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This article p rovides a review of the empirical lite rature on a number of topics 
related to augmentative and alternative comm unication (AAC) and assistive technology 
as they have been used to support communication and learning in individuals with 
aut ism/POD -NOS. The review is presented in six main topic areas: Assessment, Staff/ 
Family Training, Supports for Augmented Input, Supports for Augmented Input + Out
put , Supports for Augmented Output, and Assistive Technol ogy for Communication 
and Learning . Finally, recommendations for future research are provided . 

T his article provides a review of 
the published, empirical litera
ture throug h 1999 on a number 

of topics related to augmentative and al
ternative commLulication (AAC) and as
sistive teclmology as they have been used 
to support communicatio n and learning 
in individuals with autism/ PDD -NOS. 
First, a brief description of the criteria 
used to select the papers reviewed in this 
article and the search strategies used to 

locate them will be provided. Then , the 
review wiJl be presented in six main topic 
areas: Assessment, Staff/Fa mily Training , 
Supports for Augmented Input, Sup
ports for Augmented Input + Output , 
Supports for Augmented Output , and 
Assistive Technology for Com muni ca
tion and Learning. Finally, recommenda 
tions for fumrc research wiU be provided. 

Selection of Sources 

Several criteria were established for se
lecting the sources reviewed in this paper. 
Papers had to meet all of the criteria in 
orde r to be included. 

Copyrig ht 2001 by Pat Mircnda . 

1. Only studie s that used aided AAC 
~-ymbols were included in the review. 
Aided symbols require some type of device 
or aid that is external to the user' s body, 
while unaided symbols require nothing 
ot her than the user's body parts to con
vey a message (Fuller, Lloyd, & Stratton, 
1997 ). Examples of aided symbols in
clude real objects, photog raphs, and 
black-and-white line drawings , and ex
amp les of unaided symbols include facial 
expressions, manual signs, and natural 
speech and vocalizations. 

2. Studies were selected only if they 
included at least one individual with au
tism or pervasive developmental disorder
not othe rwise specified (PDD -NOS). 
Thus , studies that focused on AAC or 
comp uter techno logy for individuals 
witJ1 othe r disorders on the autism spec
rrum were excluded (e.g. , Rett syn
drome; Van Acker &. Grant , 1995 ). If 
individuals with o ther disabilities also 
participated in a study, only the resul.ts 
for those with autism or PDD- NOS were 
examined. 

3. Only sources tJ1at provided at least 
m.inim:il evidence related to outcomes 
were evaluated. Case studies (A-B) were 
included if tJ1ey provided rich detail or 
informal data about an intervention and 

its impact. Discussion p:ipers, literature 
reviews, tutorials, and other nonempiri 
cal works were not included , even if they 
focused on autism ( e.g., Mirenda & Schu
ler, 1989 ). 

4. Only published reports tJ1at ap
peared in refereed journal s or peer 
reviewed book chapters were included. 
Un published dissertati ons or these s, 
manuscripts, conference presentations, 
as weU as manuscript s submitt ed but 
not yet accepted for pub lication were 
excluded. 

5. Studies had to focus, at least mi1li
mally, on the functional , interactive use 
of aided AAC for communication or on 
the learning outcomes associated with as
sistive tedm ology for instruction. Thus, 
studies tJ1at explored theoretical issues 
related to AAC (e.g., Kozleski, 1991 ) or 
that were designed to reach skills consid 
ered by tJ1e autho rs to be "p rerequisites" 
to interactive comm unication ( e.g., Ber
kowitz , 1990 ; LaVigna, 1977) were ex
cluded. Studi es that explored the use 
of automated but non -compute rized in
str ucti on were also excluded ( e.g., 
Russo, Koegel, & Lovaas, 1978; Strick
land , Mar cus, Mesibov, & Hogan , 
1996). 

6. Sources written in languages o ther 
than English were excluded (e.g., He i
mann , Nelson, Gi!Jbcrg, & Karnevik, 
1993; Nakamura, 1997 ). 

Search Strategy 

Several search methods were used to lo
cate the sources reviewed in this article. 
First , the on-line PsycINFO and ERIC 
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data bases were searched using terms that 
included augmentative comrmmication, 

comptiter-assisted i·m-trilction, autism, au.
tistic, technology, pictu .re, symbol, voice 011,t

pttt communication aid, and commimica
tion. Second, hand scard1es of aU issues 
(th.rough 1999) o f the Journal of Au
tism and D e11eloprncntn.l Diso,,·ders, Po
cw on Autism and Oth er D evelopmental 
Disabilities, Au.gmentative and Alterna

tive Commimication , and the Journal of 
Special Edu.cation Technology were con
ducted. Third , the reference sections of 
aU located sources were reviewed for ad
ditional sources that did nor appear in 
the on -line searches. Finally, the author 
personally contacted several i11dividuals 
in the MC field who have previously 
published books or articles related to one 
of the topics assigned to this paper to so
licit information about additional "in 
press" mrumscripts that might be appro
priate to include. 

Assessment 

Tn the broadest sense, the goal of AAC 
intervent ions is to assist individual s with 
severe commnnication diso rders to be
come communi catively competent today 
in order to meet their current communi 
catio n need s and to prepare them to be 
communicativel y competent tom orrow 
in order to meet their fi.tture communi 
cation needs (Beukelman & Mirenda , 
1998 ). MC assessment involves the pro 
cesses by which information is gathered 
and analyzed so that users of M C sys
tems and those who assist them c:111 make 
informed decisions about the adequacy 
of current communi cation , communica
tion needs, MC system s and equipment , 
instruction, a11d outcomes. 

An excellent example of AAC assess
ment and subsequent intervention plan
ning was provided in a recent case study 
describing the process used by a schoo l 
terun to support a 6-year-old boy with au
tism (Light , Roberts , Dimarc o, & Grei
ner, 199 8). The au thors used no special 
procedures for the assessment just be
cause the child happened to have autism; 
indeed , no "autism-specific" AAC assess
ment procedures have been documented 
or reported in the literatu.re to date. 

