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Abstract

Interventions based on applied behaviour analysis are considered evidence based practice for autism spectrum disorders.
Due to the shortage of highly qualified professionals required for their delivery, innovative models should be explored,
such as telehealth. Telehealth utilises technology for remote training and supervision. The purpose of our study was to sys-
tematically review the literature researching telehealth and ABA. We analysed intervention characteristics, outcomes and
research quality in 28 studies and identified gaps. Intervention characteristics were: (1) research design (2) participants (3)
technology (4) dependent variables (5) aims. Outcomes were favourable with all studies reporting improvements in at least
one variable. Quality ratings were significantly low. Implications for future research and practice are discussed in light of

identified methodological downfalls.

Keywords Applied behaviour analysis - Telehealth - Autism spectrum disorder

Autism spectrum disorder (ASD) is a neuro-developmental
disorder categorised by impairments in social-communi-
cation and restrictions in behaviours or thought patterns
(American Psychiatric Association 2013). Recent esti-
mates have suggested 1 in every 59 individuals now have
a diagnosis of ASD (Centres for Disease Control and Pre-
vention 2018). The high prevalence and lifelong nature of
the condition mean a large demand on services to support
individuals spanning across health, social care and educa-
tion sectors. In the UK, the cost of these services have been
estimated at £1.5 ($2.2) million across a lifetime (Buescher
et al. 2014), making ASD the costliest medical condition to
support (Knapp et al. 2009). More importantly, when com-
pared to neuro-typical individuals, individuals with ASD
have been shown to score considerably lower on indicators
of life-quality and are less likely to be in paid employment,
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have rewarding social lives or achieve full independence
from their families (Howlin et al. 2004). This highlights the
significance of providing successful yet cost effective inter-
ventions, which should be based solely upon sound empiri-
cal evidence and guided by current evidence based practice
(EBP).

Research has indicated that best practice in autism inter-
ventions should involve strategies based upon the princi-
ples of applied behaviour analysis (ABA) (Makrygianni and
Reed 2010; Reichow 2012; Reichow et al. 2018). ABA is an
applied science aiming to determine environmental variables
that shape socially significant behaviour and design inter-
ventions accordingly. Teaching strategies derived from these
principles have been identified as EBP (e.g., early intensive
behavioural intervention, discrete trial training, functional
communication training, functional behavioural assessment,
extinction, naturalistic intervention, pivotal response train-
ing and task analysis) (Wong et al. 2014).

However, the vast majority of European governments
do not fund ABA-based provision; estimates suggest only
a third of children with ASD currently access behavioural
interventions across Europe (Salomone et al. 2014). In
the UK, where an ‘eclectic’ and often ill-defined selec-
tion of services is available, access to funded ABA can
often be either a postcode lottery or a testament of parental
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willingness to fight for services at tribunal (Dillenburger
2011; Keenan et al. 2015).

Another barrier to successful ABA treatment is a lack
of appropriately trained professionals. To qualify as a
Board Certified Behaviour Analyst (BCBA®©) individuals
must complete Master’s level training in behaviour analy-
sis, undertake an extensive period of supervised practice
and pass an exam (BACB 2014). Working under an appro-
priately qualified supervisor has been shown to correlate
with implementation fidelity, therapist job satisfaction and
positive child outcomes (Plantiveau et al. 2018; Whiteford
et al. 2012; Eikeseth et al. 2008). Difficulties in accessing
this expertise is very problematic. In the UK there are cur-
rently 314 BCBAs (BACB 2018); considering the number of
individuals diagnosed with ASD is estimated to be 695,000
(National Autistic Society 2017), the ratio of 1 BCBA per
2213 individuals with ASD is worryingly small. These
shortages are magnified in remote areas of the country,
where the lack of local services results in parents travelling
long distances to avail of the expertise of qualified profes-
sionals. Parents of children with ASD living in rural areas
have shown lower levels of service satisfaction and greater
difficulties in accessing professional expertise when com-
pared with their urban counterparts (Bulgren 2002; Mur-
phy and Ruble 2012), highlighting the need to update the
existing service dissemination model. Whilst it is clear that
ABA-based services present best outcomes for individuals
with ASD, it is not clear how best to resolve the gap between
needs and service access. Alternative models of intervention
and training should be explored which may extend the reach
beyond a traditional face-to-face model; telehealth has the
potential to do this.

Telehealth is the use of communication technology to
assist in education and treatment of health related condi-
tions. The availability of internet connections has been grow-
ing exponentially in recent years. Current estimates suggest
that 88% of all people in the UK accessed the internet at
some point in the last 3 months (Office of National Statistics
2016). Researchers have capitalised on these advancements
and demonstrated their usefulness for the delivery of health
related interventions. These interventions utilise technology
to provide remote communication, advice and training using
tele-communications software and technology based train-
ing platforms. The application of telehealth has been inves-
tigated across numerous conditions, such as haemophilia,
diabetes, heart disease and depression (Kessler et al. 2009;
Webb et al. 2010), proving to be a promising advancement
in healthcare government initiatives across the UK (Depart-
ment of Health 2011; Department of Health, Social Services
and Public Safety, Department of Health Northern Ireland
2011; Scottish Government 2011).

An initial examination of the literature indicated
that there has been an emergence of a body of research

investigating the use of telehealth to provide behaviour
analytic provisions to individuals with ASD and the initial
findings appear promising; telehealth was shown to reduce
costs associated with providing behaviour analytic inter-
ventions by up to half (Horn et al. 2016; Lindgren et al.
2015) and was viewed favourably by parents living in rural
communities (Salomone et al. 2017). However, a more
extensive review capable of identifying the scope, effec-
tiveness and limitations of using telehealth was required.
To date there have been five published reviews summa-
rising the body of literature in this area, these reviews
have either been too broad (Boisvert et al. 2010; Knutsen
et al. 2016) or too narrow (Meadan and Daczewitz 2015;
Neely et al. 2016; Parsons et al. 2017). The subsequent
paragraphs will discuss the limitations of these reviews in
more detail identifying why a specific systematic review
in this area in warranted.

Current reviews have not focused specifically on ABA-
based interventions and have instead involved overarching
reviews including research from wider fields, such as, educa-
tion, occupational therapy or speech and language therapy.
Boisvert et al. (2010) included five ABA-based studies in
an overarching review of telehealth based support for indi-
viduals with ASD and more recently Knutsen et al. (2016)
identified 17 studies that utilised ABA-based interventions
amongst a broader review of literature. The selected research
investigated Functional Analysis (FA) and associated Func-
tional Communication Training (FCT) (e.g., Barretto et al.
2006; Wacker et al. 2013a, b) or naturalistic teaching strate-
gies (e.g. Vismara et al 2009, 2012, 2013). Outcomes varied
within and between studies and individual differences were
apparent in interventionist implementation fidelity and child
outcomes (e.g. Meadan et al. 2016; Vismara et al. 2013).
Despite these reviews indicating that practical limitations
can be overcome, an ABA specific review by trained behav-
iour analysts will allow for a unique analysis of the method-
ology and outcomes reported in selected research.

Past reviews have also been limited to research utilising a
parent training approach only (Meadan and Daczewitz 2015;
Parsons et al. 2017). Meadan and Daczewitz (2015) selected
six studies for their review, five of which were ABA-based
interventions. Outcomes indicated that telehealth was an
effective platform for parent training, increasing both par-
ent’s knowledge and implementation skills. Parsons et al.
(2017). ) reviewed research in using telehealth to conduct
parent training in rural communities. The authors reviewed
nine studies, all of which were behaviour analytic in nature,
and concluded that, whilst parent training should be consid-
ered a crucial factor in intervention and has itself been iden-
tified as an EPB in the treatment of individuals with ASD
(Wong et al. 2014), a more comprehensive review would
provide a better insight into wider applications of telehealth
across interventionists and beyond the home environment.
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The most recent review focused on procedural fidelity and
only selected studies that contained this measure (Neely et al.
2017). The authors concluded that all studies showed increases
in interventionist implementation fidelity, demonstrating tel-
ehealth can be an effective platform. Admittedly, fidelity is an
important factor for methodological rigor and high fidelity has
been linked with optimal outcomes (Penn et al. 2007; Symes
et al. 2006; Whiteford et al. 2012), however research focusing
on outcomes for participants with ASD alone was overlooked.

Additionally, only one review to date investigated the qual-
ity of the included research (Parsons et al. 2017). Measures of
research quality are essential as they allow for the assessment
of research validity and indicate ability to minimise research
errors and bias. Although Parsons et al. (2017) utilised a
measure capable of simultaneously assessing the quality of
multiple study designs, questions were more geared towards
group designs and were somewhat subjective in nature (Kmet
et al. 2004). Overall assignments of level of evidence were
conducted using a separate grading system where single-sub-
ject research was automatically scored as the lowest level of
evidence (National Health Medical Research Council 1999).
ABA-based interventions are highly heterogeneous in nature;
individuality of programming is prioritised over consistency of
service between participants, allowing for optimal individual
progress. Finding a quality rating capable of equitably com-
paring single subject and group research designs is paramount
when assessing EBP. One such rating is the Evaluative Method
for Evaluating and Determining Evidence-Based Practices in
Autism (Reichow 2011; Reichow et al. 2008) which includes
rubrics allowing to assess key indicators of quality in both
single subject and group research designs. Scores on these
rubrics can be combined to provide an overall level of EBP
for the selected population.

The purpose of the current study is to systematically
review and synthesise extant literature studying the effects
of using telehealth to provide ABA-based provisions to indi-
viduals with a diagnosis of ASD. Main intervention com-
ponents and outcomes will be extracted and combined to
provide an overall picture of research aims, procedures, par-
ticipants and effects. This will allow for analysis of success
and identification of gaps in the literature. The Evaluative
Method for Evaluating and Determining Evidence-Based
Practices in Autism will be used to assess the methodologi-
cal rigor of each study leading to an overall estimation of
the status of telehealth as an EBP for the provision of ABA
services to individuals with ASD.

Method

Commencing in October 2017 with search dates ending in
February 2018, we conducted a systematic search using four
databases, ERIC, Medline, PsycInfo and Scopus. The review
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was conducted following the PRISMA checklist as a guide
(Moher et al. 2009). Identified studies were screened by title
and abstract, then merged with duplicates removed, followed
by full text screening. Additionally, references of included
studies and reviews on the topic were hand searched. A
descriptive synthesis of eligible studies was then completed
summarising the main objectives, variables and outcomes
of each study. All selected studies were assessed for quality
using standards set out by Reichow et al. (2008).

Search Terms

Search terms included Autis* OR ASD OR Asperger OR
PDD-NOS OR Developmental Disabil* AND Telehealth
OR Telemedicine OR Teleconferencing OR Telecare OR
Elearn* OR Distance Learn* (Fig. 1).

Inclusion and Exclusion Criteria

For inclusion in the review, articles were examined against
the following inclusion criteria: (1) peer review published
journal article, (2) study involved telehealth technology
in the provision of training, supervision or consultation to
interventionists (parents or professionals) utilising behav-
ioural principles in the treatment or education of at least one
participant with a diagnosis of ASD, Asperger’s or PDD,
(3) study was original empirical research with quantitative
data and a primary analysis of the effect of an intervention
conducted via telehealth and (4) was written in the English
language.

Studies were excluded from the review if: (1) they did
not include original research, (2) telehealth technology did
not include a two-way communication system with a profes-
sional, (3) participants without a diagnosis of ASD or PDD
were included and outcomes for the participants with ASD
were not reported in isolation from other diagnoses.

Data Extraction

Full texts of selected studies were reviewed and informa-
tion was extracted (Table 1). The following measures were
examined in order to develop an overview of the main inter-
vention characteristics present in the research: (1) research
design (2) participant characteristics (3) technology descrip-
tions (4) dependent variables (5) intervention characteristics.
Additionally, efficacy outcomes were reported to determine
the overall success of the interventions. Research quality was
scored following a quality assessment (Reichow et al. 2008)
to provide an indication of research rigor. Additional infor-
mation was collected, including measures of inter-observer
agreement (IOA), generalisation and follow-up data.
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Fig. 1 PRISMA diagram show-
ing search strategy Records identified through
databases search:
N = 409
Duplicates removed
N =53
A 4
Records remaining after
removal of duplicates
N =356
Records excluded after
screening title and abstract
N =316
Y
Records remaining after
screening title and abstract
N =40
( Additional records identified
& through references scanning
L N=17
\ 4
Records screened by full text
N =57
Records excluded with reason
upon full-text screening
N=29
\ 4
Records included in review
N=28
Reliability of Search Procedures and Inter-coder lists of eligible studies were subsequently compared. ICA
Agreement (ICA) was calculated by dividing the total number of agreed eligi-

ble studies by the sum of all studies and multiplying by 100.
To ensure internal validity within the review, the first and A total number of two studies were disagreed upon leading
second authors independently assessed identified studies  to an ICA of 93%. Consensus was reached by discussing
against inclusion and exclusion criteria. The two resulting ~ disagreements as a team leading to a final ICA of 100%

@ Springer



Journal of Autism and Developmental Disorders (2019) 49:582-616

586

eom

AeoM

SOIOYJ9 pUR SpueRW

Ul S9SBAIOUT PIAXIIA
%09 > MO[

1M KJTOPY JO S[OAY]
QU0 10J 9SBAIOUL
1931 syuedronred
0M]) 10} YOBqPa9}

UT 9SBRIOUT [[eWS
QuI[oseq WOoIJ
SPUBWIWIOD 91100

pasearour sysideayy [V

PIXIN

INOIABYQQ
10§ uorjouny adesss
paynuapI sisAfeue
[euonIOUNJ [NJSSA00NG
QANISOg

sasuodsal o10d9 pue
spuew juedonred SV
arreu
-uonsanb A)pIfeA [e100S
3oeq
-pa9j pue 2ouanbas
Jo uonejuawrdur
1001100/K)1[9pY :S9[qe
-1IeA JSTUOTIUDAINU]

uononnsap Kyxedoxd
pue douerdwoouou
‘SurieaIos (IorAeyaq
aAndnisip priyo :s9[qe
-1reA juedronied Sy
pariodal suou :so[qe
-1IeA JSTUOTIUQAIIU]

sIsAfeue

J10J POpI0OOI UOISSIS
Suryoeod jo pud e
urw () “senmunjioddo
Sundwouid pue yoeq
-pa9J ‘saouanbasuod
aAnisod jo sorouadun
-Uu0d SuIyIRI) ‘S1010d
pue Sururen puew

UO PIsNI0J SUOISSIS
PAYOBOD PIJUIAJUOD

09pIA :3uryoeo)

