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Abstract:

Background:

The purpose of this article is to determine if digital therapy delivered speech-language
pathology interventions are as effective as traditional in-person delivery for childhood to
adulthood with speech and comprehension disorders.

Method:

A systematic review was conducted (following PRISMA guidelines) using five databases,
two journals, and reference lists. Titles and abstracts were screened for inclusion, with
relevant studies reviewed in full-text. Initial searches identified 132 articles. Following the
exclusion of non-relevant studies, seven articles remained for inclusion. Results revealed
both telehealth and in-person participants made significant and similar improvements when
treatment effects were measured through Three of the six outcome measures.

Results:

Findings showed there is limited but promising evidence to support telehealth for delivering
speech and comprehension disorders.

Conclusion:

Whilst this is encouraging, particularly for rural aphasia patients, where in-person services
are limited, more rigorous study designs are required to support the efficacy of telehealth for
this population.
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Introduction

Acquired brain injury (ABI) is a life-
changing health condition that can result
from trauma, cerebrovascular accidents,
and brain tumors (1). The population
affected by ABI is large and growing, with
69 million people worldwide suffering from
traumatic brain injury (TBI) each year, (2)
and the global first stroke is expected to
reach 16 million in 2005. Increase to 23
million by 2030. (3). More than 75% of
people after ABI experience speech and
comprehension disorders such as aphasia
(4).

Speech disorders can be characterized by
vague speech (dissertation or speech
apraxia), specific language disorders
characterized by difficulty understanding
or expressing language (aphasia),
communication problems associated with
cognitive disorders, and impaired social
communication  skills. (5-7). Speech
disorders after ABlI can affect social
integration and participation in school,
work and society (8). Quality of life and
mood can also decrease for the affected
person and his family members (9). In
addition, Speech and language difficulties
not only threaten academic performance
during the school years, but also have a
considerable impact on social and
vocational inequalities in adulthood (10).
Survivors of stroke, brain injury, and people
with progressive neurological diagnoses
are often associated with the disorder
(aphasia, dysarthria). Aphasia is a chronic
condition that requires ongoing
rehabilitation (11). It was once thought that
recovery only occurred in the first year of
a stroke; however, a growing body of
evidence shows that people with aphasia
(PWA) can continue to improve with
ongoing rehabilitation even many years
after their injury (11,12). Arecent Cochrane
review suggests that functional

communication  significantly  improves
when one receives speech-language
therapy at a high intensity, across several
sessions, or over a long period of time (13).
Despite the evidence that supports the
need for ongoing therapy, there are not
enough therapists who can treat post-
stroke aphasia. The expectation for
therapists to provide therapy five times per
week during the chronic phase of care is
simply not feasible. In addition to limited
access to therapists, other barriers that
patients experience include limited
insurance coverage, lack of transportation,
distant geography, schedule constraints,
and fatigue (14). As a result, rehabilitation
for aphasia patients is quite fragmented
(15), or insufficient, especially for stroke
survivors living in the community but not in
active therapy (11) which ultimately leads
to worse patient outcomes, especially
when they can benefit from ongoing
therapy  post-discharge. Since the
COVID19 pandemic began, individuals
with aphasia have faced even greater
hurdles in accessing the care they need
due to safety restrictions exacerbating
disparities in healthcare for these
individuals (16).

These challenges can prevent people with
aphasia from expressing their daily needs
and can result in a lack of conversations
and social anxiety/exclusion  (17).
Problems like social isolation, lack of
leisure activities, loss of social networks
and mood disorders are typical for people
with aphasia, and these affect their quality
of life as well (18). Most speech-impaired
patients are referred to a speech therapist
on either a short or a long-term basis
depending on their severity.

Sadly, speech therapy has seen drastic
budget cuts leading to long waiting times
due to staff shortages, and yet the number
of patients requiring speech therapy is
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increasing rapidly (19). One of the
recommendations from the government
debate on brain injury is the need to
establish  collaborative research to
evaluate and improve practical
assessment tools, develop objective
diagnostic markers and gain a deeper
understanding of the recovery process and
the long term risks (20).

Given the prevalence and impact of
communication problems in aphasia
patients in Iran, it is important that speech
and language pathology (SLP) intervention
be available to these adults to help develop
vital communication skills. Solution to
inequality of access to SLP services Some
practices/ professionals have begun to use
an innovative service delivery approach,
commonly referred to as digital health
care. This innovative solution can
efficiently and cost-effectively improve the
location and treatment of speech therapy
for patients. The availability of such a
solution reduces the workload of the
speech therapist and drastically reduces
the waiting time for patients.

Permission to make digital or hard copies
of all or part of this work for personal or
classroom use is granted without fee
provided that copies are not made or
distributed for profit or commercial
advantage and that copies bear this notice
and the full citation on the first page.
Copyrights for components of this work
owned by others than ACM must be
honored. Abstracting with credit is
permitted. To copy otherwise, or republish,
post on servers or redistribute to lists,
requires prior specific permission and/or a
fee. Request permissions from dyspraxia
and dyslexia) (21).

Telehealth-delivered SLP services have
previously been investigated in reviews
regarding a number of practice areas and
populations. Mashima and Doarn (2008)

conducted an extensive literature review
on the application of telehealth in SLP with
adults and a small number of studies with
children. They reviewed 40 studies
investigating disorders relating to adult
neurogenic communication, fluency, voice,
dysphagia (n=35), and childhood speech
and language (n=5). This review suggested
that telehealth is a feasible and effective
method for providing SLP services at a
distance. However, the authors noted that
the reviewed literature consisted primarily
of pilot studies and anecdotal accounts of
telehealth applications rather than large,
well-controlled, randomized clinical trials
(22).

