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ABSTRACT

Introduction: Augmentative and alternative communication (AAC) systems were introduced into clinical
practice by therapists to help compensate for persistent language deficits in people with aphasia.
Although, there is currently a push towards an increased focus on compensatory approaches in an
attempt to maximize communication function for social interaction, available studies including AAC
systems, especially technologically advanced communication tools and systems, known as ‘high-technol-
ogy AAC’, show key issues and obstacles for these tools to become utilized in mainstream clinical practice.
Areas covered: The current review synthesizes communication intervention studies that involved the
use of high-technology communication devices to enhance linguistic communication skills for adults
with post-stroke aphasia. The review focuses on compensatory approaches that emphasized functional
communication. It also summarizes recommendations for the report of studies evaluating high-tech-
nology devices that may be potentially relevant for other researchers working with adults with post-
stroke aphasia.

Expert commentary: Taken together with positive results in heterogeneous studies, high-technology
devices represent a compensatory strategy to enhance communicative skills in individuals with post-
stroke aphasia. Improvements in the design of studies and reporting of results may lead to better
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interpretation of the already existing scientific results from aphasia management.

1. Introduction

Aphasia is an acquired impairment of language, affecting the
production or comprehension of speech and the ability to read
or write. The most common cause of aphasia is stroke (about
30% of stroke survivors acquire aphasia), although other types of
brain injuries can also be the cause [1]. Twenty five percent of
subjects experience severe forms of aphasia [1], being so severe
as to make communication almost impossible. Several prognos-
tic studies have shown that communication and language recov-
ery in aphasia within the first-year post-onset follows uncertain,
slow, and heterogeneous courses of improvement [2-4]. Among
patients with severe aphasia initially, almost 40% may have a
good recovery 3 months after stroke [5]. However, a high per-
centage of survivors with poststroke aphasia remain with multi-
ple aspects of communication impaired, limiting their
independence, social relationships, education, and employment.
Knowledge of the aspects of affected language and the channels
which remain accessible for communication represents the
mainstay for development of restorative and/or compensatory
strategies and tools.

Augmentative and alternative communication (AAC) systems
were introduced into clinical practice by therapists to help com-
pensate for persistent language deficits and communication pro-
blems. Communication is very essential in daily life, and when
someone has lost the ability to speak and/or understand spoken

or written language, then the AAC intervention approaches can be
utilized to meet their communication needs. AAC involves a wide
range of techniques, strategies, and technologies to support those
needs. From ancient time when individuals with hearing loss or
those lacking the ability to speak developed a sign language until
the present with the advent of technological resources, the AAC
systems are more affordable and more accessible for all people
with aphasia. Subjects with language impairment can use from no-
tech (e.g. manual signs) to high- and low-technology approaches
to AAC. Currently, there is no consensus regarding the key compo-
nent of goal setting interventions or when AAC systems should be
introduced to clinical practice. Also, there is no clear evidence that
one approach is superior to any other.

At this time, the treatment approaches in aphasia focus either
on restoration of skills or compensation for deficits. Restorative
approaches can be so specific to retrain discrete word-finding
difficulty as to retrain more complex grammatical aspects (e.g.
passive voice). Evidence-based restorative approaches for the
management of severe aphasia have documented that several
speech-language therapies are effective for enhancing language
recovery after stroke [6,7]. While compensatory strategies are
based on the premise that language function is lost, they intend
to establish functional communication and are generally
adapted to the needs of each individual with language impair-
ment. There is currently a push toward an increased focus on
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compensatory approaches in an attempt to maximize commu-
nication function for social interaction [8]. The focus of compen-
satory approaches must enable patients to increase their level of
function despite their deficit and must be on augmenting com-
munication in ways the person values. Also, compensatory
approaches for aphasia usually take the form of AAC. Newer
research [9,10], including reviews as well as case studies, indi-
cates that AAC systems, especially technologically advanced
communication tools and systems, known as ‘high-technology
AAC' are an excellent alternative for those who are unable to
communicate via speech alone. Inclusion of high-technology
AAC systems in activities of daily living could be an opportunity
for improvement of language function and full participation in
activities at home, work, social groups, and a variety of other
settings. However, studies investigating the value of compensa-
tory AAC approaches show several limitations (e.g. design, num-
ber of included participants, setting, time of evolution, type and
severity of aphasia, used AAC device, outcome measures) and
difficulties for the generalization of the results in the usual clinical
practice.

The current review synthesizes communication intervention
studies that involved the use of high-technology communica-
tion devices to enhance linguistic communication skills for
adults with poststroke aphasia. The review focuses on compen-
satory approaches that emphasized functional communication.
It also summarizes recommendations for the report of studies

)

evaluating AAC devices that may be potentially relevant for
other researchers working with adults with poststroke aphasia.

2. Methods
2.1. Search of studies

The research question for the review was the following: What
evidence exists about the usefulness of high-technology com-
munication devices as a compensation strategy to enhance
linguistic communication skills in people with aphasia second-
ary to stroke? In order to characterize research related to this
question, a systematic review of the literature was conducted
by two of the authors (MJR and VP). The relevant published
literature was identified via searching of the CINAHL, Cochrane
Library, Embase, Medline, PsycINFO, and Web of Science elec-
tronic databases. Three targeted sets of search terms were
selected and were combined using the Boolean term ‘AND":
(@) Impairment terms (aphasia OR stroke), (b) AAC terms
(speech-generating device, assistive aids, AAC, OR high tech-
nology), and (c) commonly used systems (software, hardware,
OR applications). We chose to do a broad search on each set
of search terms and used some specific terms (using ‘OR’) to
search for more literature about AAC which are often linked to
communication difficulties due to stroke in the literature. The
keywords were applied to titles and abstracts (Figure 1). The
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Figure 1. Search strategies and number of papers.




first author then extended the search, by reviewing the refer-
ence list of relevant studies to see if these references include
reports of other studies that might be eligible for the review.

2.2. Inclusion/exclusion criteria

The review considered observational studies and case reports
published in peer-reviewed journals between 1980 and 2017
that were reported in English. We included published research
with a primary focus on (a) adults who had a chronic aphasia
secondary to stroke, (b) high-technology communication
devices only, and (c) AAC methods or devices as compensa-
tory strategies and tools.

Papers were excluded according to the following charac-
teristics: (a) not published in English, (b) not original or case
studies peer-reviewed research (e.g. systematic review, meta-
analysis, editorial), (c) the primary focus was not on aphasia
(e.g. papers focusing on apraxia of speech [AOS] or dysarthria),
(d) the primary focus did not include subjects with stroke (e.g.
traumatic brain injury, amyotrophic lateral sclerosis, head and
neck surgery, tracheostomy, neurodegenerative diseases, or
communication disabilities), (e) including software or devices
that could be used only as a treatment or restorative tool or as
tele-rehabilitation, and (f) not brain-computer interface
research.

2.3. Selection of publications for review

In the study selection phase, the relevance of the literature
was assessed in title, abstract, and/or full text and inclusion/
exclusion criteria were applied (Figure 1). If a difference of
opinion occurred, it was decided by consensus among the
researchers to include or exclude the study. The first author
extracted data from full texts into an Excel spreadsheet, com-
prising author, year, type of study, objective/aim, inclusion
and exclusion criteria, number of participants, age, gender,
years of education, type of aphasia, severity of aphasia (mild,
moderate, or severe), previous exposure to AAC training, AAC
equipment description, intervention, number of sessions and
months of intervention, outcome measures, and results. All
authors mapped and checked the research evidence in
included studies according to those parameters.