Y-l oreu
-TWLIOSIP 0] 9SIOIOX
qonoead ‘sjuerado
2109 pue puew Jul
-QLIOSIP suonoNISul
uopLIM pue uoyods
:3ururen onoepiq
Suryoea) onsIfeIeN
jnoy3noiy; Juryoeod
PJUDIJUOD OIPIA QA
SNONUNUOD PIATIOAIT
SISTUOTIUQAIU] “SUOTR
pue adeoso ‘Aefd oo1]
"SUOISSas urw G “Sur
-OUQJJUOD OJPIA BIA
Pa1oNpuod SISA[euy
[euonouny Jorrg
SISA[BUE [RUOTIOUN,]

xoqdoip

PaINoas 0] Juas

SOPIA *S[[ed JOJ pasn
auoyd A[IQOIA/IRqIA
odAyS

QIU9D WO pasn
swreogqam pue sdoyde|

JurogIomod yim
dopyse seuoydordry
yeads 01 yonog, ‘uon
-BULIOJUT [ENSIA pUE
oIpne papIodAl pue

panIuIsue] Jey) elouwe))

(NOI) Y10mIaN
SUOTROTUNWWO)) BMO]

papia
-o1d [00} onsougerp
ou (JSV :sisouSerq
(syjuow
s1eak ¢=p)
sIeak 9— 193V
SoTewW 991}
:dsy ynm syuedronred
(steak [7=1N)
7€ 93y "sisiderayy
S[eWay 921Y) :$IST
-UOTJUQATU]

payiodar jou
[00) SV :sisouderq
SIeak G 198y
Jrew duo
:dSV wim sjuedonreq
pajiodar saSe oN
js13010ydAsd auo pue
I90BI) QUO ‘SR
0M]) :SISTUOT)UAIIIUL

u3isop
surpaseq oidnnu
‘yoTeasar 3oalqns o[3urg

uSISOp JUSWA[S I[N
{yoreasar 3oalqns o[3urg

(LT0D) 'Te 10 erexreg

(9002) 'Te 10 opRLIEY

Aren®y

sawodmnQ

so[qeLreA juopuado

swire pue
K1059180 UONIURAIU]

A3orouyoa],

sjuedronreq

u31sop Yoreoasay

Apmgs

SOIpN}S POJO[AS Wy uoneurIojur oAndLIosa( | djqel

pringer

Qs



587

Journal of Autism and Developmental Disorders (2019) 49:582-616

ISTO9YD

INOTABYQQ JUALIOYQY

9y} Jo sa[edsqns

[yo9adg arerrdorddeur
pue ‘KjanoeradAy

sardKy

-0219]§ ‘[BMBIPYIIA

[e100S 9} UO SjuSW
-onoxdwr yueoyrusig

PUB[oUIA

JO 9100S UT S9OUD
-IoJJIp JueOYIUSIS ON

I[eaya1al eia Sur

-uren AJI[OpY JO S[OA9]
Y31y pa1ods SIQuTel],

ISTO?YD

INOIARYQQ JULIOYQY
SISIPOQYD) InotAeyag

aandepy pue[ouIA
Jqe

-1reA juedronied Sy
arreuuonsang)
uonoIBJSNES JudIRd
dSV-aareuuonsang)

suonenI§ SWoH
KaAIns uonoejsnes

1op1aoxd yiresayora],
KoAINS uomOR)SHIELS

IOAISAIRD YI[Bay3[d],
9Teos Juswagedua

juauneal) JuIed
$5900NS

Jo s3unel sayoeo)

S09pIA pue s)drIos
Surpnpour sanbruyo9)
Sururer pasifenuewr
Pamof[[0} sIaurel], "Jul
-OUQIQJUOJ0PIA BIA
PaJoNPUOd “sar3aens
juswoseURW INOT
-Aeyaq syuared yoea)
0) pauSisop weidoxd

paliodar jou :oremijos
SUIOUIRJUOJ0IPIA
poyrodar soyroads

SOQYV :1001 dnsou
-3e1q SV :stsoudeiq
(s1eak §'G=py) 98y

SO[RWIRY G ‘SR 6 ‘CT
:dSV Pim syuedronred

[e1n ur 1red oo}
juared yorym Ied[o JON

(8'6£=M)

s1oye) ‘(€8¢ =)
sIoyjouw Sy

dnoi3 uostredwoo

Aqe ISIPPOAYD At Sururen juared uon P9[1BIop ON "SeIowed pagroads jou 1opuan)  ou yIIm Is9) Jsod-axd
-)daooe Juared ySIH  -[opy JudWIRAL) (SI[qR -ONISUL JOAIIP Yuow-g  ‘s10309fo1d ‘srouueds sjuared [eruowadxo 1senb
e POXIN -1IBA JSTUOTIUDAIIU] j1oddns noraeyeg  ‘sroindwo)) :juswdinbg €1 :Si1suonuaAIu]  ‘udIsop yoreasas dnoin (L107) ‘T8 10 ss1eag
Swire pue
Anrend sawoINQO sq[qerreA Juspuada( K1059180 UONIURAIU] KSorouyoa], sjuedronreq u31Sap Yoreasay Apmgs

(ponunuoo) | sjqey

pringer

a's



Journal of Autism and Developmental Disorders (2019) 49:582-616

588

uonipuod juauweal) ut

juowraaoxdwr pue aur|
-9seq 0) wInjaI Iedd
pamoys uSIsop gV gV

BOIE JIOM
paugisse wouj juedon

-red SV jo juswadorq
so[qe

-1reA juedronted qSv
pajiodar auoy :so[qe

o
9[o110 FurImp skoj pue
adeosa ssad0e 01 puey

aste1 0 Jysney p[ry)
¥orqposj oAndrIosap
papiaoid 10)e pue
a10J0q Isnf aoed
00} UONBI[NSUOD
09PIA "UONUAIIUL
Jo sisATeue yse) & Sur
-pnpour ‘pa[rewra suor

-ONIISUI JO2IIP UINIA
Sururen uon

weoyome) Yoo
dX SmMOpuIm
JJOSOIOIA © )1

19)ndwood yoogajou

0¢8d =pmne[[ed
2dAyS -ouoydororu
J[INQUI YIIM BISWED

payrodar
jou [00} d1sougerp
dsyV :sisouser(q
s1eak 4 193y
oleur QUo
Aasy wis syuedonreg
pap1aoid jou say
juelsisse Suryoed)
QUO “IOYOBA] [00YDS
-01d ouo ‘sofeuray om)

ug1sop Tes
-IOAQI gV gV ‘u3Isop

Yeom ANISOq -LIeA JSTUOTIUQAIONU]  -BOIUNUILIOD [RUOTIOUN] rensip yum doy de] SISTUONUAAIU]  [OTeasar Jaalqns o[Surs (0102) ‘Te 12 uosqID
jnoysnoIy)
PAYOROD QAT AIOM SIUD
-Ted "W OY) A1
0] 1D St pIeo axmord
asn 0y paydword
Uy sem pIIyd oYL,
"gIS Suniqryxo 1o)ye
(91q13U®.)) JUSWADI0J
-ura1 ururejurewt
0) §SQ008 UAAIS Sureq
juedroned jo pojsis
pIes uopedIuNw -uod aurjeseq 104
-Wo0J I2A0 Sulpuey £Q Pamo[[o} sem SIyJ,
JIo Suryono} £q spuejy sisA[eue [euonouny SUOISSAS PI0JAI
Suidders Y3 ySnoIyy payoeod 03 a1em)jos saxmde) payiodar
qurfeseq Qo8] “InorAeyeq g[S  QAI[ a1om sjuedionreq 09pIA NG j0U [00) dnsoueIp
0 UINJI UO PASLIdP so[qe ‘Sururen payoeod Surouarauod dsy :sisoudeiq
pue paseaIdur -1reA juedronied Sy P2URIDJUOD OIPIA 09p1A 10y uLiopyerd SIedA G 93V
SpUBW pUB QUI[aSeq soseyd Sur  yim syuared Aq pajerd suoredIUNW J[ew Quo
0) uInjar uodn -UIeI) DU JUSWISSISSE  -WOD UONUIAIIU] puR -wod ysINouey pue SV YPim sjuedonied
PpaS1owalI pue paonp 9U) JO SISATRUR )SB]  JUSWISSISSE PIseq QWOH BIWRD pap1aoid uon U3ISOp [BSIOAI
-OIUT UOTJURAIIUT jsurege sainpodoid Sururen uoned 0911307 [RUINXD -ewojur ou Juedon  gygy Ue Aq pamor[oy
I9)Je PIseardap gIs juared jo A)I[opL,]  -TUNWWIOD [BUOTIOUNJ 1o1nd -1ed SV Jo soIiwe] AUSWLR NN {u3Isap
Yeom ATISOJ  SO[GELIBA JSIUONUSAIONU] PUE SISA[RUY [BUOTIOUN] -wod dopsoq wylled SISTUOTUQAIU]  [OTeasar Joafqns o[Sul (L107) ‘Te 10 uosuog
Swire pue
Anrend sawoINQO sq[qerreA Juspuada( K1059180 UONIURAIU] KSorouyoa], sjuedronreq u31Sap Yoreasay Apmgs

(ponunuoo) | sjqey

pringer

Qs



589

Journal of Autism and Developmental Disorders (2019) 49:582-616

Quou :So[qe
-1reA juedronied Sy

Sururen oy
pauodar  yim uonoeysnes juaIed
19m 93ueyp SIy) Jo 159, 93pa[mouy] juared

PIIyo umo syued
-1onred yim suoIssas
Payorod 2AT] pue d1do}
9} JO UOISSNOSIP YIIM
SUOISSas JuIYor0d
PIOURIJUOI-09PTA
parerdwios syuawr
-$59ssE A3 pajmouy|
Sururen 3sod pue a1

A[uo joensqe

oY) UI WISHNE YIIm

UQIP[IYD, SB PALId)al

‘papraoid syrerop ou
:dSV pim sjuedonreq

SQINSBIW [BONSTIR)S uorssas padejoopia "'SISYO wuojrerd QIBM)JOS SUIOUD (sek ¢'Le=W)
ou ‘y31y pareadde wolj pa10ds ‘Sururen Surures] uUIUO UB  -IQJUOJOIPIA @WOIA[O] 'sIeA /7€ S8V dnoi3
pue pajrodar arom Id1Je pue 210Joq YSnoIy) paIdAIop waIsks papiaoxd uostredwod ou 459}
Aopy pue 93pajmouy paro[dwod (A)ap1y) vav jo soidound  juoweSeuew Jurures| JOU SIOPUIT ‘SAI[TWL] 3sod-a1d yim ugrsop
Uo sures [ejuared JUAWISSISSY [[D]S JuaIRd uo deyoed Sururel], Qurfuo ue ySnoIy) pard  Inoj woij sjuared udA9S [eruowadxo 1senb #102)
Yeom POUTILISIOPU()  SI[GELIBA JSTUOTUIAINIU] aarsuoyardwo)  -Arep Sururen auijuQ SISTUONUAAIU]  <USISOp yoIeasar dnoin  ‘Te 19 [[omod-UewzIoH
Swire pue
Anrend sawoINQO sq[qerreA Juspuada( K1059180 UONIURAIU] KSorouyoa], sjuedronreq u31Sap Yoreasay Apmgs

(ponunuoo) | sjqey

pringer

a's



Journal of Autism and Developmental Disorders (2019) 49:582-616

590

dsv wm sjuedon
-red s pojodwod
a1om syutod eyep oa1y)
A[UO IoA2MOY “S[[TYS
Jo uonejuawordur
oy ur syuedronred (e
10y AYT[opy paseaIouf

JeoMm QANISOg

Quou :So[qe

-1reA juedronied Sy
aIreu

-uonsanb A)prfea [e100S
syuouodwod parejsewt
Jo a3ejuadrad :syued

-1on.1ed JsTuonUAAIOU]

juedronred
ASV YA U0 ‘Sjudwr
-ssasse Jururer) 3sod
OM]} PUE JUQSWISSISSE
ue £q pamo[[og
*SuoIssas a0noeld
Ked o101 UO puE
douewrtoyrad snoraaid
U0 Yorqpad,{ "uon
-ejuasald erpow-nynuu
Jo pasodwod Furureiy,
"J0JOB 91eIOPIJUOD B
3ursn pajoAur 3ur
-uren juanbosqns
Tre yuedonred qSv
3ursn pajonpuod
Sem QUI[9seq ISIT]
'SUONONIISUT S}
Jo uonejuawordur
Uo uaye) uIjeseq
SUTOUQIOJUOD 0IPIA
0} Jo11d suoronysul
USYILIM 0] SSQ00R
uaAI3 syuedronreq
SurouaIoyuod
OQPIA BIA SJUQWISSISSE
Qouagjard Io)sTuTWIpE
0] 1y3ney sjuedronied
SJUQUISSISSE QOUIJAI]

T TA 21BM)JOS
wWedqIM Yoango]
pue 1ojndwoos doyde

orem)jos
SurLRysuer) oy
paydA1oU9 91y 2IN09g
oIem)jos
SuIOUAIJUOI09PIA

§ 109UU0)) 2qOpY

papraoid uon
-BUWLIOJUT JUOWISSASSE
uonuaaIduI-a1d oN
payiodar
jou [00} d1SouseIp
dsy :sisoudeiq
(s1eak 4= 1)
SIe9A G— 193V
Jlewoy
QUO puE SI[BW 0M)

:dSV wim sjuedonreq

(189K 99°TT =)
s1eak $7—17 93y
SJUOWISSISSE
Qouargjard yirm 20U
-11adx9 ou syjuow 9
uetfy ssof 10J 1414
Ul paxIom [V “Jels
QILO-)100IIP O[EWSf
9911} :S)SIUOTIUIAIONU]

ugrsap aul|
-aseq ordnnur ‘u3sop
yo1easar 3oalqns 9[3urg

(L107) 'Te 1 sussIg

Arend sowoonQ

so[qeLreA juopuadog

swire pue
K1059180 UONIURAIU]

KSorouyoa],

sjuedronreq

uS1sop Yoreasay

Apmgs

(ponunuoo) | sjqey

b
)
)
5
et
|9
A
&l



591

Journal of Autism and Developmental Disorders (2019) 49:582-616

juowyean jsod A
-[oPY JO $2109S IoYSIY
Apueoyrugis pey
sdnoi3 payorod oaprA
Y ‘Aepy pue a3pa
-]MOUY UOT)UDAIOIUL
IIoy) paseaIour A[jued