Howe ver, they did use the general struc 
tur e of the Participation Model (Beukel 
man & Mirenda , 1998), a widely-used 
proce ss for AAC assessment and inte r
vention, to address three primar y assess
ment goa ls: ( 1) to gather informati on 
about the student's current and antici
pated future comm unication needs and 
identi fy priority needs that were u11111e½ 
(2 ) ro determine the student 's ab ilities 
with regard to the sensory, recepti ve lan
guage, expressive communi catio n, sym
bol repre sentati on, lexical organizati on, 
and motor skills needed for communica
tion; and (3) to investigate the interac
tion strategics used by frequent commu
nication partners and identify bru·riers 
that limit ed the student 's opportunities 
to communicate. 

The authors used a comb ination of in
terviews (e.g., with parents , teachers, etc.), 
a communication needs survey (Beukel
man & J\ttirenda, 1998), ecolog ical inven 
tories (Reichle, York, & Sigafoos, 1991), 
systema tic observations, and both formal 
and informal (i.e., criterion-referenced ) as
sessment approaches to gather this infor 
mati on . On the basis of the assessment 
result s, the y designed a comprehensive 
MC intervention to support the student' s 
development of both la11guagc forms 
and language functions. His multimodal 
communication system consisted of nat 
ural speech, po inting ru,d other conven
tional gestures, a commLmication book 
and dictionary , and a Macintosh Power 
book with a high -quality speec h synthe 
sizer ru,d Write Out :Loud sofhvare (see 
Note 1 ).T his case stud y example is 
unique in that it illustrate s the applica
tion of state-of-the -art AAC assessmen t 
pro cedure s to a child wid, autism. 

Staff/Family Training 

The empirical literature specifically fo
cused on staff and family training in AAC 
and assistive technology wid1 individual s 
with autism is virtually non existent. In 
fact, only one sud , study was located in 
the published literature to date (Stiebel, 
1999 ). In d1is study, the parents of d1ree 
chi ldren with autism (ages 4-6 ) were 
taught a problem -solving intervention to 
promote d1e children 's spontaneous use 

of MC symbols duri11g daily routines 
at hom e. The symb ols consisted of d1ree
dimensional objects ( e.g., candies glued 
to an index card); associated o bjects 
( e.g., ru1 empty videocassette container, 
an empt y juice bottle); a11d co lored ph o 
tograph picnr.re cards to rep resent ob
jects , verbs, people, places, a11d activities. 
The symbols were displayed in a vruiety 
of formats, including folders or boards 
,vith velcro, picture albums, and small 
baskets. The parents were first taught to 
use the natural teachu1g paradigm (NLP ; 
Koegel, O'D ell, & Koegel, 1987 ; Laski, 
Charlop, & Schreibman , 1988) to teach 
use ofd,e symbols in specific natural con
texts. Then, d1ey we re taught to use an 
8-stcp problem-so lving inter vention to 
facilitate generalization of the children's 
symbol use to novel routines in which 
d1is did not occur spontaneously. The 
eight steps included: ( 1) identifying d1c 
problemati c routine in which d1c child did 
not use d1e symbo ls; (2 ) iden tifying pos
sible reasons for the problem ; (3) brain 
storming solution s to increase symbol use; 
( 4) discussing the pros and cons of each 
solution ; (5) selecting the solution d1at 
best fits wid1 the routine ; (6) planning 
and implem enti ng a strategy; (7) evalu
atiJ1g the strategy in light of its long
term "fit" with die family's lifestyle; and 
(8) planning a follow-up meeting to re
view progress. The results indicated d1at 
the children learned to use their symbols 
spontaneou sly and that the problem 
solving intervention was successful at in
creasing parent -provided oppo rtun ities 
for comm unication in daily routines. The 
authors nored d1e importance of teach 
ing parents to fucilitatc communication 
using strateg ies that can be embedded 
into relevant daily routines in home and 
community setti11gs. 

Supports for 
Augmented Input 

AAC interventions includ e a wide range 
of strategies and procedures whose com
mon goal is to facilitate an individual's 
ability either to (a) commnnicat e more ef
fectively with od1ers (i.e., expressive com 
munication strategies) or (b) imderrtand 
commw1ication from others (i.e. , aug -
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mcnted input strategies: Wood, Lasker, 
Sieg el-Causey, Beukelman, & Ball, 
1998 ). Although the latter set of smte 
gies has received relatively little attention 
until recentl y, tl1ere is increasing evidence 
that many individuals witl1 autism bem::
fit greatly when languag e input is aug 
mented, particularly tl1rough the visual 
modality (Hodgdon , 1995 , 1996; Quill, 
199 7). 

One of the earliest published n~ports 
of the use of pictorial symbols (in this 
case, line drawings ) to support compre
hension was provided by Lancioni ( 1983 ). 
Three ch.ildren, two of whom had been 
diagnosed as having autism (ages 10-4 
and 12 -8), were involved in a multi -step 
"tra ining program" that was conducted 
6 days a week for 5 hours a day, for a total 
of over 100 days. They were taught ro 
follow pictorial d.irections on cards, be
ginning with simple object discrimina 
tions ( e.g., touching a pictured object ) 
and terminating with activities that were 
performed with a peer partner ( e.g., car
rying an object from the beginning to 

tl1e end of a row of blocks and dropping 
the object into a container held by a typ
ical pee r). Accordin g to the report, botl1 
children witl1 autism learned to fol.low 
"t housands" of picto1ial directions cor
rectlv over the course of the srudy and 
demonstrated gene ralized learning with 
new pictures. This report is among the 
first to provide support (albeit weak) for 
the use of visual supports for compn ::
hension. 