2.4. Quality assessment

This review considered including observational study designs
with varying risks of bias (e.g. case reports and observational
studies) due to the absence of published studies with high
methodological quality (e.g. clinical trials). Under such circum-
stances, our quality assessment was based on our review
question and not on the study design. We considered only
studies that provide valid and useful information to address
our key question. To ascertain the validity of eligible studies,
blind pairs of reviewers working independently and with ade-
quate reliability determined the adequacy of eligibility criteria
of the population, description of the AAC system and inter-
vention, period of intervention, outcome measures, and main
findings of each included study. In order to minimize bias,
studies were assessed for inclusion using selection criteria that
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flowed directly from the review question and that were
piloted to check that they can be reliably applied.

2.5. Approach to analysis and synthesis

Data synthesis was a crucial step in the review process due to
the methodologically diverse primary studies included in the
review. When studies met the inclusion criteria, they were sum-
marized to form the outcome of the systematic review. Data
reduction was achieved through an overall classification system
in which primary studies were divided into subgroups that
provided a logical order for analysis. This subgroup classification
was based on types of study, objective, setting, and sample
characteristics. The next step in the data reduction process
was to code and extract data into a manageable framework.
Pooling results, as done in meta-analysis, was not appropriate.
Instead, we identified themes to synthesize findings. We
included tables summarizing the evidence generated from
each study. The final stage in data analysis was drawing conclu-
sions. Finally, all authors commented on the main findings,
strengths, and limitations of included studies and proposed a
checklist for the reporting of studies related to AAC devices.

3. Results
3.1. Study selection

Figure 1 provides a summary of the process of the search and
selection for studies, indicating how papers of relevance to
this review were identified. In total, from full-text articles
assessed for eligibility, 30 were included in this systematic
review. We excluded 71: thirty-four because of their ineligible
study design (e.g. review, editorial, observational study); 15
because compensatory effect of AAC interventions was not
examined; 12 because participants were not eligible (e.g.
patients with neurodegenerative diseases or intellectual dis-
ability); 6 because provided data on high-technology devices
was not usable; and 4 articles were duplicate (2 papers were
expanded articles including new data, 2 papers were pub-
lished in indexed journals later).

3.2. Study characteristics

The 30 papers included in this review were published between
1989 and 2016, with a focus on the use of AAC as compensa-
tory strategy training in patients with poststroke aphasia. Of
these, only three focused only on compensatory treatment
approach [11-13] while the other publications considered
both restorative and compensatory strategies. The studies
encompassed 8 case reports, 1 analytic observational study
(case-control), and 21 descriptive observational studies.

3.3. Study quality

We found heterogeneity in the bias analysis of included stu-
dies, with ambiguously or incompletely reported data (e.g.
demographics and clinical variables of the included partici-
pants, features of AAC devices, description of the intervention,
statistical analysis), variable eligibility criteria (e.g. type of
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aphasia, degree of severity, occupation, level of education,
setting), flawed measurement of outcome (e.g. scales or ques-
tionnaires that measure communication skills, quantitative
analysis), and inadequate control of confounding variables
(e.g. absence of accurate measurement of neuropsychological
performance, compliance, and lack of adjustment in statistical
analysis).

This review incorporated observational studies, case reports,
and studies without control groups, especially because there
were no other studies to consider. Therefore, including data
from non-randomized trials was challenging. Results of tradi-
tional quality assessment were not used as exclusion criteria,
but were instead incorporated in the discussion of findings.

3.4. Participant characteristics

Table 1 summarizes the characteristics of study participants.
Participants included people with acquired nonprogressive
poststroke aphasia (n = 250). The mean sample size was 8.33
(range 1-49). However, 80% (n = 24) of the studies had

Table 1. Summary of characteristics of study participants.

between 1 and 10 participants. A single study included a
control group for comparison purposes [14]. There was con-
siderable variability of participants in some studies, with diver-
sity in terms of age (M = 57.82, SD = 8.42, range = 18-80),
gender (male = 123, female = 96), level of education
(M =14.99, SD = 1.71, range = 11-20), or months after stroke
(M = 43.49, SD = 22.64, range = 3-156). The most commonly
reported type of aphasia was non-fluent aphasia, followed by
fluent and global aphasia. Only 5 of 30 (16.66%) studies
reported the simultaneous presence of AOS [15-19]. Only 4
of 30 (13.33%) studies included mild forms of aphasia [20-23].
Seven (23%) papers did not report the degree of aphasia
severity. Almost half of the studies (n = 14) did not specify
whether participants had previous experience with AAC or
other technologies.

3.5. Features of AAC systems

Table 2 shows the characteristics of AAC systems. While the
process of determining an appropriate category for AAC

Mean age Gender Education Months Severity of Apraxia of
Citation N (years) (M/F) (years) Occupation poststroke Type of aphasia aphasia Speech
Aftonomos, 2001 49 689 + 1140 21M/29F NE NE 22.08 + 28.44 Non-fluent (42%)  Moderate-severe NE
[24]
Albright, 2008 [25] 1 31 F NE NE 48 Non-fluent (100%) Moderate NE
Allen, 2007 [11] 2 70 + 7.07 M NE Consultant, retired 75 + 63.64 Non-fluent (100%) Moderate-severe NE
Bartlett, 2007 [20] 5 516+1150 2M/3F 16 + 3.20 NE NE Non-fluent (100%) Mild-moderate NE
Boyd-Graber, 2006 7 NE NE NE NE NE NE NE NE
[12]
Bruce, 2003 [26] 1 57 M NE Printer, driver 18 Fluent (100%) Severe NE
Caute, 2015 [27] 4 50 £ 22.41 TM/3F  14.75 + 2.63  Student, office 51 £31.56 NE NE NE
worker
Caute, 2015 [28] 1 61 M 15 Teacher, 18 Fluent (100%) NE NE
consultant
Daemen, 2007 [29] 5 NE 4M/1F NE NE NE Non-fluent (100%) Moderate-severe NE
Dietz, 2014 [15] 5 578+ 1203 3M/2F 13.2 £ 1.64 NE 90.4 + 99.13 Non-fluent (60%) Moderate 3 Yes/2 No
Doesborgh, 2004 18 635+ 212 9M/9F NE NE 13+424 NE Moderate—severe NE
[14]
Fink, 2008 [22] 5 516+1150 2M/3F 16 + 3.20 NE NE Non-fluent (100%) Mild—-moderate NE
Griffith, 2014 [30] 4 56 + 19.80 1M/3F 12 + 0.50 NE 56.5 + 17.17 Non-fluent (100%) Moderate-Severe NE
Hoover, 2014 [21] 20 58.33 + 5.77 NE 16 + 0.30 NE 60 £ 13.66 NE Mild-Severe NE
Hough, 2009 [16] 1 56 M 12+0 Businessman 24 Non-fluent (100%) Severe Yes
Johnson, 2008 [17] 3 67.66 + 10.07 1M/2F  17.66 + 2.88 Professor, 52.66 + 35.36 Mixed (66.67%) Severe Yes
businessman
Linebarger, 2000 6 NE NE NE NE NE Non-fluent (100%) NE NE
[31]
Linebarger, 2004 2 62 + 11.31 M 14.5 £ 3.53  CEO, bricklayer 48 Non-fluent (100%) Severe NE
[32]
Linebarger, 2008 1 41 M 16 NE 22 Non-fluent (100%) Mild NE
[23]
McKelvey, 2007 [18] 1 61 M NE NE 96 Non-fluent (100%) Severe Yes
Miller, 2013 [33] 7 NE NE NE NE NE NE NE NE
Nicholas, 2005 [34] 5 51.6 + 1512  3M/2F 16.8 + 2.95 NE 41.04 + 30.30 Non-fluent (100%) Severe NE
Nicholas, 2011 [35] 10 53.6 + 1049  7M/3F NE NE 29.8 + 26.08 Non-fluent (100%) Severe NE
Rostron, 1996 [19] 1 61 M 14 Boatman 48 Non-fluent (100%) Severe Yes
Steele, 1989 [36] 5 57.2 = 6.57 5M NE NE NE Global (60%) Severe NE
Steele, 2010 [37] 20 67.20 £9.70 12M/8F NE NE 324 + 282 Global (100%) Severe NE
Van de Sandt, 2005 22 57 (19-81) 20M/8F NE NE 30 (3-156)  Non-fluent (100%) NE NE
[29]
Van de Sandt, 2007 34 61+ 1140 19M/15F NE NE 314 + 49.40 Global (82%) Severe NE
[38]
Waller, 1997 [13] 1 60 F NE NE NE Non-fluent (100%) Severe NE
Waller, 1998 [39] 4 6475 £9.64 3M/1F NE NE 48.75 + 26.87 Non-fluent (100%) NE NE

