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Abstract

Background: Augmentative and Alternative Communication (AAC) is used for treating children with severe disorders of
speech-language production and/or comprehension. Various strategies are used, but research and debate on their efficacy
have remained limited to a specific area and have rarely reached the general medical community.

Objective: To systematically evaluate outcomes of AAC interventions in children with limited speech or language skills.

Methods: Searches were conducted (up to December 2012) in the MEDLINE, EMBASE, PsycINFO, CINAHL, DARE, and
Cochrane Library databases. Furthermore, relevant journals were searched by hand. References from identified studies were
examined. Only RCTs were considered. Trial quality was assessed according to a standardized and validated set of criteria.

Results: Fourteen of 1661 retrieved papers met inclusion criteria. A total of 666 children were included in the review and 7
papers involved only children <5 years old. Papers were of average quality and all but one had been published during the
previous 10 years by one of 8 research groups, 5 of which from the United States. Seven studies directly addressed AAC use
by children with different disabilities. Seven studies enrolled typically developing children: 5 evaluated the use of AAC
technologies by children without disabilities in order to obtain results that could be used to improve interventions in peers
with disabilities, and 2 evaluated peers’ attitudes towards children who used AAC. Both interventions and outcome
measures varied widely between studies. Overall findings demonstrate the effectiveness of the AAC interventions
considered, but the focus on RCTs alone appears too restrictive.

Conclusions: Solid evidence of the positive effects of AAC interventions in children with severe communication disorders
must be generated, and different methods are needed besides RCTs. Moreover, it is important that knowledge, research,
and debate extend to the medical community in order to ensure clinically effective AAC provision for these children (and

their parents).

Language Skills. PLoS ONE 9(3): €90744. doi:10.1371/journal.pone.0090744

Editor: Mark Aronoff, Stony Brook University, United States of America

* E-mail: mother_child@marionegri.it

Citation: Costantino MA, Bonati M (2014) A Scoping Review of Interventions to Supplement Spoken Communication for Children with Limited Speech or

Received December 10, 2013; Accepted February 4, 2014; Published March 13, 2014

Copyright: © 2014 Costantino, Bonati. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Funding: No external funding was received for this study. The study was completely supported by internal sources to authors’ organizations. Only the authors
had roles in study design, data collection and analysis, decision to publish, or preparation of the manuscript.

Competing Interests: The authors have declared that no competing interests exist.

Introduction

Ever since non-speech communication systems have been
employed in individuals with little or no functional speech,
Augmentative and Alternative Communication (AAC) interven-
tions have evolved rapidly. The term AAC includes all forms of
communication (other than speech) that are used to express
thoughts, needs, wants, and ideas in order to supplement spoken
or written communication in individuals with severe disorders of
speech-language production and/or comprehension [1].

AAC is only one component of Assistive Technology (AT),
which is a broad term referring to assistive, adaptive, and
rehabilitative devices that assist an individual in functioning in
society at a more appropriate and independent level. AT includes
wheelchairs, ramps, and TTYs (phone systems for individuals who
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are deaf), whereas AAC involves multimodal approaches incor-
porating gestures, vocalizations, signs, orofacial expressions, as
well as picture symbols, voice output devices, or other computer-
based technologies, based on what is most successful in meeting
the complex communication needs of subjects across different
settings. Levels of AAC technology can vary from unaided modes,
in which no external device is required (sign languages or gestural
cueing systems), to aided AAC [1]. The latter includes low-
technology (alphabet boards, symbol-based topic boards, and
communication books or programs) and high-technology aided
modes (electronics and computer technologies).

The percentage of people who find it difficult to communicate
their needs effectively without help is about 1.2% of the general
population [2], while approximately 5% of preschool children may
have some form of language impairment or delay [3], and less
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than 0.1% have severe to profound deafness with onset before
language is established [4,5]. While it is generally known that sign
language may be a very relevant choice for infants with profound
prelinguistic deafness and that its early and full introduction may
support development and mental health [6], the existence and
relevance of AAC for development in children with communica-
tion disorders is less well-known. From 0.3 to 0.6% of children and
adolescents may benefit from AAC interventions [7] for a wide
variety of communication problems that can be found in
association with numerous medical conditions such as autism
spectrum disorder, cerebral palsy, intellectual disabilities, and rare
genetic syndromes. AAC is described as an important mean to
compensate speech, enhance communicative competence, acquire
prelinguistic and cognitive skills essential for language develop-
ment, and facilitate the emergence of speech and language [8-13].
Moreover, it is considered very relevant to quality of life by parents
and users [14]. The objective of AAC interventions is the long
term development of functional communication and, possibly, of
language skills. Reducing the communicative gap is, in fact, a
critical step, because when a toddler has a severe language and
communication delay, his ability to interact socially, gain
information, develop his cognitive potential and learn from the
environment is significantly compromised, with dramatic conse-
quences on his global development and an increased risk of
behavior problems. Demonstrating the efficacy of interventions in
AAC has therefore been a central concern in the field for many
years [15-30]. There has also been debate about which outcomes
are to be considered relevant [17,18,20,21] and whether the usual
criteria for evaluating evidence may be adequate without
modifications [22,29]. Conducting efficacy research in AAC poses
significant challenges because of the paucity and heterogeneity of
the population of AAC users, the transactional and dynamic
nature of the communication process, the variability of AAC
systems and interventions [17], the importance of generalization
and maintenance [20], and the key role of communication
partners and of social validation of objectives [17,18], even more
so when addressing a pediatric population. AAC candidates may
differ significantly in their functioning, even when affected by the
same medical diagnosis: intelligence, attention, receptive language,
expressive language, adaptive behavior, and motor skills may all
be compromised, but to various extents and with different possible
combinations. Moreover, communication is a process by which
people jointly build meaning [8]. Each partner contributes to the
interaction by using language, gestures, eye gaze, body posture,
cultural norms, and speech, and the specific characteristics of the
communicating partners highly influence the entire process. This,
in turn, influences the possible communicative needs of the patient
and the shared definition of outcomes [17,18].