Schedules 

One of the most common augmented 
input strategies involves the use of pic
torial or written schedule s to assist ind.i
viduals to understand and follow pre 
dictable activity sequences in school and 
hom e sett ings (Quill, 1997 ; Wood ct al., 
1998). In a few published reports inves
tigating this approach, chiJdren \\ith au· 
tism or their caregivers were taught to use 
within-tmk pictorial schedules to assist with 
comp letion of specific activities in school 
and home settings. For example, Pierce 
and Schreibman (1994 ) taught Robb y, a 
6-year-old boy with autism, ro use a 10-
photoi:,rraph sequence.: for "getting dressed." 
Hall, McC lannahan , and Krn1tz ( 1995 ) 

taught a classroom aide to suppo rt Larry, 
an 8-yc.:ar-old boy witl1 autism, \\ith a pii.:
torial schedule depicting the steps of an 
independe nt writing task in his Grade.: 2 
classroom. Finally, Mirenda , MacGregor, 
and Kelly-Keough (in press ) taught the 
motlm· of a 6-year-old girl with POD
NOS and profound deafoess to use a 
within -task schedule for hair-washing to 

decrease her ranu·um behavior. 
In other studies, participanrs used 

betwe,m-tasl· schedules to access informa
tion about what would happen next as 
they moved from one activity to tl,e next. 
For example, Flannery and Horner ( 1994 ) 
used a written schedule to support Aviv, 
an adolescent witl1 autism who engaged 
in aggression , sclf-i11jury, and property 
destructio n. Aviv wa~ known to exhibit 
problem behaviors when tl1e sequence and 
duration of activities at schoo l were un 
predictable. Because he was able to read, 
Aviv was provided with a printed, se
quential list of upcoming activities and 
their durations at the begi1111ing of each 
schoo l period, and was prompted ro con 
su lt the list regularly to predict "What ac
tivirv is next?" When tl,e schedule was 
not available, he engaged in moderately 
high rates of problem behavior , com
pared to no such behaviors when the 
schedule was provided . Similar results 
were found in a studv with you ng chil
dren (ages 6-8 ; Krantt , Mac Duff, & J\lk
Clannahan , 1993 ) as well as in one with 
older children (ages 9- 14; MacDLln: 
Krantz, & McClannahan , 199 3). Such re
sults suggest that individuals \vitl1 autism 
can learn to use pict:01ial or wrinen sched
ules for independent self.management, 
and that , ar least in some cases, their prob 
lem bd,aviors may be reduced or elimi
nated when these supports arc provided. 

Based on the extant research, a num · 
ber of user-friend ly books or manuals are 
available to assist caregivers in designing 
pictorial or written schedu les that can be 
used as visual prompts to teach appropri 
ate behavior~ and expectations in specific 
situations ( e.g., Hodgdon , 1996 ; McClan
nahan & Krantz, 1999 ; Quill , 199 7). 
Such schedule s are similar to social sto 
ries used with pictoria l symbols (Gray, 
1995 ). Onl y four pub lished studies (one, 
a serie s of uncontrolled case sn 1dies ) have 
investigated the efttcacy of social stories 

using pictorial symbols, \\ith children 
with autism between the ages of 7 and 
12 (Hagiwara & Smith Myles, 1999 ; 
Kuttler, Smitl1 Myles, & Carlson , 1998; 
Norris & Dattilo, L 999; Swaggert ct al., 
1995 ). All four provided suggestive evi
dence in support of this approach for 
teaching appropriate social skills and/ or 
reducing problem behaviors; however, all 
four studies had various methodological 
weaknesses, and additional research is 
needed in tl1is area. 

Visual Symbols 
for Choicemaking 

A few published reports have docu 
mented the successful use of visual sym
bols as augmented input related to choice
making by individuals with autism ( e.g., 
Peterson, Bondy, Vincent , & Finnegan , 
1995; Vaughn & Horner , 1995 ) . For ex
ample, Vaughn and Horner provided 
food choices dur ing mealtimes at home 
to Karl, a young man with autism. Some
times the choices were presented ver
bally (e.g. , "Do you want X or Y?") and 
sometimes they were presented verbally 
mu{. with tl1eir corresponding photo 
graphs (e.g., "Do you want X !show 
photo l or Y [show photo 1?"). With ver
bal choices only, Karl acceptt.:d around 
rwo-tl1irds of tl,e foods he chose, and 
exhibited frequent disruptive :111d aggres
sive behaviors. When verbal + phoro 
grap h choice were provided, K.11·l's ac
ceptance rate for tl1e foods he chose rose 
to around 85%, aJ1d there were many 
days on which he rejected no meals and 
exhibited no challcngiJ1g behaviors at 
mealtime. This study suggest s that the 
use of visual symbols to support choice 
making may be of benefit to individuals 
who requi re augmen ted input for lan
guage comprehens ion . 

Supports for Augmented 
Input + Output 

The supports in this catego ry ditfrr from 
those discussed previously in that tl,ey 
are specifically designed to suppor t both 
comp rehe nsion (i.e.:., receptive language ) 
and production (i.e., express ive lan
guage ). Thus, rJ1cy include strategies for 
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augmenring both the input to and the 
out put from an MC user. For example, 
a recent snid y explored the effects of var
ious spokc.:n and/o r wrirten interaction 
strategies for input and outp ut on the 
conversational abilities of 5 lfrcrate men 
with autism (Forsey, R.1.ining-B ird, & 
Bedro sian, 1996 ). Each participant with 
autism engagcd in four conversations 
with the same adult com muni cation 
partner over a 3-day period. In Condi 
tion A, both members of the dyad spoke. 
In Co ndition B, the participant with au
rism spokc and the partner ryped all of 
her mcssages on an TBM laptop com 
puter, while in Co ndition C, the oppo 
site occurred . Finally, in Condition D , 
both members of the dyad typed all of 
their messages. The results indicated thar 
in the cond itions in which one o r both 
individuals ryped (i.e., B, C, and D ), the 
participants with autism produced signif
icantly longer urtera.nces than in Co ndi 
tion A, when only spoken language was 
used. The results provide some supp ort 
for the use of the written mock as a pos 
sible augmentative tool for bot h input 
and outp ut in interactions with literate, 
speaking persons with autism. 

