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Abstract We conducted a meta-analysis to determine the
impact of using tablet-based devices on the communication
skills of individuals with autism and developmental disabil-
ities. A total of 15 studies were reviewed to determine the
effectiveness of the intervention on communication skills. The
results showed that tablet-based devices, especially i0S de-
vices (i.e., iPad and iPod Touch) were highly effective in
increasing the communication skills of individuals with au-
tism and developmental disabilities. Also, the results provided
evidence that several participants were able to continue com-
municating using the devices and to use them in novel con-
texts. Furthermore, caregivers have positive perceptions of
using 10S-based speech-generating devices for communica-
tion skills. Results are discussed and implications for practice
and future research are provided.

Keywords Autism - Developmental disabilities -
Communication skills - iPad/iPods - Augmentative and
alternative communication - Speech-generating devices

Autism spectrum disorder (ASD) is a neurodevelopmental
disorder that includes different subtypes such as autism,
Asperger’s syndrome, and pervasive developmental disorder
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not otherwise specified (PDD-NOS) (Centers for Disease
Control and Prevention [CDC], 2014; Llaneza et al. 2010).
Based on the CDC'’s recent surveillance report (2014), 1 in
every 68 children is diagnosed with autism in the USA. In
addition to challenging behaviors, children with autism display
deficits in social and communication skills. Communication
deficits consist of the inability to communicate nonverbally
(e.g., making eye contact, gesturing, and pointing) and verbally
(e.g., initiating, maintaining, developing, and terminating com-
municative interactions) (Carpenter 2013). The severity of im-
paired communication skills vary substantially from one person
to another. Some children diagnosed with autism are nonverbal
and others, on the other hand, can produce words either intel-
ligibly or unintelligibly (Crissey 2011). Some investigators
reported that between 50 and 59 % of individuals with autism
are nonverbal, indicating that they are unable to meet their daily
communicational needs (Chiang 2008; Koul et al. 2001).

Deficit in communicative abilities have negative impacts
on multiple aspects of an individual’s life. Research shows
that speech and language impairments are associated with
challenging behaviors (Matson et al. 2013; Walker and Snell
2013). For example, Chiang (2008) reported that most chil-
dren with autism who have communication deficits use chal-
lenging behaviors as a way to communicate in their school
settings. Not replacing problem behaviors with alternative
methods to communicate in the early ages of life tend to lessen
the chance of learning functional communication skills
(Walker and Snell 2013). Also, communication skills deficits
affect several adaptive behaviors, such as daily living skills
and social skills (Park et al. 2012), and prevent individuals
from succeeding in multiple domains in life, such as educa-
tional outcomes, vocational accomplishments, social network,
and relationships (Walker and Snell 2013).

Enhancing communication skills tends to have positive
effects on adaptive skills and helps to decrease problem be-
haviors (Chiang 2008; Walker and Snell 2013). Matson et al.
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(2013) indicate that young children with autism and with high
communication skills have better social skills and exhibit
fewer challenging behaviors than those with severe deficits
in communication skills. Improving communication skills
also improves joint attention (e.g., Charlop-Christy et al.
2002; Prelock et al. 2011).

One of the most effective methods that are used to improve
communication skills in children with autism is augmentative
alternative communication (AAC) intervention (e.g., Baxter
et al. 2012; Cafiero and Delsack 2007). AAC refers to strate-
gies that are used to either support existing speech or replace
natural speech and/or written communication (Beukelman and
Mirenda 2013). The most common AAC methods that have
shown success in improving communication skills for indi-
viduals with autism are manual signs (MS), picture exchange
communication system (PECS), and speech-generating de-
vices (SGD) (Couper et al. 2014; Ganz et al. 2012; Lorah
et al. 2013; van der Meer et al. 2012a, 2012c).

Recently, several handheld multipurpose electronic devices
(Apple iPad™, iPod Touch™, iPhone™, and Google
Android™) have been used for communication purposes.
The most frequently reported devices in the literature are both
iPad and iPod Touch. iPad/iPod Touch-based SGDs have
several advantages compared to other AAC systems (e.g.,
MS and PECS), such as social acceptance (Lorah et al.
2013), affordability (McNaughton and Light 2013), portabil-
ity (Sigafoos et al. 2013), and availability (Shane et al. 2012).
In contrast, there are some downsides in this type of technol-
ogy, such as very limited alternative access methods, lack of
trained professionals as service providers, and often diverting
the focus from communication goals to other purposes (e.g.,
entertainment) (McNaughton and Light 2013). There are
about 150 apps for AAC purposes that run on iPad/iPod
Touch-based SGD, as well as iPhone (Alliano et al. 2012).
New communication apps are being developed and tested
continuously. With an increased use of these communication
apps, several AAC intervention studies have been conducted
using iPad/iPod Touch-based SGDs during the past 5 years.

Kagohara et al. (2013) conducted a systematic review of 15
studies that used iOS-based devices with individuals with
autism and other developmental disabilities. The review fo-
cused on teaching several skills including academic, commu-
nication, employment, leisure, and transition skills. Eight of
15 studies targeted improving communication skills in 25
participants with developmental disabilities and autism.
Seven studies used iPod Touch and one study used iPad.
The studies targeted different types of verbal behaviors, one
study focused on tacting skills and seven others focused on
manding skills. The results of this review indicated that iOS-
based devices improved the communication skills of individ-
uals with developmental disabilities and autism. However, the
review not only include communication, but also other skills
mentioned above. The review also indicated the need for more

@ Springer

research on the area of using i0S-based devices to improve
different types of verbal behaviors (e.g., mand, tact, and
intraverbal). To date, no review has specifically analyzed
iPod/iPad or other tablet-based devices to improve communi-
cation skills in children with autism and other developmental
disabilities. Due to the emergence of new technologies, there
is a critical need for more empirical results on the use of i0S-
based devices and apps as an AAC system to improve com-
munication skills. Thus, the present study aims to conduct a
review of multipurpose handheld devices with communica-
tion apps and their impact on communication in individuals
with autism and other developmental disabilities. In addition,
this study plans to analyze the maintenance, generalization,
and social validity of aspects of these interventions.