Many journal articles involving AAC have been published
during the last decade and the number is increasing. A specific
journal (the official journal of the International Society for
Augmentative and Alternative Communication) has been pub-
lished quarterly since 1985 and has been indexed since 2005 by
the Institute of Scientific Information (ISI). There has also been a
marked growth in the publication of books on the topic.
Nonetheless, research and debate seem to have remained limited
to a very specific area of rehabilitation and have rarely reached the
medical community. A better knowledge of AAC and of its
possible impact on children and families would be important for
guaranteeing timely referral of children and families and therefore
improving their quality of life and helping to prevent behavioral
problems and cognitive deterioration. Critical points in AAC
research methodology may also be considered as an example of
the challenges that need to be faced in building solid evidence for
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complex interventions with high context involvement in rare
diseases.

Efforts to implement evidence-based practice in AAC have been
made, also highlighting the importance of properly performed
systematic syntheses aimed at determining the effectiveness of
interventions in AAC [24-28], despite the fact that data are still
scant. The number of AAC intervention studies has increased
rapidly and a few randomized controlled trials (RCTs) have also
been carried out. Although RCTs are the most rigorous way of
determining whether a cause-effect relationship exists between
intervention and outcome, the appropriateness of such stringent
designs has been questioned for the AAC field [22,29]. Nonethe-
less, no systematic review of RCTs on outcomes of AAC
interventions in children has been carried out, except for one on
the effects of AAC on speech production in children with autism.
This study which included mostly single-subject experimental
design studies and only 2 RCTs, and is now 5 years old [28].
Taking into account the extensive literature on AAC and the
range of AAC interventions, a scoping review of RCTs was
performed in order to explore the extent of RCT production in
AAC, and to help identify target points (population, intervention,
comparison, outcomes, and context) for future critical appraisal
processes.

Methods
Search Strategy

An extensive search of the published literature was conducted.
The following electronic databases were searched for articles
published in any year up to December 2012: MEDLINE,
EMBASE, PsycINFO, CINAHL, DARE, and the Cochrane
Library. References from identified studies were examined and
relevant journals (EBCAI - Evidence-based Communication Assessment
and Intervention and AAC - Augmentative and Alternative Communication)
were hand searched. The general search strategy used was:
[(communication aids for disabled OR facilitated communication)]
AND (child$ OR adolesce$ OR pediatr$). The search was
performed also using the term “alternative and augmentative
communication” as free text. The search terms used were specific
to each database, according to the Pearl Growing strategy [28].
Reference lists were searched for potentially relevant articles.

Inclusion Criteria

Ciriteria for inclusion in the review were: (1) participants aged
under 18 years; (2) description of a specific AAC intervention; (3) a
comparative group was considered; (4) intervention outcomes were
specifically reported; and (5) comparisons were randomized and
conducted for intervention and control groups.

Studies were excluded from the review if: (1) participants were
aged more than 18 years or insufficient detail was provided to
ascertain participant age; (2) outcome assessment was not
reported; (3) a specific intervention was not assessed; or (4) the
study did not utilize a randomized controlled design.

Data Extraction and Assessment

All identified abstracts were manually read for their applicability
to inclusion and exclusion criteria and potentially relevant articles
were obtained and examined. All references retrieved were
collected and analyzed using the Reference Manager v.11
program (Institute for Scientific Information, Berkeley, California,
USA). Articles meeting inclusion criteria were examined to extract
the following information: sample characteristics (age range,
clinical characteristics, sample size); experimental and control
interventions; outcomes and method used to measure the
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outcomes, inclusion and exclusion criteria, developmental mea-
sures, mean IQ), communication and language measures, and
mean communication level at baseline. References of pertinent
papers were also scrutinized for additional relevant articles. Study
quality of RCTs was assessed using the Delphi list [31].http://adc.
bmj.com/content/95/9/717 full - ref-19 This tool includes items
relating to whether: randomization was conducted, treatment
allocation was blinded, participant groups differed at baseline, and
intention to treat analysis was conducted. Total scores are
unweighted and ranged from 0 (poor quality) to 9 (high quality).
Each study was also assessed using the Jadad point scale [32]. The
instrument contains 3 items related directly to reduction of bias
(randomized, double-blind, and withdrawals and drop outs), and 7
additional items (in the present evaluation) to check for other
markers (objectives, outcome measures, inclusion and exclusion
criteria, sample size, interventions, control group, and statistical
analysis). Total scores ranged from 0 to 10. Both authors assessed
each of 13 pertinent randomized studies independently, and inter-
reviewer disagreement was solved by discussion. Agreement on
inclusion was calculated using the Kappa statistics.