M: male; F: female; NE: not examined.
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Table 2. Characteristics of AAC systems.

Information Access Message

Citation Name systems Display Stimuli strategies formulation
Aftonomos, 2001  Lingraphica® Portable computer Traditional grid Written words, Touch screen, Speeches

[24] software display icons mouse
Albright, 2008 SentenceShaper™ Desktop computer Traditional grid Written words, Mouse Speeches

[25] software display icons, audio files
Allen, 2007 [11]  PhotoTalk Software App Traditional grid Photographs Touch screen  Picture to picture

display
Bartlett, 2007 [20] SentenceShaper Desktop computer Traditional grid Written words, Mouse Speeches
software display icons, audio files

Boyd-Graber, Lingraphica®, ESI Planner I Dedicated AAC Traditional grid Written words, Touch screen, Speeches

2006 [12] devices display icons mouse,

trackball
Bruce, 2003 [26]  Dragon NaturallySpeaking® Preferred Desktop computer Traditional grid Audio files Mouse, microphone
version 4.01 software display keyboard,

Speech to text

Caute, 2015 [27]  Kindle Keyboard 3GTM Portable computer Traditional grid Written words Touch screen  Text to speech

software display
Caute, 2015 [28]  Dragon NaturallySpeaking® Preferred Portable computer Traditional grid Audio files Mouse, microphone
version 10, Read & Write Gold™ software display keyboard,
Speech to text
Daemen, 2007 Storytelling Software App Traditional grid Written words, Pen Picture to picture,

[29]

Dietz, 2014 [15]

Doesborgh, 2004
[14]
Fink, 2008 [22]

Griffith, 2014 [30]

Hoover, 2014 [21]

Hough, 2009 [16]

Johnson, 2008
[17]

Linebarger, 2000
[31]

Linebarger, 2004
[32]

Linebarger, 2008
[23]

McKelvey, 2007
[18]

Miller, 2013 [33]

Nicholas, 2005
[34]

Nicholas, 2011
[35]

Rostron, 1996
[19]

Steele, 1989 [36]
Steele, 2010 [37]

van de Sandt,
2005 [29]

DynaVox VMax ™ 2

Multicue
SentenceShaper

DynaVox Vmax™

Proloquo2Go, Pictello, Keynote, Language
Builder, SmallTalk, VASTtx — Key Words,
Language TherAppy, iTherapy/Constant

Therapy

Dialect, Speaking Dynamically Pro

Dialect, Speaking Dynamically Pro®

SentenceShaper

SentenceShaper

SentenceShaper To Go™

DynaVox™

AphasiaWeb

C-Speak Aphasia
C-Speak Aphasia

EasySpeaker

C-VIC
Lingraphica

TouchSpeak

Dedicated AAC
devices

Desktop computer
software

Desktop computer
software

Dedicated AAC
devices

Software App

Dedicated AAC
devices

Dedicated AAC
devices

Desktop computer
software
Desktop computer
software
Portable computer
software
Dedicated AAC
devices
Software App

Desktop computer
software

Desktop computer
software

Desktop computer
software

Desktop computer
software

Portable computer
software

Portable computer
software

display

Visual scene
display

Traditional grid
display

Traditional grid
display

Visual scene
display

Traditional grid
display

Traditional grid
display

Traditional grid
display

Traditional grid
display
Traditional grid
display
Traditional grid
display
Visual scene
display
Traditional grid
display

Traditional grid
display

Traditional grid
display

Traditional grid
display

Traditional grid
display

Traditional grid
display

Traditional grid
display

photographs,

drawings
Written words,

photographs

Written words,
pictures

Written words,
icons, audio files

Written words,
photographs,
line drawings

Written words,
photographs

Written words,
photographs
Written words,
personal
photographs,
orthographic
symbols.
Written words,
icons, audio files
Written words,
icons, audio files
Written words,
icons, audio files
Written words,
photographs
Icons, photographs

Written words,
photographs

Written words,
photographs

Written words,
pictures, graphic
symbols

Icons

Written words,
icons

Written words,
drawings,
pictures,
photographs,
speech

Touch screen,
switch,
scanning,
eye
tracking

Mouse

Mouse

Touch screen

Touch screen

Touch screen,
keyboard
Touch screen,
keyboard

Mouse
Mouse
Touch screen
Touch screen

Touch screen

Mouse
Mouse

Mouse

Mouse, switch

Touch screen,
mouse
Touch screen

text to text,
speeches
Speeches

Speeches
Speeches

Speeches

Picture to picture,
text to text,
speeches

Speeches

Speeches

Speeches
Speeches
Speeches
Speeches

Picture to picture,
text to text,
speeches

Text to text,
speeches

Text to text,
speeches

Speeches

Picture to picture,
text to text
Speeches

Picture to picture,
text to text,
speeches

(Continued)
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Table 2. (Continued).

Information Access Message
Citation Name systems Display Stimuli strategies formulation
van de Sandt, TouchSpeak Portable computer Traditional grid Written words, Touch screen  Picture to picture,
2007 [38] software display drawings, text to text,
pictures, speeches
photographs,
speech
Waller, 1997 [13] TalksBac Portable computer Traditional grid Written words, Mouse, Speeches
software display photographs keyboard,
trackball
Waller, 1998 [39] TalksBac Portable computer Traditional grid Written words, Mouse, Speeches
software display photographs keyboard,
trackball

AAC: augmentative and alternative communication; C-VIC: Computerized Visual Communication System; NE: not examined.
Summary presented in the table is based on all the available data from included studies. There are a wide variety of commercial software not mentioned in this

review.

systems in this paper was difficult, we listed all information
systems into four categories. These included the following:

e AAC desktop computer software (n = 11): software pro-
grams that have AAC capabilities and that can be installed
on a desktop computer [14,19,20,22,25,26,31,32,34-36].

e AAC portable computer software (n = 9): software pro-
grams that have AAC capabilities and that can be installed
on a portable computer or laptop [13,23,24,27-29,37-39].

e Dedicated AAC devices (n = 6): hardware specifically
manufactured for AAC purposes [12,15-18,30].

e Mobile devices with communication apps (n = 4): soft-
ware applications and tablet or phone platforms for AAC
purposes [11,21,33,40].