Method
Search Procedures and Inclusion Criteria

We conducted an electronic search using EBSCOhost Web
(all databases) and ERIC. The terms used to search for studies
are: using iPads for communication, iOS devices and
communication, autism and iPads/iPods, autism and iOS,
Proloquo2Go and autism, SGD and iOS, and tablet-based
computers and autism. The electronic search resulted in 316
abstracts which were narrowed down to 122 abstracts after
preliminary screening. The first and the second author
reviewed 122 abstracts and selected studies that met the in-
clusion criteria.

We used the following criteria for inclusion in the study: (a)
used a tablet-based AAC app as an intervention, (b) included
participants with a diagnosis of autism and/or developmental
disabilities, (c) focused on improving communication skills,
(d) was conducted using a single-subject research design, and
(e) was published in a peer-reviewed journal. Also, the most
frequently published authors in this area were contacted by the
first author for unpublished articles or articles in press; four
studies were included through this method (Couper et al.
2014; van der Meer et al. 2012b, 2013; Lorah et al. 2013).
In addition, articles that were referenced in previous studies
were examined. Two studies were selected from the reviewed
studies included in Kagohara et al. (2013) systematic review.
Overall, 15 studies met the criteria which were published
between 2011 and 2014.

The studies were published in different types of peer-
reviewed journals. They include, Journal of Developmental
and Physical Disabilities, Journal of Developmental
Neurorehabilitation, Research in Autism Spectrum
Disorders, Journal of Augmentative and Alternative
Communication, Journal of Special Education Technology,
Research in Developmental Disabilities, and Evidence-
Based Communication Assessment and Intervention.
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Data Extraction and Coding

The reviewed studies were coded into the following categories
for further analysis: (a) number of participants, age/gender,
diagnosis, communication skills, and behavior problems; (b)
research purpose; (c) method (e.g., preference stimuli assess-
ments, apps, i0S-based devices, settings, trainers, design,
interventions, inter-observer agreement, and procedural integ-
rity); (d) results; (e) effect size (e.g., percentage of non-
overlapping data points [PND] and average); (f) follow-up;
(g) social validity; and (h) generalization.

PNDs Calculations and Interrater Agreement

PNDs were calculated for each participant in the 13 studies by
the first author. Although we included Rayner (2013) and
Sigafoos et al. (2013) for review, we did not calculate the
PNDs for these studies because there was no graph available
for Rayner’s study and cumulative frequencies were used in
Sigafoos et al. (2013) making it difficult to calculate PNDs
because of ceiling effects. The PND score is the percentage of
data points in the intervention phase that do not overlap with
the highest data point in the baseline phase (Scruggs et al.
1987). The studies that compared between multiple treatments,
PNDs were calculated for each treatment. Also, PNDs were
calculated for each dependent variable for studies that mea-
sured multiple target behaviors. For Flores et al. (2012), there
was no baseline; we calculated PNDs by using the picture-
based system as baseline because the authors considered them
as standard intervention. The criteria that have been set by
(Scruggs et al. 1986) were used to determine the effectiveness
of the 10S-based SGD intervention, such as the PNDs that
ranged between 91 and 100 % indicated high effect size, PNDs
ranged between 71 and 90 % indicated moderate effect, PNDs
that ranged between 50 and 70 % indicated minimal effect size,
and the PNDs that were at 50 % or below indicated no effect on
the dependent variables. The Interrater agreement was calcu-
lated for 30 % of the PNDs (four studies) by the second author.
The formula that was used to determine the PNDs Interrater
agreement was dividing the lower PND by the higher PND and
multiplying the score by 100 %. The Interrater agreement
between the two raters was 98 % (range 90 to 100 %).

Results
Participants

Age and Disabilities Fifty two participants (7 females, 45
males) were included in a total of 15 studies (Table 1). The
age range was from 3 to 23 years, with an average of 8 years
and 4 months. Most of the participants were at the school-age

level, (n=20) age ranged between 3 and 5, (n=22) age ranged
between 6 and 12, and (»=9) age ranged between 13 and
17 years. Only one adult female (23 years) was a participant in
one study; however, the participant was excluded from the
study as there was no progress as a result of the intervention
(van der Meer et al. 2011). There was a diverse range of
disabilities; autism (61 %); autism with moderate to severe
intellectual disabilities (ID) (23 %); and ID (9 %). In addition,
autism existed with other disorders, such as epilepsy (5 %),
obsessive-compulsive disorder and attention deficit hyperac-
tivity disorder (3 %), and multiple disabilities (ID and ortho-
pedic impairment) (1.9 %).

Communication Skills Ten studies reported the participants’
scores in the communication domain of the Vineland
Adaptive Behavior Scales—Second edition (Sparrow et al.
2013). The participants’ age equivalence on the
communication-sub domain: receptive skills ranged between
3 months and 3 years, 11 months (n=26); on expressive
communication skills ranged between 1 month and 2 years,
3 months (z=30); on written communication skills ranged
between 1 month and 6 years, 9 months (n=26); and on fine
motor skills ranged between 8 months and 4 years,
1 month (n=15). Researchers in one of the studies mentioned
age equivalence of communication skills on the Vineland
Adaptive Behavior Scales-II in general: two participants
scored age equivalence of 1 year old, 2 months; one partici-
pant age equivalence of 1 year, 4 months; and another one
scored 1 year, 3 months (van der Meer et al. 2012a).

Challenging Behaviors Participants in 5 of the 15 studies
exhibited challenging behaviors including aggression, self-
injury, hitting, kicking, eloping, and slapping (Sigafoos et al.
2013; van der Meer et al. 2011, 2012b; Kagohara et al. 2012).
An adult participant in one of the studies expressed her needs/
wants by crying (van der Meer et al. 2011).