Aided Language Stimulation 
(ALS) 

Aided lang uage stimulation (Elder & 
Goosens' , 1994 ; Goosens', Crain, & El
der, 1995) is another MC " input+ out 
put" app roach, the grn1I of which is to 
teach individuals to und erstand and use 
visual-graphic symbo ls for com munica
tion. ln ALS, a communication parmer 
"highlights symbols on rhe user's com 
munication display as he or she inter
acts and comnm nicatcs verbally with the 
user" (Goosc ns' ct al., 1995 , p. l 01 ). 
For examp le, the partner might say, "It 's 
time to put the cookie mix in the bowl," 
while pointing to the symbo ls " PUT ," 
"COOKrE," " IN ," and "BOWL " on a 
comm unicatio n display. Augmented in
put is achieved when the facilitator points 
to or highlights symbol s while he or she 
is talking. Augmented output is elicited 
from tl1e user tl1rough the use of a ratl1cr 
elaborate hierarchy of nonverba l and ver
bal instructional stra tegies. To date , only 

two unpubli shed doctoral dissertations 
have investigated the effectiveness of 
ALS with individuals with autism (Cafi
cro, J 995; Dexter, 1998 ); tl1erc arc no 
published studies in this area. 

System for 
Augmenting Language 
(SAL) 

A third type of intervention in th is area 
is the System for Augmenting Lru1guage 
(SAL), which is quite similar to ALS, 
wit!, two nota ble exceptio ns: (a) tl,e use 
of an electronic voice-output communi 
cation aid (VOCA ) is considered a criti
cal component ( Rom ski & Sevcik, 1992 , 
1996 ), and (2 ) the elaborate procedures 
for augmented input and elicitation used 
in ALS are grea tly simplified. In SAL, 
comm unicacion displays using visual
graphic symbols witl1 a p1inted word gloss 
are constr ucted for each learner 's VOCA, 
and communic ation partners are taught 
to use the symbo ls + VOCA to augment 
their speec h input during naturall v
occurring communicati on interactions. 
Learners are encouraged , though not re
quired, to use the device throughout the 
day. Like ALS, the SAL relics heavily on 
partners' cooperation and use of tl1e 
technique on a11 ongo ing basis in natural 
settings. 

Romski and Sevcik ( 1996) conducted 
a 2 -ye::tr longitudinal stud y of SAL and its 
outco mes wit!, 13 stud ent s (ages 6- 20) 
with moderate or severe intdlccrual dis
abilities and severe expressive communi 
cation impairment s. Two of the students 
had autism; one was 7 -3 and the otJ1er 
was 16-7 at the start of tl1e study. AJJ of 
the studen ts were in primary or second 
ary schoo l classrooms , had no more than 
l 0-wo rd spoken vocabularies, and were 
ambulat ory. They were each provided 
with portable VOCAs wit!, abstract lexi
grams to reprcsc.:nt single-word messages. 
Co mmuni cation partners were taught to 
operate d, e VOCAs and to use them in 
accordance with the basic compone nts of 
SAL, as described previously. 

The results of the SAL project arc 
quite impressive. AU of the partic ipants , 
includjng the two with autism, learned to 

use both referential symbo ls (i.e., those 

for which there were real object refer
ents ) a11d social-regu lative symbo ls ( e.g., 
please, thank you, more, yes, 110, fin
ished) to communi cate (Adamson, Rom 
ski, Deffcbach, & Sevcik, 1992 ). They 
used the SAL in an average of 37% of 
their communi cations , primarily to make 
req uests, label objects, and answer ques
tions (Romski ct al., 1994 ). Seven of the 
13 participants (including the 2 witl1 
autism ) showed evidence of advanced 
achievement with regard to symbol use, 
including: (a) production of messages con
sisting of two or mo re symbols in com
bination (e.g., WANT MOR E, HELP 
PLEASE); (b) prod uction ofa n increased 
proportion o f spoken words d1at were 
rated intelJigiblc over tl1e course of the 
study ( R.omski & Sevcik, 1996 ), and 
(c) recognition of many of the printed 
words paired witl1 both referential and 
social- reg1Llative symb ols. At tl1e end of 
2 yeru·s, individual participant achieve
ments ranged from 20- 70 S)'mbols (Rom 
ski & Sevcik, 1996 ); 5 years later, all 13 
participants were sti ll using tl1eir VOCAs 
durin g daily c.:ommuni cative interactions 
and had a mean of 70 symbols (range= 
41 - 104 ) (Romsk.i, Sevcik, & Adamson , 
1999 ). The SAL project demonstrated 
that a naturali stic, "to tal immersion" ap
proach can be effective in facilitating 
bot h receptive and expressive commun i
cation skills in individuals wit!, inrcl
lcctuaJ disabilities, including those with 
autism. 

AAC Supports for Output 

Visual-Spatial Symbols 

Schu ler and Baldwin, in a. seminal pa
per on "no nspeech co mmun ication and 
childhood autism" pub lished in 1981 , 
were among the first to suggest tl1at tl1e 
relatively strong visual-spatial streng ths 
of individua ls witb autism were a natural 
"match" for th e use of visual-spatial sym
bols such as photographs and line draw 
ings for expressive com mw1ication. Sub 
seque ntly, reports of the successful use of 
such visual-graphic symbol s with per sons 
with autism began to appear i11 the liter
ature , a11d by the late 1980s , tl1ey were 
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widely used in AAC inter vention s, at least 
in North Ameri ca (Mirenda & Math y
Laikko, 1989 ; Mirenda & Schuler , 1989 ; 
Mirenda & Erickson, in pre ss). 

Man y of the published studi es of th e 
use of visua l-sp atial symb ols for expr e -
sive communication with individual s 
with autism have inco rporate d Picture 
Co mmuni cation Symbol s (PCSs; Ma yer 
Jo hn son Co., 1994 ) to repre sent mes
sages (e.g., H am ilto n & Snell, I 993 ; Mi 
renda & Santogross i, 1985 ; Rothol z, Ber
kowit z, & Burb err y, 1989). Others have 
repo rt ed the use of photographs (Stiebel, 
1999 ), rebu ses + Pictograms ( Reidtle & 
Brown, l 986 ), or non -specific graphic 
symbol s ( e.g., Garrison-Harrell, Kamp s, 
& Kravits, 199 7; igafoos, 1998 ). Th e 
swdi cs have exp lored vario us aspects of 
instru ction related to AAC instruction; 
in mos t cases, the fact that the parti ci
pant(s ) were on the autism spectrum was 
incidental to the purpose of the stud y. 
One exception was a case snid y by Mi
renda and Santogrossi, who successfully 
used a "prompt -free" instructional stra t
egy that was spec ifically designed to teach 
communi cation symb ol use to an 8-ycar
o ld girl \\~th autistic -like characteristics 
who was ove rly reliant on instructi o nal 
cues. The seco nd srud y was an investiga 
tion of the effects of a peer network strat 
egy on the d urati on of socia l intera ction 
and social-communicative skills (Garrison 
HarreU et al., 199 7) . In thi sni dy, typi
cal peers were successf ully taught to 
engag e in soc ial-co mmuni cative interac 
tions ,vith th ree 6- to 7-year-o ld stud ents 
with auti sm via "low -tech" (i.e., non 
electronic ) visual symbol di splays. The 
results showed increas ed int eractio n time 
for all 3 snidcn ts with auti sm and in 
creased expressive language for 2 of them. 