-yrugis sdnoi3 yjog
sdnoi3 yjoq 10§

y31q yuswage3ua juared
9)1SqoM Y} YNm
a3e3ua 01 A[oyI] 210W

dnoi3 jsisse juareq

QUON :S9[qe
-1reA juedronaed SV
uonenyeAd wersold
juowadeSus weidoid
K)I[opY UOT)USATNU]
o5pojmouy| uonuaAIUY

sjuared jo swojdwAs

oarssaxdop :sojqerrea

dn morojy
SYIUOW ¢ I8 PUE JUSW
-jean jsod ‘oureseq
J& PaI0ds YORUS IO
Aerd Surmp uon
-oeIduI priyouared
Jo SuIp109a1 Urw-O |
oeqpa9) 2AI] papiaoid
puooas ay) o1doy oy
PaoNPOIUL UOISSIS U
[orod paurern
1M UOISSIS FUIOU
-IQJUOD OJPIA UTW ()¢
APfeam X 7 yiim
popraoid a1om syued
-1onaed 9y1sqam ay)
01 uonippe ut :z dnoin
$90IN0SaI
[eUOTIPPR PUE SASID
-IOX9 ‘AIeIqI] 09PIA
‘SUOSS[ T G/ X
JO PAISISUOD IS
syjuowr 9
10J 9)1SqM 0] $$9908
s papraoxd : | dnoin
UOTJEOTUNWWOD [BIOO0S
asea1our 0} pau3Isop
Sururen suIjuo [HvJw]

odAyS
(9102) T8 19 1108
-103uT 10d Se 9)Isqom
Sururen auluo [ HVJW]
SweIqom

Surureay Areq jo

Q[BOS US[NJA] BIA pUR

93e [elUOW [BQIOA-UOU

‘a3e [euowW [eqIA

UO UOTJRULIOJUT :JUSUX
-SSOSSB UOTJUIAINUI Al

cr=u

dnoi3 uostredwo)
+1 =u dnoi3 yireayo[aL,

ALAIFINSA

‘SOQYV :s[00) dnsou
-3e1p SV :stsouserq

(seak L' ¢=W)
‘SyIuowW ¢/ —€7 98y

orewr

%0L syuedronied /7
:dSV yim syuedronred
paiodar jou 93y

Jrewd) %96 ‘syuared

dnoi3 uostredwoo
pougisse A[wopuel

(S100)

Yeom QAIISO] JSTUOTIURAIIU] Suryoeo) onsIeINIeN pue s1ndwod swoH LT :SISTUONUIAIU]  ‘uSIsop yoreasar dnoiny 19310g pue [[os1a3uf
Swire pue
Anrend sawoINQO sq[qerreA Juspuada( K1059180 UONIURAIU] KSorouyoa], sjuedronreq u31Sap Yoreasay Apmgs

(ponunuoo) | sjqey

pringer

a's



Journal of Autism and Developmental Disorders (2019) 49:582-616

592

ABoM

pasearour
Apueoyrugis 2109
pue[aulA pue [ADIN
10139q APYSIS pa1ods
dnoi3 posisse is1d
-e1ay} ‘dnoid 10§ 1035
JuBOYIUSIS [[eWS
19313 95en3ue[ J0J
Jwm 1940 9sn a8ens
-ue[ P[IYo Ul SOSBAIOUI
a3en3ue Jueoyrusig
ssams [e}
-uared ur 9seAIOIp pue
Koeo1jJo-J[9S JO S2I00S
Trejuared ur asearouy
dn mof[oj yyuowr
€ 10§ p[oY 10U PIp SIY)
nq AI[epy uonuaA
-19)urt Jsod e 1oy3Iy
Apueoyrudis pa1ods
dnoi3 pajsisse jsideroy],
sdnoi3 yroq
10} KJ1[opY JO $2109S
UOTIUQAIOIUT JO SN
juared ur 9seAIOUT 159)
-3s0d sa a1d jueoyrugig
ANISOq

(pa109s Jud

-Ted) so[eos Inoiaeyog
aandepy pue[ouIp

(pa109s Juareyd)

K10juaaug Juswdo

-[eA9J uonedIuNW
-wo)) sAjeq INYMY ORI

Ppa109s a3en3ue|

Jo asn juopuodapur

pue poydwoid

‘s1031e) 93en3ue|

past[enpIAIpur Jo

9sN JO 9Jel :SI[qeLIBA
juedronred qSv

(AyIpITRA TR1O0S) QITRU
-uonsanb joedwy Ajrure

Kyrepy uon

-uaAlojur Juared :s9[qe
-1IBA ISTUONIUDAIOIU]

(orOd pauren
)M UOISSIS Surouo
-I3JUO0D OJPIA U ()
ApPJoam X 7 yim
pop1aoid a1om syued
-ronred 931sqom o)

0) uonippe ut :z dnoin
$92IN0SAI
[euonIppe pue sasIo
-IoX9 ‘AIeIqI] O9PIA
‘SUOSSI U G/ X ||

JO POISISUOD 9IISGIAN
syjuow
9 10J 9)1SGaM 0} $SA0J8

yim papraoxd : 1 dnoin
Sururen aurfuo uo doy
uo SUIOUAIYUOD 0IPIA
Surstmn auo ‘sdnoi3d
om} jo uostredwo))
"UONEBOIUNWIWOD [BIO0S
aseaIour o) pousIsop

Sururen auIpuo [ HVJwW]

Suryoea) onsifeINIeN

pay1oads jou rem)jos
SUIOUAIJUOD OIPIA

SUOSSQ] POJOIIP

“J[9S T1 UiLm 91Isqam
Sururen aurpuo [ HVJW]

Sururesy A[reg
JO 9[eOS US[[NIA Y} UO

S2I09S JUAUISSISSB-AI
SOAV pue Al

-INSd :1001 dnsougeiq
SON-add

Io SV :sisouSeiq
(syyuowr

809 =IN) 98V
S[eW %19

PUE 9[BUWRJ 9%6¢ €1
€r=w

dnoi3 pajoar-Jes
(sqyuow

LS Tr=1N) 98V
orew

%6L PUe S[BWS] % 1T
(1 =u) dnoi3
passisse isideray)

:dSV yim syuedronied
papraoxd

jou 93 pue IpUAD)
€1=0)

dnoi3 pajoar-Jios
(y1=u) dno1p

pasissy Isideray,
syuared /7 :sjued

-1oned JSTUONUAAINU]

sisATeue dnoi3 uryiim
105 stsATeue 3sod-axd
[ejuowiLadxa 1seng)
dnoi3 uostredwoo
pougisse A[wopuel
‘us1sop yoreasar dnoin

(9107) "Te 10 [[0s198u]

Aren®y

sawodnQ

so[qeLreA juopuadog

swire pue
K1059180 UONIURAIU]

KSorouyoa],

sjuedronreq

uS1sop Yoreasay

Apmgs

(ponunuoo) | sjqey

b
)
)
5
et
|9
A
&l



593

Journal of Autism and Developmental Disorders (2019) 49:582-616

SaWoNo

arreuuonsenb
UONEdIUNWWOD) [B100S

SI9[PPO} Ul Wsnne
10 IST[09Yd PayIpON

KIOJUQAUT INOIARYq

PINYS DIHIHAH -S91q

-erreA juedronred qSv
uLoj

Sumner Ky1jepy juareq
o[eos

Suner uorssas dnoin
arreuuonsonb uon

pop1aoid osfe
saipaooid Sururen
Jo Adod pasifenuew
V ‘JewIof pasifenpia
-1pur Jo dnois e
IOUIIR UT SUTOUQISJUOD
09PIA [J[BAYD[) BIA
pareara( "seonoeid
Paseq 90UIPIAD pUB
‘dSV Jo 93pajmouy
ym papraoid sjuoreq
“[OTUOD ISIHTEM JO

soav

pue AT-INSd “(0DS)
dIreuuon

-song) uonedIUNWWo))
121908 ‘(LVHD-IN)
SIS[PPO], Ul WSHINY
10JISIPI/YD PAYIPOIN
:[00} onsougelq
(syuow €78 =)
syjuowr gg[—€f 198y
(or=w
dnoi3 yireayoreL,
(sypuowr 8' 101 =)
SYIUOW £GT—6¢ P8V
(01 =u) dnoi3
uostredwod ISy Jrep
(syuow 79401 =)
syIuow 84 [—-(g 98V
(¢1=u) dnoi3
uostredwod 9oy 0) 908
SO[BWIQ) 97 pUR SI[eW
uoAds ‘sjuedronted ¢¢

juored UO S)O9PS ON|  -OBJSIES UONBI[NSUOD) )[BAY2[) ‘90BJ-0) asy yna sjuedonied
S9109S INOT oreos juared e Sureg  -90BJ 0) UOTJBSTWIOPURY payiodar
-Aeyaq wo[qoxd pyo Xopur juowageurw a3e 10 19pua3 ON e
Ul 9OURIAYIP JueoyIudlS  ssoms [ejuared :so[qe Inoraeyaq,toddns papIA sjuared [OIIUOD PASTWOPURT
Yeom PIXIIA -1IBA JSTUOTIUSAIOIU] INOIARYDQ JATNISO] -o1d uonewIOJUT ON ¢¢ stuonuaarau]  uSisop yoressar dnoin (8107) ‘Te 10 [orARINY]
Swire pue
Anrend sawoINQO sq[qerreA Juspuada( K1059180 UONIURAIU] KSorouyoa], sjuedronreq u31Sap Yoreasay Apmgs

(ponunuoo) | sjqey

pringer

a's



Journal of Autism and Developmental Disorders (2019) 49:582-616

594

potrad Sururen

urgim K[epy %001

yoea1 0) pajiodar

Q1oM $19YoR9) “y10dax
ur ejep paydeis oN

eom pauIuLIR)OpUN)

VAONV
19)Je punoy sdnoi3

Paseq 2nuad pue
QWOY U99M]Oq SOOUD
-IOJJIp JueOYIUSIS ON
parordwos
sisATeue jsod-o1d [ed
-1ISTJBIS OU JOAIMOY
‘stsATeue dnoi3 urgiim
3ursn SA( [e ur
SOSBAIOUI PUE UON
-onpar 10} payrodar
SOWIOJINO IANISOJ

YoM AnISOg

UISOYd SWyI
Jo Kouonbaiy :so[qe

-1reA juedronted qSv

yse)

o) Jo KypryeA [eroog

sainpasoid
Jo K)[opY :s9[qeLIeA

JSTUOTIUSAIIU]

uone[dwod
3[SE} UT 9SLaIOUl 9
SpueW Ul 9SBAIOUT 9
InorAeyaq waqoid
ur UoTjonpar 9, :SI[qe
-1reA juedronted qSv
uonuaA
-19)ut 9y} Jo s3umnex
Anpiqerdesoe :s9[qe
-LIBA JSIUOTIUIAINU]

uonoax
-100 10119 2AndIIosop
pue 3Oeqpas) [pIm
SUIOUI9JU0D 0IPIA
ySnoIyy unx axom S[eLI],
SISA[eUR Sk} YIIm
pop1aoid sjuedronied
SUTOULIAJUOd 09pTA
BIA SJUQWUSSISSE 90U
-19321d 9010y parred
JySne} s10yoLa) 99uTeI],
JUQISSISSY QOUIJAI]

Surpes swoy
ur pajonpuod ¢ dnoin
3umes
SIUI[O Ul SUONIUIAINUI
1D 9rerdwods pue
SV 3onpuod 0}
)[eYD[] BIA PIYILOD
a1om syuared 7 dnoin
Sururen uoned
-UNWIWOd [eUonouny
pue SIsA[euy [euonoun

jaspeay
SS9[
-QIIM}00)aN[q AL LBIqe[
QIBM)JOS
Surouo
-IQJUOD0IPIA JALLIBYD!
dopysop ILOBINT
seroured AL IYSIST
doydey N IoogorN

adAS
Jaspeay pue Iojruout
09PIA ‘D Paseq Smop
-uipp yiim paddimba
SUOTIBISYIOM [)[BAYS[S],

payiodar
jou [00} d1sougerp
SON-ddd @uo pue
SV om1 :sisougerq
(sypuowr 17
sIeak = py) S1B9K [
0) syuow ¢ a8y
syued
-1onaed opew 991y}
:dSV s siuedronied
popraoxd
I9pua3 10 938 ON
uoneonpa [eroads
ur sjuepn)s djenpeid
Q91 :JSTUOTJUSAIIU]
payiodar
jou [00) dnsouseIp
‘asy :stsouderq
(€0s=mn)
syjuow $8—1¢ 98y
syuedronred (¢ :¢ dnoin
(sypuowt €06 =)
syjuow )8—6Z 98y
S[eWIg) QU0
pue sofewt g1 ‘syued
-onred (g 1z dnoin
Kporeredas pajiodax
JOU QI9M SOWO09INO
se sisougelp SV
10J BLIQJLIO UOISN]OUL
Joow jou pIp | dnoin
:dSV wm syuedonreq
pIo s1eak [G—¢7 93V
papraoxd
jou s19puag s juared
0S “ISTUONUAINU]

(86002)

uS1sop [eyuswrIadxs oN "€ 30 YOOI RYORIA

JuowuSISSE WOopueI
ou ‘sdnoi3 uostred
-wod YIm udIsop
[euowrradxo-1senb

‘us1sop yoreasar dnoin (S107) ‘T8 10 ua13pury

Arend sowoonQ

so[qeLreA juopuadog

swire pue
K1059180 UONIURAIU]

KSorouyoa],

sjuedronreq

u31Sap Yoreasay Apmgs

(ponunuoo) | sjqey



595

Journal of Autism and Developmental Disorders (2019) 49:582-616

pauawardwt
Sem UOTIUSAISIUT A}
Se SUONIPUOd UdaMIaq
UOTIETJUQIYIP Te[D
ou Sem 913y} Jnq SUon
-Ipuod [[ I0J MO] SEM
Inoraeyaq Surdusqrey)
QUIULIDOP

so3uQ[
-[eyo Jey) INOIABYDq
10518) pasIenpIAIpUT
JO SOOULIINDO0 :SO[qe
-1reA juedronied Sy
arreuuon
-sonb AyIpIeA [B100S
SUONIPUOd
104 30 %001 pue
%001 ‘%68 10} Knjopy
[eanpaoold [ejuareq

ampaooxd
[oB3 9)eNSUOWIP 0)
Pasn sem [)[eayo[a}
BIA Sul[[opow 09pIA
sampasold vy pue
1D ‘ser3a1ens juapad
-ojue :3urAjoaur sued
y1oddns pasifenprarpur
ur 3ururern) o1om
sjuared uosrredwoo
JUQUIBAI) :0M] SBYJ
asrexd pue uoroax
-102-10112 ‘Sundwoxd
91oddns yiresyerel

QIemjos Jur
-PIOJAI [[BD jy  WIIR)D
QIBM)JOS
Surous
~I9JUOJ09PIA py JeyD!
BIOWED qOM
waJUSIST Ur-[ing e
s 1ondwoo doyder