A total of 13 different types of AAC systems were used in
the 30 interventions reported. Five studies used more than
one type of AAC system per study [12,16,17,21,27]. Of the
various AAC systems used, the SentenceShaper™ had the
highest frequency (n = 6, 20%), followed by both the
Lingraphica® and Dynavox® each being used three times
(10%). The C-Speak Aphasia, Dialect, Dragon
NaturallySpeaking, TalksBac, and TouchSpeak were each used
twice (6.6%). Finally, the AphasiaWeb App, C-VIC, EasySpeaker,
Kindle Keyboard 3G™, Multicue, PhotoTalk App, and
Storytelling App were all used once (3.4%).

Visual scene display (VSD) was used to enhance commu-
nication in three studies [15,18,30]. All other studies included
traditional grid display. Dietz and colleagues [15] used four
variants of a VSD interface in five people with chronic aphasia.
They employed personally relevant photographs and related
text, as well as speech output to create the VSD on a portable
device. Overall, participants perceived the personally relevant
photographs and the text as helpful during the conversations.
Griffith et al. [30] evaluated four variants of a VSD interface
with color personally relevant photographs or colored line
drawings in four subjects with chronic aphasia. All participants
relied on personally relevant photographs more frequently
than line drawings; however, they reported both picture
types to be equally helpful. McKelvey and colleagues [18]
investigated the use of a VSD in an AAC device by a subject
with chronic non-fluent aphasia during multiple interactions

with naive communication partners. Results documented suc-
cessful use of the VSD interface by the participant to commu-
nicate two stories to multiple unfamiliar communication
partners. None of the studies compared both VSD and grid
displays.

Message formulation strategies can include spelling let-
ter-by-letter; retrieving messages word-by-word, picture-by-
picture, phrase-by-phrase, sentence-by- sentence, or as full
stories; and retrieving speeches or talks. For the purposes of
this study, four different message formulation modes were
categorized: speech (digitized or synthesized speech, which
can be recorded, stored, and reproduced); written words or
text (letter-by-letter spelling, or word-by-word and sen-
tence-by sentence message retrieving); pictures or photo-
graphs (strategy which rely exclusively on pictures or line
drawings to formulate messages); and multiple methods of
message formulation (a combination of methods). Nineteen
of the 30 studies investigated speech involving a total of
130 individuals with poststroke aphasia. Two studies used a
speech recognition software to help two patients with
aphasia to improve their writing [26,27] and mailing [27]
skills. A single study evaluated the incorporation of pictures
or photographs into their daily lives using the PhotoTalk
App [11]. Finally, eight studies examined communication
using a variety of message formulation modes with 108
participants.

3.6. Intervention description

Table 3 shows the description of AAC Interventions for adults
with poststroke aphasia. The use of AAC by adults with post-
stroke aphasia in the home setting was only explored in four
papers [19,31,32,39]. Three of the four studies [31,32,39] con-
cluded that AAC could be used successfully and have bene-
ficial effects on communication effectiveness. The other study
[19] did not show improvement in communication skills with
the use of EasySpeaker software at home. The AAC interven-
tions in the hospital setting was explored in 13 papers, one of
which with unfavorable results [14]. Finally, the participants
used the device communicatively, in the hospital and at home
in 13 studies, with negative results in 2 papers [17,25]. Studies
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Table 3. Description of AAC interventions for adults with poststroke aphasia.

Intervention

Instructional ~ Number of period
Citation Design Purpose/objective Target population Setting format sessions (months)
Aftonomos, 2001 Observational, To examine improvements after Individual with Hospital, home One to one 378 +204 45+22
[24] descriptive treatment at the impairment level aphasia
study and the functional level individually
using Lingraphica® System.
Albright, 2008 Case study To evaluate changes in narrative Individual with Hospital, home One to one NE 4
[25] production both with and after using aphasia,
the program. To describe the ways in caregivers
which this participant chose to use
the program to support his/her
everyday communication.
Allen, 2007 [11]  Observational, To report how and if individuals with  Individual with Hospital One to one 8 1
descriptive aphasia would incorporate PhotoTalk  aphasia,
study into their daily lives. caregivers
Bartlett, 2007 [20] Observational, To demonstrate aided effects in Individual with Hospital One to one 1 NE
descriptive functional conversations based on aphasia
study hypothetical real-life situations using
SentenceShaper™ system.
Boyd-Graber, Observational, To test the final AAC design in a 4-week Individual with Hospital One to one NE 1
2006 [12] descriptive study conducted with seven aphasic aphasia
study individuals with varying degrees of
impairment.
Bruce, 2003 [26] Case study To determine whether a voice Individual with Hospital One to one 17 8
recognition software technology aphasia
could help a person with moderately
severe fluent aphasia to
communicate more effectively in
writing.
Caute, 2015 [27] Observational, To explore whether people with Individual with Hospital, home One to one 4 1
descriptive aphasia can learn to use e-readers aphasia
study following a brief period of training,
whether training improves reading
comprehension, and participation in
reading activities.
Caute, 2015 [28]  Case study To explore effects of treatment Individual with Hospital, home One to one 16 2
employing voice recognition aphasia
software on the participant’s written
language, communication and social
participation.
Daemen, 2007 Observational, To describe the iterative design and Individual with Hospital, home One to one NE NE
[29] descriptive evaluation of a storytelling aphasia,
study application for individuals with caregivers
expressive aphasia.
Dietz, 2014 [15]  Observational, To describe the communication Individual with Hospital One to one 1 NE
descriptive behaviors of five people with chronic  aphasia
study aphasia when they retold personal
narratives to an unfamiliar
communication partner using four
variants of a visual scene display
interface.
Doesborgh, 2004 Observational, To investigate the efficacy of Multicue Individual with Hospital One to one 20 2
[14] analytical program on naming and verbal aphasia
study communication.
Fink, 2008 [22] Observational, To demonstrate aided effects from Individual with Hospital One to one 1 NE
descriptive SentenceShaper on narratives with aphasia
study functional content using listener
judgments of informativeness as the
dependent variable.
Griffith, 2014 [30] Observational, To examine how the presence of visual Individual with Hospital One to one 1 NE
descriptive and linguistic supports influenced aphasia
study the communicative behaviors of
people with aphasia during a
narrative retell task.
Hoover, 2014 [21] Observational, To describe how the iPad was Individual with Hospital, home One to one, 20 1
descriptive customized for use in individual, aphasia small group,
study dyadic, and group treatment formats large group
and how its use was encouraged
through home practice tasks.
Hough, 2009 [16] Case study To investigate if a subject with severe, Individual with Hospital, home One to one 40 3
chronic aphasia could learn to use an  aphasia,
AAC device. To monitor caregivers

communication skill improvement
periodically throughout treatment.

(Continued)
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Table 3. (Continued).

