills. 88%
back sessions in during
Phase 3 were novel
two sessions set-
across three ting—
parents. play-
Phase 4: set- groun
tings. The aver- d,
age intervention 91%9
period on the 7%
playground and during
the snack time novel
setting were 8 setting
and 7 days, re- at
spectively. The snack
average feed- time,
back sessions for and
two novel set- 90%-—
tings were 3.3 93%
sessions across during
three parents. the 1-
month
fol-
low-
up.
Law, G. | Psy- The transac- The interven- | Mothers who consented | Three thera- | Whats | Whats | Sessions 2—5 Non | None None None
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C., Nei- | choeduca- | tional model tion was were randomly allocat- | pists and one | App App consisted of e
hart, tion Inter- of stress and developed as | ed to the trial arm, and certified 30-min therapist
M., & vention the Double a guided study information clinical psy- support via
Dutt, A. | delivered ABCX Model | self-help packs, and Copies of chologist WhatsApp.
(2018) via contributed to intervention the training manual assisted in
WhatsApp | the develop- in line with were provided. Sessions | delivering
ment of the the main 2-5 consisted of 30-min | the interven-
intervention in | principles therapist support via tion.
three sessions. | and recom- WhatsApp. Mothers in
Session 1 to mendations the CAU group re-
inform moth- of NHS Good | ceived advice about
ers about the Practice their child's educational
actiology of Guidance on | and behavioural prob-
ASD; Session | the use of lems from the organiza-
2 to target self-help tions.
stress in moth- | materials
ers and how within In-
can they ap- creasing
proach differ- | Access to
ent stressful Psychologi-
situations; cal Therapies
Session 3 to IAPT ser-
child behav- vices.
iour problems
to help the
mothers cope
with the initial
stressor of
having a child
with ASD; and
Session 5 to
inform moth-
ers about the
available re-
sources in
KSA.
Hemdi, | Sounding Investigating Child’s table | Stimulus preference researcher face to | inter- Each participant | Non | none Treat- Over-
A, & Bird the use of an and chairs, a assessment, parent in- face ven- received six S ment all
Daley, iPad as a SGD | computer, A | terview and children tion sessions of in- integrity | treat-
D. and to com- standard were observed during room tervention over a was ment
(2017) pare the rela- PECS book, unstructured free play 4-week period in meas- integ-
tive efficacy of | An iPad-4 prior to baseline. Mo- each condition. ured. rity
the iPad with with a Big- dality Preference As- Each session for the
PECS for de- GripsTM4, sessment was conducted was of 20-min three
veloping re- and Sound- at the beginning of each duration and re-
questing and ingBoardTM | baseline, intervention, focused on one search
navigational 5 app and post-intervention to AAC condition, ers
skills with pre- determine if a partici- PECS or iPad. was
schoolers with pant had a preference 97%
ASD. for one of the two AAC
options.
Agius, Look in This applica- An Apple 1. Before beginning the | Therapist face- Each A session con- Non | none None None
M. M., My Eyes tion allows iPad© was study, to ensure the to-face | ses- sisted of 10 trials | e
& Steam children to used to allow | child has the prerequi- and sion
Vance, Train practice eye the child to site skills required to mhealt | took
M. contact by use the Look | use application, they happ | place
(2016) displaying a in My Eyes were asked to complete in
number in a Steam Train a match-to-sample test either
person’s eyes application. while in the individual the
and having the therapy room. The child indi-
child complete was presented with a vidual
a match- to- grid numbered 1 to 9, thera-
sample. and he had to replicate Py
that grid on the iPad rooms
application. On comple- or the
tion of the sample task natural
only he was eligible for envi-
the study. ron-
2. During baseline, the ment
child participated in a train-
two manding session ing
that typically took place room.
during therapy sessions. The
One took place in the indi-
individual therapy room vidual
and the other took place thera-
in the natural environ- py
ment. For each baseline rooms
session, the occurrence were
or non-occurrence of 3x3m
eye contact when the with
child made a request three
was recorded for the indi-
first 10 times. Once vidual
there was a stable pat- cubi-
tern of eye contact in cles in
both locations, the child each.
was then moved to the AlS8
intervention phase. m wall
divid-
3. After baseline data ed the
were obtained, the child work-
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was instructed to play spaces
with an iPad application and
designed to increase eye each
contact while in the cubicle
individual therapy had a
room. The child only table
had access to this appli- and
cation during training. chairs,
pro-
4. Immediately after the gram
child used the applica- mate-
tion, eye contact was rials,
assessed in the individ- and
ual therapy room. After rein-