The rem aining studie s, all of which in 
volved individual s with autism or PDD 

OS , have docum ented th e fo llmving: 

(a) the succ essful use of m ilieu tech 
nique s ro teach co mmuni catio n 
book use to an adolescent (Hamil 
ton & Snell, 1993 ); 

( b) two ado lescents' successful use 
o f co mmuni cation books but not 
manual sign s in co mmuni ty set tin gs 
(Roth olz ct al., 1989 ); 

( c) the inst ru ctional proced ur es used to 

teach an adult to use a multipage 
communication book (Reichle & 
Brown , 1986 ); 

(d) strate gies used to teach co ndi 
tional use of a "WANT " symb ol 
to a 6-year -o ld boy (Siga foos, 
1998 ) ; and 

(c) the use ofa problem -solving inter 
vention to increa se both co mmuni 
cation opp ortw1itics provided by 
paren ts and the spo ntan eo us use of 
photograph cards by youn g chi_l
dren in ho me setting s (Stiebe l, 
1999 ). 

The papers reviewed so far in this sec 
tion were designed to investig ate a wide 
range of visual-spatial symb o ls as tech 
niques for exp ressive communication. In 
additi on , seve ral paper s ate related to two 
specific techniques for communicative 
outp ut , the Pictu re Exchange Co mmu 
nication System (PECS ) and functiona l 
co mmuni cat io n training {FCT ). T hese 
will be summarized and reviewed in the 
sect ions that follow. 

Pict ure Exchange 
Communication System 

Th e Pict ure Exchange Co mmunjc atio n 
System (PE CS ) is a st ructured behavioral 
int ervention program designed to teach 
the use of visual-g raphi c symbol s for 
co mmuni cation (Frost & Bond y, 1994 ). 
It is used \,ridely in North America ,,~th 
childr en and adul ts with autism, al
tho ugh it is al o app licab le to othe r indi 
viduals with severe co mmunic ation im
pairments. P ECS utilizes visual -graphic 
symbols ( usually PCSs, although ph o 
tographs and other types of symb ols can 
be used as we ll). Ir is unique in that the 
injtial go al is to teach indi,~duals to make 
requ ests by handin g (i.e., exchanging ) 
symbo ls for desired items (e.g ., foods, 
d rinks, toys ) to a co mmuni cative partner. 
On ce an individual can initiate thi s ex
change und er a varie ty of conditions and 
\vith a \~d e range of people , the system 
is gradually expande d to teach addjtio nal 
co mmuni cative functions such as label
ing and information gath ering. 
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Most of the publis hed data on PECS 
are anec dotal in nature and are based on 

the rnmulative expe rienc es of the PECS 
auth ors at d1e D elaware Autistic Pro
gram ( Bo nd y & Frost, 1994 ). Bond y and 
Frost ( 1998 ) repo rted o n the use of 
PECS with a gro up of presc hoole rs from 
this program who had no fum.:tionaJ speech 
or previo us AAC systems. Of 19 ch ildren 
who used PE CS for less than 1 year, 2 ac
quired independent speech and 5 devel 
oped so me functio nal speech while using 
PECS. The remaining 12 children used 
PE CS as th eir so le co mmunicat ion mo 
dality. Among 66 childr en who used PECS 
for mo re than 1 year, 39 developed in 
dependent speec h (59 %), 20 od 1ers used 
speech + PECS (30%), and the remain 
ing 7 used o nly PECS ( 11%) (Bo ndy & 
Frost , 1998 ). Thus, a total of8 9% of the 
childr en in d1e latter group developed at 
least some functiona l speech after 1 co 5 
years of PECS instruction. 

The re is also one publi shed sn1dy o n 
the use of PE CS with partic ipan ts o utside 
of the Delawar e pro gram (Schwartz , 
Garfinkle, & Bauer, 19 98 ). The snidy in
volved 3 1 children who attended an in
teg rated , uni versity-affiliated pre schoo l; 
16 of d1e children (52%) had autism or 
PDD -NOS. The stud y was conducted 
ove r a 4 -year period, during which d1e 
31 children were expos ed to PECS in
str uction . Ove r an average of l4 month s, 
aU of the children learned to use PEGS 
with both adults and peers in the pre
scho ol. The y required, on average, 11 
mo nd1s to learn to spo ntane o usly dis
crim inat e and exchan ge " I want + sym 
bol " sentence st rips with adults, and an 
additio nal 3 mo nth s to learn to do thi s 
with peers. In a subsample ofl8 of these 
children ( 11 of whom had autism ), 8 
( 44 %) de veloped robust verbal skills after 
learni ng PECS; 6 of these "talkers" had 
auti sm . Th e remainin g LO ch ildren ( 56 %) 
acq uired very litt le speech but co ntinued 
to use PECS as their primary com mu 
nicative mode at school; 5 of thi s gro up 
(50%) had auti sm. From these data , which 
are ge nerally co ngru ent with those pro 
vided by Bond y and Frost ( 1994 , 1998 ), 
it appears d1at PECS can be used suc 
cessfi.1lly to teach at least begi nnin g co m
muni catio n 1,-ymb o l use, and that its use 
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may fucilitate speech development when 
used with children on the autism spec
trum und er the age of 6. Data regard
ing the co-deve lopment of speech in 
o lder children are not currentl y available 
(Bondy & Frost , 1998 ). 