Previous Experience with 10S-Based Devices Researchers in
three studies reported that participants were familiar with
using iPad/iPod Touch for both tacting and manding
(Achmadi et al. 2012; Kagohara et al. 2012) prior to
interventions. For example, in Kagohara et al. (2012) stud-
ies, investigators targeted tacting items. One male and
another female participant had previous experience with
using i0S-based devices for communication (van der
Meer et al. 2013). The remaining 44 participants had no
exposure to i0S-based devices prior to conducting the
intervention.

Settings

The studies were conducted in different settings including
schools, therapy rooms, and mixed settings. Seven studies

@ Springer



Rev J Autism Dev Disord (2014) 1:179-191

182

00 =SyorUS 10 PUBJ
001=SIN

001 =pod!

TC=SIN

[8=pod!

0€=SIN

00T =pod!

16=SIN

£8=pod!

L9=SIN

001=4d

¢L=ped!

001=SIN

001=4d

001=pod!
0=spiom uaods
001 =ped!
0=spiom uoyods
001 =ped!
(6L=SANd [[p1210)
00 =papus paso[d
LS=papuo uadp
(86=SANd [[e1210)
001 =papus paso[d
S6=popuo uadp

V/IN

VIN

(89=SANd I1e1940)
9¢=uonerodo podueape
001 =3unsonboy

(26=SANA [[e1910)
001 =uonerodo pooueape

cg=3unsanboy

‘undwoid jsow-03-)sed]

‘Keap ) ‘JeULIO] [BL)-232I0SI(]

JUSLUDIOJUIDT [BIUIIYIP

pue ‘0oueping pajenpeid
‘Sundwoid 3s0w-03-)seI]

‘Ke[op Q) )eUIO) [BL1}-0)I0SI(]

(1eorsAyd pue ‘opour ‘[eqIoA)

A3arens
Sundwoid jsow-03-)seaT

JUSWIOIOJUIAI

renuaioytp pue ‘Sundwoid

1SOW-0}-)SBS] ‘AB[OP QU]

JUSWIOIOJUIAL

Tenuaroyp pue ‘Sundwoxd

1SOW-0}-)SBO] ‘AB[Op QU]

(reqoa pue [eorsAyd)
Fundwoid 3sow-03-)se9]
“aampao01d Uo13021I00 JOLI
JUOWIOdIOJUII
[enuaIogIp ‘ooueping

pajenpeis ‘Ae[op awn ‘Sururey)

Surureyo premyoeq

puUE QUOUIOdIOJUIdI
‘Sundwoid Aejop-owm
‘undwoid 1sow-03-)s80]

w0Dzonbojoig/gonay, podr

w00 zonbojoxg/gonor, podr

w1.0DTeNbO[0Id/YoNOY, POt PUB Ped!

. 0Dconbojord/pedt

W 0Dzonbojord/yonoy, podr

111 aseyd SOHd/ped!

woDzonbojoig/pedt

woDzonbojoig/yonor, podt

[eqIoALIUI ‘SUTPUBI

[eqIoABnUI ‘SUIPUBIA

asuodsar Jou)si|
‘[eqIoARIUT ‘TUTPURIA

uononpoid
spiom pue 3unoe],

Sunoe],

Surpuey

Sumiy pue
‘Furyoear ‘Surpuey

SIS
-uoneiado ‘Surpuepy

/U O “ANJIqesIp [enda[[ojur
QIOAQS PUB TNV YIM O[BW ‘S1BaA ¢

'/u Q] AydonsAp oruojoAw
[eIUASUOD M J[BW ‘W G ‘SIBIA G

®/u QI LNV
puE SQWIOIPUAS UMO(] UM J[BW ‘SIBdA /

e/u O ‘AASIA YA S[eW SYIUOW G SIBA §

'/u QO LNV YIM d[ew ‘S1edk (]

Aiqestp
Temooq[yur pue ‘Aejop [eyudwdojosop
QO[3 9I0A3S ‘I V NM J[ewd) ‘SI8dA ]

Asdaqide pue “1opI0SIp UOLRUIPIOOD
[eruawdoaAap ANIQeSsIp [BnIod[[Iul
QJeIOPOUW ‘T NV YIIM e ‘S18aK ()]

e/u O ‘HAV
pue ‘DO LNV Wim d[ew ‘s1eak /|

e/u O] “KN[IqusIp [emod[oN
QIOADS PUB NV UM 9[eul ‘S1edAk ¢

¥/u QI ‘QHAV pue
‘DO LNV Yia ofew ‘sredk /]

e/u O] “KN[IqusIp [emod[oN
QIOADS PUB ]V UM O[ell ‘SIBoK ¢

B/u O LNV Y S[ew ‘s1eak g

B/U O LAV Yia d[ew ‘s1eak 4
B/ O LAV M dfewt ‘sieak ¢

e/u O LNV YA ofew ‘siedk {
B/U O LNV Y S[ew ‘s1eak g

B/u O LAV Pim d[eu ‘s1eak ¢

B/U O LV [P dfeu ‘s1eak /|

110T 'Té 30 J09A 1op UeA

qQZ107 ‘T 10 IO 1op ueA

€10T 'Te 10 109\ Jop ueA

10T ‘Te 10 e1eyo3ey]

10T ‘Te 10 e1eyo3ey]

€10 Toukey

€10 'e 10 s00jesIg

C10T Te 19 Ipeulpy

(aNd) swrod
eyep Surddefzoao-uou
Jo o8eu0010g

Heliite}

ddeseorreg

a[qerreA judpuadopuy

d[qeneA yuepuada

S[OAQ] 9ANIUZ0D
pue ‘Kpiqesip ‘o3e syuedionied

(s)royny

S)NSaI pue sonsLoeIRyo Juedonied | dqeL

pringer

Qs



183

Rev J Autism Dev Disord (2014) 1:179-191

vS=SIN
001=4d
001=pod!
001=SN
08=4d
SL=pod!
0=SIN
001=ad
LL=pod!
¥8=SIN
¥8=4d
9L=pod!

001=SIN ‘001=Ad
‘z6=Podl

00T=SIA “00T=Ad ‘00T=PodI
I1=SIN ‘¢8=dd
‘9g=podi

6L=S ‘001=Hd ‘001=PodI
0Ss=ped!
001=ped!