Results

Search Results

The literature search resulted in 1661 titles. A total of 543
duplicates and 1008 non-pertinent or non-appropriate references
were deleted, resulting in 110 potentially relevant articles. Authors
agreed on 90 of 110 papers (81.8%) selected for reliability check
(K=0.633), and disagreements were resolved by consensus.
Thirty-nine studies (35.4%) met inclusion criteria and were
controlled studies. Of these, 14 were randomized and were
therefore included in the final step of the review (figure 1) [33-46].

The 110 pertinent articles were published between 1983 and
2012, with 26 (23.6%) published before 2000. In 2004 the number
of papers published increased and the yearly rate remained steady
since then. These papers appeared in 50 different journals, 33 of
which published only 1 paper each (30%). Only 10 journals
published at least 3 papers each, for a total of 45 papers (44.1%).
The articles were published by 342 authors, most of whom (76.9%)
appeared in 1 paper each, and only 13 of whom (3,8% of all
authors) appeared in at least 3 papers. These 13 authors belonged
to one of 7 groups (4 American and 1 Australian, 1 Italian, and 1
South African) and produced 32 of the pertinent papers (29.1%).
The study by Wu et al. [34] was considered to fall within the scope
of AAC and not of deaf education because it was focused on the
efficacy of translating icons into written language, a topic that goes
well beyond the area of hearing impairment.

RCTs Identified

Table 1 summarizes the characteristics of the 14 included trials.
All are single-center, randomized controlled studies, performed in
3 countries across 3 continents (Africa, Asia, and North America).
Eleven of the studies (78.6%) were from USA [33,35-40,42,44—
46] and, specifically, from 5 groups. These groups reported the
results (usually as a thorough examination) of the approach they
developed. All RCTs were published in the last 10 years, except
one published in 1988 [33], and were published in 7 different
journals. Six of the journals had an impact factor and the average
was 2.64 (1.18-5.01). One journal did not have an impact factor
[41].

Participants. Seven studies regarded children with disabili-
ties [33-39] and seven involved typically developing children [40—
46]. The latter were, nonetheless, included in the review because
they evaluated ways to improve or support interventions in peers
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with disabilities. One of the studies on children with disabilities
regarded profoundly deaf children whose associated disabilities
were not described [34]. As mentioned before, this study was
included because it involves research on augmentative communi-
cation technologies to translate icons into written language. In the
studies regarding children with disabilities, the number of children
involved ranged from 10 to 68 (median 36), with a total of 299
children included. Three studies referred to the same patients [35—
37]. The ages of the 227 children ranged from 1.5 to 16 years, with
a mean of 4.6. Five trials involved only children (157/227; 69.2%)
less than 5 years old [35-39]. Six studies [33,35-39] reported both
developmental level/IQ at baseline (mean DQ/IQ between 40
and 60) and communicative level (mean expressive language
between 9.9 and 21.5 months; mean receptive language between
14.1 and 20 months). One of the studies [34] did not report the
developmental/cognitive level of the children enrolled nor their
communicative competence at baseline, but reported literacy level
(mean 73) because the study described an intervention aimed at
improving literacy in deaf children. Table 2 reports additional
details on participant characteristics.

Five studies [40-44] involving typically developing children
regarded ways of improving the learn ability of AAC systems, and
mvolved between 20 and 60 children (median 46), with a total of
208 children included. The children’s ages ranged from 2.3 to 6.9
years (mean 4.9). Two trials involved only children less than 5
years old (50/208 children; 24%) [40,42].

The other 2 studies [45-46] regarded peer attitudes towards
AAC users, and the number of children involved ranged from 95
to 136 (median 115), with a total of 231 children included. The
children’s ages ranged from 7 to 18 years (mean 13.1).

Children with a history of developmental delay, learning,
hearing, or uncorrected vision problems, or in whom the local
language (English or Africaans) was not the mother-tongue of the
child, were excluded from all 7 studies involving typically
developing children.

Study-Quality Assessment. The Delphi score ranged from
2 to 5 (mean 4.0), with 9 as the maximum possible score. No
studies concealed the treatment allocation or completely blinded
the outcome assessor, the care provider, or the patient.

The Jadad score ranged from 3 to 8 (mean 5.1), with 10 as the
maximum score possible. No studies were described as double-
blind, and only one justified the sample size [44]. Only 1 study
described withdrawals and drop outs [41] and 8 the statistical
analysis methods used [33,35-37,40,41,44-46].

Outcome assessment. The outcome measures used in the
14 studies differed widely. Of the 7 studies [33-39] in which
efficacy of AAC interventions was tested in children with
disabilities, one involved joint attention during communication,
object exchange turns and requests [35], and the generalization of
use of symbols [37], one regarded the increase in target vocabulary
and communicative interactions [38], one the improvement in
reading comprehension [34], and one the parents’ attitudes
following intervention [39]. Four studies’ outcomes included
speech directly (number of spoken words during treatment [33],
number of different child-initiated spoken words during the
training sessions [35], number of non-imitative spoken acts and
different words [36], or increase in target vocabulary [38]). In 5
studies [40—44] AAC technologies were used in typically
developing children without disabilities, in order to compare
different training levels and types of tools used or of interventions
performed, and to use results to improve interventions in peers
with disability. In 2 studies [45,46] outcome measures were
focused on the attitudes of typically developing children towards
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Figure 1. Flow chart of the search strategy used for identification and selection of trials.
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AAC in Children with Speech or Language Disability

peers who use AAC, as a possible relevant aspect of communi-
cation partners’ interaction with users.

