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The utilization of technology has allowed for several advances in aphasia rehabilitation

for individuals with acquired brain injury. Thirty-one previous studies that provide

technology-based language or language and cognitive rehabilitation are examined in

terms of the domains addressed, the types of treatments that were provided, details

about the methods and the results, including which types of outcomes are reported.

From this, we address questions about how different aspects of the delivery of treatment

can influence rehabilitation outcomes, such as whether the treatment was standardized

or tailored, whether the participants were prescribed homework or not, and whether

intensity was varied. Results differed by these aspects of treatment delivery but ultimately

the studies demonstrated consistent improvement on various outcome measures. With

these aspects of technology-based treatment in mind, the ultimate goal of personalized

rehabilitation is discussed.
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INTRODUCTION

It is estimated that ∼100,000 individuals acquire aphasia each year in industrial countries
(eso-stroke.org). Even though stroke-induced aphasia is more debilitating than other disabilities
(Lam and Wodchis, 2010; Worrall et al., 2011), individuals with aphasia do not always receive the
rehabilitation that they require. There are several studies that have demonstrated the beneficial
effects of rehabilitation in the acute stages after stroke (Laska et al., 2011; Godecke et al., 2012)
as well as in the chronic stages (Kiran and Sandberg, 2011; Allen et al., 2012). Critically, a recent
review of treatment studies in chronic post-stroke individuals found that treatment outcomes for
individuals in the chronic phase (6 months or longer post stroke) was quite robust, questioning
the premise that chronic post-stroke individuals do not benefit from rehabilitation (Allen et al.,
2012; Teasell et al., 2012). These and other studies highlight the importance of providing sustained
rehabilitation to acute and chronic patients. Even though these individuals clearly require long-
term rehabilitation it is not always provided due to practical and financial constraints. Specifically,
rehabilitation currently involves high levels of clinician involvement, limiting the number of
individuals they can work with at a given period of time and is, therefore, not cost-effective (Palmer
et al., 2012; Wenke et al., 2014). Further, due to limited coverage in health care plans for speech and
cognitive rehabilitation, many individuals receive limited or no support to continue rehabilitation
or maintain the progress they made in treatment. Some geographical areas have a prominent stroke
community that provides support and continued rehabilitation in group and individual settings for
individuals who are motivated to search for such programs. However, individuals living in remote
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areas often experience difficulty receiving services, even if
they are motivated to continue working on their recovery.
Advancements of technology-based rehabilitation for individuals
with acquired brain injury has provided a potential solution to
the issues faced when seeking rehabilitation.

A second potential benefit of technology-based rehabilitation
is that the same level of involvement by clinicians can provide
patients with a greater, intensity of aphasia rehabilitation,
which is most often manipulated by increasing the number
of sessions (Laganaro et al., 2006). Additionally, the use of
technology to track the number of items completed in a
session can be an important tool for clinicians, since it may
have an effect on outcomes (Harnish et al., 2014). Indeed,
technology can supplement traditional methods of rehabilitation
by providing the opportunity for continued rehabilitation as
per the convenience of the individual. Importantly, a review
found that greater intensity is a positive prognosticator for
overall long term recovery (Bhogal et al., 2003a), providing
further evidence for the beneficial effects of rehabilitation.
The use of technology-based rehabilitation is one way to
provide greater intensity and, if proven effective, can be an
important tool for clinicians to improve rehabilitation outcomes.

KEY CONCEPT 1 | Intensity of aphasia rehabilitation

Refers to the time per week spent on treatment throughout the duration of

the study. This term reflects how concentrated the treatment is during a given

week of the study that an individual receives. This is a main advantage of

technology-based treatment, which is allowing for greater levels of intensity.

Recently, reviews have examined technology-based
rehabilitation, both for cognitive deficits (Bogdanova et al.,
2016; Sigmundsdottir et al., 2016) and language deficits (Lee and
Cherney, 2016; Zheng et al., 2016) and have found preliminary
evidence for the effectiveness of this method of rehabilitation.
Importantly, the reviews highlight the need for more research
due to vast differences in methodological designs, thereby,
limiting the breadth of conclusions that can be drawn about the
efficacy of such approaches. Additionally, these reviews have
been narrow in their scope of the studies reviewed; i.e., most
have focused on specific types of interventions. For instance,
Zheng et al. (2016) examined only studies that had a control
group of either no treatment or clinician delivered treatment and
therefore only reviewed seven studies, while Lee and Cherney
(2016) provided a narrative review of a selected sample of
previous studies in order to provide an overview of the variety
of technology-based treatments available. In summary, by
extrapolating the results from technology-based language and
cognitive rehabilitation approaches, we can begin to examine the
various factors that influence outcomes including the method
of treatment delivery, the types of outcome measures utilized,
and the frequency and intensity of treatment practice. Further,
we can also begin to address questions about how different
aspects of the delivery of treatment can influence rehabilitation
outcomes.

KEY CONCEPT 2 | Outcome measures

Refers to how improvement is measured. There are various types of outcome

measures that capture differing levels of improvement (see Figure 1 for more

detailed information).

PREVIOUS TECHNOLOGY-BASED
REHABILITATION STUDIES

There have been many studies with wide-ranging experimental
designs that have investigated the effectiveness of technology-
based language and cognitive rehabilitation with individuals
with acquired brain injury (see Table 1). The treatment provided
in these studies has varied extensively, as some provide language
rehabilitation in either a single domain or multiple domains,
while others provide both language and cognitive rehabilitation.
In this review, computer-based cognitive rehabilitation for
traumatic brain injury will not be included, as two recent
meta-reviews have provided extensive examinations of such
intervention studies (Bogdanova et al., 2016; Sigmundsdottir
et al., 2016). This review will instead focus on language based
intervention utilizing technology-based programs in individuals
with stroke-induced aphasia. A literature search in 2016 with
a keyword search (e.g., technology treatment/rehabiltiation
aphasia, iPad treatment/rehabilitation aphasia, computer
treatment/rehabilitation ahpasia, etc.) utilizing several databases
(PubMed, speechBITE, and Google Scholar) found 31 studies
that examined technology-based rehabilitation in either language
or language and cognitive domains. The remaining studies were
excluded if they (i) did not include treatment programs, (ii)
were single case studies with fewer than three participants1,
(iii) provided different treatments for each individual, (iv)
included a primary population of individuals with primary
progressive aphasia or dementia, (v) the technology was only
used as an augmentative/alternative communication device or as
an assessment tool, or (vi) only reported subsets of the full data
from studies that were published elsewhere.

What Have These Previous Studies
Examined?
Table 1 is organized in terms of the domains addressed and
the types of treatments that were investigated and provides
details about the methods and results. For the purpose of
brevity, these studies are not described here in detail. Within the
language domain, studies have typically provided a single domain
intervention, such as naming, reading words or sentences and
sentence production. As reviewed in Table 1, these studies
include programs that target specific aspects of reading, naming
or production.

Language Rehabilitation in a Single Domain: Naming
One program, called Lingraphica (Lingraphica, The Aphasia
Company, Princeton, NJ), is a computer-delivered naming

1Studies with one or two participants were excluded due to the large amounts of

single case studies. Interpreting the results from single case studies is difficult when

also examining the results from studies with a larger number of participants.
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FIGURE 1 | Schematic depicting the different types of outcomes that are

examined across previous technology-based treatment studies in Tables 1, 2.

Within task improvement measures are the closest to what is being treated,

while generalization to untrained items or probe measures goes a step farther

away from what is trained, followed by impairment-based standardized

measures and then functional and quality of life measures.

treatment that provides interactive lexical items that the
participants can click on that provides the written and spoken
name of the item, in a field of semantically related items.
A study that investigated the effectiveness of Lingraphica
(Aftonomos et al., 1997) with no other concurrent treatment
found it elicited gains on all standardized measures that
were administered [Western Aphasia Battery (WAB, Kertesz,
1982), Boston Naming Test (BNT, Goodglass et al., 1983), and
Boston Diagnostic Aphasia Examination (BDAE, Kaplan, 1983)].
Another program calledMossTalk (Moss Rehabilitation Research
Institute, Elkins Park, Pennsylvania) is a computer delivered
naming treatment that provides various levels of cues to facilitate
naming or multimodal matching exercises to work on lexical
comprehension. Three studies investigated the effectiveness of
MossTalk (Fink et al., 2002; Raymer et al., 2006; Ramsberger
and Marie, 2007) and found gains in all cohorts on performance
within the program. Also, two of the studies showed limited
gains on standardized measures [Philadelphia Naming Test
(PNT, Roach et al., 1996), Philadelphia Repetition Test (PRT,
Dell et al., 1997), Philadelphia Oral Reading Test (PORT, part
of the PNT), WAB, and BNT]. Multicue is a program that
provides self-cued naming treatment, which has been used
by one study (Doesborgh et al., 2004) that found significant
gains on the BNT. Finally, several studies have investigated
the effectiveness of general naming treatment provided through
computers or tablets (Bruce and Howard, 1987; Loverso et al.,
1992; Fridriksson et al., 2009; Harnish et al., 2014; Kurland
et al., 2014; Woolf et al., 2016), all of which found gains
for performance on trained items and the studies that tested
standardized measures showed corresponding improvement
(PNT, BDAE, BNT, Porch Index of Communicative Ability
(PICA, Porch, 1971); as well as other measures such as the profile
of word errors and retrieval in speech (POWERS, Herbert et al.,
2013).

Language Rehabilitation in a Single Domain: Reading
There are several studies that investigated computer-based
reading treatments. Two studies (Katz and Wertz, 1992, 1997)
provided a computer-based hierarchical reading program. One
of the studies found improvements on items trained during the
treatment program (Katz and Wertz, 1992) and both studies
showed gains on the PICA andWAB scores. One study (Cherney,
2010) provided a computerized version of oral reading for
language in aphasia (ORLA) treatment, a software program that
involved systematic and repeated practice in reading aloud of
sentences and paragraphs, which resulted in gains (similar to
those when treated by clinician) on Revised WAB (WAB-R,
Kertesz, 2007).

Language Rehabilitation in a Single Domain:

Sentence Processing and Production
There are several programs that provide sentence processing
and/or production treatments through the use of technology.
The AphasiaScripts program (Rehabilitation Institute of Chicago,
Chicago, IL) provides script training treatment with diminishing
cues through a virtual therapist to help patients with their speech
production skills in a guided context. Three studies investigated
the effectiveness of AphasiaScripts (Cherney and Halper, 2008;
Manheim et al., 2009; Cherney et al., 2014) and found gains for
performance within the program and on standardized measures
[WAB-R, Communicative Effectiveness Index (CETI, Lomas
et al., 1989), Quality of Communication Life scale (QCL, Paul-
Brown et al., 2003), and the Communication Difficulty subscale
of the Burden of Stroke Scale (BOSS, Doyle et al., 2004)]. Another
study (Kalinyak-Fliszar et al., 2015) investigated a different type
of script training treatment to improve production and found
improvement in production of the trained scripts and some
improvement on discourse narratives.

Another program called Sentactics, is a computerized
treatment of underlying forms (TUF) treatment, provided by a
virtual clinician. The efficacy of this treatment method has been
investigated in one study (Thompson et al., 2010), which found
gains for performance within the program and on standardized
measures [the Northwestern Assessment of Verbs and Sentences
(NAVS) (Cho-Reyes and Thompson, 2012) and Cinderella
narrative]. SentenceShaper (Psycholinguistic Technologies, Inc.,
Jenkintown, PA) is another software program which records
patients’ spoken words or phrases and allows them to reorder
into sentences and narratives. One study that investigated the
effectiveness of SentenceShaper (Linebarger et al., 2007) found
gains in the practiced narratives. A different software program
to promote word and sentence production by training verbs and
prepositions in both a picture-building and a sentence-building
mode (Crerar et al., 1996) found that patients trained on the
program improved on production.