00T =ped!

0S=ped!
00T =ped!
papn[oxo
sem juedronied pay,

(LS=SAN [[e1010)
cp=sAK0}

[ L=S0EUS 10} puey

JUSUIADIOJUIAT [RHUDIQIIIP
pue ‘douepins pejenperd
‘Sundwoid 3sow-03-)se9]

‘Ke[op QW) JeULIO} [BLI}-0)OI0SI(]

JUSWIODIOJUII [IUSISHIP
pue ‘@oueping pajenpeid
SIUOUWIDOIOJUII [BIO0S
‘Sundwoid 3sow-03-)sed]

‘Ke[op own JeurIOf [eL-2}10SI(]

JUSWIAIOJUIAI [BIUSIQJJIP
pue ‘Sundwoid jsow 0}-)se|
‘orduwes 03 yoyewr ‘SurfopoN

JUSWIOOIOJUII [IUQISHIP
pue ‘@oueping pajenpeid

0D Tonbojo1g/gonox, podr

n homumo:_uo_o\_n_
/4onog, podt pue pedt

PIOM-B-331d/Ped!

Surpuejy

Surpuejy

Surpuejy

e/u Of
‘SON-AAd Wim S[eway ‘siedk ¢

&/u Ol
‘OUIOIPUAS

uew[oSuy [Im O[BWJ ‘I ()]

©/0 O] ‘SANIIQESIp [ejoafjaN

puE JOPIOSIP OANRISIUISIP POOYP[IYD

M Ofeul ‘s1eak 9

&/u Ol 1Ny

[JIM O[BU ‘SIBOA 7]
B0 O “Kiqesip [enydafjajul
pue ‘Aefap [eyuawdo[oaap

[8QO[S QI0ASS ‘I NV YHM o[ewd) ‘AT |

B/ QI

‘Asdoqido pue “1opiosip

UuoneUIPI0-09 [eyudtudo[orap

“AN[IqesIp [enjodfjojur
QJeIdpOW ‘I NV YIM e ‘A |

B/u Ol
LAV P dew Ky,

B/u Of

‘Kejop [eyuowrdojoadp
QOIS puB 1NV [am S[ew Kiy
9 OI ‘LNV [P ofew ‘s1eak g

9¢ OI LNV yiam dpew ‘sreak g
S OI “Anpiqesip

[BIIOQ[[UI YIIM J[BW ‘SIBAA 6
¥ OI ‘(Quourireduu
arpadoyyio pue saniIqesip
[EMOD[[d)UL) SANIIQESIP

Srdnnur yum orewr ‘sreak 1

¥ OI LNV Y o[eu ‘s1edk ¢
B/u Q] “1opIosIp

2Inz1os pue ANJIqesIp [enjod[oiul

QIOADS YJIM O[RWIRJ ‘SIBAA €7
/U QO “Aifiqesip

[BIOO[[AJUI QIOAJS PUB SUWIOIPUAS

I0)[OJOUITY] UM J[eU ‘SIBAA ]

BZ10T ‘T8 19 JQIA Jop ueA

9710T Te 10 IO 1P UeA

C10T T8 39 SaI0[

(aNd) swrod
eyep Surdderoro-uou
Jo o8ru0010g

NeliTe}

ddeseoraog

d[qeneA juspuadopuy

o[qeneA juspuadoq

S[OAQ] 9ANIUZ0D
pue ‘Ayqiqesip ‘oFe syuedonied

(s)royny

(penunuod) | aqe],

pringer

As



Rev J Autism Dev Disord (2014) 1:179-191

184

08=SIN
¥9=4dd /U Q] ‘OWOIpuAs umo(
‘99=ped! pue [V YIA O[EW ‘SIUOW [ STedA /
6=SIN
69=4dd
0=ped! /U O LNV [ S[eU ‘SyHuout g s1eok ¢
LE=SIN
001=dd
0=ped! /U O LAV [Im ofew ‘ypuout | s1eak ¢
0=SIN
88=4dd
001=ped! /U QI LAV [P ofew ‘syjuou 9 s1eak 9
00I=SIN
001=dd
0=ped! /U O LNV YIM d[BW ‘Stpuou [ [ s1edk g
61=SIN
¥8=dd
SL=Ped! B/Uu O LAV M [ew ‘Sypuou ¢ s1eak 7|
0=SIN
0s=dd
0Ss=ped! /U O] LNV UM o[BLd) ‘yyuow | sieak /
0=SIN
001=dd
001 =ped! JUSWIDDIOJUIAT [RHUSIDIIIP /U O LNV YIM S[ELO) ‘Stpuou 7 S1eok 4
1L=SIN pue ‘@oueping pajenpeid
98=1d ‘Sundwoid jsow-03-)s€9] wp0Dzonbojoig
88=PeJl ‘AB[op QW JRULIOJ [BLY-)210SI /yonox podl pue pedr Surpuejy  '/u O LAV YHM J[BW ‘SYIUOW ¢ SIBIA G $102 “Te 30 1odno)
001=4d
001=ped! /U O LNV [PIA olew ‘Stpuow [ sieak ¢
06=dd
001 =ped! /U O] LAV YIM d[BW ‘SUOU ()| SIEdA ¢
001=4d
001=ped! /U QI LNV [P oW (uot [ Sredk 4
00I=dd
001=ped! /U O LNV (A S[eUI ‘SIUOW ¢ SIeak §
001=4d Sundwoid 1eorsAyd
00T=pPed!  [[0 yia AB[Op U JUBISUOD) wi.0Dzonbojoig/pedr Sutpuey e/u O LNV YA o[ew ‘syjuour ¢ sieak ¢ €10¢ Te 30 Yelo]
Neliile) dde/ooroq