Details of group designs of the randomized controlled trials
mvolving children with disabilities are reported in Table 2.

Yoder & Layton [33] tested the main, and interaction, effects of
4 different training conditions (alternating presentation of sign and
speech, sign alone, speech alone, and simultaneous presentation of
sign and speech) and of pretreatment elicited verbal imitation
ability in predicting child-initiated spoken language use during
training sessions of minimally verbal autistic children less than 9
years old. Training conditions that included verbal input and the
expectation of verbal output were superior to sign alone in
facilitating spontaneous spoken words during treatment, and
pretreatment verbal imitation ability positively predicted the size
of the child-initiated spoken vocabulary. Exploratory analysis
indicated that pretreatment age and IQ) may also predict spoken
language development during training.

The Wu et al. study [34] proposed a computerized, graphic
interface based on a predictive sentence template tree for
translating icons of Taiwanese sign language into Chinese written
sentences, and compared it with a conventional teaching method
in children with profound hearing impairment in the fifth grade of
a primary school for the deaf in Taiwan. Findings showed an
improvement rate in Chinese reading comprehension in deaf
children in the intervention group. The proposed system applies
the design methodology of sentence prediction and construction to
develop the task or domain-specific sentence types.

The study by Yoder & Stone [35] compared the relative efficacy
of two communication interventions, Responsive Education and
Prelinguistic Milieu Teaching (REPMT), and Picture Exchange
Communication System (PECS), on initiating joint attention, on
object exchange turns, and on requests, in 36 preschoolers 18-60
months of age with autism spectrum disorders and less than 10
spoken words. In autistic children with some joint attention,
REPMT facilitated the frequency of generalized turn taking more
than PECS, while the opposite occurred in children who began the
study with no joint attention.

The second article by Yoder & Stone [36] regarded the same
research, but considered spoken communication acts as outcomes.
The growth rate of different, spoken, nominative words was faster
in the PECS group than in the REPMT group for children who
began treatment with relatively high object exploration, while the
opposite occurred for children who began treatment with low
object exploration.

The Yoder and Lieberman [37] study, by the same authors
[35,36], represented an extension of the previous studies, focusing
on the generalization of use of symbols. The study found that
young children with autism who received PECS training increased
the number of picture exchanges to a greater extent than children
receiving REPMT, when in a controlled context that was different
from the training context in several dimensions. PECS use may
thus be one way to help a child not only to begin to use joint
attention towards objects and people, but also to use it to
communicate in generalized contexts.

Delphi score

familiarity with people

with disability and

gender contribute to
adolescents’ attitude
towards people who

Type of AAC device
use AAC

Key outcome
combined with

findings

The 33 items of the

Assessment of
Augmentative and

Attitudes Toward
Alternative

Communication-2
(AATAAC-2) scale

Outcome
measure

Comparative
AAC users with a static
touch screen

group

users and communication
partners, a dynamic touch

8 videotapes depicting 4
screen device

different gender
combinations of AAC

Intervention

[o]
136

Romski et al [38] compared three parent-coached language
interventions (augmented communication input and output and
spoken language intervention) in young children 24-36 months
old with developmental delays who began with fewer than 10
spoken words, and found that augmented language interventions
increased target vocabulary and communicative interactions to a
greater extent than spoken communication interventions. The
authors concluded that AAC does not hinder, but actually aids,
speech production abilities in young children with developmental
delay, and does so even over a short period of time. They state that

(20 adolescents)

18 yrs
(8 adolescents)

(40 adolescents)
(15.6)

(42 adolescents)
17 yrs

(26 adolescents)
16 yrs

Age group
15 yrs

in years
(mean)
14 yrs

doi:10.1371/journal.pone.0090744.t001

Beck et al.
(2010) [46]
USA

(year)
country

Table 1. Cont.
Author

PLOS ONE | www.plosone.org 8 March 2014 | Volume 9 | Issue 3 | €90744



more research is needed on the interaction between comprehen-
sion and production of augmented and spoken words, and that this
interaction appears to be more complex than was initially
hypothesized.

Finally, the study by Romski et al [39] focused on parental
perceptions of language development in toddlers from the previous
study [38], demonstrating that augmented language intervention
also has a positive impact on parental perception of language
development in their children. Both studies highlight the
important role AAC interventions can play at a very early age
for children who are having difficulties with speech and language
development.

The Drager et al. study [40] investigated the learning demands
of different AAC dynamic displays in typically developing 3 year
old children. Results showed that, initially, transparency was poor
for all AAC technologies used, but participants performed better
across successive sessions. By the second learning session, children
in the contextual scene-screen shot condition performed signifi-
cantly better than children in the two grid conditions, but by the
fourth session the difference was no longer significant. Embedding
language concepts within contextual scenes may be an effective
approach for young children learning dynamic display AAC
technologies. However, authors conclude that the systems differed
by more than one characteristic and the performance of typically
developing children may not be fully generalizable to that of older
children or children with disabilities. Moreover, functional use in
free play remained low, confirming the importance of better
exploring the different effects of support provided in order to
facilitate learning, generalization, and spontaneous use.