Intervention

Instructional ~ Number of period
Citation Design Purpose/objective Target population Setting format sessions (months)
Johnson, 2008 Observational, To examine the benefits to individuals Individual with Hospital, home One to one 48 3
[17] descriptive with severe chronic non-fluent aphasia,
study aphasia of an intensive therapy caregivers
regimen with a computer-based AAC
system.
Linebarger, 2000  Observational, To report the performance Individual with Home One to one 15 NE
[31] descriptive improvement on the grammatical aphasia
study structure using a communication
system.
Linebarger, 2004  Observational, To report the performance Individual with Home One to one 1 2.75
[32] descriptive improvement on the narrative aphasia
study production in two chronically aphasic
subjects using the communication
system alone.
Linebarger, 2008  Case study To report data from a pilot study with  Individual with Hospital, home One to one 24 4
[23] SentenceShaper To Go which provide  aphasia
computer-based support for users’
residual speech in composing and
delivering spoken messages.
McKelvey, 2007  Case study To investigate the use of a contextual Individual with Hospital One to one 18 15
[18] picture-based system in an AAC aphasia
device by a subject with chronic non-
fluent aphasia during multiple
interactions with naive
communication partners.
Miller, 2013 [33]  Observational, To describe the social network and Individual with Hospital, home One to one NE 2
descriptive share findings from a 2-month trial aphasia
study program conducted with a local
aphasia support group.
Nicholas, 2005 Observational, To determine the functional Individual with Hospital One to one 48 6
[34] descriptive communication skill improvement by ~ aphasia
study using C-Speak Aphasia program.
Nicholas, 2011 Observational, To explore cognitive and linguistic Individual with Hospital One to one 63.6 + 39.39 15.9 + 9.85
[35] descriptive factors related to aphasic patients’ aphasia
study ability to communicate expressively
using C-Speak Aphasia.
Rostron, 1996 Case study To report a case study of EasySpeaker  Individual with Home One to one 10 1
[19] program application. aphasia
Steele, 1989 [36] Observational, To report results of single-subject Individual with Hospital One to one NE 6
descriptive experimental designs probing C-VIC aphasia
study system with five chronic, severely
impaired aphasic individuals.
Steele, 2010 [37] Observational, To analyze persons with chronic global Individual with Hospital, home One to one NE 5.15
descriptive aphasia, at intake and at discharge, aphasia
study at the impairment and functional
communication levels with the use of
Lingraphica® system.
van de Sandt, Observational, To develop a portable computerized Individual with Hospital, home One to one 20 NE
2005 [29] descriptive communication aid for aphasic aphasia,
study people to support communication in caregivers
everyday life.
van de Sandt, Observational, To investigate the efficacy of Individual with Hospital, home One to one NE 4.5
2007 [38] descriptive TouchSpeak for aphasia. To evaluate aphasia
study the long-term effects of the aid.
Waller, 1997 [13] Case study To report the effect of the use of Individual with Hospital One to one 12 4
Predictive Retrieval Of Story Extracts aphasia
and TalksBac system in an adult with
non-fluent aphasia.
Waller, 1998 [39] Observational, To describe the design and evaluation Individual with Home One to one 36 9
descriptive of a computer-based communication aphasia,
study system called ‘TalksBac’ with four caregivers

non-fluent adults with aphasia.

AAC: augmentative and alternative communication; NE: not examined.

implemented AAC interventions in either a group setting

(n = 1) or an individual setting (n = 29).

AAC intervention was designed only for individuals with
aphasia in 23 of 30 included studies, while aphasic people and

caregivers were the target population in 7 studies. Albright
and Purves [25] explored how using a beta version of
SentenceShaper™ could support everyday communication in
a 31-year-old woman with non-fluent aphasia of moderate



severity and her mother. Findings revealed that, although the
participant with aphasia used SentenceShaper messages for
e-mail and in conversation, neither she nor her mother readily
accepted the use of the program to augment communication
in everyday life. Allen et al. [11] involved family members in
the first and last meeting. At the first meeting, the commu-
nication skills and strategies of the individual with aphasia
were discussed with the aphasic participant and the family
member. At the last meeting, a semi-structured interview was
conducted with both the aphasic participant and the close
family member. The involvement of the close family members
was most beneficial at the outset of the study; the participants
seemed more comfortable knowing that their family members
would be present to assist in communication with the
researcher if necessary. Daemen et al. [40] included five apha-
sic individuals and their primary caregivers (their spouse in
one case and speech therapists in the others) to evaluate the
influence of Storytelling Apps on communicative skills of daily
life. Patients had to create a short story and later to share with
their caregivers. The partners and speech therapists indicated
that storytelling was a good option to help people with apha-
sia and their partners tell their daily activities. Hough and
Johnson [16] included an aphasic patient and the caregiver
throughout the treatment. Results revealed that caregiver
perception of communicative independence increased and
that the caregiver’s role was important to success of device
generalization as a communication skill tool. Johnson et al.
[17] included three participants with severe non-fluent aphasia
and their caregivers. Results showed that caregivers’ percep-
tions of communication skills increased specifically in relation
to communicative independence and quality of communica-
tion. van de Sandt-Koenderman et al. [29] included 22 aphasic
patients and their supportive partners who provided informa-
tion about specific communicative needs. Seventeen patients
(77%) reported to use AAC system for at least one of the
preset goals. Waller et al. [39] included subjects with aphasia
and their caregivers who were trained to use the TalksBac
system and were involved in developing personalized data-
bases. Despite training, caregivers did not fully realize the
conversational importance of everyday events for the aphasic
subjects. Authors concluded that more training needs to be
provided to help caregivers to identify and enter conversa-
tional data.

The average number of months of intervention was of
4.01 + 3.43. Seven studies did not specify the period of train-
ing [15,20,22,29-31,40]. The average number of sessions was
of 20.54 + 17.31, ranged from 1 to 64. Communication part-
ners were incorporated in almost half of the included stu-
dies (n = 14).

3.7. Summary of intervention outcomes

Table 4 shows a summary of measures and outcomes of the
included studies. AAC compensatory (n = 30) and mix of
compensatory/restorative (n = 27) therapy approaches were
implemented to improve the language and communicative
skills of participants with poststroke aphasia and were consid-
ered as main outcomes. Compensatory approaches involved
those strategies designed to maximize communication
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function for social interaction. These strategies were coded
into one of six categories: (a) in-depth information, (b) tele-
phone conversations, (c) needs (variety of everyday situations
in which people with aphasia and their families might need or
wish to participate. For example, playing cards with friends,
washing, dressing, preparing meals, shopping, doing house-
work), (d) face-to-face interaction (conversations, stories), (e)
online communication, and (f) written communication (writ-
ing, mailing, reading). Restorative approaches involved those
techniques designed to recover skills that were impaired due
to stroke (e.g. naming, repetition, semantic categorization,
speed of speech, executive functioning, recalled words).
Twenty-two studies analyzed a single communicative function.
Many of the studies evaluated more than one of the skills
listed earlier.

The reported outcomes encompassed a wide range of
measures, with the most commonly used being a count of
correct responses (n = 12) and standardized language test
scores (n = 12). Eight used linguistic analysis (such as
Quantitative  Production  Analysis, analysis of Correct
Information Units, or Direct Magnitude Estimation). All studies
evaluated functional communication using an AAC device.
Eight papers included the use of questionnaires specially
designed to evaluate communicative skills
[19,25,26,28,29,34,35,40], 7 used a functional quantitative ana-
lysis [13,15,18,30-33], and 15 used communication tests
[11,12,14,16,17,20-24,28,36-39] (such as Porch Index of
Communicative Ability, Communicative Effectiveness Index,
Amsterdam Nijmegen Everyday Language Test scale, or
American Speech-Language Hearing Association Quality of
Communication Life Scale). There was a single study using
rating of client satisfaction [38].