(S¥VD)
9[eog Suney wisnny

pooyp[Iy) pariodar
OJUT JUSWISSISSE-AIJ

A-INS( :1003 onsouderq

dsy :sisousdeiq
(seak 11=m)
SIeok 91—§ 93y

0] paey oyew sydeid SUOIS  [JIM Y UB pajonpuod 1 YOO gorA 2ALIIadng syuedronred so1yy
pa[[eqe]-un y3noylye -89S W JO %G¢ pue SIUAIRJ PIOUIJUOID w0006 01 weDYomd) Sy Y syuedonreq
9uedronted yoes 10§ %GE ‘%6E Uo uae) -[9) [enIUT :QUO Jseyq o307 payiodar jou
uornouny pejdIpur sampaooid v Jo sa13arens 11oddns Wl00gORIN  S93Y "So[eWR) 0M) puB sjuow)ean Juneuld)e
sisATeue feuonoung  Aopy [ejuared :sajqe InorAeyag pue 1D atIgIodng/oALIp orew ouo ‘syudred 921y} AUSWISR-NNW ‘USISIP
YoM PIXIA -1IBA JSTUOTIUSAIIIU] ‘stsA[euy [euonound  prey g9 0S¢/ZUD ¢ SISTUONUAAIU]  [OJedsar )oalqns 9[3uIS (97107 ‘T& 12 YdI[eyorIy
Josiazodns payrodar jou s[00)
oy} Aq P919a1I0d JOIID onsousel( SINOIABYRq
QUON :S9[qe QIoM puE W) [eAI Ul I dnsnHNe YIm
-1rea juedionred Sy - yoeqpeg) oouewrio)rod I ‘dSV ¢ stsouderq
IST] 3[SB) paurwa UQAIS a1oMm sjuedion (s1ek 9=p)
-1919p-a1d ® JsureSe -Ied Sururen 2oud SUTOUIJUOD OIPIA s1eak 01— 93y
K)N[PY 10] passasse -IOJUOD OJPIA JULIN  UI Pasn aIem)jos Jeydt pop1aoid s1opua3d oN
UoLINLIO AJNOpY SeM INOTARYq sown SJUQUISSISSE WL syuedronred xis syuauod
Payoeal pUE JuSUIILaI) or09/IOSIAIOdNG  [BIOADS UOIPUOD OB 0) posn dopysep JeNT  :@SV Y sjuedonied W09 JUSWRQ N[N
Jo Arpepy ayp ur uonIpuOd Yord IoJ 10 v ue Sunerdwod eIowed JY3IST (s1eak L2=W) PappaquId [eUONIPPE
osearour o3Ie[ B pAjens  sisA[eue yse) e jsurede pawy a1om sjuedion quoydoiorw pue TE-TT @8y m uJIsop aulfaseq
-UOWp SIOYJRd) [[yV  AN[OpY Ioyoes) :s9[qe -Ied auraseq Surng s1oyeads [euonippe S[eWRJ [[B SIOYILI) ordnnuw ‘uSisop
Yeom AATIISOd -LIEA ISTUOTIURAIOIU] sisATeue feuonounj Y doyde yoogor XIS :SISTUOTJUSATIOIU]  [OIeasal 302lqns 9[3uIs  (0107) ‘T8 1° NI eyorA
Swire pue
Anrend sawoINQO sq[qerreA Juspuada( K1059180 UONIURAIU] KSorouyoa], sjuedronreq u31Sap Yoreasay Apmgs

(ponunuoo) | sjqey

pringer

a's



Journal of Autism and Developmental Disorders (2019) 49:582-616

sjuedronred ¢ jo
N0 7 IO SUOTIORIIUT
UO-9JBIIUNWIWIOD [Nf
-$5900ns Jo 93ejudrad
9U) PIP SB UOTJUSATUI
AU} JOAO PISBAIOUL
SUOLBNIUL S UIPTIYD
skep ¢ jo
INO 7 Ul PAJensuowp
sdiysuonefar 1ea[d
KIOA IIAN SOI39)BIS JO
uo-uonejuawdwr jo
KIITopy ur 9seaIour ue
pajensuowap sysideray],
PIXTA

sjuedronred yioq 10§

INOTABYQq JO Uonouny
I3[0 parensuowq
ANISOq

3uryoeoo

oy Jo Arepy oy
ure}I00se 0} SAINp
-9001d Sururen pue
Suryoeoo oy uo Sur

-189) A)[OpY [eUOnIPPY

sosuodsal pue suor
-BN)IUT UOT)EOTUNUITIOD
[B100S S URIP[IYD :SI[qe

-1reA juedronied Sy

(Kyr1op1) A3orems
Suryora) onsifeInjeu
oy pAuowadur s Juo
-1ed oy yorym YIm
9re1 pue Ayfenb :sojqe

-LIBA JSTUOTJUSAIRIUT

sagua[reyo 1ey)
INOIABYRq PA)a3Ie)
posI[enplAIpul :s[qe

-1reA juedronied Sy

quou :sa[qe

-1IBA JSTUOTIUDAIIU]

UOoISSas Juryorod
Uiy K104 popraoid
Sem YOorqpaoj 09pIA
pajejouue ue pue
Yoom J1od sowr) om)
Joerd Yooy Surgoro)
juedronred SV 2y}
)M UOISSIS Furyoea)
Q)NUIW-/ -G B POAJOAUT
[OIYM UOTIUIAIONUT
U1 y3nory 3uryoeod

3o011p sem oseyd puosdg

urw Gt Sunsey odAys

BIA [OBOD B [)IM

PaIoAT[op Sururen Jo
poIsisuod aseyd ISt

(SOd-D

so1391enS UOHEROTUN

-wo) pajudwerduy
-Juareq paseg-joulouf
Suryoee) onsifeINIEN

SuIyorR0D PAOULIAJUOD

OJPIA QAT BIA SISATRUE

[euondUNJ JONPUOD O}
pauren aIom sjuapms
sisATeue feuonoun,j

SUOISSOS
PI0O3I 0] AIBMIJOS
vISEjWR)) "X0g JuI
-Ieys o[y dul[uo
QIN09S B BIA PaIRyS

S[erIoyeW OIUONI[H
odAYS Surprodax
0QPIA JOJ PIsn S|

-Twej 0} papraoid spedr

RIOWED 1y JYSIST (IIm
19ndwoo doydey suQ
Qrem)jos Surouo
-IQJUODOIPIA ey DI
‘SBIOUWIRD 1y IYSIST
[BUINXD 7 ‘W)SAS
Sunerado X SO 98N

s sxondwoo doydey

wiNOOg-0BN ZUD 0'C

[euonows
[e100S—aITRUUONSAN])
sagels pue sady pue
2109s a3en3ue[ [00YOS
-a1d :100y onsouderq
dsyV :srsousei(q
(€=M) t—C 93y
J[BWJ SUO PUB SA[RW
om} ‘syuedronred aa1y
:dSV yim syuedronred
pap1aoad jou
sa3y sjuared opeuroy
9211 :S)SIUOTIUIAINU]
JTeos Suryer pooy
-PIIYyo :[003 dnsouserq
dsy :sisoudeiq
sIeak / pue [T 93y
syued
-1onJed ofeway om)
‘ASV wim syuedoneq
popraoxd
19puag 10 sa3e ON
sjuopn)s ayenpeIs
0M]) :SISTUOT)URAIIUL

u31sop oulf
-oseq o[dnnu ‘u3isop
[o1easar 302[qns 9[3urg

sjuaunean wﬁﬁmﬁhvﬁw

/UWAR NN u3ISAp

yo1easar 3oalqns 9[3urg

sawodnQ

so[qeLreA juopuadog

swire pue
K1059180 UONIURAIU]

KSorouyoa],

sjuedronreq

uS1sop Yoreasay

596

(9107) 'Te 10 UepRIN

T 30 YOOI[RYORIA

(ponunuoo) | sjqey



597

Journal of Autism and Developmental Disorders (2019) 49:582-616

Jrenbopy

Sur

-puBwW paseaIoul (S
s syuedonred v

Aijepy

payoeal pue Suryoes)

[eIUapIOUL JO UON

-eyuowordwr 3991100
pasearout sisiderays v
AISOJ

Spuew PIYo :9[qe
-1reA juedronied SV
Sur
-urex} Jo uoneInp [ejox,

KJIPI[BA [BI00S UO $9I00S

A[3991100 pawLIo}
-1od sdoys Sumyoedy

[eIuSpIOUl JO 93BIUAIIJ

sontunjioddo

UONEBOIUNWIWOD

Jo Kouonbaij :so[qe
-1IeA JSTUOTIUDAIU]

payoear
ATopy Joyje syjuow
 PUB 7 INO PaLLIEd
a1om soqoid Qoueu
-9julell [euonIppy
*SuIoUaIaJUOO09PTA
[y3noIy) passnosip
Apuanbasqns pue
Iouren} pue jsideroy)
Aq Apuapuadopur
AI1opyY J10J pajen[eAd
Sem YoM 09pTA
puodas £q pamo[[o]
puew 39318} UO
Sunyrom jsideray) jo
SOOpIA QUI[AsEq UTW-G
Surfrepour 0opiA
oeqpaoy pakeop
PUE UONJBN[BAD-J[S
‘o[npow auIuo :3ur
-ure} UOTJUQAIUI-0I]
Suryoed)
[BIUAPIOUL/ONISITRINIEN

juerdwod

~VddIH S1emyos
SUIOUSISJUOI03PIA

SYoogorA [euosIad

Pasn S)STUOTIUSAINUI [[

ININO0gIeN ZHD-+'C
1ndwod

INLBQUSOL ZHD-G'C
doyder Sursn paoud
-I9JUOd OJPIA JONPUOD

0} Pasn 2IEMIJOS 9IS A
QALIP-pIeY [BUIIX
0JUO PIPEOTUMOP

Apuanbasqns so9pIA
SUOISSas

P10991 0} pasn Tutw pedr

SW02)N0
93en3ue] UONIUAAIIUL
-a1d payrodar ou pey
D Juepnig “pariodar
SASV A[uo g uepmg
9res agen3ue]
[00yds3ld pue SYSV
‘SOYV UO $21008
juedronred :S[oog,
onsouserq SON-add
I | sIsouserp sV
)M om) :sisouserq
d[eW QUO pue SO[BUI
om} ‘syuedronred aa1y
:dSV Pim syuedronred
(syquow 4 ‘s1eak
1T=M) T¢~0T 93y
JIpP vav
K)ISIoATU() T8 TUDjIoM
ApuaLImno sa[euI)
901U} :SISIUOTIUSAIAIU]

ugrsap aul|
-aseq ordnnur ‘u3sop
yo1easar 3oalqns 9[3urg

(9102) "Te 10 A19dN

Aren®y

sawodnQ

so[qeLreA juopuadog

swire pue
K1059180 UONIURAIU]

KSorouyoa],

sjuedronreq

uS1sop Yoreasay

Apmgs

(ponunuoo) | sjqey

pringer

a's



Journal of Autism and Developmental Disorders (2019) 49:582-616

598

OVYV pasienpIAlpuy
(JuswddIOJUTIX
armnboe 0) skem 9je

-1adoaddeur) moraeyaq

OIRIOUASOIPI PIsI[e

-NPIAIPUI :SI[QRLIBA
juedronred qSv

Aypiqeidesoe Juow

[Tewo era
SUOTIONIISUT USYILIM
pue Joeqpad) 1011

Sursn 1D Jo asn

o ur papraoid sem

Sururel], ‘padIojural

QIoM SINOIABYQQ J1IRI0

-uASoIpI 21yM pajonp
-Uu0d aurfeseq ;1D

[rewo eIA pue

UoISSas 9y} InoysSnoIy)

UOISSAS YOra JO 1IBIS

a3 Je popraoid 3uraq

SORqPad) YA Y oY)

JONPUOd 0} MOY UO
A[9j0wal pajonnsut
arom sjuedronied

‘pa1Ind20 FuIyorod ou

“JUSWIUOITAUS [eINjeu
9y} UI SINOTARYQq
payeSie) jJo sooual
-INOJ0 Ay} JTWIW

0) JUSWISSISSE QAT
-duosep paimonns
© AQ pamoT[0,] "MIIA

juedronred
Quo 10J 1gIq Surpnpour
SOOIAIAS JUALIND pUL
snoraaxd aprs3uore
pajrodar moraeyur
juared pueouIp
‘SAVA JO $31008
UOTJUQAIIUT
03 Jo1xd pajodwoo
JuawIssasse aandriosop
PaINIoONIS pue Jusw
-$S9SSE [RUONIOUN,]
payiodar
jou (00} dnsouser
dsy :sisoudeiq

0T6D Wedqam
01d (QH popraoxd
se op1s3uofe 1ondwod
[euosiad pasn sjuareqd
Qrem)jos
SuIpI0991 U2IOS QI
SUIOUAIJUOD 09pIA
10y Ino3uey 93000

-jean jo s3uner juared -I9)UI JUSWISSISSE 06EH SIe9A 4 pue G'¢ 198y
sampaosoxd [euonounj € o AI1Ied 19speaH gSN/M0J sjued
(0 01 paonpal 1991109 JO sIsA[eue 01 [[eo auoydo[a) w0 1BYDILI[D Yol -1onJed sofeway om) QuI[aseq 151y I0J [es
sosuodsal oneIdUASO  ySe} B Julsn SaWod)No uonuaaldul-aId e -307 ‘076D Wedqap SV Y syuedonied  -10A91 gy gV pue aulf
-1p] s Juedionred ylog IT® JO %0 10} pain P219Npu0d SAYOBOD) 0ld H Yoo papiaold a1om s[re1op -oseq o[dnnw aqoxd
'V Y3noiy) paynuopr  -Seaw sem sanpasoxd Sururen uones ‘I0)IUOW Ul [[od ou s[enpIAIpul qSv ordnnuw e oprs3uore
Inoraeyeq Jo suonoun, Apnis o} A)[opy :s9[qe -IUNWWOoD [eUOnOUNy yim dopyseq 010 9y Jo syuared :syued JUSWIATQ T)[NUI ‘UITISOp
eom ATISO] -1IeA JSTUOTIUQAIOIU]  PUE SISATRUR [RUONOUN] x9dndQ [[°Q  -1o1Jed ISIUOIUSAIAU]  YdIeasal 10a[qns 9[3urs (L102) ‘Te 12 YeorwIs
Swire pue
Anrend sawoINQO sq[qerreA Juspuada( K1059180 UONIURAIU] KSorouyoa], sjuedronreq u31Sap Yoreasay Apmgs