Reynolds, Vick, and Haak (2009)(23)
conducted a narrative review of 29 studies
which were analyzed using a quality
assessment checklist. These 29 articles
focused on assessment and intervention
with the adult (n=19) and pediatric (n=7)
population as well as an unspecified
population (n=3). The authors concluded
that the results achieved through the
telehealth and in-person service delivery
models were equivalent; however, many of
the studies noted that telehealth was not a
complete replacement for in-person
services but may be appropriate for
combined practices. These findings were
consistent with the review conducted by
Theodoros (2012)(24), which investigated
19 studies regarding adult neurogenic
communication, voice, stuttering,
dysphagia and laryngectomy follow-up and
four studies regarding paediatric speech,
language and literacy disorders. Edwards,
Stredler Brown, and Houston (2012) (25)
conducted a further review investigating 39
studies in the fields of audiology and SLP.
The majority of these studies were
conducted on adult populations (n=27) with
neurogenic communication, voice,
dysphagia and fluency disorders. The
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review was further expanded to include a
small number of studies (n=12) focusing
on early intervention services. This review
by Edwards et al. (2012) suggested that
telehealth is an effective way to diagnose
and treat both adults and children in the
areas investigated, as services provided
through telehealth or by conventional in-
person means resulted in similar
outcomes. These studies show positive
results. Digital therapies are a good
alternative to face-to-face intervention for
aphasia patients.

As a potential technological solution, this
study examines the potential of using
digital application versions such as mobile
applications, virtual reality with speech
recognition capabilities as a treatment tool
for patients. This study was motivated by
recent research on the effectiveness of
using digital application prescriptions in
the treatment of patients with eating
disorders (15), social anxiety (16), PTSD
in the military (26, 27) and helping stroke
patients to regain confidence. It is caused
by the soul (28). There is still a lack of
research focused on exploring
technological solutions such as digital
application versions and virtual reality to
treat patients with speech disorders. This
study will examine the digital solution
available for treating people with speech
and comprehension disorders. However,
to date no studies have been conducted
specifically on the evaluation of health
studies of digital therapy solutions in
individuals over 18 years of age with
speech and comprehension disorders.
Therefore, this systematic review

evaluated the present study to determine
whether SLP interventions delivered
through digital therapy were as effective
as face-to-face delivery for individuals over
18 years of age with speech and
comprehension disorders.

Method

To address this study’s aim, a systematic
review was conducted in accordance with
the Preferred Reporting Items for
Systematic reviews and Meta-Analyses
(PRISMA)(29) The PRISMA flow chart is
detailed in Figure 1 (29).

Search Strategy

A systematic literature search was
undertaken using the PubMed, CINAHL,
Scopus, ERIC and Speech BITE
databases. Additional manual searches in
two highly relevant journals, the
International Journal of Speech Language
Pathology and the International Journal of
Telerenhabilitation, were also conducted,
in order to locate more recent versions of
journals that may not yet have been
transferred into the databases. Systematic
search strategies were performed using
the following keywords: remote
rehabilitation, post-stroke aphasia, virtual
therapy, artificial intelligence; PC and
mobile applications; Speech recognition.
In addition, citations and references within
identified articles were searched for further
studies relevant to the review. The authors
corresponded with experts in the field to
ensure all relevant studies were included
in the review.
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Figure 1. PRISMA flow chart showing the search and selection process that yielded the final
seven articles
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Study Selection

The studies identified through the
systematic searches were included in the
review if they reported studies of speech
and language intervention delivered
through telehealth from childhood to
adulthood across various settings (e.g. Via
email, video ads, social media ads and
posts, and Community Health and Welfare
Clinic), outcome data on the effectiveness
of the intervention were diagnosed at least
4 months before aphasia after stroke. They
were excluded if they had speech and
language disorders other than a stroke,
the need for treatment in another

language, or if they were already using
digital prescription speech therapy. The
year of publication was not restricted,
ensuring all available evidence was
identified, but the search was limited to
articles written in English. Papers were
included on speech intervention (speech
sound production and intelligibility) and
language intervention (receptive and
expressive language). Articles describing
voice, fluency, pragmatics, literacy or
special client populations were excluded
to focus on primary speech and language
disorders.
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Data Extraction

All articles identified from the initial
searches were reviewed and duplicates
were removed. The title and abstracts of
the articles were screened for inclusion by
all authors, with the remaining articles
reviewed in full text and the exclusion
criteria applied. In the case of disparities
between the authors’ judgments regarding
suitability, they consulted to achieve
agreement. Data from the included studies
were extracted using a standard table
developed specifically for this review. The
articles were summarised in terms of
intervention type and participants, study
aim and design, equipment, methods and
main study results.

Results

Preliminary database and reference list
searches conducted in 2020 yielded a total
of 120 unique articles. During the initial
screening, 68 articles were excluded on
title and another 33 articles were
eliminated on abstract. The remaining 19
articles were reviewed in full-text. The full-
length review excluded a further 12
articles, because they: (1) Intervention of
speech and language disorders through
health through digital therapy was not
described with the majority of participants
over 18 years of age., and/or (2) did not
provide outcome data on intervention
effectiveness. From this selection process,
seven articles were retained for the final
systematic review. The review process is
detailed in the flow chart in Figure
1(30,31,32,33,34,35,36).