(aNd) swrod
eyep Surddeproro-uou
Jo 93ru0010g

d[qeneA juapuadopuy

o[qeLeA juspuadoq

S[OAQ] 2ANTUZ00
pue ‘Aipiqesip ‘oFe syuedonied

(s)royny

(ponunuod) [ aqeL,

pringer

Qs



185

Rev J Autism Dev Disord (2014) 1:179-191

9SIMISTJO J0U JSPIOSIP [eyuatdo]oAap dAISeAIdd SON-TTJ 1OPIOSIp TeyuotdofoAdp WASASHINW (F(7S/Y ‘TOPIOSIP AIS|NAUIO0-0AISSISQO (7D “IOPIOSIp ATAnoeIodAY Jogep uonuane Ly wWsnne 1)y

juanonb aouaifoIul ()7 ‘payyroads

(06=SAN [1e1940)
001=A

SL=AI

001=EAI

€8=AI

(€L=SAN [1e1940)
SL=AI

LS=FAI

98=Al

(26=SANd 11e1940)
SL=IA

001=A

00T=AI
(68=SAN 1e1940)
€8=IA

001=A

€8=Al ‘Aejop oum ‘@ouepms pajenpein

(P€=ANd 11eseA0)
0T=pIom pary}
(0=pIom puodas

€8=PIOM ISIT{  puk 2INPad0Id UONILII—IOLI

Sundwouid [eorsAyd pue
wi0DzonbojoIg/INoT, podr

Sundwoid 1eorsAyd
dde 111 oseyd SOAd/Ped!

[eqIoAenuI ‘SUIpUB

(STIDs uoneoynuapr)
d3en3ue|
aandadar ‘Funoe],

e/u O LNV YHM O[BW ‘Sypuow § sIedk ¢

e/u O LNV YHM J[BW ‘SIUOW ¢ STk ¢

e/ Ol
‘LOV UM 9[ew ‘SYuow || SIedA 7]

'/u O ‘uounredurr 9ARIu30d pue
LNV YIM o[ew ‘SIHuoll 4 sIedk g

e/u Ol
‘(erxe1de [BO0A) JpIOSIP dFenTUe]
QIOAdS PUB [V [IM S[BW ‘SIBIA {7

€10¢ Halg
29 12310qsens

€107 'Te 10 Zuen

(aNd) syutod
ejep Surddefzoao-uou
Jo oSeu0010g

Nelile) dde/oorroq

d[qeneA yuspuadopuy

o[qeLeA juspuadoq

S[OAI] 2ANTUS00
pue ‘Kpiqesip ‘o3e syuedionied

(s)royny

(ponunuod) | dqeL,

pringer

As



186

Rev J Autism Dev Disord (2014) 1:179-191

were conducted in school settings, both public and special
education schools (Achmadi et al. 2012; Kagohara et al. 2012;
van der Meer et al. 2011, 2012b; Lorah et al. 2013; Strasberger
and Ferreri 2013). Five studies were in different places in
therapy settings, such as the university clinic (Sigafoos et al.
2013), private therapy room in a rehabilitation center (Rayner
2013; Ganz et al. 2013), university-sponsored summer pro-
gram (Flores et al. 2012), and therapy room in a childcare
center for children with developmental disabilities (van der
Meer et al. 2012a). A total of three studies were conduct-
ed in mixed settings (e.g., school, home, and therapy
room) (van der Meer et al. 2012c, 2013; Couper et al.
2014).

Intervention

Target Communication Behaviors All of the 15 studies either
focused on one or more verbal behaviors. Seven studies
focused on teaching single-step manding skills (e.g., touching
a specific icon on the display seen) with using iOS-based
devices (Sigafoos et al. 2013; Rayner 2013; van der Meer
et al. 2012a, 2012c; Lorah et al. 2013; Couper et al. 2014;
Flores et al. 2012). Six studies focused on multiple verbal
behaviors: single-step manding and intraverbal skills (e.g.,
answer questions by touching icons on the display screen)
(van der Meer et al. 2011, 2012b, 2013); single-step tacting,
manding, receptive language (identification) skills (e.g.,
touching the targeted icon when presenting with an preferred
object) (Ganz et al. 2013); and single-step tacting skills (e.g.,
touching the targeted icon when presented with a picture card)
(Kagohara et al. 2012). One study targeted improving
manding skills by teaching the participants to perform multi-
ple steps when using the iPod Touch (Achmadi et al. 2012).
These steps consisted of turning on the device, unlocking it,
touching the icon folder (e.g., snacks and toys), and then
touching the specific preferred item (e.g., cookies). In
Strasberger and Ferreri (2013) study, the targeted behaviors
was multiple steps mand and intraverbal. For example, the
participants were expected to mand and respond to questions
by completing a two-step sequence response (e.g., touch
category symbol and touch specific symbol).

TBypes of iOS-Based Devices, Apps, and Symbols All of the
studies used different types of i0S-based devices. Six studies
used iPod Touch that was placed inside an iMainGo 2 speaker
case as a modification for the sound of the device (Achmadi
et al. 2012; van der Meer et al. 2011, 2012a, 2012b;
Strasberger and Ferreri 2013; Kagohara et al. 2012), six stud-
ies used iPads (Sigafoos et al. 2013; Flores et al. 2012; Lorah
et al. 2013; Rayner 2013; Ganz et al. 2013; Kagohara et al.
2012), and three other studies used both iPad and iPod Touch
(van der Meer et al. 2012c, 2013; Couper et al. 2014).
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As for the software, a majority of studies (12 of 15) have used
Proloquo2Go™ as their AAC intervention. In two studies,
investigators have used PECS Phase III software (Ganz et al.
2013; Rayner 2013). In one study, Flores et al. (2012), used
pictures from Boardmaker" software and loaded them in iOS-
based software called “Pick-a-Word”.

With regards to display, only one study included a two-
level page: home page and the second page for specific icons
(Achmadi et al. 2012). In a total of seven studies, they used
one-level page that contained icons with full sentences when
making requests (e.g., I want to play with the ball) (van der
Meer et al. 2011, 2012a, 2012b, 2012c¢; Sigafoos et al. 2013;
Couper et al. 2014; Strasberger and Ferreri 2013). On the
other hand, four studies have used one-word icons when
manding or tacting items (Ganz et al. 2013; Kagohara et al.
2012; van der Meer et al. 2013). In Flores et al. (2012) study,
the authors used both word and phrases icons to request for
preferred items.