Language Rehabilitation in a Single Domain: Writing
Only two studies investigated the effectiveness of technology that
treated only writing. One study (Seron et al., 1980) provided a
writing treatment delivered with a computer which focused on
typing to dictation and found improvement on a probe measure
of writing to dictation. Another study (Laganaro et al., 2006)

Frontiers in Neuroscience | www.frontiersin.org 3 July 2017 | Volume 11 | Article 382

http://www.frontiersin.org/Neuroscience
http://www.frontiersin.org
http://www.frontiersin.org/Neuroscience/archive


Des Roches and Kiran Technology-Based Rehabilitation for Brain Injury

T
A
B
L
E
1
|
In
fo
rm

a
tio

n
a
b
o
u
t
p
re
vi
o
u
s
te
c
h
n
o
lo
g
y-
b
a
se

d
re
h
a
b
ili
ta
tio

n
st
u
d
ie
s
th
a
t
h
a
ve

p
ro
vi
d
e
d
la
n
g
u
a
g
e
re
h
a
b
ili
ta
tio

n
to

in
d
iv
id
u
a
ls
w
ith

a
p
h
a
si
a
.

S
tu
d
y

P
a
rt
ic
ip
a
n
ts

T
re
a
tm

e
n
t

M
a
in

re
s
u
lt
s

N
,
a
g
e
,
M
P
O
*

E
ti
o
lo
g
y
a
n
d
s
e
v
e
ri
ty

C
o
n
tr
o
l
g
ro
u
p

T
y
p
e

D
u
ra
ti
o
n
a
n
d
in
te
n
s
it
y

L
a
n
g
u
a
g
e
,
si
n
g
le

d
o
m
a
in
,
n
a
m
in
g

A
ft
o
n
o
m
o
s

e
t
a
l.,

1
9
9
7

N
:2
3
,
a
g
e
:6
4
.3
,

M
P
O
:4
6
.3

(a
ll
c
h
ro
n
ic
)

S
tr
o
k
e
*
(m

o
s
tl
y
)

M
ix
e
d
le
ve
ls
o
f
se

ve
rit
y

a
n
d
a
p
h
a
si
a
ty
p
e

N
o

L
in
g
ra
p
h
ic
a

In
te
ra
c
tiv
e
le
xi
c
a
li
te
m
s
in

th
e
m
a
jo
r
lin
g
u
is
tic

c
a
te
g
o
rie

s
th
a
t
a
p
p
e
a
r
in

a
fie
ld

o
f
se

m
a
n
tic
a
lly

re
la
te
d
ite
m
s;

w
o
rk
s
o
n

w
o
rd

re
tr
ie
va
lo

n
m
u
lti
p
le

le
ve
ls

M
e
a
n
d
u
ra
tio

n
:1
6
.8

w
e
e
ks

(v
a
rie

d
),
in
te
n
si
ty

m
e
a
n
:1
.9
9
se

ss
io
n
s
p
e
r

w
e
e
k
in

c
lin
ic
,
va
ria

b
le

in
te
n
si
ty

d
e
c
id
e
d
b
y

p
a
tie
n
t
fo
r
h
o
m
e
w
o
rk

A
ll
st
a
n
d
a
rd
iz
e
d
te
st
s
(W

A
B
*,

B
N
T
*,
B
D
A
E
*)
sh

o
w
e
d
g
a
in
s
fo
r

m
o
st

p
a
tie
n
ts

F
in
k
e
t
a
l.,

2
0
0
2

N
:6
,
a
g
e
:6
0
.5
,

M
P
O
:4
9
.2

(a
ll
c
h
ro
n
ic
)

S
tr
o
k
e

M
ix
e
d
le
ve
ls
o
f
se

ve
rit
y

a
n
d
a
p
h
a
si
a
ty
p
e

N
o
,
tw

o
e
q
u
a
lg

ro
u
p
s

(f
u
ll
c
lin
ic
ia
n
g
u
id
a
n
c
e

vs
.
p
a
rt
ia
lg

u
id
a
n
c
e
)

M
o
s
s
Ta

lk
W
o
rd
s

C
u
e
d
n
a
m
in
g

4
w
e
e
ks

o
r
u
n
til
c
rit
e
rio

n
,

3
tim

e
s
p
e
r
w
e
e
k;

va
ria

b
le
in
te
n
si
ty

d
e
c
id
e
d

b
y
p
a
tie
n
t
fo
r

in
d
e
p
e
n
d
e
n
t
p
ra
c
tic
e
in

p
a
rt
ia
lg

u
id
a
n
c
e
g
ro
u
p

B
o
th

g
ro
u
p
s
sh

o
w
e
d
g
a
in
s
o
n

tr
a
in
e
d
w
o
rd
s
(a
s
m
e
a
su

re
d
b
y

P
N
T
*)
,
g
a
in
s
o
n
P
R
T
*
fo
r
o
n
e

c
lin
ic
ia
n
-g
u
id
e
d
a
n
d
o
n
P
O
R
T
*

fo
r
tw

o
p
a
rt
ia
l-
g
u
id
e
d
p
a
tie
n
ts

R
a
ym

e
r
e
t
a
l.,

2
0
0
6

N
:5
,
a
g
e
:7
0
.8
,

M
P
O
:9
2
(2

w
e
re

su
b
a
c
u
te
,
3
w
e
re

c
h
ro
n
ic
)

S
tr
o
k
e

M
ix
e
d
le
ve
ls
o
f
se

ve
rit
y

a
n
d
a
p
h
a
si
a
ty
p
e

N
o
,
tw

o
le
ve
ls
o
f

in
te
n
si
ty

(c
ro
ss
e
d

d
e
si
g
n
)

M
o
s
s
Ta

lk

M
u
lti
m
o
d
e
m
a
tc
h
in
g

e
xe

rc
is
e
s

E
a
c
h
tr
a
in
in
g
p
h
a
se

:
1
2

se
ss
io
n
s,

lo
w
e
r
in
te
n
si
ty
:

1
–2

tim
e
s
p
e
r
w
e
e
k,

h
ig
h
e
r
in
te
n
si
ty
:
3
–4

tim
e
s
p
e
r
w
e
e
k

A
ll
p
a
tie
n
ts

im
p
ro
ve
d
in

tr
a
in
e
d

ite
m
s,

m
o
re

in
h
ig
h
e
r
in
te
n
si
ty

p
h
a
se

,
o
n
e
p
a
tie
n
t
sh

o
w
e
d
g
a
in
s

o
n
W
A
B
A
Q
*
a
n
d
B
N
T

R
a
m
sb

e
rg
e
r

a
n
d
M
a
rie

,

2
0
0
7

N
:4
,
a
g
e
:6
7
.5
,

M
P
O
:3
1
.5

(a
ll
c
h
ro
n
ic
)

S
tr
o
k
e

M
ix
e
d
le
ve
ls
o
f
se

ve
rit
y

a
n
d
a
p
h
a
si
a
ty
p
e
,

N
o
,
tw

o
le
ve
ls
o
f

in
te
n
si
ty

(c
ro
ss
e
d

d
e
si
g
n
)

M
o
s
s
Ta

lk
W
o
rd
s

S
e
lf-
c
u
e
d
n
a
m
in
g
w
ith

p
a
rt
ia
lc
lin
ic
ia
n
g
u
id
a
n
c
e

1
5
–2

0
se

ss
io
n
s
p
e
r
w
o
rd

lis
t
L
o
w
e
r
in
te
n
si
ty
:
2

tim
e
s
p
e
r
w
e
e
k
H
ig
h
e
r

in
te
n
si
ty
:
5
tim

e
s
p
e
r

w
e
e
k

T
h
re
e
p
a
tie
n
ts

sh
o
w
e
d
g
a
in
s
in

n
a
m
in
g
,
re
g
a
rd
le
ss

o
f
in
te
n
si
ty

D
o
e
sb

o
rg
h

e
t
a
l.,

2
0
0
4

N
:1
8
,
a
g
e
:6
2
(E
G
*)
,

6
5
(C
G
*)
,
M
P
O
:1
3

(E
G
),
1
3
(C
G
)
(a
ll

c
h
ro
n
ic
)

S
tr
o
k
e

M
o
d
e
ra
te

to
se

ve
re
,

g
lo
b
a
la
p
h
a
si
a

e
xc

lu
d
e
d

Y
e
s

N
o
tr
e
a
tm

e
n
t
(N
:1
0
)

M
u
lt
ic
u
e

S
e
lf-
c
u
e
d
n
a
m
in
g

2
m
o
n
th
s,

2
-3

tim
e
s
p
e
r

w
e
e
k

E
G

sh
o
w
e
d
g
a
in
s
o
n
B
N
T,

b
u
t

n
o
b
e
tw

e
e
n
g
ro
u
p
d
iff
e
re
n
c
e
s

L
o
ve
rs
o
e
t
a
l.,

1
9
9
2

N
:2
1
(a
ll
c
h
ro
n
ic
)

S
tr
o
k
e

M
ix
e
d
le
ve
ls
o
f
se

ve
rit
y

a
n
d
a
p
h
a
si
a
ty
p
e

N
o
,
a
lte
rn
a
tin

g

b
e
tw

e
e
n
c
lin
ic
ia
n
a
n
d

c
o
m
p
u
te
r/
c
lin
ic
ia
n

d
e
liv
e
re
d

C
u
e
in
g
V
e
rb

Tr
e
a
tm

e
n
t,

in
c
o
rp
o
ra
te
s
b
o
th

se
m
a
n
tic

a
n
d
sy
n
ta
c
tic

st
ru
c
tu
re
s

U
n
til
re
a
c
h
e
d
c
rit
e
rio

n
,

va
rie

d
b
y
p
a
tie
n
t

C
lin
ic
ia
n
w
a
s
m
o
re

e
ff
e
c
tiv
e
th
a
n

c
o
m
p
u
te
r
fo
r
tr
e
a
tm

e
n
t

im
p
ro
ve
m
e
n
t,
g
a
in
s
fo
r
1
8
/2
1

p
a
tie
n
ts

o
n
P
IC
A
*

B
ru
c
e
a
n
d

H
o
w
a
rd
,
1
9
8
7

N
:5
,
a
g
e
:4
7
.9
,

M
P
O
:∼

2
8
.3
2

(a
ll
c
h
ro
n
ic
)

S
tr
o
k
e

B
ro
c
a
’s
a
p
h
a
si
a

N
o

M
ic
ro
c
o
m
p
u
te
r
a
s
a
n
a
id

to
g
e
n
e
ra
te

p
h
o
n
e
m
ic

c
u
e
s

5
se

ss
io
n
s
to
ta
l

A
ll
p
a
tie
n
ts

im
p
ro
ve
d
,
fo
u
r
w
e
re

b
e
tt
e
r
o
n
tr
a
in
e
d
w
o
rd
s
a
n
d

u
n
tr
a
in
e
d
w
o
rd
s,

fo
u
r
w
e
re

b
e
tt
e
r

a
t
in
d
ic
a
tin

g
fir
st

le
tt
e
r
o
f
n
a
m
e
s

in
tr
a
in
e
d
se

t
th
a
n
u
n
tr
a
in
e
d

F
rid

rik
ss
o
n

e
t
a
l.,

2
0
0
9

N
:1
0
,
a
g
e
:5
9
.2
,

M
P
O
:8
5
.3

(a
ll
c
h
ro
n
ic
)

S
tr
o
k
e

N
o
n
-fl
u
e
n
t
a
p
h
a
si
a
,

m
ix
e
d
le
ve
ls
o
f
se

ve
rit
y

N
o
,
a
lte
rn
a
tin

g

b
e
tw

e
e
n
tw

o
tr
e
a
tm

e
n
t

c
o
n
d
iti
o
n
s

P
ic
tu
re
/w

o
rd

m
a
tc
h
in
g

ta
sk
s:

A
V
tr
e
a
tm

e
n
t:
a
u
d
io
-v
is
u
a
l

sp
e
e
c
h
st
im

u
li,
A
O

tr
e
a
tm

e
n
t:
a
u
d
io

o
n
ly

sp
e
e
c
h
st
im

u
li

3
–6

w
e
e
ks
,
5
d
a
ys

a

w
e
e
k
fo
r
3
0
m
in

N
a
m
in
g
o
f
tr
a
in
e
d
ite
m
s
a
n
d
P
N
T

im
p
ro
ve
d
a
ft
e
r
A
V
b
u
t
n
o
t
A
O
,
n
o

b
e
tw

e
e
n
g
ro
u
p
d
iff
e
re
n
c
e
s

(C
o
n
ti
n
u
e
d
)

Frontiers in Neuroscience | www.frontiersin.org 4 July 2017 | Volume 11 | Article 382

http://www.frontiersin.org/Neuroscience
http://www.frontiersin.org
http://www.frontiersin.org/Neuroscience/archive


Des Roches and Kiran Technology-Based Rehabilitation for Brain Injury

T
A
B
L
E
1
|
C
o
n
tin

u
e
d S
tu
d
y

P
a
rt
ic
ip
a
n
ts

T
re
a
tm

e
n
t

M
a
in

re
s
u
lt
s

N
,
a
g
e
,
M
P
O
*

E
ti
o
lo
g
y
a
n
d
s
e
v
e
ri
ty

C
o
n
tr
o
l
g
ro
u
p

T
y
p
e

D
u
ra
ti
o
n
a
n
d
in
te
n
s
it
y

H
a
rn
is
h
e
t
a
l.,

2
0
1
4

N
:8
,
a
g
e
:5
6
.5
,

M
P
O
:5
2
.5

(a
ll
c
h
ro
n
ic
)

S
tr
o
k
e

M
ix
e
d
le
ve
ls
o
f
se

ve
rit
y

a
n
d
a
p
h
a
si
a
ty
p
e

N
o

C
o
m
p
u
te
riz
e
d

c
o
n
fr
o
n
ta
tio

n
n
a
m
in
g
w
ith

m
u
lti
p
le
le
ve
ls
o
f
c
u
e
s

2
w
e
e
ks
,
4
d
a
ys

a
w
e
e
k

fo
r
6
0
m
in

A
ll
p
a
tie
n
ts

sh
o
w
e
d
a
n

im
p
ro
ve
m
e
n
t
o
n
tr
a
in
e
d
ite
m
s

d
u
rin

g
tr
e
a
tm

e
n
t
a
ft
e
r
1
–3

se
ss
io
n
s,

w
ith

a
ll
p
a
tie
n
ts

sh
o
w
in
g
si
g
n
ifi
c
a
n
t
E
S
*
o
n

tr
a
in
e
d
ite
m
s
va
ry
in
g
fr
o
m

sm
a
ll

to
la
rg
e

K
u
rla

n
d
e
t
a
l.,

2
0
1
4

N
:5

(8
c
o
m
p
le
te
d
b
u
t

o
n
ly
3
in

d
a
ta

a
n
a
ly
si
s)
,
a
g
e
:6
7
.4
,

M
P
O
:3
1
.9

(a
ll
c
h
ro
n
ic
)

S
tr
o
k
e

M
ix
e
d
le
ve
ls
o
f
se

ve
rit
y

a
n
d
a
p
h
a
si
a
ty
p
e

N
o

S
e
lf-
m
a
n
a
g
e
d
iP
a
d
ta
sk

fo
r
m
a
in
ta
in
in
g
a
n
d

im
p
ro
vi
n
g
o
b
je
c
t
a
n
d
ve
rb

n
a
m
in
g
w
ith

c
u
e
s

6
m
o
n
th
s,

va
ria

b
le

in
te
n
si
ty

d
e
c
id
e
d
b
y

p
a
tie
n
t,
a
ve
ra
g
e
p
ra
c
tic
e
:

1
8
m
in

p
e
r
d
a
y

A
ll
p
a
tie
n
ts

m
a
in
ta
in
e
d
p
re
vi
o
u
s

g
a
in
s
a
n
d
g
a
in
e
d
n
e
w

tr
a
in
e
d

w
o
rd
s,

B
D
A
E
a
n
d
B
N
T
sc

o
re
s

e
q
u
a
lt
o
o
r
b
e
tt
e
r
th
a
n
b
a
se

lin
e

W
o
o
lf
e
t
a
l.,

2
0
1
6

N
:2
0
,
a
g
e
:5
3
–6

7

M
P
O
:2
0
.2
–5

3
.4

(d
e
p
e
n
d
s
o
n
c
o
h
o
rt
)

(a
ll
c
h
ro
n
ic
)

S
tr
o
k
e

Y
e
s

4
g
ro
u
p
s:

R
e
m
o
te

tr
e
a
tm

e
n
t
fr
o
m

u
n
iv
e
rs
ity

o
r
c
lin
ic
,

fa
c
e
-t
o
-f
a
c
e
,
a
n
d

a
tt
e
n
tio

n
c
o
n
tr
o
lg

ro
u
p

(N
:5

p
e
r
g
ro
u
p
)

R
e
m
o
te

tr
e
a
tm

e
n
t

d
e
liv
e
re
d
vi
a
F
a
c
e
T
im

e
,

h
o
m
e
w
o
rk

p
ra
c
tic
e
:

P
o
w
e
rP
o
in
t
w
ith

c
u
e
s
b
u
ilt

in
to

im
p
ro
ve

sp
o
ke

n

w
o
rd

p
ro
d
u
c
tio

n
;
a
tt
e
n
tio

n

C
G
:
c
o
n
ve
rs
a
tio

n

se
ss
io
n
s
o
n
ly

4
w
e
e
ks
,
2
tim

e
s
p
e
r

w
e
e
k,

va
ria

b
le
in
te
n
si
ty

d
e
c
id
e
d
b
y
p
a
tie
n
t
fo
r

h
o
m
e
w
o
rk

Tr
a
in
e
d
ite
m
s
im

p
ro
ve
d
in
a
ll

tr
e
a
tm

e
n
t
g
ro
u
p
s
b
u
t
n
o
t
C
G
,

c
lin
ic
E
G

sc
o
re
d
h
ig
h
e
r
th
a
n

o
th
e
r
tw

o
g
ro
u
p
s
a
n
d

fa
c
e
-t
o
-f
a
c
e
sc

o
re
d
h
ig
h
e
r
th
a
n

u
n
iv
.E
G
;
n
o
c
h
a
n
g
e
in

P
O
W
E
R
S
*

fo
r
a
n
y
g
ro
u
p

L
a
n
g
u
a
g
e
,

S
in
g
le
d
o
m
a
in
,

R
e
a
d
in
g

K
a
tz

a
n
d
W
e
rt
z,

1
9
9
2

N
:4
3
,
a
g
e
:5
9
.5
–6

5
.6
,

M
P
O
:4
5
.2
–8

1
.8
4

(d
e
p
e
n
d
s
o
n
c
o
h
o
rt
)

(a
ll
c
h
ro
n
ic
)

S
tr
o
k
e

B
e
tw

e
e
n
1
5
th

a
n
d
9
0
th

o
ve
ra
ll
p
e
rc
e
n
til
e
o
n

P
IC
A

Y
e
s
2
C
G
s:

C
o
m
p
u
te
riz
e
d

n
o
n
-v
e
rb
a
lg

a
m
e
s
a
n
d

c
o
g
n
iti
ve

ta
sk
s,

(s
tim

E
G

(N
:1
5
));

N
o

tr
e
a
tm

e
n
t
(N
:1
5
)

C
o
m
p
u
te
riz
e
d
re
a
d
in
g

tr
e
a
tm

e
n
t
th
a
t
in
vo

lv
e
d

vi
su

a
lm

a
tc
h
in
g
a
n
d

re
a
d
in
g
c
o
m
p
re
h
e
n
si
o
n

ta
sk
s;

w
ith

a
d
ju
st
a
b
le
ta
sk

d
iffi
c
u
lty

6
m
o
n
th
s,

3
h
p
e
r
w
e
e
k

R
e
a
d
in
g
E
G

sh
o
w
e
d
g
a
in
s
o
n

tr
a
in
e
d
ite
m
s,

P
IC
A
a
n
d
W
A
B

A
Q
;
w
ith

m
o
re

g
a
in
s
o
n
P
IC
A

th
a
n
o
th
e
r
g
ro
u
p
s

K
a
tz

a
n
d
W
e
rt
z,

1
9
9
7

N
:5
5
,
a
g
e
:6
0
’s
,

M
P
O
:6
4
.8
–1

0
2

(d
e
p
e
n
d
s
o
n
c
o
h
o
rt
)

(a
ll
c
h
ro
n
ic
)

S
tr
o
k
e

B
e
tw

e
e
n
1
5
th

a
n
d
9
0
th

o
ve
ra
ll
p
e
rc
e
n
til
e
o
n

P
IC
A

Y
e
s
2
C
G
s:

C
o
m
p
u
te
riz
e
d

n
o
n
-v
e
rb
a
lg

a
m
e
s
a
n
d

c
o
g
n
iti
ve

ta
sk
s,

(s
tim

E
G

(N
:1
9
));

N
o

tr
e
a
tm

e
n
t
(N
:1
5
)

C
o
m
p
u
te
riz
e
d
re
a
d
in
g

tr
e
a
tm

e
n
t
th
a
t
in
vo

lv
e
d

vi
su

a
lm

a
tc
h
in
g
a
n
d

re
a
d
in
g
c
o
m
p
re
h
e
n
si
o
n

ta
sk
s;

w
ith

a
d
ju
st
a
b
le
ta
sk

d
iffi
c
u
lty

2
6
w
e
e
ks
,
3
h
p
e
r
w
e
e
k

R
e
a
d
in
g
E
G

sh
o
w
e
d
m
o
re

g
a
in
s

th
a
n
o
th
e
r
g
ro
u
p
s
o
n
P
IC
A
a
n
d

W
A
B
R
e
p
e
tit
io
n
a
n
d
A
Q

C
h
e
rn
e
y,

2
0
1
0

N
:2
5
,
a
g
e
:5
6
.6

(E
G
),

6
1
.1

(S
L
P
),
M
P
O
:6
6
.7

(E
G
),
4
1
.3

(S
L
P
)
(a
ll

c
h
ro
n
ic
)

S
tr
o
k
e

N
o
n
-fl
u
e
n
t
a
p
h
a
si
a

(g
lo
b
a
le
xc

lu
d
e
d
)

Y
e
s

C
o
m
p
u
te
r
vs
.
c
lin
ic
ia
n

d
e
liv
e
re
d
(N
:1
1
),
n
o

tr
e
a
tm

e
n
t
p
e
rio

d
fo
r

b
o
th

g
ro
u
p
s

O
R
L
A
(o
ra
lr
e
a
d
in
g
fo
r

la
n
g
u
a
g
e
in

a
p
h
a
si
a
)
o
n

c
o
m
p
u
te
r:
re
a
d
in
g
a
lo
u
d

se
n
te
n
c
e
s
a
n
d

p
a
ra
g
ra
p
h
s
w
ith

c
o
m
p
u
te
r-
vo

ic
e
a
n
d
th
e
n

in
d
e
p
e
n
d
e
n
tly

2
4
se

ss
io
n
s,

1
–3

tim
e
s

p
e
r
w
e
e
k

G
ro
u
p
s
h
a
d
e
q
u
a
lg

a
in
s
in

W
A
B
-R

*
A
Q

a
n
d
d
is
c
o
u
rs
e

m
e
a
su

re
s
c
o
m
p
a
re
d
to

n
o

tr
e
a
tm

e
n
t;
n
o
b
e
tw

e
e
n
g
ro
u
p

d
iff
e
re
n
c
e

L
a
n
g
u
a
g
e
,

S
in
g
le
d
o
m
a
in
,

S
e
n
te
n
c
e

P
ro
c
e
ss
in
g
a
n
d

P
ro
d
u
c
tio

n

C
h
e
rn
e
y
a
n
d

H
a
lp
e
r,
2
0
0
8

N
:3
,
a
g
e
:6
4
,
M
P
O
:3
6

(a
ll
c
h
ro
n
ic
)