Study Design

The seven included studies focused on
telehealth-delivered speech and language
intervention with childhood to adulthood.
Four of the included studies were
randomised controlled trials (level of
evidence Il) (30,33,34,35) and another
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study were individual studies of the
evidence level method (llla). In fact, in-
group comparisons showed significant
progress in different language tasks (e.g.,
oral comprehension, repetition, and written
language) in the VR group alone.
Significant gains, after treatment, in the
virtual reality group, were also observed in
various psychological dimensions (ie self-
esteem and emotional state and mood)
(31). Two other studies used the pre-study
and post-study evidence level (IV) to
determine  whether remote  health
intervention facilitated participants'
improvement of communication skills
without a comparison group (32,36).

Clinicians assign
specific exercises

for patients

Patients start
personalized
home program

P Ju'\ *'JJi — AN
LA
- -3
Patients complete ¥2§ 2
Constant Therapy o | 114 o @ =5 sl
home program oq L=
$ « B3

Clinicians analyze
data on usage
and performance

Figure 2. Constant Therapy overview

Three of these articles included a
participant satisfaction survey (34, 35, 36).
The P SL intervention services provided in
the studies included in a structured
environment were performed via email,
video advertising, social media ads and
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posts (n= 5), and the Community Health
and Welfare Clinic (n=2). Studies varied
according to the focus of the intervention
and the outcome measures used.

Participants

The participants in the studies were aged
from childhood to adulthood the results
were suitably applied population of
aphasia after stroke. other studies
however were excluded during the initial
study selection process due to the majority
of participants being excluded if they had
speech and language disorders other than
a stroke, the need for treatment in another
lang or if they were already using digital
prescription speech therapy. All of seven
studies were aged childhood to adulthood
(30,31,32,33,34,35,36).

Intervention Type, Intensity And
Targets

All of the included studies investigated the
application of both speech sound and
language intervention through telehealth
(30,31,32, 33, 34,35,36).

One of the aims of this study was to
investigate the patterns of digital therapy
use. The Constant Therapy platform
curates a program that continuously
identifies and addresses an individual's
recovery needs, enabling patients to
practice and advance independently
(Figure 2) (37,38).

Telehealth Equipment

Two papers reported the use of
commercial videoconferencing systems
(30,36) designed for use with low-speed
connections (using a 128 kbit/s internet. In
contrast, three studies reported the use of
web-based videoconferencing platforms
(31,32,35) and the final study used a
custom telehealth  videoconferencing
system (33). studies complemented their
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telehealth equipment with document
cameras (34). The seven reviewed studies
used real-time videoconferencing.

Combined Speech And Language
Intervention

language interventions were conducted in
70f the seven studies. The duration of the
intervention varied between studies. Study
participants received treatment for 10
weeks by Braley et al. (2021) using digital
therapy, and continuous therapy (CT-R)
for speech, language, and cognitive
therapy (30). In the study, Giachero et al.
(2020) received treatment for 6 months
using telephone call therapy for speech,
language, and cognitive therapy (36). In
the study of Munsell et al. (2020) the
following three activity criteria were
evaluated: (1) number of active weeks of
treatment, (2) average number of days of
active treatment per week, and (3) total
number of treatment sessions completed
during the first 20 weeks Access the app.
An active day or week was defined as
having at least one complete treatment
session.  Separate  multiple linear
regression models were performed with
each activity measurement as a dependent
variable and all patient demographic
information as auxiliary variables of the
model. Its findings showed a frequency of
1.5 days of treatment for 8.6 weeks (33).
In the study by Palme et al. (2019), they
received treatment for 6 months of routine
care (routine care group), CSLT daily self-
management combined with routine group
care (CSLT) (34). In the study, Calati et al.
(2020) received training twice a week for
six months (48 sessions in total) (32). Kim
et al. (2021) Participants in the intervention
group will participate in 5 weeks of training
with this application, followed by post-
treatment and follow-up evaluations after
another 5 weeks. Those in the waiting list
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control group will not have any training for
5 weeks. After that, pre-treatment
evaluation, training for 5 weeks and post-
treatment evaluation were performed (35).
In the Northcott study, they received six
sessions of treatment for 3 months (33).
Further differences between the studies
focussing on both speech and language
intervention related to whether or not the
treatment sessions were provided on an
individual basis or in a group setting. An
individual format was adopted in two of the
studies (34,36). however, in the two
studies, the participants in the telehealth
groups received mainly individual therapy
sessions with some small group sessions
also conducted (36). The intervention
provided varied depending on the selected
targets. A study selected intervention
targets based on the participant’s IEP
goals and objectives (35). whereas
another a studies established therapy
goals based on recent assessment results
(33). Two other studies developed
objectives  (34,36). Three  studies
performed the analysis (33,34,36).

Outcome Measures

The included studies examined the
efficacy of telehealth intervention using
various outcome measures. three different
outcome measures were investigated:
Functional Communication Measures
(FCMs); goal achievement; comparison of
preintervention baselines with post-
intervention production levels.

Efficacy of Therapy

Communication Functional Measures
(FCMs)

Three studies measured outcomes
through Functional Communication
Measures (FCMs), Which was used as a
measure of progress in the database of
the system of measuring the
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consequences of mobile applications
(33,34, 35).

The results of these three studies
demonstrate conflicting findings; however,
one of these studies performed statistical
analysis of the results and thus the
significance of the percentage differences
between the three intervention conditions
is unknown. The limitations evident in both
three studies could also likely have
introduced confounding factors, which
may have affected the results. For
instance, two study had a considerable
difference in the sample size for the three
conditions and did randomly allocate
participants, but instead selected the
digital therapy participants from two pilot
project already being conducted (35,34).
The selected participants were allocated
to the telehealth condition and their results
were compared with data already stored in
the Mobile Application Impact Assessment
System database, therefore introducing
potential bias. One of these studies
controlled for the type of service utilised
(e.g., individual or group therapy) or the
methods of treatment provided (33).