The Basson and Alant study [41] set out to determine how
accurately typically developing, 6 year old, urban, Africaans
speaking children who had at been enrolled for at least 6 months
in preschool could identify 16 Picture Communication Symbols
(PCS), with and without training. Results confirmed that a rather
low percentage of symbols can be correctly identified on first
exposure based only on iconicity. A significant improvement at
retest, although greater in the intervention group, was seen in both
experimental and control groups, showing that iconicity may be
only one of the components that facilitate the learning and
memory of AAC symbols, and that exposure and training also play
a relevant role. The number of participants and of symbols
considered was limited, and again performance of typically
developing children may not be fully generalizable to that of
children with disabilities. The authors therefore conclude that
different symbols, different grid sizes, different ages and cultural
groups, and different training strategies need to be considered in
future studies.

The purpose of the McCarthy et al. study™ was to investigate
the learning demands of a redesigned scanning technique and to
compare it with traditional scanning in typically developing 2 year
olds. Results indicate that, after three learning sessions, most
typically developing 2 year olds increase their accuracy with the
redesigned scanning technique further than with traditional
scanning. However, results may not be generalizable to children
with disabilities, and other scanning designs and the development
of new and innovative access techniques need to be investigated.

The Alant et al. study [43] examined the role of color on rate
and accuracy in identifying symbols in typically developing
children. Findings indicate that the use of different colored
symbols in sequential exposures impacts the time and accuracy of
symbol location, and contributes to understanding how typically
developing children locate different types of symbols in a context
in which the color of symbols changes. The findings confirm both
the complexity of factors affecting visual search and processing and
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the fact that understanding visual search processes requires a
sound analysis of the multiple factors embedded in the process
within a specific task or context.

In the study by Schlosser [44] et al, the effect of animation on
transparency, name agreement, and identification of graphic
symbols for verbs and prepositions was evaluated in typically
developing preschoolers of 3 age groups. The animation effect was
significant for transparency, but not for name agreement or
identification. The effect was more pronounced for verbs than
prepositions. A developmental effect was observed for each
measure. The authors suggested that there is a need to replicate
the study with different symbol sets, with child directed control of
animation, and with additional symbols on the display. In the Beck
et al. study [45] typically developing children in 2nd, 4th, and 6th
grade of a small suburban elementary school with no children with
disabilities in their class were given one information session on
peers using AAC, alone or combined with role playing, in order to
evaluate possible changes in their attitude towards these peers. In
the group of older children and, particularly, in boys, the
association of a role-playing experience resulted in higher positive
self-reported attitude scores toward peers who use AAC than did
the provision of information alone. The authors conclude that,
even though a change in attitude does not necessarily imply a
change in behavior, determinants of children’s attitudes towards
their peers who use AAC and of formation of friendships between
them need to be explored further.

The second study from Beck et al [46] is similar to the previous
one [45] and is aimed at investigating elements of high school
students’ self-reported attitudes towards peers who use AAC. The
study found that the type of AAC device, along with familiarity
with people with disabilities and gender, contribute to adolescents’
attitudes towards people who use AAC.

Discussion

To our knowledge, this is the first scoping review to investigate
outcomes of AAC interventions that focuses only on RCTs and
uses a standardized set of criteria for the assessment of the
methodological quality and strength of evidence of retrieved RCT's
studies. Previous reviews also considered other study designs, such
as non randomized group studies [23-25] or single case
experimental designs [20,24-26,28], and therefore used a broader
approach for selecting papers for the review [47].

The results of the retrieved studies, while providing some
information on the effects of AAC interventions, confirm
numerous limitations in the use of RCTs to evaluate AAC
interventions:

a) all trials were described as randomized, but the risk of bias
was unclear in the majority of studies because the methods of
random-sequence generation and allocation concealment
were not explicitly reported;

b)  non-uniform formal reporting of outcome results reduced the
power of findings and their communication to readers;

¢) the comparison groups used in the reviewed studies differed
in the criteria employed, both within and between studies,
potentially causing bias because no concealed randomization
was used;

d) none of the included studies used a random selection strategy
or a case-controlled design, so the quality score could not
exceed 3, despite the highest potential score of 9;

e) all included studies had relatively small sample sizes,

especially 4 of the studies enrolling patients with disabilities
(10 in one study and 36 in the other three) [34-37]. Only
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Table 2. Group designs of randomized controlled trials involving children with disability who use AAC.