S
tr
o
k
e

Tw
o
n
o
n
-fl
u
e
n
t,
o
n
e

flu
e
n
t

N
o

A
p
h
a
s
ia
S
c
ri
p
ts

V
irt
u
a
lt
h
e
ra
p
is
t
fo
r
sc

rip
t

tr
a
in
in
g
w
ith

d
im

in
is
h
in
g

c
u
e
s

3
w
e
e
ks
,
va
ria

b
le

in
te
n
si
ty

d
e
c
id
e
d
b
y

p
a
tie
n
t

2
h
a
d
g
a
in
s
o
n
tr
a
in
e
d
sc

rip
ts
,
1

im
p
ro
ve
d
o
n
W
A
B
A
Q

a
n
d
C
E
T
I*

a
n
d
1
im

p
ro
ve
d
o
n
Q
C
L
*

(C
o
n
ti
n
u
e
d
)

Frontiers in Neuroscience | www.frontiersin.org 5 July 2017 | Volume 11 | Article 382

http://www.frontiersin.org/Neuroscience
http://www.frontiersin.org
http://www.frontiersin.org/Neuroscience/archive


Des Roches and Kiran Technology-Based Rehabilitation for Brain Injury

T
A
B
L
E
1
|
C
o
n
tin

u
e
d S
tu
d
y

P
a
rt
ic
ip
a
n
ts

T
re
a
tm

e
n
t

M
a
in

re
s
u
lt
s

N
,
a
g
e
,
M
P
O
*

E
ti
o
lo
g
y
a
n
d
s
e
v
e
ri
ty

C
o
n
tr
o
l
g
ro
u
p

T
y
p
e

D
u
ra
ti
o
n
a
n
d
in
te
n
s
it
y

M
a
n
h
e
im

e
t
a
l.,

2
0
0
9

N
:2
0
,
a
g
e
:5
4
.8
,

M
P
O
:5
3
.0

(a
ll
c
h
ro
n
ic
)

S
tr
o
k
e

M
ix
e
d
le
ve
ls
o
f
se

ve
rit
y

a
n
d
a
p
h
a
si
a
ty
p
e

N
o
,
th
o
u
g
h
d
e
la
ye
d

tr
e
a
tm

e
n
t
fo
r
a
ll

p
a
rt
ic
ip
a
n
ts

A
p
h
a
s
ia
S
c
ri
p
ts

V
irt
u
a
lt
h
e
ra
p
is
t
fo
r
sc

rip
t

tr
a
in
in
g
w
ith

d
im

in
is
h
in
g

c
u
e
s

9
w
e
e
ks
,
va
ria

b
le

in
te
n
si
ty

d
e
c
id
e
d
b
y

p
a
tie
n
t,
a
ve
ra
g
e
:
4
4
h

to
ta
l

C
D
*
su

b
sc

a
le
o
f
B
O
S
S
*
h
a
d
n
o

c
h
a
n
g
e
d
u
rin

g
d
e
la
y
p
e
rio

d
a
n
d

g
a
in
s
d
u
rin

g
tr
e
a
tm

e
n
t
p
e
rio

d

C
h
e
rn
e
y
e
t
a
l.,

2
0
1
4

N
:8
,
a
g
e
:5
2
,

M
P
O
:2
6
.5

(a
ll
c
h
ro
n
ic
)

S
tr
o
k
e

M
ix
e
d
le
ve
ls
o
f
se

ve
rit
y

a
n
d
a
p
h
a
si
a
ty
p
e

N
o
,
th
o
u
g
h
c
o
m
p
a
rin

g

tw
o
c
o
n
d
iti
o
n
s
o
f

c
u
e
in
g

A
p
h
a
s
ia
S
c
ri
p
ts

V
irt
u
a
lt
h
e
ra
p
is
t
fo
r
sc

rip
t

tr
a
in
in
g
w
ith

d
im

in
is
h
in
g

c
u
e
s
H
ig
h
c
u
e
:
n
o
rm

a
l

p
ro
g
ra
m
,
L
o
w

c
u
e
:
w
rit
te
n

c
u
e
u
n
til
3
in
d
e
p
e
n
d
e
n
t

tr
a
ils

3
w
e
e
ks

p
e
r
c
o
n
d
iti
o
n

w
ith

3
w
e
e
ks

in
b
e
tw

e
e
n

Tr
a
in
e
d
sc

rip
ts

in
c
re
a
se

d
in

a
c
c
u
ra
c
y
a
n
d
ra
te
;
c
o
n
d
iti
o
n
s

w
e
re

n
o
d
iff
e
re
n
t
in

re
su

lts

K
a
lin
ya
k-
F
lis
za
r

e
t
a
l.,

2
0
1
5

N
:4
,
a
g
e
:5
0
,

M
P
O
:5
5
.5

(a
ll
c
h
ro
n
ic
)

S
tr
o
k
e

M
ix
e
d
le
ve
ls
o
f
se

ve
rit
y

a
n
d
a
p
h
a
si
a
ty
p
e
(n
o

g
lo
b
a
l)

N
o
,
c
o
m
p
a
rin

g
vi
rt
u
a
l

c
lin
ic
ia
n
(V
C
)
to

h
u
m
a
n

c
lin
ic
ia
n
(H
C
)
(c
ro
ss
e
d

d
e
si
g
n
)

C
o
m
p
u
te
r-
d
e
liv
e
re
d

sc
rip

ts
w
ith

vi
rt
u
a
l

c
lin
ic
ia
n
,
a
n
d
re
a
lc
lin
ic
ia
n

c
o
n
tr
o
lli
n
g
c
o
m
p
u
te
r

o
u
tp
u
t

1
w
e
e
k,

4
se

ss
io
n
s
o
f

3
0
–4

0
m
in

e
a
c
h

Tr
a
in
e
d
sc

rip
t
re
su

lts
va
rie

d
b
y

p
a
tie
n
t;
tw

o
p
a
tie
n
ts

m
a
d
e
g
a
in
s

o
n
d
is
c
o
u
rs
e
n
a
rr
a
tiv
e
s

T
h
o
m
p
so

n

e
t
a
l.,

2
0
1
0

N
:1
2
,
a
g
e
:4
9
.5
,

M
P
O
:4
6
.1

(a
ll
c
h
ro
n
ic
)

S
tr
o
k
e

A
g
ra
m
m
a
tic

a
p
h
a
si
c
s,

m
ix
e
d
le
ve
ls
o
f
se

ve
rit
y

a
n
d
a
p
h
a
si
a
ty
p
e

Y
e
s
N
o
tr
e
a
tm

e
n
t

(N
:6
),
a
n
d
p
re
vi
o
u
sl
y

st
u
d
ie
d

c
lin
ic
ia
n
-d
e
liv
e
re
d

tr
e
a
tm

e
n
t
(N
:8
)

S
e
n
ta
c
ti
c
s

T
U
F
(t
re
a
tm

e
n
t
o
f

u
n
d
e
rly
in
g
fo
rm

s)

d
e
liv
e
re
d
b
y
vi
rt
u
a
l

c
lin
ic
ia
n

6
–8

w
e
e
ks
,
4
1
h

se
ss
io
n
s
p
e
r
w
e
e
k
o
r

u
n
til
c
rit
e
rio

n

E
G

sh
o
w
e
d
m
o
re

g
a
in
s
o
n

tr
a
in
e
d
ite
m
s
th
a
n
C
G
,
n
o

d
iff
e
re
n
c
e
w
ith

c
lin
ic
ia
n
d
e
liv
e
re
d
;

E
G

sh
o
w
e
d
g
a
in
s
o
n
C
in
d
e
re
lla

n
a
rr
a
tiv
e
a
n
d
O
R
*
se

n
te
n
c
e
s
o
n

N
A
V
S
*

L
in
e
b
a
rg
e
r

e
t
a
l.,

2
0
0
7

N
:6
,
a
g
e
:4
9
.8
,

M
P
O
:∼

3
5
(a
ll
c
h
ro
n
ic
)

S
tr
o
k
e

N
o
n
-fl
u
e
n
t
a
p
h
a
si
a

Y
e
s

H
e
a
lth

y
c
o
n
tr
o
ls

S
e
n
te
n
c
e
S
h
a
p
e
r

R
e
c
o
rd
s
w
o
rd
s
o
r
p
h
ra
se

s

in
th
e
p
a
tie
n
t’s

vo
ic
e
,

re
p
re
se

n
te
d
w
ith

vi
su

a
l

ic
o
n
s
to

re
p
la
y
a
n
d
o
rd
e
r

in
to

la
rg
e
r
u
n
its
;

w
o
rd
-fi
n
d
in
g
a
ss
is
ta
n
c
e

1
1
–2

3
w
e
e
ks
;
va
ria

b
le

in
te
n
si
ty

d
e
c
id
e
d
b
y

p
a
tie
n
t;
a
ve
ra
g
e
:
2
9
.4
3
h

to
ta
l

R
e
su

lts
va
rie

d
;
m
o
st

sh
o
w
e
d

so
m
e
g
a
in
s
o
n
tr
a
in
e
d
n
a
rr
a
tiv
e
s

C
re
ra
r
e
t
a
l.,

1
9
9
6

N
:1
4
,
a
g
e
:5
2
.4
,

M
P
O
:∼

5
2
(a
ll
c
h
ro
n
ic
)

S
tr
o
k
e
(m

o
s
tl
y
)

M
ix
e
d
le
ve
ls
o
f
se

ve
rit
y

a
n
d
a
p
h
a
si
a
ty
p
e
(n
o

g
lo
b
a
l)

N
o

P
ic
tu
re
-b
u
ild
in
g
a
n
d

se
n
te
n
c
e
-b
u
ild
in
g
m
o
d
e
s

in
b
o
th

ve
rb

a
n
d

p
re
p
o
si
tio

n
tr
e
a
tm

e
n
t

6
w
e
e
ks

(3
w
e
e
ks

o
f

e
a
c
h
ty
p
e
o
f
tr
e
a
tm

e
n
t)
,

tw
o
1
h
se

ss
io
n
s
p
e
r

w
e
e
k

P
ro
b
e
m
e
a
su

re
s
va
rie

d
b
y

p
a
tie
n
t
re
g
a
rd
le
ss

o
f
tr
e
a
tm

e
n
t

g
iv
e
n
fir
st
;
tr
e
a
tin

g
ve
rb
s
fir
st

sh
o
w
e
d
c
le
a
re
r
g
a
in
s

L
a
n
g
u
a
g
e
,

S
in
g
le
d
o
m
a
in
,

W
rit
in
g

S
e
ro
n
e
t
a
l.,

1
9
8
0

N
:5
,
a
g
e
:4
2
.8
,
M
P
O
:

ra
n
g
e
d
(a
ll
b
u
t
o
n
e

c
h
ro
n
ic
)

S
tr
o
k
e
(m

o
s
tl
y
)