The number symbols on the display screen of i10S-based
devices ranged from 2 to 18 symbols. Four studies used three
symbols of preferred items on the display screen (Achmadi
et al. 2012; van der Meer et al. 2011, 2012b; Sigafoos et al.
2013). Several other studies used varied number of symbols
on the display screen from 2 to 18 symbols. In addition,
several studies used distracter symbols on the display screen
to assess the participants’ abilities to discriminate between
targeted symbols and others (van der Meer et al. 2011,
2012a, 2012b, 2013; Couper et al. 2014; Ganz et al. 2013;
Strasberger and Ferreri 2013; Kagohara et al. 2012). Four
other studies on the other hand, used only targeted symbols
(Achmadi et al. 2012; Sigafoos et al. 2013; van der Meer et al.
2012c; Flores et al. 2012).

Preference Assessment Researchers in 12 studies conducted
different types of direct and indirect preference assessments
before implementing the interventions. In a total of seven
studies, investigators used indirect (e.g., asking caregivers to
list preferred items) and direct methods (e.g., simultaneous
presentation of multiple items without replacement) (van der
Meer et al. 2012a, 2012b, 2012¢, 2013; Achmadi et al. 2012;
Strasberger and Ferreri 2013; Lorah et al. 2013). In four
studies, direct preference assessments were used (e.g., free
operant procedure) (Couper et al. 2014; Sigafoos et al. 2013;
Rayner 2013; Ganz et al. 2013). In one study (van der Meer
etal. 2011), investigators asked teachers to list snacks and toys
that were highly preferred for each participant (i.e., an indirect
assessment).

Training Sessions A total of 12 studies implemented the
interventions in a typical manding session format (Achmadi
et al. 2012; Sigafoos et al. 2013; Rayner 2013; van der Meer
et al. 2011, 2012a, 2012b, 2012c¢, 2013; Flores et al. 2012;
Couper et al. 2014; Lorah et al. 2013; Strasberger and Ferreri
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Table 2 Methodological components

Author (s) Design (s) Inter-observer Procedural Social ~Maintenance Generalization
agreement integrity  validity
Achmadi et al. 2012 Multiple probe design across participants Y Y N Y N
Sigafoos et al. 2013 Multiple baseline design across participants Y Y N Y Y
Rayner 2013 Multiple baseline design across participants Y Y N N N
Kagohara et al. 2012 Multiple probe design across participants Y Y N Y N
Kagohara et al. 2012 Multiple probe design across participants Y Y N N N
Van der Meer et al. 2013 Alternating treatment design Y Y N Y N
Van der Meer et al., 2012b  Alternative treatment design embedded in Y Y N Y N
multiple probe across participants design
Van der Meer et al. 2011 Delayed multiple probe across participants design Y Y N Y N
Flores et al. 2012 Alternating treatment design Y Y Y N N
Van der Meer et al., 2012¢c  Alternative treatment design embedded into non- Y Y N Y N
concurrent multiple baseline across participants
design
Van der Meer et al., 2012a  Alternating treatments design was embedded Y Y N Y N
within each phase of the multiple probe across
participants design
Lorah et al. 2013 Alternating treatment design with initial baseline Y Y N Y N
Couper et al. 2014 Alternating treatment design embedded in non- Y Y N Y N
concurrent multiple baseline across participants
design
Ganz et al. 2013 Multiple baseline design across target words Y Y N N N
Strasberger and Ferreri 2013 Multiple baseline design across participants Y Y Y Y Y

2013). The manding session was based on B.F. Skinner’s
analysis of verbal operant by presenting the participants with
preferred items (motivating operations), requesting to have
access to these items by using AAC systems (manding verbal
operant), and reinforcing the response by providing the request-
ed item (specific reinforcement). Researchers in three studies
implemented interventions based on Skinner’s analysis of tact
verbal operant, which means presenting nonverbal discrimina-
tive stimulus (e.g., picture of a cat), verbally responding by
using AAC systems (e.g., cat), and providing general reinforce-
ment (e.g., good job) (Ganz et al. 2013; Kagohara et al. 2012).
In three studies, other verbal operants (e.g., intraverbal) were
also imbedded in manding session (van der Meer et al. 2012b,
2013; Strasberger and Ferreri 2013) by providing the partici-
pant with verbal discriminative stimulus (e.g., “would you like
a snack?”), answering the question with using AAC systems,
and providing general reinforcement.

Naturalistic format training sessions (i.e., intervention is
embedded in the participants’ daily activities) is another cru-
cial area that was analyzed in this review. Only four studies
introduced their intervention in the participants’ daily rou-
tines. For example, Flores et al. (2012) run the manding
sessions during snack time, Sigafoos et al. (2013) and
Couper et al. (2014) implemented the treatment during play
time, and van der Meer et al. (2011) introduced the sessions
during leisure/snack activity.

10S-Based Interventions vs. Other Interventions Several stud-
ies compared the effects of using several AAC systems (SGD,
MS, PCS) on verbal behaviors. Four studies compared be-
tween two AAC systems (MS, SGD) (van der Meer et al.
2012b), (SGD, PECS) (Rayner 2013), (SGD, PCS) (Flores
et al. 2012), and (SGD, PE) (Lorah et al. 2013). Four other
studies compared between three AAC systems (SGD, MS,
PE) (van der Meer et al. 2012a, 2012c, 2013; Couper et al.
2014). The implementation of the three AAC systems (SGD,
MS, PE) was counterbalanced to prevent carryover effects.