(1988) [33]
USA

Wu et al.
(2004)
[34]
Taiwan

Yoder and
Stone
(2006) [35]
USA

Yoder and
Stone
(2006) [36]
USA

-Autism or PDD-
NOS: CARS score
between moderate
and severe

-expressive and
receptive age <28
months (mths) on
SICD

-expressive vocabulary
<25 words on parent
questionnaire

-profoundly deaf
students

-fifth grade

-primary deaf
school
in Taiwan

-Autism or PDD-
NOS at ADOS

—18-60 mths

—<10 words

-hearing screening ok

-Autism or PDD-
NOS at ADOS
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- not reaching
prerequisite
literacy level

not reported

Mullen scales
of early learning
(MSEL)

-severe sensory
or motor deficits

-English not
primary language
at home

Mullen scales
of early learning
(MSEL)

-severe sensory
or motor deficits

10

(33.1); 41 (23.8);
444 (24.4)

not reported

Mean MSEL
composite score
of 55 (7) for PECS
and 54 (6) for
RPMT (children
under 49 excluded)

Mean MSEL
composite score
of 51 (5,3)
(children under
49 were
assigned 48)

of Sequenced
Inventory of
Communication
Development
(SCID);

parent
questionnaire
of initial
expressive
vocabulary;

experimenter
designed
instrument for
elicited verbal
imitation

Literacy
aptitude test

Semantic
integration
index per
utterance

Mullen scales

of early learning
(MSEL). McArthur
Communicative
Development
Inventories

(CDI), Early
Social
Communication
Scales (ESCS),
unstructured free

play with examiner (UFPE)

Mullen scales
of early learning
(MSEL).
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Mean
Author Communication communication
(year) Inclusion Exclusion Developmental Mean IQ (SD) and language level (SD) at
country criteria criteria measures at baseline measures baseline
Yoder & —<9 yrs old -hearing or Leiter or Bayley Mean nonverbal IQ  Expressive and Mean receptive
Layton vision deficits or Merril-Palmer  42.9 (17.8); 40.5 receptive scales language 17.3

(6.7); 14.1 (4.2);
14.9 (5.9); 16.2
(4.1)

Expressive language
15.2 (12.6); 9.9

(6.9); 12.3 (6.5);

11.7 (8.8)

Initial vocabulary
6.8 (7.3); 4.8 (7.1);
6.5 (7.6); 3.9 (7.9)

Elicited verbal
imitation 298.1
(342.2); 281.5
(321); 258.6
(348.1); 287.7
(360.7)

Mean literacy level:
73 (8.12); 73 (5.7)

Mean Semantic
integration level:
0.42 (0.10); 0.41
(0.13)

CDI: mean words
understood 108
(87) for PECS and
62 (49) for RPMT
ESCS and UFPE:

- mean n° of
children initiating
joint attention: 3 (4)
in PECS and 2 (2)

in RPMT;

- mean n° of objects
exchanges: 5 (5) for
PECS and 2 (3) for
RPMT

SFPE: - mean n° of
nonimitative spoken
acts 0.25 (0.84)
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Table 2. Cont.

Mean
Author Communication communication
(year) Inclusion Exclusion Developmental Mean IQ (SD) and language level (SD) at
country criteria criteria measures at baseline n Ires baseline

—18-60 mths -English not Fifteen minute - mean n° of
primary language semistructured different
at home free play with nonimitative word

examiner (SFPE). 0.17 (0.56)s

Developmental

play

assessmentTurn

taking procedure

—<<20 words -mean n° of
communication acts
8.4 (10.5)
-hearing screening ok

Yoder and -Autism or PDD- -severe sensory Mullen scales 50.32 (5.2) Mullen scales Mullen expressive
Lieberman NOS at ADOS or motor of early learning  PECS, 51.76 of early learning language score:
(2010) [37] deficits (MSEL) (5.41) RPMT (MSEL). McArthur 19.47 (1.26 PECS,
USA Communicative 21.59 (3.36) RPMT

Development

Inventories

(CDI), Early

Social

Communication

Scales (ESCS),

unstructured free

play with

examiner (UFPE)

—18-60 mths -English not Mullen receptive
primary language language score:
at home 19.26 (0.45) PECS,

19.41 (0.51) RPMT

-<10 words

-hearing screening ok

Romski et al. —24-36 mths -autism Mullen scales Mean MSEL MSEL Receptive language
(2010) [38] of early learning  composite score expressive and 18 mths;
USA (MSEL) of 60 for AC-I receptive scales, 20 mths; 19 mths
and 59 for AC-O McArthur
and SC Communicative
Development
Inventories,
Sequenced
Inventory of
Communication
Development
and Clinical
Assessment of
Language
Comprehension
—<10 intelligible -deafness/hearing Expressive
spoken words impairment language 12 mths;
13 mths; 13 mths

-score of less than -delayed speech

12 mth on and language

expressive language impairment

scale of MSEL

-at least primitive

communication

abilities

-motor skills that

permitted the child

to touch the symbols

- English as primary

language at home
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and 59 for AC- O
and SC

McArthur
Communicative

Mean
Author Communication communication
(year) Inclusion Exclusion Developmental Mean IQ (SD) and language level (SD) at
country criteria criteria measures at baseline measures baseline
Romski et al. As in previous study As in previous Mullen scales Mean MSEL MSEL Receptive language
(2011) [39] study of early learning  composite score expressive and 18 mths; 20 mths;
USA (MSEL) of 60 for AC-Il receptive scales, 19 mths

Development
Inventories,
Sequenced
Inventory of
Communication
Development
and Clinical
Assessment of
Language
Comprehension

Expressive language
12 mths; 13 mths;
13 mths

doi:10.1371/journal.pone.0090744.t002

three studies [33,38,39] on children with disabilities enrolled
a slightly greater sample (60, 68, and 53 children): the two
most recent were by Romski et al. [38,39]. The larger
samples regarded the two studies by Beck et al [45,46] (95
and 136 children, respectively), in both cases regarding
typically developing children’s attitudes towards peers using
AAC. Comparing such relatively small groups might also be a
potential cause of bias;

f)  most of the reviewed studies explored different AAC
techniques or even single components of the technique,
making comparison between studies very difficult;

g) the outcomes evaluated differed between studies and also
within individual groups [35-37].