M
ix
e
d
le
ve
ls
o
f
se

ve
rit
y

N
o

K
e
yb

o
a
rd

w
rit
in
g
to

d
ic
ta
tio

n
w
ith

a
d
a
p
tiv
e

d
iff
e
re
n
t
le
ve
ls
o
f
c
u
e
in
g

R
a
n
g
e
d
fr
o
m

4
to

1
0

w
e
e
ks
,
to
ta
ls
e
ss
io
n
s

ra
n
g
e
d
fr
o
m

7
to

3
0

P
ro
b
e
m
e
a
su

re
s
o
f
w
o
rd
s
w
ith

a
t

le
a
st

o
n
e
e
rr
o
r
a
n
d
to
ta
ln

u
m
b
e
r

o
f
e
rr
o
rs

d
e
c
re
a
se

d
fr
o
m

p
re

to

p
o
st

te
st
in
g

L
a
g
a
n
a
ro

e
t
a
l.,

2
0
0
6

N
:8
,
a
g
e
:4
9
.6
,

M
P
O
:1
-2

(a
ll
a
c
u
te
)

S
tr
o
k
e
a
n
d
T
B
I

M
ix
e
d
le
ve
ls
o
f
se

ve
rit
y

a
n
d
a
p
h
a
si
a
ty
p
e

N
o
,
a
lte
rn
a
tin

g

b
e
tw

e
e
n
tr
e
a
tm

e
n
t
se

ts

o
f
d
iff
e
rin

g
le
n
g
th
s

C
o
m
p
u
te
riz
e
d
w
rit
te
n

n
a
m
in
g
p
ro
g
ra
m

w
ith

c
u
e
s
p
ro
vi
d
e
d
o
n
e
ith

e
r
a

se
t
o
f
4
8
o
r
9
6
ite
m
s

2
w
e
e
ks
,
5
d
a
ys

a
w
e
e
k

fo
r
3
0
–6

0
m
in

A
ll
b
u
t
o
n
e
p
a
tie
n
t
im

p
ro
ve
d
in

p
ic
tu
re

n
a
m
in
g
a
ft
e
r
tr
e
a
tm

e
n
t

a
n
d
th
is
im

p
ro
ve
m
e
n
t
w
a
s

lim
ite
d
to

th
e
lis
t
th
a
t
w
a
s
tr
a
in
e
d

a
t
e
a
c
h
a
ss
e
ss
m
e
n
t
p
e
rio

d

(C
o
n
ti
n
u
e
d
)

Frontiers in Neuroscience | www.frontiersin.org 6 July 2017 | Volume 11 | Article 382

http://www.frontiersin.org/Neuroscience
http://www.frontiersin.org
http://www.frontiersin.org/Neuroscience/archive


Des Roches and Kiran Technology-Based Rehabilitation for Brain Injury

T
A
B
L
E
1
|
C
o
n
tin

u
e
d S
tu
d
y

P
a
rt
ic
ip
a
n
ts

T
re
a
tm

e
n
t

M
a
in

re
s
u
lt
s

N
,
a
g
e
,
M
P
O
*

E
ti
o
lo
g
y
a
n
d
s
e
v
e
ri
ty

C
o
n
tr
o
l
g
ro
u
p

T
y
p
e

D
u
ra
ti
o
n
a
n
d
in
te
n
s
it
y

L
a
n
g
u
a
g
e
,

M
u
lti
p
le
d
o
m
a
in
s

C
h
o
ie
t
a
l.,

2
0
1
6

N
:8
,
a
g
e
:5
0
.8
,

M
P
O
:3
0
(m

o
st

w
e
re

c
h
ro
n
ic
)

S
tr
o
k
e

M
ix
e
d
le
ve
ls
o
f
se

ve
rit
y

a
n
d
a
p
h
a
si
a
ty
p
e

N
o

iA
p
h
a
s
ia

S
ix
d
o
m
a
in
s
o
f
ta
sk
s
w
ith

d
iff
e
rin

g
le
ve
ls
o
f
d
iffi
c
u
lty
,

h
in
ts

p
ro
vi
d
e
d

4
w
e
e
ks
,
va
ria

b
le

in
te
n
si
ty

d
e
c
id
e
d
b
y

p
a
tie
n
t,
a
ve
ra
g
e
:
3
0
.3

h

to
ta
l

K
-W

A
B
*
A
Q

sc
o
re
s
im

p
ro
ve
d

S
ta
rk

a
n
d

W
a
rb
u
rt
o
n
,

2
0
1
6

N
:1
0
(3

p
ilo
t)
,

a
g
e
:6
3
.6
,
M
P
O
:3
9
.2

(a
ll
c
h
ro
n
ic
)

S
tr
o
k
e

E
xp

re
ss
iv
e
a
p
h
a
si
a

w
ith

in
ta
c
t

c
o
m
p
re
h
e
n
si
o
n

N
o
,
c
ro
ss
e
d
d
e
si
g
n

c
o
m
p
a
rin

g
tr
e
a
tm

e
n
t
to

B
e
je
w
e
le
d
g
a
m
e
a
p
p

(e
xc

e
p
t
fo
r
p
ilo
t

p
a
tie
n
ts
)

L
a
n
g
u
a
g
e
T
h
e
ra
p
y

(T
a
c
tu
s
T
h
e
ra
p
y
S
o
lu
tio

n
s)

R
e
a
d
in
g
,
n
a
m
in
g
,

c
o
m
p
re
h
e
n
si
o
n
,
a
n
d

w
rit
in
g
ta
sk
s

8
w
e
e
ks

(4
o
f
e
a
c
h
),

va
ria

b
le
in
te
n
si
ty

d
e
c
id
e
d

b
y
p
a
tie
n
t

S
ig
n
ifi
c
a
n
t
g
a
in
s
o
n
C
A
T
*,

im
p
ro
ve
d
o
n
n
a
rr
a
tiv
e
m
e
a
su

re
s;

E
S
g
re
a
te
r
th
a
n
c
o
n
tr
o
lp

e
rio

d

S
te
e
le
e
t
a
l.,

2
0
1
4

N
:9
,
a
g
e
:6
1
.4
,

M
P
O
:6
6
.8

(a
ll
w
e
re

c
h
ro
n
ic
)

S
tr
o
k
e

M
ix
e
d
le
ve
ls
o
f
se

ve
rit
y

a
n
d
a
p
h
a
si
a
ty
p
e

N
o

L
in
g
ra
p
h
ic
a
Ta

lk
P
a
th

V
a
rio

u
s
e
xe

rc
is
e
s
w
ith

va
rie

d
d
iffi
c
u
lty

a
n
d

se
lf-
a
d
m
in
is
te
re
d
h
in
ts
;

re
m
o
te

tr
e
a
tm

e
n
t
(g
ro
u
p

a
n
d
in
d
iv
id
u
a
l)
w
ith

W
e
b
E
x
a
n
d
G
o
To

M
e
e
tin

g

1
2
w
e
e
ks
,
1
re
m
o
te

g
ro
u
p
se

ss
io
n
p
e
r
w
e
e
k,

e
ve
ry

4
th

w
e
e
k:

in
d
iv
id
u
a
l,
va
ria

b
le

in
te
n
si
ty

d
e
c
id
e
d
b
y

p
a
tie
n
t
fo
r
h
o
m
e
w
o
rk

C
E
T
Ia

n
d
N
O
M
S
*
sh

o
w
e
d
g
a
in
s

o
n
m
o
st

ite
m
s
a
d
m
in
is
te
re
d
,
o
n
e

ite
m

a
n
d
o
ve
ra
ll
sc

o
re

o
f

R
IC
-C

C
R
S
A
*
sh

o
w
e
d
g
a
in
s

C
o
rw

in
e
t
a
l.,

2
0
1
4

N
:6
,
a
g
e
:5
2
,
M
P
O
:3
7

(a
ll
c
h
ro
n
ic
)

S
tr
o
k
e
(1

R
H
*)

M
ix
e
d
le
ve
ls
o
f
se

ve
rit
y

a
n
d
a
p
h
a
si
a
ty
p
e

N
o
,
a
lte
rn
a
te
d
b
e
tw

e
e
n

c
o
m
p
u
te
r-
b
a
se

d
a
n
d

n
o
tr
e
a
tm

e
n
t
(c
ro
ss
e
d

d
e
si
g
n
)

P
a
rr
o
t
s
o
ft
w
a
re

S
e
m
a
n
tic

fe
a
tu
re
,

c
o
n
fr
o
n
ta
tio

n
n
a
m
in
g
,
a
n
d

se
n
te
n
c
e
c
o
m
p
le
tio

n

ta
sk
s

4
w
e
e
ks
,
4
se

ss
io
n
s
o
f
2

h
/w

e
e
k

B
N
T
a
n
d
W
A
B
N
a
m
in
g
a
n
d

W
o
rd

F
in
d
in
g
su

b
te
st
s
im

p
ro
ve
d

(t
ra
in
e
d
w
o
rd
s
e
xc

lu
d
e
d
)

M
o
rt
le
y
e
t
a
l.,

2
0
0
4

N
:7
,
a
g
e
:6
1
.7
,

M
P
O
:∼

6
0
(a
ll
c
h
ro
n
ic
)

S
tr
o
k
e

N
o

S
te
p
B
y
S
te
p

E
xe

rc
is
e
s
in
vo

lv
in
g

w
o
rd
-t
o
-p
ic
tu
re

m
a
tc
h
in
g
,

se
m
a
n
tic

a
ss
o
c
ia
tio

n
,

n
a
m
in
g
,
re
a
d
in
g
,
a
n
d

sp
e
lli
n
g

2
7
w
e
e
ks
,
va
ria

b
le

in
te
n
si
ty

d
e
c
id
e
d
b
y

p
a
tie
n
t,
a
ve
ra
g
e
:2

h
a
n
d

4
5
m
in

p
e
r
w
e
e
k

G
a
in
s
in

tr
a
in
e
d
w
o
rd
s
fo
r
a
ll
p
ts

P
a
lm

e
r
e
t
a
l.,

2
0
1
2

N
:2
8
(3
3
a
t
b
a
se

lin
e
),

a
g
e
:6
9
.5

(E
G
),
6
6
.2

(C
G
),
M
P
O
:7
4
.4

(E
G
),

7
9
.2

(C
G
)
(a
ll
c
h
ro
n
ic
)

S
tr
o
k
e

M
ix
e
d
le
ve
ls
o
f
se

ve
rit
y

a
n
d
a
p
h
a
si
a
ty
p
e

Y
e
s

U
su

a
lc
a
re

tr
e
a
tm

e
n
t

(N
:1
3
)

S
te
p
B
y
S
te
p

S
e
lf-
m
a
n
a
g
e
d
c
o
m
p
u
te
r

w
o
rd

fin
d
in
g
w
ith

c
u
e
s

5
m
o
n
th
s,

va
ria

b
le

in
te
n
si
ty

d
e
c
id
e
d
b
y

p
a
tie
n
t,
a
ve
ra
g
e
p
ra
c
tic
e
:

2
5
h
to
ta
l

E
G

sh
o
w
e
d
m
o
re

g
a
in
s
o
n

n
a
m
in
g
in

tr
e
a
tm

e
n
t
th
a
n
C
G

L
a
n
g
u
a
g
e
a
n
d

C
o
g
n
iti
ve

D
e
s
R
o
c
h
e
s

e
t
a
l.,

2
0
1
5

N
:5
1
,
a
g
e
:6
4
.2
,

M
P
O
:5
9
.6

(m
o
st

w
e
re

c
h
ro
n
ic
)

S
tr
o
k
e
(m

o
s
tl
y
)

M
ix
e
d
le
ve
ls
o
f
se

ve
rit
y

a
n
d
a
p
h
a
si
a
ty
p
e

Y
e
s

O
n
ly
re
c
e
iv
e
d
tr
e
a
tm

e
n
t

in
c
lin
ic
(N
:9
)