Goal Achievement

studies (30) used goal achievement to
determine outcomes, with one study using
Goal Attainment Scaling (GAS), a criterion
eferenced measure of change rated on a
five-point scale, to evaluate the telehealth
program (33,36). This study (33) the
number of active weeks of therapy, the
average number of active therapy days
per week, and the total number of
therapeutic sessions completed during the
first 20 weeks of program access. An
active day or week was defined as having
at least one completed therapeutic
session. Used to evaluate the results.
Digital therapy was demonstrated in this
study. That data for 2850 patients with
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stroke or TBl were analyzed, with the
average patient completing 8.6 weeks of
therapy at a frequency of 1.5 days per
week. Contrary to known barriers to
technological adoption, older patients were
more active during their first 20 weeks of
program access, with those aged 51 to 70
years completing 5.01 more sessions than
patients aged 50 years or younger (P=.04).
Similarly, patients living in a rural area,
who face greater barriers to clinic access,
were more digitally engaged than their
urban counterparts, with rural patients
completing 11.54 more (P=.001) sessions
during their first 20 weeks of access, after
controlling for other model covariates. But
in the study (34), group interventions: (1)
were routine care. (2) Daily computer
orthodontic treatment designed by speech
and language specialists and supported
by volunteers/ assistants of speech and
language therapy for 6 months in addition
to routine care (computer speech therapy
and language therapy). (3) Activity /
attention control (completing puzzles and
receiving phone calls from a researcher
for 6 months) plus routine care. Main
Outcome Measures Primary Common
Outcomes - Change in the ability to find
personally related related words in the
Custom Naming Test (Disorder) and
change in functional communication in the
conversation ranked according to the
Activity Scale Therapeutic Outcome
Measures (Activity) 6 months later from
randomization. A key secondary outcome
was the participant's perception of
communication and quality of life using the
6-month  post-stroke =~ communication
outcome questionnaire. The results were
evaluated by speech therapists and
language therapists using standard
methods. The results showed that a total
of 240 participants (86 routine care, 83
speech and computer language therapy,
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71 attention control) intended to participate
in the correction. Treatment analysis at 6
months had a mean progression of
terminology of 1.1% (standard deviation
11.2%) for routine care, 16.4% (standard
deviation 15.3%) for speech and computer
language therapy, and 2.4% (standard
deviation 8.8%) for attention control.
Speech and computer language therapy
improved word retrieval 16. 2% more than
standard care (95% confidence interval
12.7% to 19.6%; p <0.0001) and 14.4%
more than attention control (95%
confidence interval 10.8% to 18.1%). Most
of this effect was maintained at 12 months
(n = 219). The mean difference in change
in word search score was 12.7% (95%
confidence interval 8.7% to 16.7%). More
words increased in the speech and
computer language therapy group (74
people) than in the usual care group (n
=84) and 9.3% (95% confidence interval to
13.7%) increased in the computer speech
and language therapy group compared to
the attention control group (61 patients).
Computed speech and language therapy
did not show significant improvement in
outcome measures or communication
consequences after stroke compared to
routine care or attention control.
Baselines with Post-Intervention
Production Levels

Two studies (36, 34) were evaluated in
terms of speech and computer therapy
self-administered computer (CSLT). The
difference between the two is that in Study
(5) the measurement of initial common
outcomes - a change in the ability to find
personally related words in a custom
naming test (disorder) and a change in
functional communication in a
conversation based on rank. Activity Scale
Therapeutic outcome measures (activity)
is 6 months after randomization. A key
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secondary outcome was the participant's
perception of communication and quality
of life using the 6-month post-stroke
communication outcome questionnaire.
However, study participants (34) were
diagnosed with post-stroke aphasia at
least 4 months before randomization.
Randomly in sizes three and six, classified
by location and word intensity are initially
based on object test scores.

Participant Satisfaction

Three studies reported satisfaction data
through the provision of surveys
(36,35,34). High levels of satisfaction from
the remote-provided intervention and the
progress achieved were found in all
studies (30,31,32,33,34,35,36).

Discussion

The present review investigated the
efficacy of telehealth-delivered SLP
services when aphasia patients after 4
months of stroke with speech disorders
and / or office perception difficulties.
Evidence was collated through a
systematic review of the digital therapy
available literature. overall, the findings of
the review showed that there is some
evidence to support the use of telehealth
when delivering SLP intervention services.
However, it also aphasia patients after 6
months of stroke with speech disorders
and/or office perception stated that the
amount of research into speech and
language intervention for via the telehealth
service delivery model is limited and of
variable quality, as the included studies
span across the levels of evidence
according to the National Health and
Medical Research Council (NHMRC).

A total of three different types of outcome
measures were used to investigate the
efficacy of telehealth intervention, two
studies were designed using goal
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achievement criteria (36, 33). However,
these measures demonstrated
considerable progress based on the
targeted goals during the telehealth
intervention.

Positive results were also identified in
studies that used a comparison of baseline
before intervention and post-intervention
production levels to measure outcomes,
with both studies showing that progress
was achieved regardless of treatment (36,
34). Both voice and speech language
interventions were performed as part of
the seven studies in this study. However,
among these reviewed studies, there
seems to be a stronger focus on speech
voice intervention, with all studies primarily
aimed at assessing this range of practice
through remote health done.