(ponunuoo) | sjqey

b
)
)
5
et
|9
A
&l



599

Journal of Autism and Developmental Disorders (2019) 49:582-616

JueOyIUIIS

Q1oMm padueypd Jey)

PIPN[OU0I IZIS JO3J2
Jo Sunse) [eonsnels

uonodwoo yse) pue

spuew pasearou] syued

-ronred [Te 10f paonpar
INOTABYQQ WR[qOId

spuew uono[dwoo ysey,

soSua[Teyd Jey)

INoIAeYaq poja3ie)

AJ[enpIAIpUL :SO[qBLIBA
juedronred qSv

quou :s9[qe

(e€100)

“Te 10 19oep J0d se

Joerd Yooy Apyusanb

-osqns SuoIssas 1D
PAYOLROD UTW G X €

[orod Iy}

woIj uononysur 3ur

-03uo ym paurtojrad
Apuanbasqns sem V.

juow

-ss9sse 9ANdLIosap

urerdxe pue asodind

SSNOSIP 0} PAJONPUOD
sem Sunedw { | [eniug

1D yuanbasqns

PUE SV, }onpuod 0)

SuIoUIJUOd 0IPIA
BIA PAUTEI) 0IoM SJUTE]

Sururen uoned

-UNWIWO [eUOnouny

poyrodar juowssasse
[euonouny 0AndLIosap
UOTJURAIOIUI-OI]
payiodar
jou [00) dnsouserp
‘asy :stsouderq
C=m
sI1eak 1°/—G'7 93y
So[ewIo)
0M) pUE SO[EW 1],
syuedronred oAy

‘AsVy wim syuedoneq
popraoid
adAyS UOTJBWLIOJUT ON] "S[@
(e€100) -npIAIpul JSV Jo

aurfeseq
ordnnu yym udisop
JUSWISe Hnw ‘uSIsop

Yeom ANISOd -1IBA JSIUONJUSAIOIU] U SISATRUE [RUOTIOUN] ‘Te 10 1o Jod S sjuared :SISTUOIUSAIAIU]  UdIeasal 10a[qns 9[3urg (9102) 'Te 12 ssong
popraoxd
pajerd UORULIOJUT JUSW
-wod QuIfeseq ou pue -$S9SSE UOTJUIAIOIUL
SUOISSIS PAYoOROI-UN 104 -a1d oN "panodar
pUE PAYOROd UIIMIOq pue V4 1onpuod o} j0U [00) dnsoueIp
diysuonear [euonouny  InorAeYeq SUISUI[RYD  YI[BIYS[) BIA PIYOBOD ‘SON-AQd :stsouserq
0U ‘paseardap sa3ua| PISI[eNpIAIPUI :S9[qe Apuonbasqns sjuareq (sypuowt ¢ = )
-[eyo 1By} INOTABYSQq -trea juedronred Sy sordiourid anoraeyeq syjuow GE—6g A3y
pue juedronted yoes aIreu pue 1D ‘v Sur SO[eW 2211}
Joy ApySiys pasearour  -uonsanb AJpreA [B100§  -19A0)) FUIOULISJUOD :dSV Pim syuedronred
104 3o ANepr]  papIodar Jo11d Jo adA, 09PIA BIA SUOISSIS [enuew Jururer pop1aoid aouarradxo
juedionsed SUOISSas 10§ SISATeur Sururen o1oepIp om) Jo Adoo oruonoog vV uonuoarui-axd
K10AQ JOj UOTOUN} B YSB) pasieuosiad yim s papiaoid sjuareq QIeM1JOS SUIOURI)  ON “(SIBA /¢ =Jy) 93y sugisop
paynuapt pue pajo[d QOUIAYPE PIM YSB) Sururen uoneorunw -U0203PIA INQR(J ‘Tul papraoxd [eSIoARI gV gV pue
-wod A[[nyssaoons v  1DA 01 AI[opy :s9[qe -wood [euonOuUN, pue -OUQIOJUO)) OIPIA IOJ jou 10puas sjuared  JuOWA[R-NNW USSP
YeoMm POXIN -1IBA JSTUONUQAIOIU]  JUQWISSASSY [euonounj pasn adAyS pue doyde| Q91U :)SIUOTIUAAIIU]  [oIeasal 323(qns 9[3ulg #107) 'Te 10 sseng
Swire pue
Anrend sawoINQO sq[qerreA Juspuada( K1059180 UONIURAIU] KSorouyoa], sjuedronreq u31Sap Yoreasay Apmgs

(ponunuoo) | sjqey

pringer

a's



Journal of Autism and Developmental Disorders (2019) 49:582-616

600

own I9A0
paaoxdwr Apjueoyrusis
$9100s A)I[OpY JuaIeq

oTeOSs
3uney moraeyog

aandepy puefourp
KIe[NqeooA uo

$0I00S sajeq JOUNMYIRIA
uonejrur snoduejuods
pue suonesIeqIoA
snoauejuods ‘suorn
-esi[eqioA paydwoid
‘SINOTABYQE UOT)EOTU

-nWwos [eroogs Py
sa|qe

-1reA juedronaed SV
arreuuonsanb Apiqe

-1doooe pue Afiqisea]
oTeos Surey Inor
-ARYQg [RUIRIA 9[BOS
Apepy INASH oW
Sursn uonjejuowerduwr
Jo K[opy :So[qerreA

pajonpuod INJSH Jut
-[oBQ) SUOISSAS FUTOUD

-I9JU0d 0JPIA A[Yoam 7]
papraoxd

sem A Surureif,
synsar
9SaY) WOIJ PAJOS[as

QIoMm SINOIABYQQ J93IR],
ISIPOAYD NASH Suisn
S[IDS pPaJeneAs pue
suorenyIs JuLLINJd0
A[reanjeu jo 3unsisuod
‘UOTSSIS YOBd JO 1IB)S
oy e pajo[dwod arom

s2qoid oopIA UTW-(|
INQSH Jo Suryoeod

PIOURIJUOD OIPIA
werdoxd

Wasd
ur AQ Sururei],
SwedqoM

SO[eOS InoIARYeg
aandepy puefourp
pue Sururea A[reg

JO so[ess ua[[nA Sut
-pnpour papraoid uon

-BUWLIOJUT JUSWISSAsSSe-ald

SOQYV :5100)
onsouseIq SON-AAd
M a1y pue gSv
)M XIS :s1sougeiq
(68'8T=M)
syjuowr §¢-971 93y
pop1aoid s1opua3
ou ‘syuedronred autu
:dSV wim syuedonreq
parrodar aouaLx

-adxe uonuoarayur-axd

ON pop1aoid soSe oN
Jrew

pue sdoyde] ‘19indwio) 0m) pue SI[BWIJ UIAS

QIEMIJOS SUTOURIY

‘uaIp[Iyd jo sjuared

ugrsop aul|
-oseq o[dnnur ‘u3isop

Yeom AISOq JSIUONUSAIOIU]  JUSWIRAI) ONSI[EIMEN  -UO0J 09PIA PISeq-IAuf QUIU :S)ISTUONUAAINU]  [OIeasar 102(qns 9[3urg (T107) ‘Te 12 BIRWSIA
paj1odar paATedal
SOOIAIAS [RUONIPPY
‘payrodar jou Jnq
uoIsn[our Joj JJo no
® se pasn SOQV ‘Al
Y G'1 Sunse| suols -JNSd ‘s[001 onsouselq
SoIMsag pue -59s Suryoeod juared dsy :sisoudeiq
$309[qo uo suornoe Aerd SUIOUIJUOD 0IPIA (LZ=W)
(poyder3 QAR T 9pIs3uore SuoIssas syjuow GH—8[ 98y
jou aurfeseq dnnu) uonuaye jurof [eqroa Sururen juared Ao pap1aoid s1opuad
syuedronred Jo [[ejou  -UOU SOOURININ [BGIOA uonoBIANUI ou ‘sjuedronred 1yso
nd owos 10J pasearour [euonouny :SAWOIINO pIyo Juared Surwyy :dSV Pim syuedronred
uonuaye jutof pue [enprarpur qSv umu ()] sem auiaseq payiodax
SOOUBININ [BQIOA JO oFesn ay1sqom Juored (Nasa) snje)s [eILIeW pue
sa100s juedronred qSV 9reos Jur [OPOIA JoAUR(] 1IelS snje)s Juowkordwo
sjuedronred -Jel INOTABYQQ [BUId)BW Apreq ur Sururen pap1aoid jou s[rejop ‘Areres ‘uoneonpyg
[[® I0J QuI[aseq WOIf S9[A3S Juow juared uo 9JIsqom aremijos oyroads pariodar saSe oN
PpaseaIdoul sa109s AJ1 -o8e3uo juared ‘S[Irys popIns -J[3s © Jo asn ‘s[Ted oap1a 10y doyde]  o[ew QUO pue SI[BUIYY
-[opY pUE SAI00S  UONUIAISIUI ‘UONJRJSI  puB SUIOUIIQJUOD OIPIA wesSoxd UQAQS ‘PIA[OAUT ugrsap aul|
juowoesu juared  -1es juared :so[qelIeA weidord  Jururen auIfuO [9PON uaIpIyo jo syuared  -oseq ordnnw cudisop
Yeom POXIA JSIUONUAAION]  JUSWIIBAI) ONSI[BINBN I0AUR(] MBIS A JYSIO :SISIUONUSAIU]  [oIeasal 3oalqns o[3ulg (€107 ‘Te 10 BIBWSIA
Swire pue
Anrend sawoINQO sq[qerreA Juspuada( K1059180 UONIURAIU] KSorouyoa], sjuedronreq u31Sap Yoreasay Apmgs

(ponunuoo) | sjqey

b
)
)
5
et
|9
A
&l



601

Journal of Autism and Developmental Disorders (2019) 49:582-616

Yeom

Suryorod 191je
Aynepy yowr dnoid
[I[eaY2[) Y} UI SHUD
-Ted a10w Apueoyrugrg
uone)wt sem sdnoid
U99M]9q OUAISYIP
INOIABYQQ JUROYIUSIS
A[uo ImoIABYRq S, Jen
“PIAIPUL SV 10J PaXIA

uonueye jurof
[eQIoA-UON] $109[q0
INOYIIM IO (1M

suonoe Aed [euonouny

dAnE)IW] ‘SAdUBIINN

[eqIoA eUONOUNY

snoauejuods :s9[qe
-1reA juedronied Sy

arreuuonsanb
UOnoB)SIES Jualed
uoneInp AISqIM JudIed

ISR AT

-[°PY INASH-d ‘s?]qe
-LIeA JSIUOTIUDAIU]

o Aepd-oa1j urw ¢
QIOM SIUSWISSISSY
Asqam NASH 2yl
0} $s900€ opIssuore
QUAUIEI) JUILIND
Ioy) SurssnosIp Inq
INASH ay) uodn paseq
J0U SUIOUAIYUOI0IPIA
A[qiuowr paATaody
dnoi3 [ensn se
JuUIEN) AJIUNWWO))
dnoi13 uostredwo)
sampasord NASH
ysnoiy) way) yoeod
0] SUIOUAIIJUOI0IPIA
Ap[eam Suro3uo Jur
-uteqn aurjuo NASH
0} $S9008 PIAIONY
dnoi3 yresyoraL,
INdSH Jo osn
s juared Sunednsoauy
wergoxd
JUSW)EAI) ONST[RINJEN

Isqam
Sururen INASH 0
$S900Y '19[qE) IO Wed
-qom ‘19)ndwod swoy
Sursn passaooe sjuareq
@3UNON
-0100 werdoid x1nr)

payiodar
SOOIAIAS [RUOIPPY
So[ewoy
901U} pue So[eW | |
:dnoi3 uostredwo)
So[ewoy
Inoj pue soew XIs
:dnoi3 yireayore],
SOQyV :100) onsouderq
Asy :stsoudeiq
(squowr ¢ 1¢ =) 08y
syuedronred ¢
‘AsVy wim syuedoneq
poyrodar jou sa3y
Sorewdy Y3
pue orewr oM} g dnoin
olewoy [ pue
sofew 221y : 1 dnoin
syuared
$7 SISTUONIUAAINU]

dnoi3 uos
-1redwod pastwopues
‘us1sop yoreasar dnoin

(9107) 'Te 10 BIRWSIA

Aren®y

sawodnQ

so[qeLreA juopuadog

swire pue
K1059180 UONIURAIU]

KSorouyoa],

sjuedronreq

uS1sop Yoreasay

Apmgs

(ponunuoo) | sjqey

pringer

a's



Journal of Autism and Developmental Disorders (2019) 49:582-616

602

quI[eseq WOy
ApueoyrudIs pasearour
SINOIARYQQ UONENIUL

[e100S puE UOTIUY
Apepy istd

-BIQY} UI QOURIPIP ON
UOTIOBIIUT QAT]
Sursn 3uIyoea) se A1)
-00JJo se sem Surures|

Qoue)sIp eIA Sumyoea],

juowaSe3ua piydo
Jo s3unel UoneAIdSqQ
soIn)sas pue
$399[qo uo suornoe Aerd
QAR
SINOTARYQQ 9ATIED
-IUNUWIO-0190S P[IYD
Jo Aouanbaug :sojqe
-1reA juedronaed Sy
sainpasoid
AU} YIIM UOT)ORJSTIES
ISTUOTJUSAIIUT pUe
uonejuawduwr jo
Anpepy juared pue
JSTUOTIUQAISIUT :SI[qE

$2109s AJ[OpY pajer
JI9s ‘uoIssas Suryoeod
juored Jo oopIA Y | ®

panrugns sjuedronied

*90UQIaJu0d duoyda[e)
4 [ pue uorsiazadns
dnoi3 y ¢ e opis3uofe
‘3ururen juared uo
JeuIwas onoepIp
y-¢ © pue gAQ Sut
-uren juared € uoAI3
QIoM S[RUOISSOJOI]
¢ oseyd
dn moroj
[reo-euoyd y- "spesu
[eNPIAIPUL SSNOSIP 0)
)[BOYQ[9) BIA PaIONp
-uoo [euorssojord
yoes 10J Sururen g g
0Ud
-IoJu0d Jururern; Aep-g
9qoid urw-(| sureseg
[ aseud
weisoxd

(papraoid jou
s[reyop ASojouyoay)
Teurwos Jururern

SOQYV :1003 onsouserq

dsy :sisoudeiq
dnoi3 aA1] 10§ syjuow
(¢c=m) pue dnoi3
Weays[al (7€ =mw)

syyuowr |G—g 98y
syuedronred gz

:dSy ynm syuedronred
paysodax

jou Jopua3 pue Iy
popraoxd
Sururen snoraaxd pue
ASV Wim sfenpralpur
Pim Furjiom 20U
-11adxa s1e9A Jo
Joquinu ‘uoriednooo
‘SANUDD P2JOJ[AS WOIY