C
o
n
s
ta
n
t
T
h
e
ra
p
y

3
7
e
vi
d
e
n
c
e
-b
a
se

d

c
o
g
n
iti
ve

a
n
d
la
n
g
u
a
g
e

ta
sk
s
w
ith

d
iff
e
re
n
t
le
ve
ls

o
f
d
iffi
c
u
lty
;

se
lf-
a
d
m
in
is
te
re
d
h
in
ts

1
0
w
e
e
ks

C
G
:
1
h
/w

e
e
k,

E
G
:1

h
/w

e
e
k
+

h
o
m
e
w
o
rk
:

va
ria

b
le
in
te
n
si
ty

d
e
c
id
e
d

b
y
p
a
tie
n
t,
a
ve
ra
g
e
:4

h
8

m
in

p
e
r
w
e
e
k

A
lm

o
st

a
ll
p
a
tie
n
ts

sh
o
w
e
d
g
a
in
s

o
n
tr
e
a
tm

e
n
t
ta
sk
s,

E
G

m
o
re

th
a
n
c
o
n
tr
o
l;
E
G

sh
o
w
e
d
m
o
re

g
a
in
s
o
n
st
a
n
d
a
rd
iz
e
d
m
e
a
su

re
s

(W
A
B
-R

C
Q
*,
A
Q
,
se

ve
ra
lC

L
Q
T
*

sc
o
re
s)

th
a
n
C
G

(P
A
P
T
*)

H
o
o
ve
r
a
n
d

C
a
rn
e
y,

2
0
1
4

N
:2
0
(3

c
o
h
o
rt
s)
,

a
g
e
:5
5
–6

1
,

M
P
O
:4
4
–7

0

(d
e
p
e
n
d
in
g
o
n
c
o
h
o
rt
)

(a
ll
c
h
ro
n
ic
)

S
tr
o
k
e

S
e
ve
rit
y
ra
n
g
e
d
fr
o
m

m
ild

to

m
o
d
e
ra
te
-s
e
ve
re

N
o

IC
A
P
c
o
m
b
in
e
d
w
ith

m
u
lti
p
le
a
p
p
lic
a
tio

n
s

(L
a
n
g
u
a
g
e
B
u
ild
e
r,

S
m
a
llT
a
lk
,
V
A
S
T
tx
,

L
a
n
g
u
a
g
e
T
h
e
ra
p
y,
a
n
d

C
o
n
st
a
n
t
T
h
e
ra
p
y)

4
w
e
e
ks
,
5
d
a
ys
/w

e
e
k
fo
r

6
h
/d
a
y
p
lu
s
h
o
m
e
w
o
rk

G
a
in
s
o
n
n
a
rr
a
tiv
e
m
e
a
su

re
s,

se
ve
ra
lP

A
L
s*
,
P
N
T
*,
V
N
T
*,

F
-A

-S
W
o
rd

F
lu
e
n
c
y
Ta
sk
,
D
C
T
*,

S
IS
*,
a
n
d
A
L
A
*
o
r
A
S
H
A
-F
A
C
S
*

(C
o
n
ti
n
u
e
d
)

Frontiers in Neuroscience | www.frontiersin.org 7 July 2017 | Volume 11 | Article 382

http://www.frontiersin.org/Neuroscience
http://www.frontiersin.org
http://www.frontiersin.org/Neuroscience/archive


Des Roches and Kiran Technology-Based Rehabilitation for Brain Injury

T
A
B
L
E
1
|
C
o
n
tin

u
e
d S
tu
d
y

P
a
rt
ic
ip
a
n
ts

T
re
a
tm

e
n
t

M
a
in

re
s
u
lt
s

N
,
a
g
e
,
M
P
O
*

E
ti
o
lo
g
y
a
n
d
s
e
v
e
ri
ty

C
o
n
tr
o
l
g
ro
u
p

T
y
p
e

D
u
ra
ti
o
n
a
n
d
in
te
n
s
it
y

W
c
is
lo

e
t
a
l.,

2
0
1
0

N
:6
3

S
tr
o
k
e
,
3
3
w
ith

a
p
h
a
si
a
:
m
ix
e
d
le
ve
ls
o
f

se
ve
rit
y
a
n
d
a
p
h
a
si
a

ty
p
e
,
3
0
w
ith

c
o
g
n
iti
ve

d
ys
fu
n
c
tio

n
s

N
o

L
o
g
o
p
e
d
ic
,
p
h
ys
ic
a
l,
a
n
d

c
o
g
n
iti
ve

e
xe

rc
is
e
s

3
m
o
n
th
s

P
a
tie
n
ts

w
ith

a
p
h
a
si
a
sh

o
w
e
d
1
0

p
o
in
t
c
h
a
n
g
e
o
n
c
o
m
p
re
h
e
n
si
o
n

te
st

a
n
d
1
6
p
o
in
t
c
h
a
n
g
e
o
n

ve
rb
a
le
xp

re
ss
io
n
sc

o
re
s

W
e
n
ke

e
t
a
l.,

2
0
1
4

N
:3
9
(o
ve
rla

p
in

c
o
h
o
rt
s)
,
a
g
e
:6
0
’s
,

M
P
O
:6
–2

7
.5

(d
e
p
e
n
d
in
g
o
n
c
o
h
o
rt
)

S
tr
o
k
e
,
V
a
rie

d
se

ve
rit
y

Y
e
s
,
st
a
n
d
a
rd
iz
e
d

se
rv
ic
e
c
o
m
p
a
re
d
to

th
re
e
E
G
s:

c
o
m
p
u
te
r

tr
e
a
tm

e
n
t
(N
:1
3
),
g
ro
u
p

tr
e
a
tm

e
n
t
(N
:1
1
),
a
n
d

S
P
TA

tr
e
a
tm

e
n
t
(N
:7
)

C
o
m
p
u
te
r
g
ro
u
p
u
se

d

m
u
lti
p
le
o
n
lin
e
tr
e
a
tm

e
n
t

p
ro
g
ra
m
s:

R
E
A
C
T-
2
,

A
p
h
a
si
a
Tu

to
r,
L
a
n
g
u
a
g
e

L
in
ks
,
a
n
d
S
yn

o
n
ym

s,

H
o
m
o
n
ym

s,
a
n
d

A
n
to
n
ym

s

8
–1

0
w
e
e
ks
,
3
–4

se
ss
io
n
s
p
e
r
w
e
e
k
o
n

a
ve
ra
g
e
fo
r
e
xp

e
rim

e
n
ta
l

g
ro
u
p
s

A
ll
g
ro
u
p
s
sh

o
w
e
d
g
a
in
s
o
n

la
n
g
u
a
g
e
p
ro
d
u
c
tio

n
C
A
T

su
b
te
st
s,

a
ll
th
re
e
E
G

g
ro
u
p
s

sh
o
w
e
d
g
a
in
s
o
n
D
is
a
b
ili
ty

q
u
e
st
io
n
n
a
ire

o
f
C
A
T;

n
o

b
e
tw

e
e
n
g
ro
u
p
d
iff
e
re
n
c
e
s
o
n

e
ith

e
r
m
e
a
su

re

*M
P
O
,
M
o
n
th
s
p
a
s
t
o
n
s
e
t;
S
tr
o
ke
,
u
n
le
s
s
n
o
te
d
,
s
tr
o
ke

is
in
le
ft
h
e
m
is
p
h
e
re
;
W
A
B
,
W
e
s
te
rn
A
p
h
a
s
ia
B
a
tt
e
ry
;
B
N
T,
B
o
s
to
n
N
a
m
in
g
Te
s
t;
B
D
A
E
,
B
o
s
to
n
D
ia
g
n
o
s
ti
c
A
p
h
a
s
ia
E
xa
m
in
a
ti
o
n
;
P
N
T,
P
h
ila
d
e
lp
h
ia
N
a
m
in
g
Te
s
t;
P
R
T,
P
h
ila
d
e
lp
h
ia

R
e
p
e
ti
ti
o
n
Te
s
t;
P
O
R
T,
P
h
ila
d
e
lp
h
ia
O
ra
lR
e
a
d
in
g
Te
s
t;
A
Q
,
A
p
h
a
s
ia
Q
u
o
ti
e
n
t;
E
G
,
E
xp
e
ri
m
e
n
ta
l(
te
c
h
n
o
lo
g
y-
b
a
s
e
d
)
g
ro
u
p
;
C
G
,
C
o
n
tr
o
lg
ro
u
p
;
P
IC
A
,
T
h
e
P
o
rc
h
In
d
e
x
o
f
C
o
m
m
u
n
ic
a
ti
ve

A
b
ili
ty
;
E
S
,
E
ff
e
c
t
S
iz
e
;
P
O
W
E
R
S
,
P
ro
fil
e
o
f
w
o
rd

e
rr
o
rs
a
n
d
re
tr
ie
va
l
in
s
p
e
e
c
h
;
W
A
B
-R
,
R
e
vi
s
e
d
W
e
s
te
rn

A
p
h
a
s
ia
B
a
tt
e
ry
;
C
E
T
I,
C
o
m
m
u
n
ic
a
ti
ve

E
ff
e
c
ti
ve
n
e
s
s
In
d
e
x;
Q
C
L
,
Q
u
a
lit
y
o
f
C
o
m
m
u
n
ic
a
ti
o
n
L
ife

S
c
a
le
;
C
D
,
C
o
m
m
u
n
ic
a
ti
o
n
D
iffi
c
u
lt
y;
B
O
S
S
,
T
h
e
B
u
rd
e
n
o
f
S
tr
o
ke

S
c
a
le
;
O
R
,

O
b
je
c
t
R
e
la
ti
ve
;
N
A
V
S
,
N
o
rt
h
w
e
s
te
rn
A
s
s
e
s
s
m
e
n
t
o
f
V
e
rb
s
a
n
d
S
e
n
te
n
c
e
s
;
C
A
D
L
,
C
o
m
m
u
n
ic
a
ti
o
n
A
c
ti
vi
ti
e
s
o
f
D
a
ily
L
iv
in
g
;
K
-W

A
B
,
K
o
re
a
n
ve
rs
io
n
o
f
th
e
W
e
s
te
rn
A
p
h
a
s
ia
B
a
tt
e
ry
;
C
A
T,
C
o
m
p
re
h
e
n
s
iv
e
A
p
h
a
s
ia
Te
s
t;
N
O
M
S
,
N
a
ti
o
n
a
l

O
u
tc
o
m
e
s
M
e
a
s
u
re
m
e
n
t
S
ys
te
m
;
R
IC
-C
C
R
S
A
,
R
e
h
a
b
ili
ta
ti
o
n
In
s
ti
tu
te

o
f
C
h
ic
a
g
o
—
C
o
m
m
u
n
ic
a
ti
o
n
C
o
n
fid
e
n
c
e
R
a
ti
n
g
S
c
a
le
fo
r
A
p
h
a
s
ia
;
R
H
,
R
ig
h
t
H
e
m
is
p
h
e
re
;
C
Q
,
C
o
rt
ic
a
l
Q
u
o
ti
e
n
t;
C
L
Q
T,
C
o
g
n
it
iv
e
L
in
g
u
is
ti
c
Q
u
ic
k
Te
s
t;
P
A
P
T,

P
yr
a
m
id
s
a
n
d
P
a
lm

Tr
e
e
s
;
IC
A
P,
In
te
n
s
iv
e
c
o
m
p
re
h
e
n
s
iv
e
a
p
h
a
s
ia
p
ro
g
ra
m
s
;
P
A
L
s
,
P
s
yc
h
o
lin
g
u
is
ti
c
A
s
s
e
s
s
m
e
n
t
o
f
L
a
n
g
u
a
g
e
;
V
N
T,
V
e
rb
N
a
m
in
g
Te
s
t;
D
C
T,
D
is
c
o
u
rs
e
C
o
m
p
re
h
e
n
s
io
n
Te
s
t;
S
IS
,
S
tr
o
ke

Im
p
a
c
t
S
c
a
le
;
A
L
A
,
A
s
s
e
s
s
m
e
n
t

o
f
L
iv
in
g
w
it
h
A
p
h
a
s
ia
;
A
S
H
A
-F
A
C
S
,
A
m
e
ri
c
a
n
S
p
e
e
c
h
-L
a
n
g
u
a
g
e
-H
e
a
ri
n
g
A
s
s
o
c
ia
ti
o
n
—
F
u
n
c
ti
o
n
a
l
A
s
s
e
s
s
m
e
n
t
o
f
C
o
m
m
u
n
ic
a
ti
o
n
S
ki
lls
fo
r
A
d
u
lt
s
.

provided a computer-based writing treatment of picture spelling
and found improvement on a probe measure of confrontation
naming.