Because the entire group of retrieved RCTs was characterized
by entirely different study outcomes, no attempt was made to
aggregate these outcomes across studies. Similarly, effect size
estimation was not used since studies differed substantially in
design features and quality.

AAC intervention is a long term, complex, multimodal process
that needs to be incorporated into daily life. It includes
prescription, development, and customization of AAC systems to
meet the unique needs of each user; instructions for the individual
who uses AAC in various linguistic, operational, social, and/or
strategic skills following various instructional protocols; instruc-
tions for facilitators in interaction strategies to reduce opportunity
barriers and support effective communication; and instructions for
facilitators in the operation, maintenance, and ongoing develop-
ment of the AAC systems used [8,20,23]. Furthermore, each one
of these intervention components involves multiple procedures.
Most of the published studies were focused on separate effects of
single components of AAC intervention, while the intervention
itself is, in fact, a multidimensional process whose ultimate effect
may be quite different from the sum of its components. In this
context, group designs are difficult to implement because of the
small AAC population and the wide variability within it. Children
have complex communication disorders, arising from different
medical diagnoses, which may lead to differing disabilities.
Enrolled populations range in age from infancy to late teens,
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and vary widely in functional profiles such as movement,
cognition, communication, receptive and expressive language,
learning characteristics, vision, and hearing. They also vary in
their educational setting (mainstream schools or special education),
previous and concurrent interventions, and concurrent medical
conditions. In addition, children will experience different social
relationships and interact with many different people in many
different environments. Each of these factors will influence
communication and interventions, especially since communication
1s a process by which people build shared meaning. Correcting for
the effect of these variables in RCTs is extremely difficult.
Moreover, AAC intervention increases the complexity of human
interaction and acts on several specific domains. The effects of
intervention may therefore have an impact on a wide variety of
behaviors, and outcomes in one domain may influence outcomes
in other domains without the possibility of separating out the
effects. In the UK Medical Research Council’s (MRC) definition
[48], interventions are considered to be complex when there is a
high number of components and interactions within the experi-
mental and control environments, in the number or difficulties of
behaviors required by those delivering or receiving the interven-
tion, in the number of groups or organizational levels targeted by
the intervention, in the number and variability of outcomes, or in
the degree of flexibility or tailoring of the intervention permitted,
and AAC interventions fully fit the definition.

Due to the above limitations, it has been argued that RCT’s are
not first line in complex interventions [48] and that they are
possibly not appropriate for AAC research involving individuals
with disabilities [17,19-22]. Results of the present systematic
review on RCTs seem to confirm these authors’ conclusions. Some
of the critical points in obtaining adequate evidence in AAC have,
in fact, already been analyzed by various authors, and solutions
suggested [16-23,27-30], but these have somehow remained
confined to specific journals and the debate has not reached the
general medical literature. The single subject experimental design
(SSED) is considered to be a relevant design option in AAC [28],
and 1s, in fact, widely used in the field. SSED considers each
subject as his-her own control, and methodologies for analyzing, in
detail, the quality of SSED and for synthesizing the results of
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various studies through meta-analysis have been developed for
AAC [22,29], and a different hierarchy of evidence has been
proposed [22]. However, other alternatives should also be
considered, since the quasi-experimental research design could
be an appropriate approach and should be tested in the AAC field
[19]. In particular, the most commonly used design, the
nonequivalent groups design, which substitutes statistical “con-
trols” for the physical control of the experimental situation
through a pre-test/post design, should be used. The design is the
same as the classic controlled experimental design except that the
subjects cannot be randomly assigned to either the experimental or
the control group, and the researcher cannot control which group
will get the treatment. Participants do not all have the same chance
of being in the control or the experimental groups, or of receiving
or not receiving the treatment. Such a design could potentially be
a better adjusted approach to evaluate the efficacy of interventions
in children with complex disabilities.

Randomized studies remain the gold standard when enrolling
typically developing children, involving either ways of improving
the learnability of systems in order to make them more
developmentally sensible or interventions aimed at modifying
peer attitudes towards AAC users. A significant number of subjects
can be more easily reached, and randomization can be employed,
when addressing these populations, and the use of non disabled
subjects in AAC research has therefore been widely discussed [48—
50]. Typically developing children may be enrolled to evaluate
symbol acquisition, interaction abilities, selection techniques,
speech generating device usability, perception of communicative
competence, and language acquisition. Nonetheless, the RCTs
retrieved regarded only symbol acquisition, speech generating
device usability, and peer attitudes. In the first two situations, the
main question concerns external validity: the performance of
typically developing children can provide interesting suggestions
for future research and development, but it may not be fully
generalizable to a population of people who are communicatively
impaired. Moreover, the outcomes analyzed in the studies
retrieved appear to be partial and very limited when compared
to the outcomes expected from AAC interventions. Learnability of
a few isolated symbols over a very short period of time is, in fact,
very different from using hundreds of various symbols in the long
term and in fully functional, everyday communication exchanges,
and probably implies very different underlying mechanisms and
motivation.