Funct ional Communication 
Training 

Th e ter m functio nal c01nmu1iication 
traini11g (FCT ) has been used over the 
past decade to refer to a set of procedures 
designed to reduce probl em behavior by 
teaching functionally equ ivalent com
muni cation skills. FCT requi res a tl1or
ough assessment to identify the function 
of the behavior of conce rn , and sys
tematic instru ctio n related to teaching 
functionally-related alternative comm u
nicative behaviors. The growing bod y of 
empirical literature demonstrating the ef
ficacy and mechanisms of this procedure 
has included a number of examples in 
which AAC techniques were used during 
intervention witl1 individuals with autism 
(Mirenda, 1997). In fact, one of the first 
empirical demon strations of tl1e pat en rial 
of FCT involved an 11-year-o ld boy with 
autism who had extre mely liniited ex
pressive language and displayed frequent 
grabbing and yelling behaviors durin g 
the school day (Horner & Budd , 1985). 
After informal assessment of tl1e condi
tion s in which the behaviors occurred, a 
decision was made to teach him five man 
ual signs for items that appeared to be re
lated to the grab bing/y elling. 1n other 
words, he was taught to request the items 
for which he usually grabbed/ye lled. The 
data indicated quit e dearly tl1at once he 
had learned to use the signs in tl1e nat 
ural environment of the classroo m, his 
sign use increased and his grabbing and 
yelling behaviors decreased dramatica lly. 

1n a review of FCT studi es publi shed 
between 1985 and 1996 in which one or 
more AAC techniqu es were used (Mi 
renda, 1997 ), 8 of the 52 participant s 
(15%) had autism (Bird, Dores , Moniz, 
& Robinson, 1989 ; Campbe ll & Lutz
ker, 1993 ; Day, Horner, & 0' eill, 1994; 
Horner & Budd , 1985 ; Horner & Day, 
1991 ; Sigafoos & Meikle, 1996 ; Wacker 
ct al., 1990). They ranged in age from 7 

to 36 (four were 8 years old o r younger) 
and engaged in one or more pro blem be
haviors, includin g self-injurious behavior, 
agg ression, crying, screamin g, propert y 
destruction, tantrums, non -comp liance, 
and self-stimulatory behavior, as well as 
the aforementioned grabbi ng and yell
ing. The "messages" or function s of their 
behaviors included "Pay attention to 
me" (attention ), "I want x" (tangibles ), 
and " I don't want to do this" (escape), 
wid1 the majority ( 63%) in the latter 
gro up. A variety of AAC techniques were 
taught as alternatives to the challenging 
behavio rs, including tangible symbols 
( l participant ), manu a.l signs and/o r ges
tures ( 6 participants ), a card with printed 
words (e.g ., "f want a BREAK") ( 1 par
ticipant ), and line drawing symbo ls (1 
participant ). The re was an immediate 
and substantial reduction in the fre
qu ency of problem behavior for a.118 par
ticipants after the FCT interventions 
were initiated , and this reduction was 
maintained for as long as 1 year (follow
up data were not provided for all part ic
ipants). Since tl1e Mirenda ( 1997) review 
was pub lished, additional documentation 
of the successful use ofFCT / AAC as one 
component of multicleme nt interven 
tions for young chiJdren with autism has 
also appeared in the literatur e ( e.g., Dun 
lap & Fox, 1999; Thomp son, Fisher, 
Piazza, & Kuhn , 1998 ). In addition , a 
recent study provided conv incing evi
dence for the use ofVOCAs in the con
text of FCT/ AAC interventions witl1 5 
children , 2 of whom had autism but were 
over the age of8 (Durand, 1999 ). FCT/ 
AAC int erventions have die clear advan
tage of"ki lling two birds with one stone," 
in that tl1ey teach individuals to commu 
nicate one or more functional messages 
while at tl1e san1e time providing positive 
alternatives to tl1eir problem behavior(s) . 

Assistive Technology 
for Communication 

and Learning 

Numerous assistive technology options 
arc currently available to supp ort die 
learning and communi cation of students 
with a wide variety of disabilities. These 

include vo ice output com muni cation 
aids (VOCAs ) as well as computer hard
ware and software applicatio ns d1at pro 
vide writing and/or spelling assistance, 
upport various aspects of learning, and / 

or fucilitate classroom participation in 
general. In this section, tl1e research spe
cifically related to the use of such tech 
nologies witl1 individuals on the autism 
spectrum will be reviewed. 

VOCAs 

VOCAs arc portable , computerized de 
vices that produce syntl1etic or digitized 
speech output when activated. A variety 
of visual-gra phic symbols arc used to 

represen t messages, which arc activated 
when an individual uses a finger, hand , 
opt ical poin ter, hcadsrick , s,vitch, o r 
some ot her means to select a symbol 
from the VOCA's display. 

Onl y one pub lished research srudy has 
investigated the relative effectiveness of 
VOCA versus non -VOCA output in per
sons with autism. In this srudy, a I 0 -year
old boy was t.i.ught to spell words und er 
tl1ree feedback conditio ns (Schlosser, Blis
chak, Belfiore, Bartley, & Barnett , 1998 ). 
ln the audit ory- visual condition, the par
ticipant received both synth etic speech 
(via the VOCA) and orth ographic feed
back. In die visual conditio n, he received 
on ly orthographic feedback; and in 
the audito ry conditio n, he received only 
synth etic speech feedback. The partici
pant reached criterion and maintained 
performan ce in all three conditions, but 
his performan ce was slightly more effi
cient in th.e auditory and aud ito ry-visual 
conditions . It is important to no te d1ar 
th is srudy did nor include a con dition in 
which natural speech (as opposed to syn
thetic speech) feedback was provided . 
Thus , although it appea rs that the provi 
sion of some type of auditor) • (i.e., spo
ken) feedback enhanced learning effi
ciency witl1 n:gard to spelling, it is not 
clear wheth er syntbetic speech feedback 
via a VOCA was essential in tl1is regard. 

An addit ional advantage of VOCAs is 
thar because they provide speech out 
put , they have the pote ntial to be easily 
integrated into everyday environments 
witl1 unfamiliar peop le. This was dem -
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onstrated in the aforementioned FCT / 
AAC study by Durand (1999), in which 
5 ch ildren (2 with autism ) learned to use 
VOCAs to produce alternative commu 
nicative behaviors that served the same 
functions as their problem bcha ,~ors (e.g., 
"l need help ," " I want more" ). The 
study included empirical e~dcnce that 
follo\~ng initial instruction , all of the par
ticipants were able to use their VOCAs 
without prompting in novel commu 
nity set tings with untrained community 
members. 