Language Rehabilitation in Multiple Domains
While all the above studies provided treatment in a single
domain of language, there are other programs that target multiple
domains, including iAphasia, which is a program that provides
treatment in six domains (auditory comprehension, reading
comprehension, repetition, naming, writing, and reading). One
study tested the effectiveness of iAphasia (Choi et al., 2016)
and found scores improved on the Korean version of the
WAB (K-WAB, Kim and Na, 2004). Another app called
Language Therapy (Tactus Therapy Solutions Ltd., Vancouver,
BC, Canada) comprises reading, naming, comprehension, and
writing tasks. Researchers studying Language Therapy (Stark
and Warburton, 2016) found gains on standardized measures
[the Comprehensive Aphasia Test (CAT, Swinburn et al., 2004)
and narrative measures]. An updated Lingraphica program,
TalkPath, provides a variety of exercises focusing on listening,
speaking, reading, and writing. One study (Steele et al., 2014)
tested the effectiveness of the program along with remote group
and individual treatment sessions and found improvement on
several standardized measures [CETI, the National Outcomes
Measurement System (NOMS, American Speech-Language-
Hearing Association, 2003), and Rehabilitation Institute of
Chicago’s Communication Confidence Rating Scale for Aphasia
(CCRSA-RIC, Babbitt et al., 2011)]. Parrot software (Parrot
Software, West Bloomfield, MI) is a program that provides tasks
that focus on semantic features, confrontation, and sentence
completion. One study (Corwin et al., 2014) investigated the
effectiveness of the program and found gains on standardized
measures that tested naming (BNT and WAB-R naming
subtests). Finally, StepByStep (Steps Consulting Ltd., Hauz Khas,
New Delhi, India) is a self-managed computer word finding
program and exercises involving word-to-picture matching,
semantic associates matching, reading, and spelling. StepByStep
has been utilized in two studies (Mortley et al., 2004; Palmer
et al., 2012), both of which found gains in performance within
the program.

Language and Cognitive Rehabilitation
A few studies have combined the delivery of language and
cognitive rehabilitation exercises. These studies provide a broader
range of therapy exercises and investigate the interaction
between language and cognition in terms of whether there
are improvements across these domains. One such program is
Constant Therapy (iTherapy, Constant Therapy Inc., Newton,
MA), which provides several domains of language and cognitive
tasks including naming, reading, writing, sentence completion,
visuo-spatial processing, memory, attention, problem solving,
and executive function (Kiran et al., 2014). One study tested
the effectiveness of Constant Therapy (Des Roches et al.,
2015) and found improvement on both performance within the
program and standardized measures. Another study (Hoover
and Carney, 2014) looked at the implementation of tablet-
based treatment programs in an intensive, comprehensive
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aphasia program (ICAP), including Constant Therapy, Language
Builder (Mobile Education Store, LLC, Salem, OR) which
is a program that provides practice for sentence production
with photographic stimulus, SmallTalk (Lingraphicare, Inc.,
Princeton, NJ) which is a series of applications that include
functional phrases that can be used for communication and/or
for speech practice, and VASTtx (Speak in Motion, LLC,
Vienna, VA), a program that provides visual models for the
production of phonemes, keywords, and customizable playlists,
and Language Therapy. Hoover andCarney found improvements
on several standardized measures [Psycholinguistic Assessment
of Language (PALs), PNT, Northwestern Verb Naming Test
(VNT, part of the Verb Production Battery), F-A-SWord Fluency
Task, Discourse Comprehension Test (DCT, Brookshire and
Nicholas, 1993), Stroke Impact Scale (SIS, Duncan et al., 1999),
and Assessment of Living with Aphasia (ALA, Kagan et al., 2010),
or American Speech-Language-Hearing Association-Functional
Assessment of Communications Skills for Adults (ASHA-
FACS, American Speech-Language-Hearing Association, 1995)].
One study (Wcislo et al., 2010) investigated the effectiveness
of using several logopedic, physical, and cognitive exercises
delivered through a computer over the internet and found gains
on standardized measures. Finally, one study (Wenke et al.,
2014) tested the effectiveness of using several computer-based
programs including REACT-2, React2 Ltd., (Peebles, UK, which
works on auditory processing, visual processing, semantics,
memory, and life skills), Aphasia Tutor (Bungalow Software,
Blacksburg, VA), which works on speech, word-retrieval, reading,
and writing; Language Links; and Synonyms, Homonyms, and
Antonyms) and found improvement on the CAT.

While all of these studies appear to find improvements on
at least one of the measures examined, there is a great deal of
variability across the studies in terms of methods, design, and
results. Nonetheless, these studies comprise an important body
of research that can provide insights into our understanding of
the nature of technology-based rehabilitation approaches.

QUESTIONS THAT CAN NOW BE
EXAMINED

The previous studies reviewed provide a basis for the effectiveness
of technology-based rehabilitation for individuals with acquired
brain injury/stroke and allows for further, more specific
questions to be addressed. Some of these questions address the
viability and utility of a technology-based treatment delivery
mechanism, such as whether a treatment can be standardized

and whether it includes homework practice. Other questions
evaluate the effectiveness of rehabilitation in general, including
the intensity of rehabilitation provided and how improvement is
captured across different outcome measures. Figure 2 provides
a breakdown of these factors and Table 2 identifies which of the
studies referenced in Table 1 incorporate these aspects.

KEY CONCEPT 3 | Standardized treatment

Refers to how treatment is delivered to individuals. This method delivers

treatment the exact same way to all individuals, i.e., the treatment is

standardized across individuals.

KEY CONCEPT 4 | Homework practice

Refers to treatment at home, which is beneficial because it allows individuals to

practice the treatment sessions outside of the clinic. This increases the overall

practice that patients can potentially obtain and capitalizes on one of the main

advantages of technology-based treatment, which is ease of accessibility.

Improvement
To fully understand what the improvements observed across the
various studies mean, it is important to provide an appropriate
context. One way to look at improvement is to see whether the
specific tasks delivered by the programs show improvement and
to what extent performance on those tasks/sets of stimuli help
improve performance on other tasks/sets (i.e., generalization).
Another way to examine improvement is to see whether
training on the tasks results in improvement on standardized
tests. Different studies have looked at different measures on
standardized tests, therefore, is it useful to classify the difference
in improvement based on the type of measures that are utilized
(i.e., impairment or functional/quality of life (QOL) measures).
Figure 1 shows a schematic of how these outcomes relate to
the targeted treatment. At the first level, treatment is expected
to improve performance on the task trained, at the next level,
this is expected to generalize to untrained items or other
tasks. Next, the treatment might influence individuals’ scores
on impairment-based standardized measures, and followed by
scores on functional and QOL measures. This progression
illustrates if and how a particular treatment can have wide
ranging impact on one’s overall communication and QOL.
Another factor worth considering is if the treatment has a long
lasting impact on an individual’s behavior (on either within
task improvement or on standardized measures). This can
be assessed in terms of whether studies conducted follow-up
examinations (maintenance) and found the improvements to
maintain over time on either within task improvements or on
standardized measures (meaning that the standardized measures
were administered multiple times and the gain found after
treatment was sustained).

Of the 11 studies that focused treatment on only the
naming domain (Bruce and Howard, 1987; Loverso et al., 1992;
Aftonomos et al., 1997; Fink et al., 2002; Doesborgh et al., 2004;
Raymer et al., 2006; Ramsberger and Marie, 2007; Fridriksson
et al., 2009; Harnish et al., 2014; Kurland et al., 2014; Woolf
et al., 2016), nine tested and found within task improvement,
five of six studies that examined within task generalization
found improvement, seven of eight studies that looked for
gains on impairment-based measures found improvement, and
the one study that examined functional/QOL measures did
not find improvement. Additionally, four studies tested and
found maintenance of within task improvement or maintenance
of treatment-induced gains on standardized measures. Of the
three studies that focused treatment on only the reading
domain (Katz and Wertz, 1992, 1997; Cherney, 2010), none
looked for within task improvement, one study examined and
found within task generalization, all three tested and found
gains on impairment-based measures, while none looked for
functional/QOLmeasurement improvement. None of the studies
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FIGURE 2 | Schematic depicting the different factors examined across the

previous studies, namely improvement on various outcome measures, tailored

treatment, intensity of the rehabilitation, and cost-effectiveness.

tested maintenance of within task improvement or maintenance
of treatment-induced gains on standardized measures.

Of the seven studies that focused treatment on only sentence
processing or production (Crerar et al., 1996; Linebarger
et al., 2007; Cherney and Halper, 2008; Manheim et al.,
2009; Thompson et al., 2010; Cherney et al., 2014; Kalinyak-
Fliszar et al., 2015), five studies tested and found within
task improvement, three studies looked for and found within
task generalization, four studies examined and found gains on
impairment-based measures while two studies tested and found
functional/QOL measurement improvement. Three studies
looked for and found maintenance of within task improvement
or maintenance of treatment-induced gains on standardized
measures. Of, the two studies that focused treatment on the
writing domain (Seron et al., 1980; Laganaro et al., 2006), one
study examined and found within task improvement while the
other tested and found within task generalization. Both studies
looked for and found maintenance of that improvement.

Of the six studies that focused on multiple language domains
(Mortley et al., 2004; Palmer et al., 2012; Corwin et al., 2014;
Steele et al., 2014; Choi et al., 2016; Stark and Warburton, 2016),
two studies examined and found within task improvement, one
study tested and found within task generalization, three of four
studies that looked for gains on impairment-based measures
found improvement, while one study examined and found
functional/QOL measurement improvement. Three studies
tested and found maintenance of within task improvement
or maintenance of treatment-induced gains on standardized
measures. Of the four studies that focused on both language
and cognitive domains (Wcislo et al., 2010; Hoover and Carney,
2014; Wenke et al., 2014; Des Roches et al., 2015), one study

looked for and found within task improvement, none examined
within task generalization, all four studies tested and found
gains on impairment-based measures, while two studies found
functional/QOL measurement improvement. None of these
studies looked for maintenance of within task improvement
or maintenance of treatment-induced gains on standardized
measures.

To summarize, all the studies that have examined within
task improvement have observed it, only one study did
not find within task-generalization (Kurland et al., 2014).
All but two studies (Steele et al., 2014; Woolf et al.,
2016) found concurrent improvement on impairment-based
measures. Fewer studies tested functional/QOL measures, and
all but one study (Doesborgh et al., 2004) reported positive
gains. Therefore, while there is a great deal of variability
in the methods, design, and measures tested, the studies
consistently demonstrated improvement and various degrees
of generalization have been shown. Generalization can be
considered a beneficial effect of treatment since it demonstrates
efficiency for showing improvements beyond what was directly
targeted. However, generalization can also be an issue when
determining whether treatment was the reason for any
improvement (Figure 1), which highlights the need for further
research systematically examining each level of improvement
across various rehabilitation programs.