Instructional Procedures The studies implemented numerous
instructional procedures to teach their participants to use iOS-
based devices as an AAC system. Seven studies used system-
atic instructional package (e.g., time delay, least-to-most
prompting, graduated guidance, and differential reinforce-
ment) and discrete-trial training (van der Meer et al. 2011,
2012a, 2012b, 2012c; Couper et al. 2014; Kagohara et al.
2012). Two studies used error correction procedure and
least-to-most prompting (physical and verbal) (Ganz et al.
2013; Rayner 2013). Seven of the 15 studies used different
instructional procedures: least-to-most prompting, time delay,
backward chaining, and reinforcement (Achmadi et al. 2012);
chaining, time delay, graduated guidance, and reinforcement
(Sigafoos et al. 2013); least-to-most prompting strategy (van
der Meer et al. 2013); modeling, match to sample, least-to-
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most prompting, and differential reinforcement (Flores et al.
2012); graduated guidance, time delay, and physical
prompting (Strasberger and Ferreri 2013); and constant time
delay prompt fading with full physical prompting (Lorah et al.
2013).

Experimental Designs All of the 15 studies in this review
implemented single-subject designs specifically, multiple
baseline and probe designs and alternative treatment designs.
Most studies combined two single-subject designs in order to
demonstrate functional control and effectiveness of interven-
tions. Overall, researchers in all of the studies used sound
experimental designs (with multiple participants and/or be-
haviors) to establish functional relation between dependent
and independent variables. For various designs, please refer to
Table 2.

PNDs The effectiveness of the using i0S-based devices was
calculated for 13 studies, with a total of 46 participants. The
effect size varied from high effect (90 % and above) to no
effect at all (below 50 %). Twenty three participants out of 46
showed that iPod Touch/iPad-based SGD intervention was
highly effective (PNDs from 91 to 100 %) in improving the
communication skills. For 12 participants, there was moderate
improvement in their communication (PNDs from 73 to
90 %). Six participants showed that the iOS-based SGD
as AAC intervention had minimal effect on communi-
cation skills (PNDs from 50 to 70 %). The intervention
has no effects on five participants (PNDs from 0 and
36 %).

PNDs were compared across age groups (3 to 12 vs.
13 years and higher) and there was no difference across age
groups. I0S-based SGD showed to be a highly effective AAC
intervention for individuals with a wide range of disabilities
with different severity levels. For instance, 48 % of the par-
ticipants with diagnosis of autism, 38 % of the participants
diagnosed with autism and moderate to severe developmental
disabilities, and 14 % of the participants who were diagnosed
with other disabilities (e.g., congenital myotonic dystrophy).

Maintenance and Generalization Eleven studies included
maintenance/follow-up sessions in their experimental designs.
In four comparison studies between AAC systems
(SGD, PECS, MS), the participants were able to main-
tain their ability to communicate using iOS devices
during follow-up sessions.

As for generalization, only 2 of 15 studies assessed the
ability of individuals with autism to apply their acquired skills
to novel situations. In Sigafoos et al.’s (2013) study, the
participants requested to have access to preferred toys by
using iPad-based SGD during treatment sessions and were
able to generalize their acquired skills across different items
(access for a preferred game and mand for preferred snacks).

@ Springer

In another study, the participants had an opportunity to prac-
tice their communication skills by using iPod Touch into their
classroom during their snack time (Strasberger and Ferreri
2013) and the results revealed their ability to use iPod Touch
for manding and answering questions.

Social Validity Only two studies assessed social validity of the
intervention. Flores et al. (2012) assessed teachers’ percep-
tions about the existing communication problems and the need
for AAC interventions using a pre- and post-questionnaire
about the teachers’ previous experiences in using iOS-based
devices. The pre-questionnaire revealed that the participants
were in need for AAC treatments, especially SGD-based
AAC. The post-questionnaire, on the other hand, indicated
that the teachers and the participants preferred the iPad over
the picture communication system, and it was easy to operate
for both participants and teachers. Also, the teachers’ answers
showed that the participants’ communication increased after
using iPad-based SGD. In another study, Strasberger and
Ferreri (2013) administered a post-survey, the Behavioral
Intervention Rating Scale (BIRS) (Elliott and Treuting 1991)
with three classroom teachers to rate the effectiveness and the
acceptability of the intervention. The survey contained 24
questions that were rated on 6-point Likert scale, 6 being the
highest and 1 being the lowest. The average rating of all the
items for all the three teachers was 4.9 (agree).

Discussion

The purpose of the review was to analyze the effects of using
i0S-based SGDs on the communication skills of individuals
with autism and other developmental disabilities. The review
also analyzed the participants’ abilities to maintain and gen-
eralize the acquired skills, as well as parents and teachers’
perception of the i0S-based SGD. Several findings are evi-
dent from this review.

One of the most important results is that iPad/iPod Touch-
based communication intervention has positive effects on
communication skills (manding, tacting, and intraverbal).
Results for 23 participants showed that the i0S-based SGDs
were a highly effective AAC intervention and moderately
effective for 12 participants in improving their communication
skills. There may be several possible reasons for this type of
AAC system to be highly effective, such as voice-output
feedback (Couper et al. 2014; Schlosser, Sigafoos, and Koul
2009; Koul and Schlosser 2004; Schlosser et al. in press), less
cognitive and motor skills demands (van der Meer et al.
2012a), and high iconic symbols (Koul et al. 2001). Also,
the findings show that systematic instructions are the most
effective teaching methods in AAC interventions (Sigafoos
etal. 2013). Furthermore, in a comparison between iOS-based
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SGDs and other AAC systems (e.g., PECS and MS), individ-
uals with autism and developmental disabilities learned to use
10S devices for communication in few sessions. In addition,
preference assessments in several studies revealed that iOS-
based SGD was chosen as the preferred method among other
AAC systems (e.g., PECS and MS) (van der Meer et al.
2012a, 2012b, 2012c).

Some additional variables need to be considered when
interpreting these results. For examples, participants in three
of the studies had a previous experience with using iOS
devices for communication which might have influenced the
study results (van der Meer et al. 2013; Kagohara et al. 2012;
Achmadi et al. 2012). Furthermore, in some studies, when
researchers compared SGD and other AAC systems, the par-
ticipants’ familiarity with MS and PECS may have influenced
the results (Couper et al. 2014).