Finally, a thjrd potential advantage of 
VOCAs is their ability to facilitate natural 
interpersonal interactions ,md socializa
tion by virtue of the speec h output they 
provide. Schepis, Reid, Behrmann, and 
Sutton ( 1998 ) investigated this issue in 
a study or 4 young children with au
tism ( 3-5 years old) who had ljttlc or no 
fi.mctional speech and attended a self: 
contained classroom with 4 other chil
dren with autism. The participants were 
taught rouse individual VOCAs with line 
drawing symbols to represent messages 
such as "I want a snack, please," "more," 
and" I need help." Each of the messages 
was activated by touching a single sym
bol on the display. 1 aturalistic teachjng 
procedures, including chi ld-prefrrrcd 
stimuli, natural cues such as expectant 
delay and questioning looks to elicit com 
munication , and non -intrusive prompt · 
ing techniques were used to teach tl1e 
chi ldren to interact witl1 classroom staff 
tl1rough their VOCAs. Over a 1- to 
3-month period , all 4 children learned 
to use their VOCAs to reque st items, 
respond to questions, and make social 
comments (e.g., "thank you" ) during 
natural play and /or snack routines in the 
classroom. By the end of formal train 
ing , the majority of interactions by 
the childre n were spo ntaneous (i.e ., un 
prompted ) and contextua lly appropriate. 
In addition, classroom staff engaged in a 
higher frequency of communicative in
teractions with the children following 
naturalisti c teaching wirh the VOCA; 
however , no such effects were seen with 
regard to child-child interactions (sec 
Nore 2 ). T his stud y provides the first em
pirical demonstration of the potential of 
VOCA use for supporting the com -

municative interactions of children with 
autism. 

Computer-Assisted Instruction 

In the 1970s and 1980s, several "concept 
papers" t11at presented various rationales 
for the use of computers wit11 individuals 
with autism began co appear in the liter 
ature. Most were accompanied by :mec
dotal reports of positive outcomes with 
regard to , for example, increased peer in
teractions , motivation, and communica 
tion (e.g., Colby, 1973; Frost, 1984 , Hed 
bring, 1985; Panyan, L984 ). The first 
study to compare human instruction and 
CAJ in t11is pop ulation involved L 7 chil
dren, 6 of whom had autism ( 4 were 
8 years old or younger ) (Pleinis & Ro
manczyk, 1985 ). Results indicated that 
although there was no overa ll djfference 
in participants' learning performance be
tween conditions on a progressively more 
difficult 2-choice discrimination task, t11e 
participants as a group exhibited fewer 
disruptive behaviors and higher rates of 
compliance to instruction in the CAI con 
dition. Separate analyses were not con 
ducted for t11e participants ,~th autism 
vs. the other participants in this study. 
However , Ro mancz yk, Weiner , Lock
shin, and Ekdahl ( 1999 ) described tl1ree 
unpublished follow-up studies that in
vestigated various aspects of CAJ eftce 
tiveness specifically with students with 
autism (ages unknown ). Although these 
three studie s did not meet tl1e criteria for 
inclusion in this article, they seem ro pro 
vide additional evidence that relation 
ships between behavior and performance 
during CAI arc quite chi ld-specific and 
interact witl1 tl1e modality, method of 
instruction , and type of reinforcement 
or corrective feedback available. In a re
lated study that involved 4 young chil
dren with autism i11 Singapore (Chen & 
Bernard -Opitz , 1993), 3 showed evidence 
of more motivation and fewer problem 
behaviors with CA I, although this did 
nor affect their ove rall learning rates. In 
fact, one child's rate of learning was con 
siderab ly better ,~th human instruction , 
and one dtild's was bette r wit h CAI. Thi s 
study supports the conclusions of Ro 
manc zyk and his colleagues wirh regard 
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to the child -specific nature of tl1e effects 
ofCAJ. 

Two more recent studies prov ided 
some evidence of the efltcacy ofC AJ with 
regard to learning, altl1ough neither as
sessed the comparative effects of CAI 
versus human instruction. The first study, 
conducted by a Swedish research team 
(Heimann, Nelson, Tjus, & Gillberg , 
1995 ), investigated the use ofa Swedish 
version of Alpha (Nelson & Prinz, 1991 ), 
an interactive multimedia software pro
gram that has been used successfuliy to 

teach reading and language skills ro clul 
dren ,~th severe hearing impairments. 
The study compared the use of Alpha 
wit11 11 children with autism (ages 6-14, 
mean = 9 -4 years), 9 children \\~th men 
tal retardation and at least one motor or 
sensory impairment, and l O typical 
presch oo lers. Results indicated that chil
dren in all three groups made significant 
gains in reading, phonological awareness , 
verbal beha~or, and motivation over 
the course of the study (approximately 
5 months ). In the second study, an adult 
with mental retardation, a profound hear
ing impairment, and autism was exposed 
to a software program designed to teach 
basic spelling skilis (Stromer, Mackay, 
Howell , McVay, & Flusser, 1996 ). The 
participant's spelling skills for 12 target 
words ( 3 letter s each ) improved both on 
the computer and during a written gen 
eralizatio n rask. 

A related issue of interest is t11e use of 
computers with synthesized speech to fa. 
cilitate speec h development or produc 
tion . On ly one study has investigated this 
application ofCAJ to date; it involved six 
verbal children witl1 autism, ages 4-8 to 
6-8 (Parsons & La Sorre, 1993 ). The 
children were exposed to a computer 
wit11 simple software programs for learn
ing in two conditions: syntl1esized speech 
ON and syntl1esized speech OFF. The 
child ren's spontaneous verbal utterances 
were counted during teachjng sessions 
wider both conditions. The results indi
cated marked increases in their sponta
neous utterances in all of the ON con 
dition s, compared to both baseline (no 
computer) and OFF conditions. These 
results suggest that CAI \~th synthesized 
speech may have a facilitative effect on 
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speech production for children with 
autism, although additional research is 
clearly needed in this area. 