The results of these three studies
demonstrate conflicting findings; however,
one of these studies performed statistical
analysis of the results and thus the
significance of the percentage differences
between the three intervention conditions
is unknown. The limitations evident in both
three studies could also likely have
introduced confounding factors, which
may have affected the results. For
instance, two study had a considerable
difference in the sample size for the three
conditions and did randomly allocate
participants, but instead selected the
digital therapy participants from two pilot
project already being conducted (35,34).
The selected participants were allocated
to the telehealth condition and their results
were compared with data already stored in
the Mobile Application Impact Assessment
System database, therefore introducing
potential bias. One of these studies
controlled for the type of service utilised
(e.g., individual or group therapy) or the
methods of treatment provided (33).
Making it difficult to determine if the
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difference between the results is
significant.

However, of the reviewed studies, there
appeared to be a stronger focus on speech
sound intervention, with three studies
primarily aiming to assess this range of
practice area through digital therapy. The
remaining four studies investigated the
application of both speech sound and
language intervention through digital
therapy., however three focused more
heavily on speech than on language, as a
greater number of speech goals were
targeted in one study (33)and more
speech-based FCMs were used as an
outcome measure in another study
(34535). Overall, whilst the studies
revealed that intervention delivered
through digital therapy is as effective as in-
person intervention, this result seemed to
be found more consistently with the
provision of speech sound intervention
than with language intervention. Although
this suggests that speech sound
intervention may be more suited to a digital
therapy approach, this finding is likely to
be skewed by the more predominant focus
on this range of practice area in the
reviewed studies. Another possible
explanation for this result is the difficulty in
identifying comprehensive measures of
language to be used when conducting
research relating to digital therapy
delivered services, as language is such a
broad and highly variable range of practice
area.

nterestingly, all of the reviewed studies
utilised realtime videoconferencing
facilities, allowing the clinician and client to
visualise each other. This finding is
consistent with results from previous
reviews (28,37,38,39,40,41,42,43, 44),
indicating that real-time interactions
support the delivery of services and
strongly influence the clinical outcomes
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achieved through telehealth. Delivering
speech and language intervention services
through  real-time  videoconferencing
facilities is an effective method of service
delivery as this medium most closely
resembles in-person interactions through
the transmission of auditory and visual
signals at a distance. SLP practice
primarily consists of auditory, verbal and
visual interactions, therefore allowing
services to be easily translated into
technology-based environments. This
level of connection enhances the sense of
clinician presence and facilitates the
development of rapport between clinicians,
clients and their families, provided that the
necessary bandwidth is available to
support the process.

Overall, the findings from the seven
reviewed studies revealed that digital
therapy is a promising method for people
with speech and/or language difficulties.
However, in spite of this interesting finding,
a number of methodological issues limit
the quality of the results. The conclusions
found in the literature on the effectiveness
of telehealth-delivered intervention are
dependent on the selected outcome
measure. Outcomes for digital therapy
were more consistently positive when
standardised assessments were used for
the pre- and post- intervention testing.
Studies have also shown significant
changes in treatment intensity, In the study
(35), 5 weeks of in-app training, followed
by post-treatment evaluations and follow-
up for another 5 weeks, showed significant
improvement. In the study (32), six
sessions over 3 months, immediately after
the accident or after 6 months of delay,
provided treatment. In study (33), one day
or week was active as having at least one
treatment session. In study (31), they were
treated twice a week for six months (48
sessions in total), making the intervention
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format more intense. Additionally, the
majority of the studies reviewed were
based on a small and unequal sample
size, resulting in difficulty generalising the
results. Furthermore, of the four studies
comparing the service delivery models,
two studies did not randomly allocate
participants to the intervention conditions,
therefore introducing potential intervention
condition bias. These differences in the
studies made direct comparison difficult
and therefore, may limit the weight of the
findings. Thus, to provide further evidence
regarding the effectiveness of telehealth-
delivered intervention, studies that use
more rigorous methods, such as
randomisation of participants and power
calculations, need to be performed to
ensure that potential key findings can be
accurately identified.

The current systematic review, allows the
results of the study to be properly applied
to the adult population of people of with
aphasia, without deviating the data from a
combination of different populations.
Amultidisciplinary approach should be
taken from the earliest stages of the design
and development of a language speech
therapy program and should include SLPs,
human-computer interaction researchers,
user experience researchers, developers,
and people with communication disorders.
This approach ensures attention to human-
centered design (64) and evidence-based
treatment techniques with respect to the
level of interaction, function, aesthetics,
and information. More research needs to
be done to find out how people with
communication disorders engage or shy
away from mobile-based treatment plans
over time in relation to their health goals.
There are still unanswered questions
about the long-term success of SLP
programs that are accessible to people
with communication disorders. This study

is proposing the use of a fully immersive
VR application along with an appropriate
automated speech recognition model for
treating people with aphasia. The
development process will follow a user-
centred design involving the speech
therapists and people with aphasia. The
VR scenarios will also be a scripted-based
treatment design, consisting of oral
conversation via short dialogues in a
realistic situation in the virtual world. The
realistic VR environment will create a
sense of presence for the users. It is hoped
that this will aid their progression in
integrating into real life.

Another essential component of this
application is the speech recognition
model. The reviews in outlined some of the
challenges of the current ASR models for
people with aphasia. However, the recent
emergence of Artificial Intelligence (Al)
and machine learning for speech
recognition is narrowing this gap. The use
of Al will present a dataset challenge, as
there is currently no compressive
repository of datasets (speech of people
with aphasia) to train a machine learning
model.

Some of the available Al-powered speech
recognition systems such as the IBM
Watson Speech-to-Text, Amazon
Transcribe  Service (AWS), Google
Speech-to-Text and Nuance Dragon
Transcription have shown relatively good
performance for fluent speakers. However,
its accuracy for people with aphasia is still
unknown. Hence, it is imperative to assess
the effectiveness of the available speech
recognition models for people with
aphasia.