The third situation could be more promising for future research
development. Up to now, the majority of the research on
interventions has focused on evaluating modifications in the
behaviors of AAC wusers rather than in their conversational
partners, while it is known that partners play a key role not only in
communication skill acquisition, but also in generalization and
maintenance [21]. Studies on the training of conversation partners
could reach larger numbers of subjects (each child has many
conversation partners) and could more easily be randomized.
Larger numbers would also permit an analysis of the effects of
different components, namely the impact of having an adult or a
child as a partner, the different relationships influencing children
(parents, siblings, grandparents, other family members, teachers,
classmates, etc), and the role of gender, educational level, previous
training, and present communication style. Nonetheless, as found
by the studies included in this review, RCTs are very limited and
not of optimal quality, making this an area of research that needs
significant effort.

Blinding appears to be another relevant point in AAC research.
While blinding of the subject, the family, and the interventionist is

PLOS ONE | www.plosone.org
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next to impossible, blinding of the assessor is generally feasible and
should be pursued and reported.

Given the extreme variety of subjects that are candidates for an
AAC intervention, as much detailed information as possible should
be provided regarding the above mentioned patient characteristics
(age, cognitive level, receptive and expressive language, attention,
behavioral phenotype, previous AAC experience, type of school
placement, full diagnosis including comorbidity, etc) in order to
determine in whom the intervention was successful and to permit
replication of findings. Most tests that explore neuropsychological
functions have been created and standardized for typically
developing children, and require the integrity and integration of
other functions in addition to the one evaluated. This may lead to
an underestimation of the extent to which functioning is not
homogeneous between children, particularly when considering
subjects with severe motor or intellectual disabilities. The
homogeneous reporting of subject characteristics and the identi-
fication of more appropriate and shared instruments for evaluation
[53] are very relevant topics for future evolution [19,50-52].

AAC research has many interesting components. Gommunica-
tion is one of the fundamental human rights, and its impairment
results in significant consequences in various areas of child
development. Lack of functional communication is generally a
life-long condition that severely impacts quality of life of subjects
and their families, and is highly correlated with subsequent
behavioral problems and high social and economic costs. Access to
AAC interventions is still an unmet need in most countries: the few
studies available [2,4,54-56] report from 22 to 60% of children
not receiving any AAC intervention, depending on the years
considered and on the geographical area. The main barriers
identified are resource availability issues (lack of funding, limited
access to AAC equipment, etc) and lack of training, and time
available, of professionals. Service development and access, as well
as the set up of complex interventions and their evaluation appears
to be more critical in developing countries and in non English-
speaking countries due to linguistic, cultural, and socioeconomic
reasons. The results of this review confirm that interest in, and
willingness to face, the challenge of evaluating interventions is still
limited to a few research groups (mainly American), with a long-
standing experience in the matter, suggesting that production and
acquisition of “evidence” in the field needs further effort and
participation. Time and resources are needed for guaranteeing all
children in need of ACC interventions efficacy-proven, accessible
techniques, since up to now these needs have remained neglected
for the majority of patients.

None of the retrieved RCTs studies,
suggesting that intergroup collaboration is difficult in the area,
also due to the different complexities of AAC patients and,
possibly, to linguistic differences between countries. However,
collaborative studies are efficacious approaches that favor the
transferability of acquired knowledge into common practice,
overcoming difficulties and converging on intervention choices.
This type of study therefore represents an achievement in the AAC
field.

AAC intervention evaluation also represents an interesting
example of complexity [48], with similarities to research in rare
diseases. The identification of valid and reliable outcome measures
appears critical. Possible changes are, in fact, multidimensional,
and in order to be measured they need different tools in different
domains (language comprehension, symbol and language use,
functional communication, cognitive development and learning,
participation and inclusion, quality of life, decrease in negative
behavior, child and family satisfaction, etc) and require more long
term evaluations. The interactive nature of the communication

were multicenter

March 2014 | Volume 9 | Issue 3 | 90744



process makes the participation of users, family members,
facilitators, teachers, and professionals particularly important in
defining objectives. Different people of different ages and with
different roles, however, may lead to different outcomes, so social
validation techniques need to be included from the start, when the
research question is defined, and not at the end of studies. This
could be an issue of significant relevance in research in the field of
complexity [17,18,48]. As in most complex interventions, an
improvement in transparency and quality of reporting is also a
very relevant topic for future development [17,24,48,57] for all
study designs. A better understanding of the different contexts in
which an intervention is applied, as well as of the different possible
ways of implementing it that can preserve intervention integrity, is
essential [58,59], as is the clear description of the intervention
theory base, modeling of components, outcomes, pilot testing, and
process of evaluation alongside the clinical trial. Criteria proposed
by Mohler et al. [60] appear interesting and consistent both with
the methods of development recommended by the EQUATOR
network and with previous discussions on the topic in the AAC

field.

Conclusions

Solid evidence of the positive effects of AAC interventions in
children with severe communication disorders still needs to be
generated. The efficacy of interventions in AAC remains a central
concern because of the scant evidence, and the debate has mostly
remained limited to specialized literature and has not reached the
general medical field. Efficacy research in AAC poses significant
challenges due to the paucity and heterogeneity of the population
of AAC users, the transactional and dynamic nature of the
communication process, the variability of AAC systems and
interventions, the importance of generalization and maintenance,
the key role of communication partners and of social validation of
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