Pooling results, as done in meta-analysis, were not
appropriate due to the methodologically diverse primary
studies included in the review. Main outcomes were classi-
fied as positive, negative, or mixed based on a system
proposed in other study [41]. Positive outcomes referred
to studies in which the target outcome(s) improved for all
participants. Negative outcomes referred to studies in which
no treatment effect was observed following AAC interven-
tion. Mixed outcomes referred to studies in which some
participants made improvements and others did not.
Restorative approaches showed positive (n = 14) or mixed
(n = 13) results. With respect to compensatory strategy,
many studies (n = 16) reported positive outcomes [11-
13,16,18,20-24,26,27,30,33,36,40]. Eleven studies reported
mixed outcomes in which some participants demonstrated
positive outcomes and others did not
[15,17,28,29,31,32,34,35,37-39]. Three studies reported
negative findings, as participants did not demonstrate
improvement in communication functions following AAC
intervention [14,19,25].

The acceptance rate of high-technology AAC devices in
everyday lives was reported only in five studies
[11,19,25,29,38]. Albright and Purves [25] investigated the
use of SentenceShaper software to support therapeutic and
augmentative aspects in an individual with non-fluent apha-
sia. Results indicated that the patient improved the narra-
tive production but did not accept the use of the program
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Table 4. Summary of measures and outcomes of the included studies.

AAC
Previous Positive results compensatory
experience Communication in restorative strategy
Citation AAC Communicative functions Training outcomes outcomes strategies approach
Aftonomos, 2001 No Needs Language test scores Test scores Positive Positive
[24]
Albright, 2008 Yes Needs, face-to-face interaction Linguistic analysis Questionnaire Positive Negative
[25] (conversations, stories), written
communication (writing)
Allen, 2007 [11] NE Face-to-face interaction (conversations) Count of correct responses. Test scores Not rated Positive
Language test scores
Bartlett, 2007 [20] NE Face-to-face interaction (stories) Linguistic analysis Test scores Mixed Positive
Boyd-Graber, Yes Needs No Test scores Not rated Positive
2006 [12]
Bruce, 2003 [26] No Written communication (writing) Count of correct responses. Questionnaire Positive Positive
Language test scores
Caute, 2015 [27] NE Written communication (reading) No Questionnaire Mixed Mixed
Caute, 2015 [28] Yes Written communication (writing, mailing) Count of correct responses  Test scores Positive Positive
Daemen, 2007 NE Face-to-face interaction (stories) No Questionnaire Positive Positive
[29]
Dietz, 2014 [15] 2 Yes/3 No Face-to-face interaction (stories) Linguistic analysis Quantitative Mixed Mixed
analysis
Doesborgh, 2004 No Face-to-face interaction (conversations) Language test scores Test scores Mixed Negative
[14]
Fink, 2008 [22] NE Face-to-face interaction (stories) Linguistic analysis Test scores Positive Positive
Griffith, 2014 [30] 1 Yes/3 No Face-to-face interaction (stories) Linguistic analysis Quantitative Positive Positive
analysis
Hoover, 2014 [21] NE In-depth information, telephone Count of correct responses. Test scores Positive Positive
conversations, needs, face-to-face Language test scores
interaction (conversations)
Hough, 2009 [16] NE Needs Language test scores Test scores Positive Positive
Johnson, 2008 No Needs Language test scores Test scores Mixed Mixed
[17]
Linebarger, 2000 NE Face-to-face interaction (stories) Linguistic analysis Quantitative Mixed Mixed
[31] analysis
Linebarger, 2004 Yes Face-to-face interaction (stories) Linguistic analysis Quantitative Mixed Mixed
[32] analysis
Linebarger, 2008 NE Face-to-face interaction (stories) Linguistic analysis Test scores Positive Positive
[23]
McKelvey, 2007 NE Face-to-face interaction (stories) Count of correct responses  Quantitative Positive Positive
[18] analysis
Miller, 2013 [33] NE Online communication Count of correct responses  Quantitative Positive Positive
analysis
Nicholas, 2005 NE Telephone conversations, needs, face-to-face Count of correct responses. Questionnaire Mixed Mixed
[34] interaction (conversations), written Language test scores.
communication (writing, mailing). Cognitive test scores
Nicholas, 2011 NE Telephone conversations, needs, face-to-face Count of correct responses. Questionnaire Mixed Mixed
[35] interaction (conversations), written Language test scores.
communication (writing, mailing) Cognitive test scores
Rostron, 1996 No Needs Count of correct responses  Questionnaire Positive Negative
[19]
Steele, 1989 [36] No In-depth information, needs Language test scores Test scores Positive Positive
Steele, 2010 [37] NE Needs Language test scores Test scores Mixed Mixed
van de Sandt, No Needs Count of correct responses  Questionnaire Mixed Mixed
2005 [29]
van de Sandt, No Telephone conversations, needs, face-to-face Count of correct responses  Test scores Mixed Mixed
2007 [38] interaction (conversations)
Waller, 1997 [13] NE Face-to-face interaction (conversations) Count of correct responses  Quantitative Not rated Positive
analysis
Waller, 1998 [39] No Needs, face-to-face interaction Language test scores Test scores Mixed Mixed

(conversations)

AAC: augmentative and alternative communication; NE: not examined.

to augment communication in everyday life. Rostron et al.
[19] described the use of EasySpeaker software by an indi-
vidual with severe non-fluent aphasia. The results of this

case report showed that the participant could use and learn

the program. However, the subject did not use it to gen-
erate propositional communication. Allen et al. [11] evalu-
incorporation
participants into their daily lives. Only one participant

ated the

of PhotoTalk Apps in

two

accepted PhotoTalk for communication. van de Sandt-
Koenderman et al. [29] investigated the use of TouchSpeak
software by 22 subjects with aphasia. All 22 learned to
operate the device and 17 accepted its use in everyday

life. van de Sandt-Koenderman et al.

(38]

used the

TouchSpeak software in a sample of 34 patients with a
severe aphasia. Fifty percent obtained their own software
after the training and after 3 years 6% still used it.



4. Discussion

This systematic review presented studies that investigated the
usefulness of high-technology AAC devices to enhance the
communication abilities in adults with poststroke aphasia.
Overall, results indicated that individuals with chronic post-
stroke aphasia showed improvements when a high-technol-
ogy AAC intervention was used to enhance communicative
skills using compensatory therapy approach. The included
studies involved a group of people with different types of
aphasia and varying degrees of severity, several types of AAC
devices, different message formulation modes, and at least
nine communicative functions. In terms of the quality of
results, the majority of studies reviewed here achieved clear
intervention results, where positive or mixed outcomes were
high (90%).

Although the lack of consistency in design and methodol-
ogy could be an important limitation of our systematic review,
we consider that this issue does not detract from their global
relevance. Synthesizing and integrating qualitative or quanti-
tative data from studies with different designs and methodol-
ogy is challenging, but possible. In this review, assessing
quality using standard tools was not particularly helpful
because many of these studies were placed at the lowest
level (case series or case report). To address this drawback,
we developed a data extraction matrix to help deconstruct
each included study. From this, we identified themes to
synthesize findings and reconstructed the main results,
which were presented in structured tables. To answer the
main research question, we integrated the findings from 30
studies, comparing the results to identify similarities and dif-
ferences. Using this type of approach did not provide stronger
evidence than a meta-analysis but allowed for greater breadth
of perspectives and deeper understanding of applicability of
high-technology devices in people with poststroke aphasia
who received the AAC interventions.