Conclusions

The purpose of this article is to determine
if digital therapy delivered speech
language pathology interventions are as
effective as traditional in person delivery
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for people with speech and comprehension
disorders. The reviewed research was
limited and of variable quality, however,
the evidence presented showed that digital
therapy is a promising service delivery
method for delivering speech and
language intervention services to this
population. This alternative service
delivery model has the potential to improve
access to SLP services for as traditional
in-person delivery for people living in
geographically remote areas, reducing
travel time and alleviating the detrimental
effects of communication difficulties on
education, social participation and
employment. Although some initial positive
findings have been published, there is a
need for further research using more
rigorous study designs to further
investigate the efficacy of elehealth-
delivered speech and language
intervention.

The authors predict that this program will
reduce the workload of the speech
therapist and increase the long-term
recovery process for people with speech
and language disorders. The project will
adopt a user-centered design approach
consisting of a speech therapist and
people with speech and language
disorders. This program provides an
opportunity for a speech therapist to create
a customized treatment plan that meets
the patient's needs. The initial interest
among speech therapists for this solution
has been encouraging, and development
work will begin soon.

Acknowledgments
Thanks to all those who helped in this
article.

References
1.Kat L, Schipper K, Knibbe J, Abma TA.
Acquired brain injury. Br Med J 2010

http://intjmi.com

Feb 19;340:¢808. (doi:
10.1136/bmj.c808) (Medline:
20172926)

2. Dewan MC, Rattani A, Gupta S,
Baticulon RE, Hung YC, Punchak M, et
al. Estimating the global incidence of
traumatic brain injury. J Neurosurg 2018
Apr 1:1-18. (doi: 10.3171/2017.10.
JNS17352) (Medline: 29701556)

3. Strong K, Mathers C, Bonita R.
Preventing stroke: saving lives around
the world. Lancet Neurol 2007
Feb;6(2):182-187. (doi: 10.1016/S1474-
4422(07)70031-5) (Medline: 17239805)

4. MacDonald S. Introducing the model
of cognitive-communication
competence: a model to guide
evidence-based communication
interventions after brain injury. Brain Inj
2017;31(13-14):1760-1780. (doi:
10.1080/02699052.2017.1379613)
(Medline: 29064304)

5.Definitions of communication disorders
and variations. Ad Hoc Committee on
Service Delivery in the Schools.
American  Speech-Language-Hearing
Association. ASHA  Suppl 1993
Mar;35(3 Suppl 10):40-41. (Medline:
8097650)

6. Ponsford JL, Downing MG, Olver J,
Ponsford M, Acher R, Carty M, et al.
Longitudinal follow-up of patients with
traumatic brain injury: outcome at two,
five, and ten vyears post-injury. J
Neurotrauma 2014 Jan 1;31(1):64-77.
(doi: 10.1089/neu.2013.2997) (Medline:
23889321)

7. Flowers HL, Skoretz SA, Silver FL,
Rochon E, Fang J, Flamand-Roze C, et
al. Poststroke aphasia frequency,
recovery, and outcomes: a systematic
review and meta-analysis. Arch Phys
Med Rehabil 2016 Dec;97(12):2188-
201.e8. (doi:


https://intjmi.com/article-1-823-en.html

[ Downloaded from intjmi.com on 2025-12-07 ]

Int J Med Invest 2022; Volume 11; Number 2; 11-26

10.1016/j.apmr.2016.03.006) (Medline:
27063364)

8. Struchen MA, Pappadis MR, Sander
AM, Burrows CS, Myszka KA.
Examining the contribution of social
communication abilities and
affective/behavioral functioning to social
integration outcomes for adults with
traumatic brain injury. J Head Trauma
Rehabil 2011;26(1):30-42. (doi:
10.1097/HTR.0b013e3182048f7c)
(Medline: 21209561)

9. Worrall L, Ryan B, Hudson K,
Kneebone |, Simmons-Mackie N, Khan
A, et al. Reducing the psychosocial
impact of aphasia on mood and quality
of life in people with aphasia and the
impact of caregiving in family members
through the Aphasia Action Success
Knowledge (Aphasia ASK) program:
study protocol for a randomized
controlled trial. Trials 2016 Mar 22;17:
153 (FREE Full text) (doi:
10.1186/s13063-016-1257-9) (Medline:
27005901)

10. Savundranayagam MY, Hummert
ML, Montgomery RJ. Investigating the
effects of communication problems on
caregiver burden. J Gerontol B Psychol
Sci Soc Sci 2005 Jan;60(1): S48-S55.
(doi: 10.1093/geronb/60.1. s48)
(Medline: 15643047)

11.Palmer R, Witts H, Chater T. What
speech  and language  therapy
docommunity dwelling stroke survivors
with aphasia receive in the UK? PLoS
ONE. (2018) 13: e0200096. doi:
10.1371/journal.pone.0200096

12.Kiran S, Thompson CK.
Neuroplasticity of language networks in
aphasia: advances, updates, future
challenges. Front. Neurol. (2019)
10:295. doi: 10.3389/fneur.2019.00295

13.Brady MC, Kelly H, Godwin J, Enderby
P, Campbell P. Speech and

http://intjmi.com

languagetherapy for aphasia following
stroke. Cochrane Database Syst Rev.
(2016) CD000425. doi:
10.1002/14651858.CD000425.pub4

14 .Harnish SM, Morgan J, Lundine JP,
Bauer A, Singletary F, Benjamin ML, et
al. Dosing of a cued picture-naming
treatment for anomia. Am J Speech
Lang Pathol. (2014) 23: S285-99. doi:
10.1044/2014_AJSLP-13-0081
15.Verna A, Davidson B, Rose T.
Speech-language pathology services
for peoplewith aphasia: a survey of
current practice in Australia. Int J
Speech Lang Pathol. (2009)
11:191-205. doi:
10.1080/17549500902726059
16.Kong AP-H. The Impact of COVID-19
on speakers with aphasia: whatis
currently known and missing? J Speech
Lang Hear Res. 64:176-80. doi:
10.1044/2020_JSLHR-20-00371
17.Beeke, S., et al.,, Extended turn
construction and test question
sequences in the conversations of three
speakers with agrammatic aphasia.
Clinical linguistics & phonetics, 2013.
27(10-11): p. 784-804.