this assessment there forcers
was a 5 min delay in that
which the child was were
brought to the natural chosen
environment training by the
room and was required child.
to complete demands The
not associated with this natural
study. Once the delay envi-
was complete an imme- ron-
diate generalization ment
assessment was con- train-
ducted to see if the ing
change in eye contact room
generalized to another was
setting. If the eye con- 6x4 m
tact application showed open
an increase in eye con- room
tact to 80% in all of the with
assessments, the child multi-
would be finished with ple
the study. However, if rein-
the eye contact applica- forcing
tion was unsuccessful, items
the child then moved on availa-
to a differential rein- ble for
forcement phase. the
child
5. This phase consisted to
of 10-min training ses- engage
sions in the individual with.
therapy room. If the
child made eye contact
with the therapist when
requesting and item, the
therapist immediately
reinforced the child’s
behaviour by providing
him with praise and the
requested item. If the
child did not make eye
contact with the thera-
pist when requesting an
item, the therapist wait-
ed until the child made
the request again while
using eye contact before
reinforcing eye contact
by allowing the child to
have the requested item.
The same prompting
procedure that was used
in baseline was used if a
mand was not made
within 5 s.
6. Immediately after the
child completed the
differential reinforce-
ment training, eye con-
tact was assessed in the
same manner it was
assessed following the
iPad intervention.
Jeffries, | Camp Dis- | The applica- iPad tablet 1. Pre- and Posttreat- Practicing throug | partic- | Probes took Non | Appli- | None None
T. covery tion incorpo- with Camp ment Probes: Probes behavioural h ipant's | anywhere be- e cation
(2013) rates modified | Discovery were conducted lesson therapists mhealt | home tween 1 and 3 h set-
discrete-trial open. Appli- | by lesson, in a random with exten- h app or and were con- tings
training (DTT) | cation set- order. During probe sive ABA on treat- ducted across were
procedures and | tings were sessions, reinforcement, | training for iPad, ment one or multiple ad-
other behav- adjusted to corrective feedback was | ASD and indi- center | sessions per- justed
ioural princi- ensure that not provided for incor- field work. vidu- formed within a to
ples of ABA to | the partici- rect responses. Rein- ally. 1-week period. ensure
teach receptive | pant only forcement was only Treatment ses- that
language tar- worked on provided for maintain- sions occurred the
gets across the targets ing attention and exhib- for 3 h per week partic-
different les- identified as iting appropriate behav- (i.e., three 1-h ipant
sons. unknown iour. Reinforcers were sessions) for 4 only
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during his or | identified via a prefer- weeks, separate worke
her initial ence assessment con- from ongoing don
probe. ducted by the research ABA sessions. the
assistant. Each partici- targets
pant experienced three identi-
total probe sessions. fied as
The first probe was un-
used to identify approx- known
imately 100 unknown during
targets that were cov- his or
ered within the mobile her
application’s learning initial
content. Subsequent probe.
probes assessed the
targets identified as
unknown during the
initial probe.
2. Immediate-treatment
IT group and delayed-
treatment control DTC
group: After an initial
probe, the IT group
began interacting with
the mobile application,
whereas the DTC group
continued with treat-
ment as usual with no
manipulations. After 4
weeks, both groups
received a second probe
(i.e., post-treatment for
the IT group; pre-
treatment for the DTC
group) to determine if
learning took place in
the presence or absence
of the mobile applica-
tion. Following the
probe, the DTC group
entered the treatment
phase while the IT
group discontinued use
of the mobile applica-
tion, receiving only
treatment as usual. Af-
ter 4 weeks, both
groups were adminis-
tered a final probe to
determine if any learn-
ing occurred (i.e., DTC
group), as well as to
evaluate whether previ-
ously acquired skills
were maintained (i.e.,
IT group) without ac-
cess to the mobile ap-
plication.
Dunn, Mental This paper is MITA app MITA'’s exercises fol- N/A using at None The | None None None
R.S., & | Imagery on the devel- low a systematic ap- MITA | home MIT
Vyshed- | Therapy opment of proach for training the app A
skiy, A. | for Autism | MITA app skill of multiple cues pro-
(2015) (MITA) based on Piv- responding. gram
otal Response fol-
Treatment lows
(PRT), which a
was developed simi-
to deliver evi- lar
dence-based Sys-
early- te-
intervention mati
therapies made c
especially for ap-
very young proa
children with ch
ASD. for
de-
velo
ping
a
child
's
abil-
ity to
re-
spon
dto
mul-
tiple
cues,
start-
ing
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with
very
sim-
ple
ex-