Another important concern about AAC interventions was
that we did not find studies assessing only communication
skills as the primary outcome. The distinction between studies
which have used high-technology AAC for therapy and those
which have used them as functional communication aids is a
crucial issue. For example, patient ‘A’ might perform better on
verbal naming tasks compared to patient ‘B’, but that result
may not be related to the quality of a conversation in a
restaurant with a friend. Therefore, communicative compe-
tence for people who need AAC goes beyond simple language
skills. People with poststroke aphasia might require AAC inter-
ventions that support the improvement of communication,
enhance the participation in their context, enable to make
social relationships, develop academic or employment skills,
and/or engage with family members. In this sense, the focus of
AAC should be on augmenting communication in ways the
persons need and specific outcome measures should be used.

Simultaneously, outcome measures should provide infor-
mation on the impact of AAC intervention. It should include
both a qualitative and quantitative component and data
should be gathered and analyzed using compensatory
approaches. An important step is determining desired out-
comes. For example, operational competence to operate the
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AAC system can be an achievable outcome (e.g. access to the
device, ability to program vocabulary, charging the device).
Second, linguistic skill should be reflected in the included
outcomes in the design of studies (e.g. specific aspects of
vocabulary or grammar). Finally, the outcomes should reflect
long-term goal of AAC: interactive communication (e.g. social
competence, interaction, strategic competence, participation
of partners, acceptance rates). Although our main stage in the
process of the systematic review was to synthesize findings
and reconstruct the main results, it was not possible to com-
pare results in a quantitative way, due to the heterogeneity of
the processes and tools of measurement and/or reporting of
results.

Our review identified several key issues in the area of AAC
interventions in people with poststroke aphasia, including (a)
a predominance of single case and small group designs, (b)
the lack of reporting of the percentage of acceptance by AAC
users, (c) a high proportion of studied patients over 50 years of
age, (d) a clear tendency for targeting individuals with aphasia
without the training of communication partners simulta-
neously, (e) a tendency to overestimate the influence of lin-
guistic factors in determining the communicative success, and
(f) the noninclusion of confounding variables as the partici-
pants’ cognitive performance or the presence of AOS simulta-
neously in the interpretation of the results.

This paper included studies with a mean sample size of
8.33. Almost 80% of studies focused on 10 or fewer partici-
pants. While is true that randomized controlled trials are more
powerful for determining the efficacy of interventions, most of
the times these designs are not applicable to people with
complex communication needs. Case report or small group
design may be an alternative research approach to evaluate
and inform the effectiveness of an intervention in the rehabi-
litation setting. Although the analysis of study designs is
beyond the scope of the review, we consider that the general
lack of research skills to appropriately interpret and apply the
findings of small designs may explain that researchers do not
exploit single case/small group designs sufficiently to influ-
ence practice. Again, the fact that small studies are located
lower on the hierarchy of evidence does not necessarily mean
that the strength of recommendation made from those stu-
dies is low. Improvement in the interpretation of the results of
small studies and the added value of their analysis in a sys-
tematic review would provide information to guide clinicians
in selecting viable candidates for alternative communication
systems.

The lack of reporting of the percentage of acceptance by
AAC users was a recurring issue across studies. The acceptance
rate of AAC devices in everyday lives was reported only in five
studies [11,19,25,29,38]. All of these studies evaluated devices
which were designed as both therapy and functional support.
However, it is impossible to interpret from this review how
participants felt about ongoing use of devices as functional
aids (as opposed to therapy aids). To gain further insights
about variables associated with acceptance of AAC devices
in poststroke aphasia, researchers should report and analyze
the rate of acceptance as one of the outcomes of the studies.

The mean age of the participants considered in this review
clearly exposes a predominance of studied patients over
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50 years of age. It is obvious that stroke occur more frequently
in people over 50 years. However, we highlight this issue
because there is a relationship between age and general
familiarity and experience with technology. Bringing up the
known Digital Native/Digital Immigrant metaphor [42], age by
itself may be a related factor to success or failure of high-
technology-based approaches. Sometimes adults with aphasia
need to embrace emerging technologies as opportunities to
enhance assessment and intervention strategies. The so-called
‘digital immigrants’ may face greater difficulties with adopting
new and modern high-technology devices. This factor should
be considered in the design or interpretation of clinical or
research intervention programs. It would be useful to investi-
gate the perceived differences in success or the rate of accep-
tance in their everyday life of the AAC intervention in both
groups of people with poststroke aphasia.

Although there is evidence that communication partners
have a crucial role for achieving positive outcomes for any
AAC intervention program [12,43], many investigations did not
include strategies to facilitate caregivers participation [16]. The
experience in the field of AAC interventions has shown that
accepting the new high-technology device may depend on
the presence of a caregiver or communication partner who
would be a crucial support to accompany and assist the
patient in the process [11]. For example, caregivers may help
the research team to better identify the real needs within daily
activities of people with aphasia and improve the design and
training process [40]. Also, a trained caregiver would provide
more accurate outcome results when communication scales
are used as outcome measure.

AAC intervention in the past has often been evaluated by
looking at the effects of AAC systems on language outcomes,
use of stimulus sets, or device functions. By using the
International Classification of Functioning, Disability and
Health (ICF) framework [44], the outcome of any AAC inter-
vention should also measure aspects related to the functional
impact of the language impairment. Understanding that the
level of language impairment is often not paralleled by the
level of functional impact will optimize the design of interven-
tion strategies to improve communication skills and social
integration in subjects with poststroke aphasia.

Few authors investigated cognitive factors that may be
relevant to response to communication training with AAC
systems [34]. The interpretation of nonlinguistic cognitive vari-
ables in patients with poststroke aphasia is often omitted from
studies. For example, Nicholas et al. [34] suggested that execu-
tive dysfunction in people with severe aphasia may be the
basis for poor response to treatment of alternative modes of
communication. Assessment of cognitive performance may
contribute to understanding different patterns of response
and adherence to intervention strategies. Also, we have stated
that only 16.6% of studies noted the presence of AOS in their
reports. AOS is defined as a disorder of learned volitional
actions associated with breakdown in planning or program-
ming movements needed for speech. There is limited informa-
tion about the prevalence of AOS. This is partly due to
problems in definition and delineation of AOS from more
common speech and language disorders. Even more proble-
matic is that it often co-occurs with non-fluent aphasia or

dysarthria (pure motor impairment) [45]. The co-occurrence
of AOS and aphasia should be considered when determining
treatment outcomes. Again, improvements can be defined in
terms of functional communication rather than normal perfor-
mance. It is important to determine the relative contribution
of apraxia and aphasia and design AAC approaches that fit the
disorder. However, the evidence base for both conditions
simultaneously is limited, with the majority of studies reflect-
ing incomplete descriptions of AOS and the impact on com-
munication skills in people with poststroke aphasia.

5. Conclusion

Communication difficulties are a common characteristic of indi-
viduals with poststroke aphasia and AAC systems may be a
useful tool to improve their communication and social participa-
tion. However, the practical application of AAC interventions as
a compensatory tool remains still in the developmental stage.
No one model of AAC functional intervention has been devel-
oped to guide therapists, patients, family members, or manu-
facturers in the clinical decision-making process.

Taken together with positive results in heterogeneous stu-
dies, high-technology devices represent a compensatory strat-
egy to enhance communicative skills in individuals with
chronic poststroke aphasia. Improvements in the design of
studies and reporting of results may lead to efficacious inter-
ventions and better interpretation of the already existing
scientific results from aphasia management. Finally, this
should improve functional communication in people with
aphasia. On the basis of this review, we proposed a collection
of reporting recommendations gleaned from the papers
(Appendix) for studies evaluating AAC systems or devices
that may be potentially relevant for other researchers working
with adults with poststroke aphasia.