PIOUISJUOD OIPIA ABp 7 PAINIAI sTeuoIssjoId

dnoi3 uostred
WO PAsIWOpPULT UOU

Yeom ANISOq -1IBA JSTUONJUQAIOIU]  JUSWIIBAI) ONSI[EINBN dAd Jururen INASH UQ) :SISIUONUAAIIU]  <uSISop yoreasar dnoin (6007) ‘Te 10 BIBWSIA
Swire pue
Anrend sawoINQO sq[qerreA Juspuada( K1059180 UONIURAIU] KSorouyoa], sjuedronreq u31Sap Yoreasay Apmgs

(ponunuoo) | sjqey

b
)
)
5
et
|9
A
&l



603

Journal of Autism and Developmental Disorders (2019) 49:582-616

s3o[ pue

SMOTAIOUT JUSWISSISSE
-o1d Sursn pougop
A[reuonerado pue
PAYNUPI ‘INOTABYSq
Surduayreyo o318y

soSuayeyo 18y}
INOTABYQQ JO S[OAJ]
MO[ 0] dNp UONOUNJ ©
SuIAJnuapI Jou sAsed
0M]) [EUOT)IPPE 3}

IIM “SOSED JO 906 UT

PpaSI[enpIAIpUL :S3[qe
-1reA juedronied SV

paynuaprt A[[nyssad Kygayur
-ONS 9JoM sUOnOUN,  [BINPID0I] SI[QRLIBA
Yeom ANISod JSIUOTIUDAIIU]
A3y uonuoA InoIAeyeq
-IoWul 9y} pjel sjuared  SurSuoeyo pajesie)

poydes3 Aquo sordures
XIS “INOJARYQq pajosie)
ur uononpal o3Ie| UOTJUAIOIUL
pey sjuedronted [Ty jo Anjiqeidoooe :so[qe
ANISOd -LIeA JSIUOTIUDAIU]

ur UOTONPAI 9 :SI[qE

Yeom

[orod Iy}
woij yroddns YIm v
UB pajonpuod sjudred
¥ oseyd
JUQISSISSE 90U
-195o1d pue 3o1 payord
-WI0d PUE SINOTABYSq
Sur3ug[reyo noqe
PAMITAIOIT SJUATR]
sainpadoid
[eonA[eue InorABYdq
pasnooj ¢ pue |
oseyd ur Sururen [enuy
Sururen
Jo saseyd Inoj ssoioe
Vv Jo uonojdwod pue
Sururen no A11ed 0)

pasn SUIOUAIJUOI0IPIA

SISA[EUE [RUOTIOUN,]

Sur100s 10§ UOTS

-$9s yoea noy3noiy)

PIpIOJI dIoM
SY00[q 9INUTW AL

sarnpaooid

1Dd ysnoiy yoeod

0} UOTSSAS A[yoom

4 [ ur SurouaIaJuod
09pIA BIA Sumuren 1.Dq

M0[9q (4€10T)

‘[e 10 J9OrA\ UI [1R)OP

Q10U Ul PIqLIOSIP
sampadoid v

1D yuonbasqns pue

InorAaeyeq woyqoid

Jo v 9e1dwods 0y

SUIOUIJU0I-09PIA

-Lrea juedronred Sy Suisn jysne) oxom Aoy

QIoYM OTUI[O [BUOITAI
© papua)je sjuareq
Suturen 1D PUe Vi

JIONBIAl STAOJA SMOPUTA\
1oferd

eIpoul )TA NV T09PIA
arem)jos qH

wtoda NODA-9ze[quig

0£€D Yoa30]

wesqaM (009 YoaN30]

dX smopuIp [

uone)NsuodJ[],
Jojyruowr

093pIA (76O Auog
rIOWED 71 d YIm
WoISAS SUTOUAIUOI0

-9PIA 0091-SDd Auos

suoyd
-0IOTW PUE WEIqaM
JISBq pPUE 2IBM)JOS
SUTIOUQIQJUOI[A) YIIM
Od peseq SMOpulp\
SOIUI[
y)[eayo[d) [euor3ax
ur 9oe[d Y00} SUoISSag

SOayv pue

1AV ‘AI-INSA :s[00}
onsouselq SON-Add
Pim ¢1 pue SV

)M UIAS :SISOUeI(]

papraoid jou s1op

-uag ‘syuedronred (g
:dSV pim sjuedonreq
(s189K ¢ =) 98y

SBW QUO pUE SI[BUWIJ

61 ‘uaIp[Iyo jo syuared

(0¢ :sistuonuaAIuy

uoneorqnd juonb
-9sqns Ul punoj 9q ued
uonewoyur oryderd
-owap pue onsouserp
Joyyinj Jey) 9re)s
sioyny *SOQyV pue
1AV ‘AI-INSA ‘1003
snsouderp SON-AAd
Io SV :sisouSeiq
syjuowr ()8—6¢ 93y
papraoid jou 19p
-uag ‘syuedronred /1
:dSV wim sjuedonreq
JUSWIEAI) [RINOIABYDQ
ur Sururen [ewIoy
ON PIO STBA €¢ =
198y soreuwr om) pue
soTewoy 91 ‘syuored g1
SISTUOTIUQAINU]

ugisop
JUSWIR[Q H)[NW ‘UIISOp

Jreayspel

BIA INOIABYQQ W]

-qo1d JO asA[euy
[euonoUN,] UONONPUOD)

[oreasar 109[qns 9[SuIs  q (QE107) Te 10 IO

juouodwod 1D

105 sjuedroned ssoioe

qurpeseq ardnnu ym

JUQWRe N uSIsap
yo1easar 3oalqns 9[3urg

(BE10T) 'Te 10 JoxjorM

Arend sowoonQ so[qeLreA juopuadog

swire pue
K1059180 UONIURAIU]

KSorouyoa],

sjuedronreq

uS1sop Yoreasay

Apmgs

(ponunuoo) | sjqey

pringer

a's



Journal of Autism and Developmental Disorders (2019) 49:582-616

604

UOnNUIAINUI-AId S[OAI]
Sur[red e sem doue
-1[dwod jo uonerdwod
ng 9ouerdwoos [enrur
Ul 9SBAIOUI [[BUWIS :9[qR
-1reA juedronaed Sy
pasearour syuouod
-wod A3y Jo aSpormouy|
Sur
-urer) Iojje pasearour
sjuouoduwros Sururen
jsowr jo uonejuowadwy

Jeam PIXIA

uoneIIWI PrIyd pue A
-19py juared usomieq
drysuonerar jueoyru
-31s 10A0MOY ‘B
J0U INQ UIP[IYO UIOS
IO} UOTJE)TWIT PASEIOu]
SUIOUIOJUOD 0IPIA
01 P2IOAIIP-J[S WO}
Apueoyrudrs jou ‘syued
-1onred (e 10§ aur|
-9SBq WOIJ Paseaour
Anepy weidoid
pasearoul Apued
-JIuSTs spoylowW 11
Jo a3pajmouy| [ejuaIeq

Jeam PXIA

yse3 Jo uonordwod
pue aouerdwos [enur
‘parodwiod syse) ym
douerydwod :1not
-AeyQq juedonred Sy
suor
~UQAIQUT JO 95pa[mouy]
Ppassasse Juau
-odwoos Sururen yoed
Jo uoneyuowardwur
Jo AI[opy :so[qeLIeA
SISTUOTIURAIAU]

uone)II SNOAU
-ejuods s, pIIyo :s9[qe
-1reA juedronied Sy
Ayiqeidasoe yusux
-JeoI) UO SMIIA [eJudIe]
oSpa[mouy [ejuared
juowage3ua [ejuaIeq
Aepy 11y :sorqe
-LIBA JSIUOTIUIAIU]

SOQPIA PapIodaI-01d
uo Yorqpad) popraoid
pue [enuew Jururen
‘uoISsas uryorod
PIOURIJUOD 09pPIA AqQ
pamojio sodrourid
[eonATeue anoraeyaq
SuLI19A05 suonnjos
Sururen wisnne ‘3ur
-urex S[[Iys JnOIABYaq
aurquo jo uopodwo)
Sururen aarsuoyardwo))

UOISSaS JO 1Ie)s
A e saqoxd urw
SUTAJOAUT SUOTSSAS

3uryorOd UTW () X €
Jy1omawoy
pue Surojruow-J[os
Surures] aanoe ‘sod
-WEX9 0JPIA 159} 93P9
-mouy 3sod pue axd
‘SUOSSQ[ INOJ YIIM Y
ur werdoxd ururen
quruo pasn sjuared

UONIPUOd PAIIIP- J[OS
Kerd ur wazpyIyo
II9Y) Y)IM PI)orIOUI
syuared aroym saqoid

PaW[Y ‘QuI9seq Unu-Of
LI 21e3n
-S9AUT 0) SUIOUIJUOD
09p1A pue werdoxd
Jururen auIfuo ue

Jo yoeoxdde prgAHg

Suryoes) onsieINIEN

QIBM)JOS SUTOUIIJUOD
09pIA SUNAINOI0D

Sururen

Paseq qom suonnjos
Supurer], wspny
weoqom pue DJ

pawreu
jou ‘arem)jos Surouo
-I9JUOD03PIA J[qe[IeAR
AJ[eroIowuo)) sured
-qam pue s1ondwod

QWOY UMO SIIIWE]
[enuew

Jdd Surpuodsario))
Isqam
(Lr¥) Sururery, uone)

-1wa] [e001d1oay auruQO

payrodar
jou [00} d1sougerp
‘dsy :stsouderq
s1eaA G 198y
juedronred opew
suo Juedronied QS
popraoxd
jou 93y I19Yoed) uon
-eonpa [eroads oewoy
QUO :$)SIUOTIUIAIOIU]

payrodar
jou [00} dnsouserq
dsy :sisoudeiq
(Tr=m)
syjuow GG—6¢ 93y
papraoid jou 13p
-uag ‘syuedronred oAy
:dSV yim syuedronred
payiodar jou
soSy oTewoy [re ‘sjuo
-Ted 9AY :ISTUONUAIIU]

u31sop reyuowtradxa oN  (L107) 'Te 30 D{SUAZOTIAL

ugrsap aul|
-aseq ordnnur :u3rsop
yo1easar 3oalqns 9[3urg

(§100)
[[0SIo3U] pue JoUTBAA

Arend sowoonQ

so[qeLreA juopuadog

swire pue
K1059180 UONIURAIU]

KSorouyoa],

sjuedronreq

uS1sop Yoreasay

Apmgs

(ponunuoo) | sjqey

b
)
)
5
et
|9
A
&l



Journal of Autism and Developmental Disorders (2019) 49:582-616

605

on selected 28 studies. Likewise, ICA was calculated for
the descriptive synthesis. The second coder scored 100% of
selected studies across all extracted information. ICA was
calculated by dividing the total number of agreed variables
divided by total number of variables scored and multiplied
by 100. There was a 92% agreement on coding. ICA was
also calculated on the quality assessment at 96% following
discussion on one disagreed study.

Efficacy Outcomes

Intervention outcomes were rated for efficacy on an ordinal
scale of ‘Positive’, ‘Mixed’ or ‘Negative’. Visual analysis of
graphed data was used for studies employing single subject
research designs, while statistical testing was employed to
determine outcomes of group designs. Studies were consid-
ered ‘positive’ if improvements were made by all partici-
pants across all dependent variables. They were considered
‘Mixed’ if positive results were visible but did not apply to
all dependent variables and ‘Negative’ if no improvements
were made for any dependent variable.

Quality Assessment

Studies included in the review were independently assessed
for rigor by the first and second authors using the stand-
ards created by Reichow et al. (2008). Disagreements were
discussed with the third author. This assessment used two
rubrics to measure research quality, one for group research
and one for single-subject research. Both consist of meth-
odological elements deemed important for research rigor.
Selected studies were assessed against the appropriate
rubrics and an overall rigor rating was created using guide-
lines on how to synthesis rubrics ratings (Reichow et al.
2011, p. 30). This process evaluated study quality across two
levels of methodological features: primary and secondary
indicators. Primary indicators were considered vital com-
ponents in research design in order to demonstrate validity.
Secondary indicators were deemed as important but not vital
components of research.

Primary indicators for group research included: partici-
pant characteristics, independent variables, comparison con-
ditions, and dependent variable (Table 2). Primary indicators
for single subject research included: participant characteris-
tics, independent variables, baseline conditions, dependent
variables, visual analysis and experimental control (Table 3).
Secondary indicators for group research design included: (1)
random assignment, (2), Inter-observer agreement (IOA),
(3) blind raters, (4), fidelity, (5) attrition, (6) generalisation
or maintenance, (7), effect size and (8) social validity. Sec-
ondary indicators for single subject research included: (1)
inter-observer agreement (I0OA), (2) kappa, (3), blind raters,

Table 2 Quality indicator assessment for group research designs

Attrition Gen/Main ES SV Overall

Fidelity

Stat RA 10A Blind Rater

Com Con DV Link

v

Participants

Weak

E
E
E

Bearss et al. (2017)

Weak

U
U

Heitzman-Powell et al. (2014)
Ingersoll and Berger (2015)

Ingersoll et al. (2016)

Weak

Weak
Weak

U

Kuravackel et al. (2018)
Lindgren et al. (2015)

Weak

E
E
E

Weak

Vismara et al. (2016)
Vismara et al. (2009)

Weak

1V independent variable, RA random assignment, ES effect size, U unacceptable, E evidence of Com, Con comparison condition, /OA interobserver agreement, SV social validity, A acceptable,

N no evidence of DV dependent variable, BR blind rater, H high, Stat statistical testing, Gen/Main generalisation/maintenance
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(4) fidelity, (5) generalisation or maintenance and (6) social
validity.

A score sheet created by the authors was used to score
each of the identified variables against the operational defini-
tions set out in Reichow et al. (2011). Each primary variable
was scored as ‘High (H)’, ‘Acceptable (A)’ or ‘Unacceptable
(U)’. Secondary indicators were scored as ‘evidence (E)’ or
‘no evidence (N)’. Each score was then combined to give an
overall quality rating for each study of ‘strong’, ‘adequate’
or ‘weak’. To receive an overall ‘strong’ rating, studies must
have received a high rating for all primary indicators and
meet four of the secondary indicators. An overall ‘adequate’
rating was awarded to a study that received a high rating for
four primary indicators and meet two secondary indicators
with no unacceptable ratings in primary indicators. A study
received an overall ‘weak’ rating if it was awarded less than
four high ratings in primary indicators and less than two
secondary indicators. Final ratings of each study were amal-
gamated and assessed using the formula set out by Reichow
(2011, p. 31), which allowed for an overall rating of EPB to
be assigned to the field.