18.Cruice, M., L. Worrall, and L. Hickson,
Reporting on psychological well-being
of older adults with chronic aphasia in
the context of unaffected peers.
Disability and rehabilitation, 2011.
33(3): p. 219-228.

.19R. Long, A.B., and A. Bellis, DEBATE
PACK:  Speech, language and
communication support for children.
2018.

20. UKABIF, Government Debat on Brain
Injury. 2018.

21.Association, S., Communication
problems after stroke. 2012.

22 Mashima, P. A., & Doarn, C. R.
(2008). Overview of telehealth activities
in speech-language pathology.


https://intjmi.com/article-1-823-en.html

[ Downloaded from intjmi.com on 2025-12-07 ]

Int J Med Invest 2022; Volume 11; Number 2; 11-26 http://intjimi.com

Telemedicine and eHealth, 14, 1101-
1117.

23.Edwards, M., Stredler-Brown, A., &
Houston, K. T. (2012). Expanding use
of telepractice in speech-language
pathology and audiology. Volta Review,
112, 227-242.

24. Theodoros, D. (2012). A new era in
speech-language pathology practice:
Innovation and diversification.
International Journal of Speech-
Language Pathology, 14, 189-199.
doi:10.3109/17549507.2011.639390.
25 .Erdiaw-Kwasie, M. O., & Alam, K.
(2016). Towards understanding digital
divide in rural partnerships and
development: A framework and
evidence from rural Australia. Journal of
Rural Studies, 43, 214-224.
doi:http://dx.doi.org/10.1016/].jrurstud.2
015.12.00

26.Friedrich, K., Therapeutic media:
Treating PTSD with virtual reality
exposure therapy. MediaTropes, 2016.
6(1): p. 86-113.

27. Rizzo, A., et al., Virtual reality
exposure therapy for combatrelated
posttraumatic stress disorder.
Computer, 2014. 47(7): p. 31-37.
.28Deutsch, J. and A. Mirelman, Virtual
reality-based approaches to enable
walking for people poststroke. Topics in
Stroke Rehabilitation, 2007. 14(6): p.
45-53.

29.Liberati, A., Altman, D. G., Tetzlaff, J.,
Mulrow, C., Ggtzsche, P. C., loannidis,
J. P. A, ... Moher, D. (2009). The
PRISMA statement for reporting
systematic reviews and meta-analyses
of studies that evaluate health care

interventions: Explanation and
elaboration. PLOS Medicine, 6(7),
€1000100. doi:

10.1371/journal.pmed.1000100

30. Braley M, Pierce J S, Saxena S,

Oliveira E D, Taraboanta L, Anantha V,
Shaheen E. Lakhan, Kiran L S.
Language, and Cognitive Intervention
in Post- stroke Persons With Aphasia
Neurorehabilitation, a section of the
journal Frontiers in Neurology.2021.1-
16. 12:626780. doi:
10.3389/fneur.2021.626780

31. Prag H, Kirmess M, Brady M, Partee

L, Hognestad R B, Johannessen B B,
Thommessen B, Becker F. The effect of
augmented speech-language therapy
delivered by telerehabilitation on post
stroke aphasia — a pilot randomized
controlled trial.2020, vol. 34, no. 3, pp.
369-
381.https://doi.org/10.1177/026921551
9896616

32. Northcott S, Thomas Sh, James Kk,

Simpson A, Hirani Sh, Barnard R,
Katerina H. Solution Focused Brief
Therapy in Post- Stroke Aphasia
(SOFIA): feasibility and acceptability
results of a feasibility randomised wait-
list cont Northcott S, et al. BMJ Open
2021;11: e050308.
doi:10.1136/bmjopen-2021-050308
rolled trial.

33. Munsell1 M, Oliveira1l E D, CCC-SLP

M S; Saxena S, MHS MS; Godlove1 J,
PhD; Kiran S. Closing the Digital Divide
in Speech, Language, and Cognitive
Therapy: Cohort Study of the Factors
Associated WithTechnology Usage for
Rehabilitation. Closing the Digital Divide
in Speech, Language, and Cognitive
Therapy: Cohort Study of the Factors
Associated With Technology Usage for
Rehabilitationh. J Med Internet Res
2020;22(2): €16286) doi:
10.2196/16286

34. Palmer R, Dimairo M, Cooper C,

Enderby P, Brady M, Bowen A, Latimer
N, Julious S, Cross E, Abualbishr


https://intjmi.com/article-1-823-en.html

[ Downloaded from intjmi.com on 2025-12-07 ]