cises
that
re-
quire

tend-
ing
to
only
one
cue
or
char
ac-
teris-
tic,
nam
ely
col-
our

Dunn et | MITA Data from MITA app, MITA was made avail- | Parents using at MITA consists Each | None Yes, by Sub-
al., feasibility Supplemen- able for free to down- MITA | home of nine different | of recom- jects
(2017) study of par- tary material | load, and sample was app on developmental the mending | across
ent- adminis- selected from the pool mobile activities. Tobe | nine to be all age
tered tablet- of registered users on done on a daily MIT used at and
assisted thera- the app based on the basis for 10 A least for | severi-
py for 1514 pre-defined criteria; i.e., minutes, for a ac- 10 ty
children of a self-reported diagno- period of twelve | tivi- minutes | groups
different ages sis of ASD, availability months, using ties per day. | ad-
and varying of two ATEC scores at mobile app con- hered
ASD severities least three months apart, sists to the
for twelve and age must be 12 or of rec-
months. below. mul- om-
tiple men-
lev- dation
els, at
start- least
ing 64 +
with 19%
easi- of the
er time
lev-
els
that
re-
quire
at-
tend-
ing
toa
sin-
gle
cue,
mov-
ing
on to
in-
ter-

diate
lev-
els
that

quire
at-
tend-
ing
to
two
cues
and
cul-
min-
ating
in
chal-
leng-
ing
lev-
els
that
re-
quire
at-
tend-
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ing
to
three
or
four
cues
ata
time.
Most
ac-
tivi-
ties
have
as
man
y as
50
lev-
els
whic
h
rang
e
from
easy
to
dif-
ficult
ina
grad
ual
and
sys-
te-
mati
c
man
ner.
Dunn et | MITA This study MITA app The objective of this Parents throug | home At home, using Non | None Yes, by There
al., describes data study was to determine h the app. For a e recom- was
(2017) from the feasi- whether children as MITA period of three mending | one
bility study of young as two who have app to ten months. to be sub-
this therapeu- been diagnosed with used at jects
tic interven- ASD could engage on a least for | who
tion, through daily basis and over an 10 worke
MITA. extended period of time minutes | d with
with a therapeutic ap- per day. | MITA
plication, and whether every
their parents would be day
willing to administer for
such an application. over
six
month
s, the
actual
medi-
an
(IQR)
num-
ber of
days
MITA
was
used
per
week
was
1.6
(0.9-
2.6),
signif-
icantly
less
than
the
rec-
om-
men-
da-
tion.
Only
161
sub-
jects
(20%)
worke
d with
MITA
more
than 3
days
per
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week;
only
60
sub-
jects
(7%)
worke
d with
MITA
more
than 4
days
per
week;
and
only
24
sub-
jects
(3%)
worke
d with
MITA
more
than 5
days
per
week.

Notes: § 1: Provide the name or a phrase that describes the intervention. 2.Describe any rationale, theory, or goal of the elements essential to the intervention. 3.Materials:
Describe any physical or informational materials used in the intervention, including those provided to participants or used in intervention delivery or in training of inter-
vention providers. 4: Procedures: Describe each of the procedures, activities, and/or processes used in the intervention, including any enabling or support activities. 5. For
each category of intervention provider (e.g. psychologist, nursing assistant), describe their expertise, background and any specific training given. 6. Describe the modes of
delivery (e.g. face-to-face or by some other mechanism, such as internet or telephone) of the intervention and whether it was provided individually or in a group 7. Describe
the type(s) of location(s) where the intervention occurred, including any necessary infrastructure or relevant features. 8. Describe the number of times the intervention was
delivered and over what period of time including the number of sessions, their schedule, and their duration, intensity or dose. 9. If the intervention was planned to be per-
sonalised, titrated or adapted, then describe what, why, when, and how. 10.f If the intervention was modified during the course of the study, describe the changes (what,
why, when, and how). 11. Planned: If intervention adherence or fidelity was assessed, describe how and by whom, and if any strategies were used to maintain or improve
fidelity, describe them.12. Actual: If intervention adherence or fidelity was assessed, describe the extent to which the intervention was delivered as planned.

Abbreviations: ASD: Autism Spectrum Disorder, ABA: Applied Behavioral Analysis, PRT: Pivotal Response Training, MITA: Mental Imagery Therapy for Autism, ATEC
scores: Autism Treatment Evaluation Checklist.
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Web Table IV: Studies ineligible following full-text review

Research Paper

Reason

1. Parent scaffolding of young children’s use of touch screen tablets Different concept

2. Investigating the use of technology in communication exchanges and visual support ineligible age range
for students with autism

3. Comparison of therapist implemented and iPad-assisted interventions for children Different context
with autism

4. Effectiveness Of Proloquo2go ™ in Enhancing Communication in Children with Au- | Different concept
tism During Aba Therapy

5. A video parent-training program for families of children with autism spectrum disor- | Different concept
der in Albania

6. Virtual Reality Support for Joint Attention Using the Floreo Joint Attention Module: | Different concept
Usability and Feasibility Pilot Study.

7. Features of Mobile Apps for People with Autism in a Post COVID-19 Scenario: Cur- | Different concept
rent Status and Recommendations for Apps Using Al

8. Applications for Children with Autism in Preschool and Primary Education Different concept

9. Talking Picture Schedules: Embedding Video Models into Visual Activity Schedules | Different Concept
to Increase Independence for Students with ASD

10. Proloquo2Go Enhances Classroom Performance in Children with Autism Spectrum Different concept
Disorder

11 Using Apps to Develop Social Skills in Children with Autism Spectrum Disorder Different concept

12 mHealth for Mental Health: Integrating Smartphone Technology in Behavioural Different concept
Healthcare

13 JAKE® Multimodal Data Capture System: Insights from an Observational Study of No use of mhealth, and dif-
Autism Spectrum Disorder. ferent concept

14 The utility of LENA as an indicator of developmental outcomes for young children Different concept

with autism
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