Results

According to the inclusion criteria, a total of 28 studies were
deemed eligible and were incorporated in the descriptive
synthesis with key data extracted and coded (Table 1). Each
study was subsequently examined to determine its qual-
ity according to the indicators identified by Reichow et al.
(2008). In the following sections, a summary of coded vari-
ables and quality measures is presented.

Study Design

All but two of the selected studies (Machalicek et al. 2009a;
Wilczynski et al. 2017) used an experimental research
design, with the majority (64%; n=18) employing a single
subject research design and fewer employing a group design
(28%; n=238). Of the single subject research multiple baseline
designs were utilised in 36% of studies (n=10), as were
multielement designs. Reversal designs were rarely used in
the research (14%; n=4).

Participants
Interventionist Participant

A total number of 293 interventionists were included in the
28 studies. Of these, 68 were placed in a comparison group
and did not undertake any training via telehealth, leaving
225 interventionists in experimental groups across all stud-
ies. Of these, 86% (n=194) were parents, 9% (n=21) were

direct front line staff, including ABA therapists, graduates
working in university clinics and other associated profes-
sionals working in the field, and 4% (n=10) were teachers.

Age and gender for the interventionists were reported
rarely with only 25% (n="7) of studies reporting both char-
acteristics (Bearss et al. 2017; Barkaia et al. 2017; Hig-
gins et al. 2017; Neely et al. 2016; Machalicek et al. 2010;
Wacker et al. 2013a, b). Another 25% (n=7) of studies
reported neither age nor gender (Benson et al. 2017; Kura-
vackel et al. 2018; Machalicek et al. 2009a, b; Simacek
et al. 2017; Suess et al. 2016; Vismara et al. 2009). Gender
alone was reported in 39% (n=11) of studies (Barretto et al.
2006; Gibson et al. 2010; Ingersoll et al. 2016; Ingersoll and
Berger 2015; Machalicek et al. 2016; Meadan et al. 2016;
Vismara et al. 2012, 2013, 2016; Wainer and Ingersoll 2015;
Wilczynski et al. 2017). Age alone was reported in 11%
(n=3) of studies (Suess et al. 2014; Lindgren et al. 2015;
Heitzman-Powell et al. 2014).

In studies where interventionist demographics were
reported, a total of 97 females and 14 males took part in the
research. The average age of interventionists was 31.7. Few
participants had previous experience implementing behav-
ioural analytic procedures (14%; n=16).

Participants with ASD

A total of 307 participants with ASD took part in the 28
studies. Of this, 76 were allocated to a control or compari-
son group and did not receive telehealth interventions, leav-
ing 231 participants in telehealth experimental groups. Of
these 57%, (n=231) took part in group research, while 42%
(n=96) were included in single subject research designs and
2% (n=4) were included in studies that did not operate an
experimental research design.

Age and gender of participants with ASD were reported
more frequently than for interventionists, with both varia-
bles being reported in 75% (n=21) of studies (Barretto et al.
2006; Barkaia et al. 2017; Bearss et al. 2017; Benson et al.
2017; Gibson et al. 2010; Higgins et al. 2017; Ingersoll and
Berger 2015; Kuravackel et al. 2018; Lindgren et al. 2015;
Machalicek et al. 2009a, b, 2010, 2016; Meadan et al. 2016;
Neely et al. 2016; Simacek et al. 2017; Suess et al. 2014,
2016; Vismara et al. 2016; Wilczynski et al. 2017). Only 3%
(n=1) of studies did not report any information about the
age or gender of participants with ASD (Heitzman-Powell
et al. 2014). Participants’ age was stated in 21% (n=06) of
studies in which gender was omitted (Vismara et al. 2009,
2012, 2013; Wacker et al. 2013a, b; Wainer and Ingersoll
2015), while no studies reported gender in isolation.

Diagnostic tools used to provide the participants with
their diagnoses of ASD or PDD-NOS were reported spo-
radically throughout the literature. Of the demographics
reported for participants with ASD, 93 were male and 61
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were female. The average age from each study where age
was reported was 4.73 years with the range being 1.75-16
years’ old.

Intervention Characteristics
Categorisation of Intervention Aims

Studies included in this review were organised according to
the intervention techniques used (Fig. 2). The largest cate-
gory was functional analysis (FA) and subsequent functional
communication training (FCT), with 43% (n=12) of studies
investigating these topics (Barretto et al. 2006; Benson et al.
2017; Gibson et al. 2010; Lindgren et al. 2015; Machalicek
et al. 2009b, 2010, 2016; Simacek et al. 2017; Suess et al.
2014, 2016; Wacker et al. 2013a, b). Techniques derived
from naturalistic and incidental teaching were employed
in 36% (n=10) of studies (Barkaia et al. 2017; Ingersoll
et al. 2016; Ingersoll and Berger 2015; Meadan et al. 2016;
Neely et al. 2016; Vismara et al. 2009, 2012, 2016; Wainer
and Ingersoll 2015). Behaviour support strategies, including
positive behaviour support were investigated in 7% (n=2)
of studies (Bearss et al. 2017; Kuravackel et al. 2018).
Training participants to conduct preference assessments
was examined in 7% (n=2) of studies (Higgins et al. 2017,
Machalicek et al. 2009a). The final two studies focused on
comprehensive training packages designed to provide par-
ticipants with an overview of behaviour analytic principles
(Heitzman-Powell et al. 2014; Wilczynski et al. 2017).

Training Characteristics

When examining eligible studies, it was apparent that sev-
eral commonalities occurred across training techniques and

Behaviour
Support
Comprehensive 77 (1 =2)
7% (n=2)
Preference

Assessment
7% (n=2)
FA+FCT
43% (n=12)

Natrualistic
36% (n=10)

Fig.2 Proportion of studies completing research in each intervention
category

@ Springer

platforms used. These included technology-based train-
ing and video-conference sessions that provided coaching.
Coaching was defined as providing individualised training
and feedback regarding the implementation of the interven-
tion of choice; this could be conducted via telephone, email
or video-conferencing. Feedback on performance was deliv-
ered live or retroactively using recorded footage. Coaching
was used as a standalone training strategy 25% (n="7) of
studies (Barretto et al. 2006; Benson et al. 2017; Lindgren
et al. 2015; Machalicek et al. 2009b, 2016; Simacek et al.
2017; Suess et al. 2016).

Technology-based training involved the utilisation of
technology to provide interventionists with the theoreti-
cal background knowledge of procedural techniques in
preparation of intervention commencement. Twenty stud-
ies included a technology based training components were
included in 71% (n=20) of studies. Written instructions,
websites including interactive modules, a training DVD,
manuals or with video-conferenced didactic training were
utilised to provide this training. Equipment included laptops,
cameras, scanners and commercially available videoconfer-
encing software. A hybrid approach including coaching and
technology-based training was undertaken in 75% (n=21) of
studies (Barkaia et al. 2017; Bearss et al. 2017; Gibson et al.
2010; Heitzman-Powell et al. 2014; Higgins et al. 2017,
Ingersoll and Berger 2015; Ingersoll et al. 2016; Kuravackel
et al. 2018; Machalicek et al. 2009a, 2010; Meadan et al.
2016; Neely et al. 2016; Suess et al. 2014; Vismara et al.
2009, 2012, 2013, 2016; Wacker et al. 2013a, b; Wainer and
Ingersoll 2015; Wilczynski et al. 2017).

Dependent Variables

Results indicate that 69% (n = 19) of studies measured vari-
ables for both interventionists and participants with ASD,
11% (n=73) of studies measured interventionist behaviour
alone. All studies that measured interventionist behaviours
included a measure of procedural fidelity via task analysis, a
fidelity checklist or video-recorded probes. Knowledge tests
were used in 14% (n=4) of studies and these scores were
compared to pre-intervention scores to determine the effect
of the intervention (Heitzman-Powell et al. 2014; Ingersoll
and Berger 2015; Wainer and Ingersoll 2015; Wilczynski
et al. 2017).

Child behaviour was measured alone in 21% (n=6) of
studies and 68% (n=19) of studies measured participant
with ASD variables alongside interventionist variables. Data
collection for child behaviours was conducted via video-
recorded probes or questionnaires and standardised tests. Of
these, 50% (n= 14) of studies measured individualised prob-
lem behaviour as part of an FA to assess function or teach
replacement behaviour (e.g. FCT). Examples of the indi-
viduals’ challenging behaviour include elopement (Gibson
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et al. 2010), self-injurious behaviour and screaming (Benson
et al. 2017), noncompliance and property destruction (Bar-
retto et al. 2006). From the remaining studies, 43% (n=12)
investigated increases in social-communication responses
(Barkaia et al. 2017; Benson et al. 2017; Ingersoll et al.
2016; Lindgren et al. 2015; Meadan et al. 2016; Neely et al.
2016; Simacek et al. 2017; Suess et al. 2016; Vismara et al.
2009, 2012, 2013, 2016) All studies attempted to teach chil-
dren to request using either an alternative communication
system (e.g., touching or handing over a communication card
to access a tangible; Benson et al. 2017) or vocalisations
(e.g., providing echoic prompts in contrived communica-
tion opportunities to increase child vocal requesting; Barkaia
et al. 2017). Other facets of social communication measured
including joint-attention and initiation of communication
(e.g., Neely et al. 2016).

The final dependent variable measured in the research
was imitation skills. This was included in 18% of studies
(n=5) (Vismara et al. 2009, 2012, 2013, 2016; Wainer and
Ingersoll 2015) all five studies trained parents in naturalis-
tic teaching techniques and attempted to increase children’s
imitation skills in play based or fun situations.

Efficacy Outcomes

Results of efficacy (Fig. 3) show that 61% (n=17) of stud-
ies were rated as ‘positive’ in which improvements were
achieved by all participants across all dependent variables
(Barretto et al. 2006; Benson et al. 2017; Gibson et al. 2010;
Higgins et al. 2017; Ingersoll and Berger 2015; Ingersoll
et al. 2016; Lindgren et al. 2015; Machalicek et al. 2010,
2009b; Neely et al. 2016; Simacek et al. 2017; Suess et al.
2016; Vismara et al. 2009, 2012, 2016; Wacker et al. 2013a,
b). A closer examination reveals that 36% (n=10) of stud-
ies employed FA 4+ FCT procedures (Barretto et al. 2006;
Benson et al. 2017; Gibson et al. 2010; Lindgren et al.
2015; Machalicek et al. 2009b, 2010; Simacek et al. 2017;
Suess et al. 2016; Wacker et al. 2013a, b) demonstrating a
clear behaviour function for each participant and showing
decreases in challenging behaviour following FCT; in terms
of procedural fidelity, this was established for all interven-
tionists. Of studies focusing on naturalistic teaching, 35%
(n=06) were also scored as positive (Ingersoll et al. 2016;
Ingersoll and Berger 2015; Neely et al. 2016; Vismara et al.
2009, 2012, 2016), achieving an increase in interventionist
knowledge or fidelity alongside improvements in child social
communicative behaviour or imitation responses. The final
positively scored study included a preference assessment
(Higgins et al. 2017) and indicated a positive relationship
between telehealth training and the correct implementation
of preference assessment procedures.

Overall, 32% (n=9) of studies received a ‘mixed’ efficacy
rating (Barkaia et al. 2017; Bearss et al. 2017; Machalicek

Number of Studies
N w = w

-

10
9
8
7
6
. | I N

FA+FCT Preference

Assessment

Behaviour
Support

Naturalistic Comprehensive

Intervention Category

W Postive Mixed ®Negative mUndetermined

Fig. 3 Efficacy outcomes of each intervention category

et al. 2016; Meadan et al. 2016; Suess et al. 2014; Vismara
et al. 2013, 2016; Wainer and Ingersoll 2015; Wilczynski
et al. 2017). For example, 44% (n=4) of these studies found
improvements in interventionist treatment fidelity across all
participants but failed to increase scores of social commu-
nication or imitation behaviours consistently across par-
ticipants (Meadan et al. 2016; Wainer and Ingersoll 2015;
Vismara et al. 2013). None of the 28 studies included in this
review received a ‘negative’ rating.

Quality Assessment

Of the eight studies employing a group research design,
all (n=8) received an overall weak quality rating (Fig. 4).
Of the 71% (n=20) of studies employing a single subject
research design (Fig. 5), 5% (n=1) received an overall ade-
quate quality rating; the remaining 95% (n=19) received
an overall weak quality rating. An overall rating for each
study can be found alongside individual indicator ratings in
Tables 2 and 3.

The research scored highly on several primary indica-
tors, including both the dependent and independent vari-
ables, which were described thoroughly with replicable
precision in 100% of single subject and group research.
In group research links to past research were successfully
made in 100% of studies meaning they provided strong links
between the original research questions and the analysis of
the data established in their studies. Comparison groups,
when present, were described with high replicable detail
in 50% (n=4) of studies and with some details emitted in
25% (n=2). The remaining studies operated a within group
design and did not include a comparison group to describe.
Statistical analyses were also completed to a high standard
in 75% (n=06) of studies (Bearss et al. 2017; Ingersoll and
Berger 2015; Ingersoll et al. 2016; Kuravackel et al. 2018;
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m High Adequate Unacceptable

Fig.5 Number of studies scoring on each primary indicator—single
subject research design

Lindgren et al. 2015; Vismara et al. 2016) as all contained
sample sizes > 10 participants per group and conducted
appropriate statistical analysis across dependent variables.
However, high scores were not evident across all indi-
cators. In single subject research design studies only 10%
(n=2) for studies were rated highly for baseline (Gibson
et al. 2010; Wainer and Ingersoll 2015), meaning they had
three measurable data points, were described in replicable
details, appeared to be stable and did not include any trends,
including counter therapeutic trends. An additional 35%
(n="7) were rated as ‘Acceptable’ as more than 50% but less
than 100% of baselines in the study met the above criteria
(Barkaia et al. 2017; Meadan et al. 2016; Neely et al. 2016;
Simacek et al. 2017; Vismara et al. 2012, 2013; Wacker
et al. 2013b). 55% of studies (n=11) were rated as having
unacceptable baseline conditions. Despite conditions being

@ Springer

accurately described and for the most part containing three
data points, many failed to show stable levels or trends.

For both single subject and group research to be rated
‘High’ for participant characteristics studies needed to report
information on participant age, gender, diagnostic instru-
ment, interventionist characteristics and scores on stand-
ardised tests if applicable. As many of the studies included
measures of both interventionist and participants with ASD
behaviour both were considered as participants for the pur-
pose of this review. Overall only 11% (n=23) of the studies
were rated highly. This means they reported information on
participant age, gender, diagnostic instrument, intervention-
ist characteristics and scores on standardised tests if appli-
cable. An ‘Acceptable’ rating was awarded to 15% (n=3) of
studies, as they provided demographics on all participant’s
age and gender, and provided standardised test scores. The
remaining 79% (n=22) of studies all met the ‘Unacceptable’
rating, where age and gender for both the individual with
ASD and the interventionists was not reported consistently.