Int J Med Invest 2022; Volume 11; Number 2; 11-26

Alshreef, Madeleine Harrison, Ellen
Bradley, Helen Witts, Tim Chater.
Lancet Neurol 2019; 18: 821-33.
10-35. Kim1 S; Laird L, Wilson1 C, Bieg
T, Mildner Ph,; Mdller S, Schatz R,
Schwarz S, Spang R, Niklas Antons N
V; Rochon E. Implementation and
Effects of an Information
Technology—Based Intervention to
Support Speech and Language Therapy
Among Stroke Patients With Aphasia:
Protocol for a Virtual Randomized
Controlled Trial. alUMIR RESEARCH
PROTOCOLS. (JMIR Res Protoc
2021;10(7): e30621) doi:
10.2196/30621

5-36. Giachero A, Calati M, Pia L, La
Vista L, Molo M, Rugiero C, Fornaro C,
Marangolo P. Conversational Therapy
through Semi-Immersive Virtual Reality
Environments for Language Recovery
and Psychological WellBeing in Post
Stroke Aphasia. Hindawi Behavioural
Neurology Volume 2020, Article ID
2846046, 15 pages
https://doi.org/10.1155/2020/2846046.
37.Des Roches CA, Balachandran |,
Ascenso EM, Tripodis Y, Kiran S.
Effectiveness of an impairment-based
individualized rehabilitation program
using an iPad-based software platform.
Front Hum Neurosci 2015;8: 1015

(FREE Full text) (doi:
10.3389/fnhum.2014.01015) (Medline:
25601831)

38.Kiran S, Roches CD, Balachandran |,
Ascenso E. Development of an
impairment-based individualized
treatment workflow using an iPad-based
software platform. Semin Speech Lang
2014 Feb;35(1):38-50. (doi: 10.1055/s-
0033-1362995) (Medline: 24449464)
39.Des Roches CA, Balachandran |,
Ascenso EM, Tripodis Y, Kiran S.
Effectiveness of an impairment-based

http://intjmi.com

individualized rehabilitation program
using an iPad-based software platform.
Front Hum Neurosci 2014;8: 1015

(FREE Full text) (doi:
10.3389/fnhum.2014.01015) (Medline:
25601831)

40.Pérez Sust P, Solans O, Fajardo JC,
Medina Peralta M, Rodenas P, Gabalda
J, et al. Turning the crisis into an
opportunity: digital health strategies
deployed during the covid-19 outbreak.
JMIR Public Health Surveill 2020 May
4:6(2): e19106 (FREE Full text) (doi:
10.2196/19106) (Medline: 32339998)

41. Stark, J., C. Pons, and C. Daniel.
Integrating  face-to-face  language
therapy with virtual reality applications
for persons with aphasia. in 2013
International Conference on Virtual
Rehabilitation (ICVR). 2013. IEEE.

42. Cherney, L.R. and S. Van Vuuren.
Telerehabilitation, virtual therapists, and
acquired neurologic speech and
language disorders. in Seminars in
speech and language. 2012. Thieme
Medical Publishers

43. Van Vuuren, S. and L.R. Cherney. A
virtual therapist for speech and
language therapy. in International
Conference on Intelligent Virtual
Agents. 2014. Springer.

44. Woudstra, M., A. Al Mahmud, and J.-
B. Martens. A snapshot diary to support
conversational storytelling for persons
with aphasia. in Proceedings of the 13th
International Conference on Human
Computer Interaction with Mobile
Devices and Services. 2011. ACM

45 .Bright FA, Kayes NM, McPherson KM,
Worrall LE. Engaging people
experiencing communication disability
in stroke rehabilitation: a qualitative
study. Int J Lang Commun Disord 2018
Sep;53(5):981-994. (doi: 10.1111/1460-
6984.12409) (Medline: 30003629)


https://intjmi.com/article-1-823-en.html

[ Downloaded from intjmi.com on 2025-12-07 ]

Int J Med Invest 2022; Volume 11; Number 2; 11-26 http://intjimi.com

46.MAGUIRE M. Methods to support
human-centred design. Int J Hum-
Comput Stud 2001 Oct;55(4):587-634.
(doi:

10.1006/ijhc.2001.0503)

47.Norman D, Draper S. User Centered
System Design: New Perspectives on
Human-computer Interaction. Hillsdale,
NJ: Erlbaum Associates; 1986.

48.Ahmed B, Monroe P, Hair A, Tan CT,
Gutierrez-Osuna R, Ballard KJ. Speech-
driven mobile games for speech
therapy:user experiences and
feasibility. Int J Speech Lang Pathol
2018 Nov;20(6):644-658. (doi:
10.1080/17549507.2018.1513562)
(Medline: 30301384)

49.Hair A, Monroe P, Ahmed B, Ballard
K, Gutierrez-Osuna R. Apraxia World: a
Speech Therapy Game for Children
With Speech Sound Disorders. In: 17th
ACM Conference on Interaction Design
and Children. 2018 Presented at:
IDC'18; June 1-4, 2018; Trondheim,

Norway. (doi:
10.1145/3202185.3202733)

50.Lopes M, Magalhaes J, Cavaco S. A

Voice-controlled Serious Game for the
Sustained Vowel Exercise. In: 13th
InternationalConference on Advances
in Computer Entertainment Technology.
2016 Presented at: ACET'16;
November 9-12, 2018; Osaka, Japan.
(doi: 10.1145/3001773.3001807)

51.Carayon P. Human factors of complex

sociotechnical systems. Appl Ergon
2006 Jul;37(4):525-535.
(doi:10.1016/j.apergo.2006.04.011)
(Medline: 16756937)

52.0r CK, Karsh B. A systematic review

of patient acceptance of consumer
health information technology. J Am
Med Inform Assoc 2009;16(4):550-560

(FREE Full text) (doi:
10.1197/jamia.M2888) (Medline:
19390112).


https://intjmi.com/article-1-823-en.html
http://www.tcpdf.org