Results also indicate that iPad/iPod Touch-based
SGDs also have positive effects on decreasing challeng-
ing behaviors. For example, one participant showed a
decrease in physical aggression (hitting) after introduc-
ing iPad-based SGD as AAC system (Sigafoos et al.
2013). SGDs may facilitate expressive language skills
(Sigafoos et al. 2003). This is consistent with the
existing literature that when participants’ communication
is enhanced through AAC systems, challenging behav-
iors may decrease because they may have learned a new
method to communicate instead of unconventional
methods (i.e., challenging behaviors) (Walker and Snell
2013).

Although researchers in many studies did not probe for
generalization, the participants were able to use i0S-based
SGDs for communication with different items and in different
places (Sigafoos et al. 2013; Strasberger and Ferreri 2013).
The generalization tactics that were used in these two studies
are based on applied behavioral analysis (ABA). In Sigafoos
et al.’s (2013) study, the authors used stimulus generalization
to prompt the participants’ abilities to use the 10S-based
device to mand for multiple preferred items. In another
study, Strasberger and Ferreri (2013) provided their partici-
pants opportunities to use the i0S-based device in their class-
rooms, which is considered an introduction to natural rein-
forcement contingencies as a generalization tactic.

In regards to social validity, parents and teachers have
reported positive perceptions about iOS-based SGDs. The
results of social validity questionnaires revealed that their
students/children learned to use the iOS devices faster than
other AAC systems (e.g., MS and PECS). According to
parents’ and teachers’ perceptive, not only 10S devices were
superior to other systems in fast acquisition, but also in pref-
erence and effectiveness (Strasberger and Ferreri 2013; Flores
et al. 2012). These results might be because i0S-based SGDs
are more appealing, portable, and cost effective compared to
other conventional AAC systems (e.g., Couper et al. 2014).

Also, studies that compared iOS-based devices with other
AAC systems, participants preferred 10S-based devices for
communication instead of pictures or MS.

The review revealed that there are several gaps in
literature and future researchers need to address these
gaps. None of the 15 studies included having symbolic
understanding as participants’ inclusion criteria or pro-
vide data on the participants’ scores on symbol assess-
ments. Information on the participants’ ability to distin-
guish between two-dimension and three-dimension items
is critical to select the appropriate AAC system for
individuals with complex communication needs
(Beukelman and Mirenda 2013).

Researchers in six studies reported data on the effects of
10S-based SGDs on verbal behaviors (tact, intraverbal, and
autoclitic), as well as spoken words production (Kagohara
et al. 2012; van der Meer et al. 2011, 2013; Ganz et al.
2013; Strasberger and Ferreri 2013); more research is
needed in this area. Another area to be investigated is
teaching individuals with autism and developmental abili-
ties about operational skill, such as turning on/off the iOS
device, navigate multiple page levels, return to the home
page, and clear messages in the message box. Moreover,
some of these studies included few symbols on the display
screen, including distracter symbols, and combing multiple
symbols to create sentences (subject, verb, and object) (van
der Meer et al. 2012a, 2013; Strasberger and Ferreri 2013;
Couper et al. 2014). As for contextual format, there is a
critical need for more research in conducting the sessions
in individuals’ daily activities which is recommended in
the area of effective AAC interventions. Also, there are a
limited number of Apps that are implemented in the 15
studies (Proloquo2Go, PECS phase III, and Pick-a-Word).
Further research need to investigate the effects of other
recent apps on communication skills (e.g.,
Proloquo4Text, TapSpeak Choice LLC, and OneVoice).
Another area that needs to be studied is comparing the
effectiveness between two to three types of SGDs (e.g.,
Dynavox, i0S, and Go talk). All of the studies in this
review used two types of iOS devices (iPad and iPod
Touch); however, no studies included other more recent
devices (e.g., iPhone, mini iPad, and other window-based
or android devices such as Microsoft Surface Pro 2,
Google Nexus 10, and Kindle Fire HDX 7).

Even though the review concluded a list of positive
effects of iOS devices on communication skills of indi-
viduals with autism and developmental disabilities, the
findings need to be considered in the view of some
limitations. First, we did not include dissertations or
unpublished studies. Second, the results of the studies
are based on limited number of studies with partici-
pants’ ages between 3 to 17 years old, with a variety
of disabilities limiting the conclusions.
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Implications for Practitioners

10S-based devices may benefit both individuals with autism
and developmental disabilities to improve their communica-
tion skills. It should be noted that before using a tablet-based
computer as AAC system for individuals with disabilities,
symbol assessments should be conducted to ensure that they
have symbolic understanding to benefit from the intervention.
At the beginning stage of teaching to use tablet-based com-
puters, it is recommended to train the participants in manding
skills in order to pair the device to be a conditioned reinforcer
for the individual. Therefore, it is very important to use
preference assessment to conduct successful manding ses-
sions. Communication skills are more than expressing
needs/wants. Thus, practitioners should train individuals with
complex communication needs through a wide variety of
verbal behaviors that aim to develop social interactions, rela-
tionships with others, and in different contextual settings.
Also, individuals with autism and developmental disabilities
need to be trained in discrimination among multiple symbols.
In order to develop competent communicators, practitioners
should train individuals to develop their operational skills to
use the AAC device successfully, such as combine multiple
symbols to create sentences, navigate through multiple page
levels, add/remove icons, turn off/on the device, and erase
messages in the message window.

Conclusion

Overall, the reviewed studies concluded that using i0S-based
SGD have positive effects on communication skills of individ-
uals with autism and developmental disabilities. Based on
AAC systems comparison studies, i0S-based SGDs surpassed
other AAC systems (e.g., MS and PECS). Specifically, iPads
are more effective than other tablet-based computers. As for
the i10S-based Apps, Proloquo2Go appeared to be the most
effective communication app. The results of the review also
revealed that systematic instructions are effective in teaching
AAC interventions. Further research should focus on using
other communication apps that run on a wide range of touch-
screen devices to improve multiple types of verbal behaviors.
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