Recommendations for 
Future Research 

Several recommendations for future re
search, some quite general and some 
more specific, can be made on the basis 
of this review and summary. Those re
lated to aided AAC will be presented 
first, followed by those related to assistive 
techno logy. 

AAC Recommendations 

few papers were located in the areas 
of AAC assessment and staff/fami ly 
training, perhaps because there is no per
ceived need in these areas for "autism 
specific" techniques that differ signifi
cantly from those used wit!, othe r AAC 
populations. On tJ,e othe r hand, clinical 
experience suggests tJ1at parents and 
AAC practitioners frequently struggle to 

provide AAC supports, including assess
ment and training, to individuals with 
autism. For example, Nebraska speech
language patho logists (SLPs) with expe
rience in AAC scored themselves as only 
23% competent ( out of a possible 100%) 
wit!, regard to their ability to provide MC 
services to school-aged students with 
aut ism; and SLPs witl1out AAC experi
ence rated themselves as only 13% com
petent (Simpson, Beukelman , & Bird, 
1998). This suggests that a research fo
cus on empirically validated assessment 
and staff/ family training processes is 
long overdue a11d shou ld be encouraged. 

In terms of specific aided AAC appli
cations, the extant empirical literature 
varies widely. For example, a substantia l 
number of well-controlled single-subject 
studies have documented tl1e efficacy of 
the use of pictor ial or written schedu les 
for communicative input with this popu 
lation , to the extent that at least one user
friendly manual based on the literature is 
now available (McCla1mahan & Krantz, 
1999). Similarly, substantial bodies of 
emp irical work exist with regard to the 
efficacy of tl1c SAL, tl1e use of visual-

spatial symbols for expressive commu
nication, and FCT/ AAC interventions. 
On tl1e other hand, many applications 
that are in common use i.n North Amer
ica have only weak empirical supporr, in
cluding visual symbols for choice -making 
inpur, aided la11guage stimu lation, and 
PECS. Focused research in these th ree 
areas in particular is necessary in order to 
establish the efficacy of these approaches 
empirically. 

In addition, it is clear from tJ1e re
search to date that there is no "one way" 
and probably no "bes t way" to provide 
aided AAC supports to individuals with 
autism. As is the case for AAC with other 
populations, many strategies and tech
niques appear to be effective wit!, indi 
viduaJ children and adults, depending on 
their needs and capabilities as well as 
tl1ose of their communicative pa.ro1ers. 
However, the research to date has been 
dominated by single-subject or quasi
experimental studies tha.r provide almost 
no information about tl1e relative effec
tiveness of MC interventions tl1at a.re 
based on different theoretical paradigms. 
For example, PECS, FCT/ MC, and 
most of the AAC applications for expres
sive com munication using visua.1-spatial 
symbols are based on tl,e principles of ap· 
plied behavior analysis. This is in contrast 
to aided language stimulation and the 
SAL, which are derived prima1i.ly from a 
social-pragmatic/ developmenta l paradigm 
(Prizant & Wetherby, 1998 ). Future re
search that compares aided AAC inter
vt:ntions across paradigms ( e.g., PECS 
vs. tl1e SAL) might be helpful to identif)r 
the relative strengths and weaknesses of 
the various meoretical orientations. 

Finally, it is dear tl1at much needs to 
be done to strengthen the qualiry of the 
research cond ucted in tl1is area, regard 
less of tl1e type of research design used. 
Few of the papers reviewed provided 
information about participants' ethnicity 
or social class, the nature of the criteria 
used to diagnose participants' autism/ 
PDD-NOS, or the inclusion/ exclusion cri
teria that were used for the study. None 
provided information either about the 
number of potential participants who 
were excluded from th e study or about 
tl1e financial cost of any benefits obtained. 

Data on generalization were mostly a11ec
dotal, and tcw studies included assess
ment of tl1e social validity of the iJ1-
tervenrio11s. A significant number of tl,e 
single-subject studies utiJjzed simple A-B 
designs that provided only minima.I ex
peri.menta.l control over the dependent 
variables, and several others were case study 
reports tl1at utilized no expeLimental de
signs at ail. Half of the single-subject 
studies had fewer tl1a.n 3 participants. It 
is clear from this review tliat there is an 
urgent need for rigorous, well-controlled 
studies that incorporate outcome mea· 
SLLrcs beyond tl1ose tl1at document short 
term behavior change. 

Assistive Technology 
Recommendations 

Because computers are now used widely 
in schools and homes with individuals 
wit!, autism, and because tl1ey a.re still 
quite expensive relative to tl1eir "low tech" 
equivalents such as books and pencils, it 
is importaJlt to investigate tl1e extent to 
which tl,ey actually enhance learning in 
childre n witl1 autism- particularly since 
the limited research outcomes to date 
have not provided positive results in 
this regard. The same concern applies to 

VOCAs, except that tl,e question here is 
not whet her they "work," but whether 
tl1ey "work better than" low-tech (and 
less expensive) alternatives. Overall, it is 
clea1· that tl1e research in tl1.is area is even 
less well-developed than that in MC, 
and similar concerns were identified witl, 
regard to a need for (a) additional single
subject research investigating the efficacy 
ofVOCAs and CAI with individuals with 
autism; (b) comparative studies in tl1is 
regard ( e.g., human inso·uction vs. CAI, 
low-tech vs. VOCA output , etc. ); and 
( c) more rigorous subject descriptions, 
research methodologies, and outcome 
measures, in general. 

Summary 

Th is paper has summ arized and anal
yzed tl,c extant research literature on 
aided AAC and assistive techno logy for 
individuals with autism across a variety 
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of dimensions. 1t is interesting to note 
that mosr of this research has been pub 
lished in speech-language patho logy/ 
commun ication, education, and applied 
behavior analysis journals. This probably 
reflects the fact that all three fields have 
made major theoretical contributions in 
the specific topic areas covered, as well as 
the fact that single-subject designs have 
been d1e primar y med1odologies used to 
date. Collaborative effort s across d1ese 
d1ree disciplines should be enco uraged in 
future research, as each brings its own 
unique strengths to the endeavor. 
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