The overall quality ratings for each study were combined
to allow for an overall rating of EPB to be given to the field.
Using the formula suggested by Reichow et al. (2011) the
amount of ‘high’ and ‘adequate’ studies were combined to
provide an overall score for the field, which due to meth-
odological omissions discussed was designated as ‘Not an
Evidence Based Practice’.

Discussion

The purpose of this review was to (a) identify and categorise
key intervention properties and procedures used in research
using telehealth to provide behaviour analytic provisions to
individuals with ASD, (b) to assess the overall outcomes of
selected studies both in the success of the training proce-
dures and the outcomes for individuals with ASD, and (c)
to examine the quality of selected research. It is the aim of
the review that it can be used to guide future research and
practice by identifying successful procedures and highlight-
ing methodological flaws.

Findings from the synthesis of 28 studies suggested that
telehealth can be an acceptable platform for behaviour ana-
lytic interventions and assessments. A total of 293 interven-
tionists were trained across studies providing intervention
to 307 individuals with ASD. Outcomes indicate positive
gains across participants with 100% of studies (n=28)
studies reporting improvements in at least one dependent
variable and 61% (n=17) of studies reporting favourable
outcomes across all dependent variables. None of the 28
studies met sufficient quality indicators to be determined
as of ‘high’ quality and only one study was determined as
being of ‘adequate’ quality. The remaining 96% (n=27) of
studies were rated as ‘weak’. Due to what we consider are
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minor methodological flaws, an overall rating of ‘not an evi-
dence-based practice’ was assigned to telehealth as a means
of providing ABA-based interventions. Although positive
outcomes were achieved for involved participants, there is
a demand for further high quality research that can adhere
to a rigorous methodological structure. Each of the research
aims will now be discussed in more detail.

The first aim of this review was to synthesise and catego-
rise intervention aims and procedures. A variety of ABA-
based procedures were targeted within the literature: FA and
FCT, naturalistic teaching, preference assessments, behav-
iour support and comprehensive programs. The numbers of
studies in each category were not evenly distributed, most
studies investigated FA and FCT procedures (43%; n=12)
or naturalistic teaching (39%; n=11). Research on using
telehealth to conduct comprehensive treatment is lacking.
Only 7% (n=2) of selected studies were categorised as
‘comprehensive’ (Heitzman-Powell et al. 2014; Wilczynski
et al. 2017), but both had methodological downfalls. Using
telehealth to oversee comprehensive packages is a vital area
for future research with potentially significant practical
implications. Two other key ABA-based teaching strategies
were overlooked in the research: Discrete Trial Training
(DTT) and functional/daily living skills training. DTT is
highly repetitious and includes very structured arrangements
of consequences and antecedents. It has been shown to suc-
cessfully teach skills to children with ASD across devel-
opmental domains such as, communication, imitation and
self-care (Sheinkopf and Siegel 1998). DTT implementation
requires technical knowledge and success is linked to good
training procedures (Symes et al. 2006). On the other hand,
DTT has been criticised as teaching skills that present a lack
of generality into typical, ecologically relevant settings. Fur-
ther research is needed to determine its suitability through
a telehealth model.

Conversely, functional/daily living skills may be ideally
suited. Strategies of task analysis and chaining are used to
systematically teach ‘chains’ of behaviours found in eve-
ryday tasks, such as brushing teeth or preparing a snack.
These methods have a strong empirical base, have been
recognised as evidence-based practice (Wong et al. 2014)
and have been demonstrated using a parent training model
(Kroeger and Sorensen 2010), highlighting their generality
and social validity. It is therefore relatively surprising that
research into using telehealth to conduct this training is not
forthcoming and future research in this direction is needed.

A total of 71% (n=20) of studies included an initial train-
ing period. Initial training has been recognised as a key com-
ponent in achieving procedural fidelity in behaviour analytic
practice (Denne et al. 2015; Symes et al. 2006). Researchers
have translated proven face—face training techniques onto a
telehealth platform, such as modelling of procedures, prac-
tice using role play and tests of knowledge (Fetherstone and

Sturmey 2014; Miltenberger 2004). All 28 studies incor-
porated a live coached component, in addition to initial
training or as a stand-alone training procedure. Once again,
proven training techniques were utilised, such as modelling
appropriate behaviour, error correction procedures and per-
formance feedback. Due to using a combination of training
variables it was not possible to isolate the most success-
ful training components. Future researchers may consider a
component analysis to assess the best type of training and
avoid unnecessarily waste of resources.

Information regarding the type of technology was limited
within the research with only a small number of studies pro-
viding extensive information on this aspect. Video confer-
encing software used to conduct didactic training and video
coaching was often free to access and readily available, e.g.,
Skype, Viber or iChat. Hardware such as personal comput-
ers, web cameras or tablets were often reported as family’s
own or pre-existing in the intervention centre. Initial training
was conducted via a website in eight studies, where website
training was utilised this was often already available from
previous research, such as the Early Start Denver Model
training website (e.g. Vismara et al. 2016).

The review synthesised participant information. By
determining who can be trained to carry out interventions
and who is likely to benefit from them, the scope of the
telehealth model can be revealed. A total of 225 interven-
tionist participants took part. Participants were employed
in a number of different sectors: health, education, research
and social care or were family members, primarily parents
of the participants with ASD. This synthesis demonstrates
the capacity of telehealth to train and supervise a multi-
disciplinary team, highlighting the potential of the telehealth
model amongst the reality of current ASD services in the
UK, where interdisciplinary teams working together to
plan provision is common practice (Department of Educa-
tion, Department of Health 2015; Department of Education
Northern Ireland 2005).

The largest proportion of studies (64%; n=18) used par-
ent training to support the provision of home-based interven-
tion or assessments. The National Research Council (NRC)
dictates that parent involvement is a fundamental component
of effective ASD intervention (NRC 2001). Parent training
and subsequent intervention implementation has been identi-
fied as evidence-based practice (EBP), as long as treatment
fidelity can be achieved (Wong et al. 2014). The outcomes
of this review indicate that fidelity can be achieved using a
telehealth model and combination of telehealth and parent
training has a promising future.

The age of participants with ASD ranged from
1.75-16 years, with the majority of participants being under
6 years old. Current research trends indicate that young age
is a crucial predictor of success in behavioural interven-
tions (Perry et al. 2011). The UK government initiatives
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have highlighted early intervention as a crucial focus for
future research (National Institute for Health Research
2017). The application of telehealth with this age cohort is
very promising, enabling parents to receive training prior to
the commencement of educational services could be key in
future service models. Despite the promising prospects of
early intervention, the research is limited to this narrow age
range. Prior research shows that ABA-based intervention can
have great success with both a teenage and adult age cohort
(Bennet and Dukes 2013; Koegel et al. 2014; Santiago et al.
2016). Future research might focus on the application of
these interventions with an older age group allowing for a
greater concept of the scope of telehealth.

The second aim of the review was to assess the outcomes
of the research in order to determine if the interventions
were successful. An overview of selected research indicates
at least some favourable outcomes in all 28 studies. Out-
comes were measured for both interventionists and partici-
pants with ASD and varied depending on intervention aims
and category.

A total of 75% (n=21) of studies collected data on at
least one measure of interventionist behaviour. All but one
collected data on procedural fidelity. Measures of fidelity
have been shown to correlate with best outcomes for child
participants (Penn et al. 2007; Symes et al. 2006; Whiteford
et al. 2012). All 21 studies showed improvement in pro-
cedural fidelity for all participants involved. However, one
study (Barkaia et al. 2017) reported improved measures of
fidelity but still achieved a relatively low fidelity level of
around 60% which would not be considered widely accept-
able. Several other studies reported the need to perform ‘top
up’ training in order for agents to reach pre-set fidelity cri-
teria. Despite these few discrepancies, the literature does
demonstrate the capabilities of telehealth and goes some
way to answering the pertinent question of whether behav-
iour analytic provisions can be delivered via a telehealth
with appropriate levels of fidelity to ensure best outcomes.
Additional studies should also focus on collecting fidelity on
the coach’s procedures whilst training interventionists, this
data was collected by a small number of studies (e.g. Neely
et al. 2016) and allows for a tertiary level of data collection
to ensure a greater level of procedural integrity across all
levels of the research.

Data on outcomes of participants with ASD were col-
lected in 85% (n=24) of studies. Measures differed based
upon the intervention category but as a whole improvement
was less consistent than measures of fidelity for interven-
tionists. Measures of challenging behaviour were collected
in 50% (n=14) of studies, social-communication responses
were collected in 46% (n=13) of studies and motor imitation
was measured in 17% (n=15). Overall, there was improve-
ment in target behaviour across studies, although several
studies observed little or no improvements in some but not
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all participant outcomes (e.g. Barkaia et al. 2017; Macha-
licek et al. 2016; Meadan et al. 2016; Suess et al. 2014;
Vismara et al. 2013; Wainer and Ingersoll 2015). A greater
proportion of naturalistic interventions were rated as mixed
when compared to FA + FCT studies (45% vs. 17%). For
example, Barkaia et al. (2017) found clear gains in mand and
echoic behaviour in one out of three participants. Whether
this was a result of individual differences or a failure of the
telehealth model remains to be seen, although as mentioned
earlier this study reported low levels of therapist fidelity. In a
similar study Neely et al. (2016) were able to achieve a high
rating of fidelity across therapists and increased manding
for all participants with ASD. This was the only study to
be rated as of ‘adequate’ quality. Individual differences in
outcome success have often perplexed ABA researchers. On-
going research aims to identify factors which may predict
success (Mudford et al. 2009; Perry et al. 2011; Whiteford
et al. 2012). This area is somehow explored in several of the
group design studies included in this review (e.g. Ingersoll
et al. 2016; Vismara et al. 2009, 2016) but further research
is needed in this area.

The final aim of the present systematic review was to rate
the methodological quality of the existing body of evidence.
All 28 eligible studies were assessed against the research
quality indicators developed by Reichow et al. (2008). Over-
all ratings of quality were low and telehealth-based applica-
tions of ABA are currently deemed to have a status of ‘Not
an EBP’.

In the single subject research design studies, more than
half of the studies (39%; n=11) were rated as having unac-
ceptable baseline conditions. Despite conditions being
accurately described and for the most part containing three
data points, many failed to show stable levels or trends. This
is perhaps a result of the applied nature of the research in
which it is not always practical or even possible to wait for
stable trends of baseline responding. Future research should
aim to establish a stable baseline level, so that it can provide
a stronger demonstration of a functional relation between the
intervention and behaviour change and higher levels of inter-
nal validity. Pre-planning resources so as to enable extension
of baseline if stable levels of behaviour are not achieved in
the first three data points should be conducted.

Experimental control was demonstrated to an acceptable
level in 13 studies; similarly, 14 studies were adequate for
visual analysis. Research deemed unacceptable failed to
demonstrate experimental control as visual analysis showed
an unacceptable level of overlapping data or absence of three
instances of experimental control. Future studies should
ensure that these essential aspects are present by increasing
participants or replications.

The participant demographic indicator achieved the low-
est score, with 79% (n=22) of studies being deemed unac-
ceptable. Only two studies were rated highly in this indicator
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(Neely et al. 2016; Wacker et al. 2013a) and age and gender
of interventionists was rarely reported. Detailed demograph-
ics allow for the generalisation and replication of findings;
by omitting this information, researchers undermine external
validity. It is vital that future research reports detailed demo-
graphics of both interventionists and participants, including
level of education and experience and diagnosis and pre-
intervention assessment respectively. Future researchers
should consider providing all participant demographics for
both the participants with ASD and the interventionists. This
should include age and gender, pre assessment tools and
previous experience. High methodological rigor in this area
is demonstrated by the three studies within this review that
scored highly on the participant indicator (Bearss et al. 2017;
Neely et al. 2016; Wacker et al. 2013a).

Omission of age or gender was quite often the limiting
factor restricting quality ratings across studies amongst both
single subject research design and group research design. If
participant details had been reported even to an adequate
standard, three additional group design studies and two addi-
tional single subject studies would have gained an overall
quality rating of ‘adequate’ (Gibson et al. 2010; Ingersoll
et al. 2016; Kuravackel et al. 2018; Lindgren et al. 2015;
Simacek et al. 2017) and one group design study would have
achieved a ‘strong’ rating (Vismara et al. 2016). With this
in mind the formula for determining EBP can be reapplied
(Reichow 2011, p. 34). The research would now be provided
with a higher score (z=79), which would in turn translate
to a rating of an ‘Established EBP’. This is a vast differ-
ence from the original score. It could be argued that this is
a weakness of the quality assessment, which allows rela-
tively small omissions to have such a large effect on ratings;
however, as discussed previously, participant information
is a vital component in the establishment of external valid-
ity therefore collecting and reporting key information is of
crucial importance. Interestingly, no group research design
studies were rewarded an acceptable rating for the partici-
pant indicator, whilst 15% (n=3) of single subject research
design studies scored an acceptable rating. This may allow
for conclusions that single subject research design holds a
higher standard of research rigor in comparison to group
research designs. It is also important to note that only 36%
(n=10) of the reviewed 28 studies included maintenance or
follow-up probes. Again, of these studies just 25% (n=2)
of group research designs showed evidence of maintenance
probes whilst 50% (n=10) of single subject research designs
reported this variable. This adds to the conclusion that a
single subject research design may hold itself above group
research design in research quality and the individualised
nature and repeated measurements are more suited to the
heterogeneity of behaviour analytic interventions. Of all 28
studies, just 30% (rn=3) had promising follow-up data. This
should be a prioritised area of focus for future research.

Current research surrounding telehealth interventions as
a means to train interventionists, although still limited, is
progressing. The limitations we have identified will aid in
the development of methodologically strong studies The use
of telehealth is not aimed to replacing face-to-face behav-
ioural interventions but to complement or boost their results.
Future reviews are needed to assess the outcomes of a com-
bination of telehealth and face—face models of delivery,
which were excluded from this current review. Addition-
ally, all eligible studies were conducted in the United States,
therefore future research should focus on the feasibility and
cost effectiveness of similar provisions in different coun-
tries in which cultural differences might impact on existing
models.

In sum, this systematic review suggests that training
interventionists to implement behaviour analytic provisions
for children with ASD via telehealth is feasible and effec-
tive. Small improvements in research rigor could lead to
this delivery model being deemed an EBP. Future research-
ers should familiarise themselves with quality indicators to
ensure methodologically robust research is conducted.
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