Is Rehabilitation Tailored for Patients?
One of the advantages of a computer-based rehabilitation is
that it allows researchers to deliver rehabilitation the exact
same way to all individuals, i.e., standardizing the delivery
of rehabilitation. Such an approach could potentially deviate
from the traditional ways of rehabilitation, where clinicians
tailor their treatment for individuals. However, in traditional
rehabilitation approaches, even though clinicians tailor the
treatment, such rehabilitation is hard to replicate across patients.
In this context, technology can provide the best of both worlds;
technology can provide rehabilitation in a standardized manner
and allows a clinician or researcher to tailor the tasks and
items to an individual’s deficits. Reviewing these studies allows
us to examine to what extent studies deliver standardized
treatment or tailor the treatment program for individual patients.
For instance, ten of the studies (Bruce and Howard, 1987;
Loverso et al., 1992; Crerar et al., 1996; Doesborgh et al.,
2004; Laganaro et al., 2006; Fridriksson et al., 2009; Cherney,
2010; Thompson et al., 2010; Corwin et al., 2014; Kalinyak-
Fliszar et al., 2015) required all participants to proceed through
the same set of items and/or tasks. Therefore, rehabilitation
in these studies was not tailored to individual patients.

KEY CONCEPT 5 | Tailored treatment

Refers to how treatment is delivered to individuals. This method delivers

treatment that is specific to an individual’s deficits and is therefore tailored to

the individual.

Kurland et al. (2014) noted that their participants may have
benefited from an increase in task difficulty after demonstrating
improvement. This finding suggests that rehabilitation may
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not be best provided in a one-size-fits all manner, even if
the item sets are tailored. Instead, rehabilitation should be
dynamically adapted to the individual in terms of difficulty
level, yet still be provided in a standardized way. Computer
programs designed with algorithms allow for this manner
of rehabilitation to be possible. Apart from the studies
mentioned above, other studies in this review provided
more individualized rehabilitation in terms of tailoring the
item sets trained for each patient or by either allowing the
clinician or researcher to tailor the tasks or the patients
to choose which tasks to work on. For both standardized
and tailored studies, the outcomes demonstrated generally
positive results, however, it appears that individualizing
treatment results in greater overall gains across the range
of outcome measures, whereas studies that provided
standardized treatment only measured and found gains in
the within task measure, generalization, or impairment-based
measures.

Homework Practice
An important component of computer-based treatments is to
allow for patients to practice the treatment outside of the
clinic as part of their homework. This increases the amount of
overall practice that patients can obtain and capitalizes on the
ease of accessibility, which is another advantage of computer
based-treatment. Several of the studies reviewed provided
specific instructions for participants to practice treatment
tasks at home. Seventeen studies (Aftonomos et al., 1997;
Fink et al., 2002; Mortley et al., 2004; Linebarger et al.,
2007; Ramsberger and Marie, 2007; Cherney and Halper,
2008; Fridriksson et al., 2009; Manheim et al., 2009; Palmer
et al., 2012; Cherney et al., 2014; Hoover and Carney, 2014;
Kurland et al., 2014; Steele et al., 2014; Des Roches et al.,
2015; Choi et al., 2016; Stark and Warburton, 2016; Woolf
et al., 2016) prescribed homework in addition to or instead
of the treatment sessions. The remaining studies (Seron et al.,
1980; Bruce and Howard, 1987; Katz and Wertz, 1992, 1997;
Loverso et al., 1992; Crerar et al., 1996; Doesborgh et al.,
2004; Laganaro et al., 2006; Raymer et al., 2006; Cherney,
2010; Thompson et al., 2010; Wcislo et al., 2010; Corwin
et al., 2014; Harnish et al., 2014; Wenke et al., 2014;
Kalinyak-Fliszar et al., 2015) only provided the computer-based
treatment in the clinic when patients made their periodic
visits.

To summarize, while studies that provide treatment only
in the clinic show gains in outcomes, studies that provide
homework are also quite effective. Only one study, Des Roches
et al. (2015), compared patients who received homework
to those that did not and found that the experimental
patients (who received homework in addition to clinic
time) improved on a greater number of tasks within the
program and on a greater number of impairment-based
measures. Future studies will need to examine these types
of comparisons to ascertain whether providing homework
treatment is as effective as traditional treatment and if
there are any benefits to costs savings with home-based
treatment.

Intensity
Another potential advantage of computer-based rehabilitation
is that, if indeed patients can easily access the prescribed
rehabilitation wherever they have access to a computer,
patients could potentially practice treatment more often. The
question of whether increasing the intensity of rehabilitation
is beneficial to outcomes has been a focus of traditional
rehabilitation studies. While it is logical to assume that more
intensive treatment results in greater outcomes and has been
demonstrated in chronic (Bhogal et al., 2003a,b; Cherney
et al., 2008) and in acute patients with aphasia (Godecke
et al., 2014); other studies have questioned this premise
(Bakheit et al., 2007; Dignam et al., 2015). For instance, a
randomized controlled trial found that intensive treatment (up
to 5 h/week) was no better than standard treatment (1–2
h/week) (Bakheit et al., 2007). Therefore, it is currently difficult
to draw conclusions about what the optimal intensity and
duration of rehabilitation should be for individual patients with
aphasia.

Two studies (Raymer et al., 2006; Ramsberger and Marie,
2007) specifically varied the intensity of treatment. These
studies found that all patients showed gains on within task
performance and generalization to untrained items during
both lower and higher intensity phases. Raymer et al. (2006)
found greater gains in the higher intensity phase and,
however, minimal improvement in impairment-based measures.
Ramsberger and Marie (2007) found maintenance of the within
task improvement. One study (Laganaro et al., 2006) also
examined the effect of number of items treated as a level
of intensity using a crossed design method, which found
that, while the proportion of improvement was similar for
both the smaller and larger (double the number of items)
sets, there was a significantly greater improvement on the
larger set, even though these items received less exposure
in the treatment. This shows that exposure to a greater
number of items provides proportionally greater amount
of improvement than if exposed to a smaller number of
items. Therefore, the higher number of repetitions in the
smaller set did not result in greater improvement. Though
this result does not contradict the effects of intensity in
the previously mentioned studies, it might highlight the
importance of greater intensity providing not only more
repetitions for items but also exposure to a higher number of
items.

Several of the studies reviewed prescribe a certain amount of
home practice and in some of these studies, the homework was
used to supplement treatment already given in the clinic. Twelve
studies (Aftonomos et al., 1997; Mortley et al., 2004; Linebarger
et al., 2007; Cherney and Halper, 2008; Manheim et al., 2009;
Palmer et al., 2012; Kurland et al., 2014; Steele et al., 2014; Des
Roches et al., 2015; Choi et al., 2016; Stark and Warburton,
2016; Woolf et al., 2016) prescribed homework to the patients
but did not prescribe the amount/intensity of homework practice
(instead suggesting a target time of practice). Of these studies,
four used the homework to supplement clinic work (Aftonomos
et al., 1997; Steele et al., 2014; Des Roches et al., 2015;Woolf et al.,
2016), which potentially provided greater intensity of practice for
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the patients. The remaining eight studies used the homework
as the only means of the therapy; some of the studies asked
participants to practice for 20–30min per day or on a specific
number of days. If participants followed the prescribed amount
of homework, they would not have received a greater intensity
of therapy than if they came into the clinic, although one study
(Choi et al., 2016) asked patients to practice at home for as often
and as long as possible and found their participants received, on
average, seven and a half hours of treatment per week. When
examining treatment time across these twelve studies, home
practice was not always documented but when it was, patients
practiced for roughly four and a half hours on average [across
the studies that report average usage (Aftonomos et al., 1997;
Mortley et al., 2004; Linebarger et al., 2007; Manheim et al.,
2009; Palmer et al., 2012; Kurland et al., 2014; Des Roches et al.,
2015; Choi et al., 2016)]. These studies show that homework
may be a way to increase the amount of practice that patients
receive.

Additionally, in two studies, the control groups had
inherently lesser frequency of therapy practice than the
experimental groups. Des Roches et al. (2015) found that
the experimental patients, who received homework in
addition to clinic time, improved on a greater number
of tasks within the program and on a greater number of
impairment-based measures. Wenke et al. (2014) found
that, while both the control group and the experimental
groups showed gains on impairment-based measures,
only the experimental groups showed gains on the
functional/QOL measure. Taken together, these studies
imply that greater intensity positively impacts treatment
outcomes across the range of outcomes (Figure 1) that were
examined.

Apart from the above mentioned studies, the other studies
included in this review prescribed an amount of treatment time
or criterion of performance to reach (while keeping intensity
consistent). While the results from studies that prescribed
homework and those that did not were both generally positive,
one study (Choi et al., 2016) which allowed patients to decide
the intensity of their homework practice found a positive
relationship between the amount of practice with the program
and scores on the K-WAB, where the participants who had
a higher intensity of treatment showed greater improvement.
Future studies should examine the relationship between amount
of practice and treatment outcomes so that it can determined
whether individually varied practice time can influence overall
treatment outcomes.

Cost-Effectiveness
Although only a few studies have tested the cost-effectiveness
of technology-based rehabilitation compared to standard
face-to-face rehabilitation in individuals with acquired brain
injury/stroke, the studies that have examined this factor
have found it to be a cost effective alternative. Palmer et al.
(2012) calculated the cost of using the StepByStep program
compared to the cost of usual care and estimated that the
use of technology increased the cost over an individual’s
lifetime by a small amount. However, when considering the

additional gains the experimental group made compared
to the control group, the technology-based rehabilitation is
considered to be quite cost-effective. Wenke et al. (2014)
calculated the cost of standard service compared to three
more intensive service models: computer treatment, group
treatment, and treatment with a speech pathology therapy
assistant (SPTA), and found the total costs were lowest for
standard service and highest for SPTA treatment, with computer
and group treatments being equal. However, once the cost of
treatment per hour per client was calculated, the computer
and group treatment models were the least costly, followed by
standard service and then SPTA treatment. This is an area of
further need of research if technological-based rehabilitation
approaches have a long term future in the delivery of clinical
services.

THE ULTIMATE GOAL: PERSONALIZED
REHABILITATION THAT PROVIDES
INDEPENDENCE

In summary, this review details the various studies that have
examined technology-based rehabilitation for individuals with
brain injury. In contrast to therapist-based rehabilitation,
technology can provide individuals with aphasia access to
home practice and therefore greater intensity in a cost-
effective manner (Figure 2). While there exists quite a bit of
data on the effectiveness for demonstrating various degrees
of improvement (see Figure 1), future research needs to
continue to systematically study the effect of treatment on
generalization, the effect of homework and intensity on
improvement, and the cost-effectiveness of technology-based
rehabilitation (Figure 2). Ultimately, most individuals with
acquired brain injury who require rehabilitation services
live with a chronic disability. The ideal rehabilitation
program provides a personalized rehabilitation plan that
offers a step in the journey toward greater independence
by empowering the individual toward being more engaged
and integrated in their own care. The integration of
technology-based rehabilitation may allow this goal to
become a reality for individuals with acquired brain injury,
however further research is still necessary. Additionally,
integrating impairment-based rehabilitation tasks with
functional uses of technology elicits broader improvement
and allows the patient to achieve greater independence. Several
reviews and commentaries have previously explored this
capacity of technology (van de Sandt-Koenderman, 2004,
2011; Brandenburg et al., 2013; Hoover and Carney, 2014;
Ramsberger and Messamer, 2014; Szabo and Dittelman, 2014).
This integrated approach may provide greater functional
gains and improved QOL than face-to-face rehabilitation
alone. Therefore, technology-based rehabilitation should not
replace rehabilitation with a clinician, but should instead be
a supplemental tool used both in the clinic and at home.
Another benefit of technology-based rehabilitation programs
is the ability to collect large amounts of data. This could
allow for the creation of decision support tools, which
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could facilitate optimized, patient-centered, and evidence-
based decisions. The use of technology-based rehabilitation
can further the field of evidence for the factors discussed
above and can allow clinicians to make the most clinically
informed decisions about their patients’ rehabilitation plans.

KEY CONCEPT 6 | Personalized rehabilitation

Refers to what the ultimate goal of rehabilitation programs should be. This is

achieved combining standardized and tailored treatment along with greater

intensity of treatment (through homework practice). The further development

of technology-based rehabilitation will allow this goal to become a reality for

individuals with acquired brain injury.
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