6. Expert commentary

Until a few decades ago, people with aphasia were very
limited by traditional augmentative and alternative techni-
ques, in which information was supported on simple aids
created by placing letters, words, phrases, pictures, and/or
symbols on a board or in a book. Fortunately, high-technology
AAC strategies have improved significantly over the past
30 years. Such high-technology AAC aids have expanded
rapidly progressing to dynamic systems that permit the sto-
rage and retrieval of messages, the use of speech output on
personal computers or mobile devices.

In the field of AAC approaches, the most important concept
is that a good augmentative communication system ‘aug-
ments’ the impaired individual’s natural speech. Therefore,
an ‘ideal” AAC approach should be based on restorative AND
compensatory objectives. Any neuro-rehabilitation program
for individuals with poststroke aphasia should include strate-
gies to achieve better linguistic and functional performance,
both inside and outside therapies.

AAC systems are useful interventions in people with post-
stroke aphasia due to their ability to engage multiple commu-
nication modes and to provide alternatives to the usual means
of communication. Several studies have shown that people with



aphasia can achieve improvements by using AAC, regardless the
type and degree of the impairment. Despite the methodological
limitations of such studies, the advantages of AAC interventions
are multiple, including linguistic-cognitive and psychological
aspects, which contributes to an increase independence in com-
munication and participation in life activities.

A need exists for additional research to guide clinicians in
selecting patients with aphasia for alternative communication
systems, to design AAC approaches to use these high-technol-
ogy devices to supplement the functional communication, to
integrate all components of the ICF framework for assessing
functioning and disability of individuals with aphasia and their
context, and finally, to maximize performance and social inter-
action through the design of optimal communication inter-
ventions within rehabilitation technology.

The future research agenda for AAC and adults with post-
stroke aphasia should include the communication training to
people involved in the care of people with aphasia (caregivers or
communication partners) as a strategy for enhancing commu-
nication. Also, new study designs should take account of the
need for communication skills training of healthcare profes-
sionals who interact with individuals with aphasia. The chal-
lenges of communicating with people with poststroke aphasia
in rehabilitation setting should be fully explored. This commu-
nication training of people involved in the care of patients with
aphasia should facilitate and support their communication.

High-technology systems are becoming a mainstream
choice for speech pathologists in a clinical and rehabilitation
setting. There are a vast range of software and apps being
developed by speech pathologists for a wide range of lan-
guage domains. For this reason, it is essential that clinicians
and therapists know all available resources, the theoretical
construct of its design and applicability, the exact clinical
indications, the rate of acceptability or adherence based on
degree of complexity, the need of access options, and the
scientific evidence of its clinical utility. We need to highlight
that all AAC devices are not necessarily a researched standar-
dized assessment or therapy. There is a growing need for
evidence-based practice when treating patients with aphasia.

7. Year view

Ongoing and future research to evaluate the effectiveness of
AAC interventions for poststroke aphasia represents an oppor-
tunity to guide decision-making in the approach of patients
and their families. With the advent of technology, creativity in
the design of research studies or intervention programs
including different AAC approaches should be enhanced.

Defining the starting point, the duration, the target popu-
lation, and the measures of effectiveness of the different AAC
approaches are aspects that need to be defined to guide the
clinical practice.

Future AAC intervention studies will need to include several
variables to better characterize the studied population, to com-
pare subgroups (e.g. by age, gender, time of evolution, lesion
location, premorbid cognitive status, setting), and to define
recovery patterns and other confounding factors (e.g. rate of
improvements, degree of familiarity with technology, underlying
cognitive and functional impairments). Determining the
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underlying theoretical cognitive and linguistic constructs is
another area that will require future AAC research. Further
addressing different outcome measures for AAC approaches
could enhance the measurement of change in language and
communicative skills in poststroke aphasia. Finally, improve-
ments and revisions, including pre-and post-intervention MRI
outcome measures, in future investigations are essential to
improving the rehabilitative impact of each therapy program.

Key issues

® Communication is an important aspect of functional
independence

® The functional communication is a key component of ‘living
successfully” with aphasia.

® Supporting everyday communication should be the focus
of any intervention program of post-stroke aphasia
rehabilitation.

® Communication support is an important consideration in
facilitating functional communication, interpersonal rela-
tionships, and participation in social life.

® Despite advances in neuro-rehabilitation programs, aphasia
remains a leading cause of disability and poor quality of life
in people with stroke.

® AAC systems offer a compensatory approach to further
facilitate rehabilitation therapy.

® AAC can meet the communication needs (specific needs, daily
activities, conversations) of people with post-stroke aphasia

® AAC devices are part of a multi-modal and flexible commu-
nication system.

® AAC interventions should be designed to meet the com-
munication ability level of the individual.

® Use of AAC devices holds great promise as a tool inside and
outside of therapy.
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Appendix
Standardized reporting recommendations (Annex 1) for studies evaluating AAC systems in poststroke
aphasia
Item Recommendation
Participants
Subjects 1 Indicate demographic characteristics of study participants (age, gender, education level, occupation)
2 Indicate the etiology and time poststroke (months, years)
Language assessment 3 Indicate type and severity of aphasia
4 Indicate oral comprehension levels and literacy (letter, word, sentence)
5 Indicate oral and written (letter, word, sentence) expression levels
6 Indicate repetition ability
7 Indicate the presence or absence of speech apraxia
Cognitive assessment 8 Describe cognitive performance
AAC resources
Type 9 Indicate whether it is an aided or unaided system
10 For unaided systems, specify if they are common use gestures,
1 gestural codes, look, smile, muscular tone
For aided systems:
12 o specify whether it is low and/or high technology
13 o specify device features
14 o specify access methods
For aided and high-technology systems:
15 o specify device name/model. Hardware/software/app used.
¢ specify operative system requirement
Access 16 Indicate access type: direct or indirect
17 For direct access, indicate access point to the device, access points quantity, and body part used
18 For indirect access, indicate switch model, switch quantity, and sweep system used
19 Indicate postural, manipulative, visual, and/or cognitive requirements, if necessary
20 Indicate if external help is required to access to the device (e.g. wrist, forearm support, use of toecap)
Accessories 21 Indicate furniture needed to access the device properly (e.g. support, table with notch, lectern, desk chair with support)
Characteristics 22 Indicate stimuli type used: icons, photographs, words, sentence,
23 text, audio files
24 Describe templates design and selection criteria
25 Report number and characteristics of page links to navigate and select symbols/words
26 Report the mode of speech output (digitized, synthesized)
27 Inform about the speech engine used
Report available languages
Therapeutic approach
Sessions 28 Indicate length and number of sessions used to assess the patient
28 Indicate length and number of sessions used to train the patient in AAC
30 Indicate if the orientation of the approach with AAC was restoration, compensation, or both
Target intervention 31 Indicate if the caregivers were trained or not
32 Indicate patient previous experience with technological resources
33 Indicate patient ability to perform scanning through the AAC templates visualizing the contained information
34 Describe the level of acceptance to the AAC approach by the patient and caregivers
Training/intervention 35 Describe the training and intervention process
36 Inform the setting where the process took place
37 Inform about follow-up objective measures
38 Register if low- and high-technology devices were used simultaneously
QOutcomes 39 Clearly define all outcomes, predictors, and potential confounders
40 For each variable of interest, give details of methods of assessment.
41 Describe all scales or tests used
42 Explain how quantitative variables were handled in the analyses
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