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Abstract

Background: Aphasiaisacentral disorder of comprehension and expression of language that cannot be attributed to a peripheral
sensory deficit or a peripheral motor disorder. The diagnosis and treatment of aphasia are complex. Interventions that facilitate
this process can lead to an increase in the number of assisted patients and greater precision in the therapeutic choice by the health
professional.

Objective: This paper describes a protocol for a study that aims to implement a computer-based solution (ie, a telemedicine
platform) that uses deep learning to classify vocal data from participants with aphasia and to develop serious games to treat
aphasia. Additionally, this study aims to evaluate the usability and user experience of the proposed solution.

Methods: Our interactive and smart platform will be developed to provide an aternative option for professionals and their
patientswith aphasia. We will design 2 serious gamesfor aphasiarehabilitation and adeep |earning—driven computational solution
to aid diagnosis. A pilot evaluation of usability and user experience will reveal user satisfaction with platform features.

Results: Data collection began in June 2022 and is currently ongoing. Results of system development aswell as usability should
be published by mid-2023.

Conclusions: This research will contribute to the treatment and diagnosis of aphasia by developing a telemedicine platform
based on a co-design process. Therefore, this research will provide an alternative method for health care to patients with aphasia.
Additionaly, it will guide further studies with the same purpose.
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Introduction because of stroke, other sources of brain damage can cause it

(eg, head trauma, brain surgery, epileptic disease, and
neurodegenerative syndromes) [2-4]. When caused by
neurodegenerative syndromes, aphasia can be diagnosed as
primary progressive aphasia and classified as logopenic,
semantic, and nonfluent/agrammatic [ 3]. When caused by stroke,

Aphasiais alanguage disorder caused by damageto 1 or more
areas of the brain that control some or all language modalities,
including the expression and comprehension of speech, reading,
writing, and gestures [1]. Although many people have aphasia
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it can be classified as anomic, Broca (motor), Wernicke
(sensory), global, conduction, and transcortical (motor, sensory,
and mixed) [4,5]. Asthe main impairments of aphasiaarerelated
to the expression and comprehension of language, aphasia can
be divided into 2 large groups: expressive and receptive [6].

The aphasiadiagnosisisusually made by aneurologist or speech
therapist, based on the clinical and pathological features to
characterize the language disorder [7]. Discriminating the
different types of aphasiaisacomplex task since signs such as
impaired speech comprehension and/or articulation, inability
to repeat, impaired semantics, and difficulty in naming objects
are present in various types of aphasia, whether due to
neurodegenerative disease or by the interruption of cerebral
flow [8]. To make the diagnosis of aphasia simpler and more
precise, computational solutions have been developed to
classify/detect the types of aphasia. The proposed computational
techniques have used classica machine learning [9-13], deep
learning (DL) [14,15], and fuzzy logic [16,17]. DL techniques
have shown better results in different performance metrics to
classify aphasia[14,15].

Once the patient is diagnosed, the treatment of aphasia is a
challengefor health care professionals. Patientswith expressive
aphasia appear to be the easiest to rehabilitate, because these
patients can understand the method used in a particular
rehabilitation technique or, at least, the instructions for using
it. However, there has been little success in receptive aphasia
rehabilitation trials [6,18]. Serious games have shown promise
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in the rehabilitation of diseases of neurological causes, asthey
can lead to engagement and offer feedback to the patient and
therapist on the progress of therapy [19,20]. To the best of our
knowledge, few studies have focused on serious games for
aphasia rehabilitation [21,22]. In such studies, therapy is only
suitablefor patients with agood understanding of the task, thus
neglecting patients with receptive aphasia. Unlike previous
studies, our work will focus on both the development of a
platform to aid in the aphasia diagnosis using DL techniques
and the application of serious games suitable for patients with
receptive and expressive aphasia.

This paper presents a protocol of a study that has 2 objectives:
(2) to implement a computer-based solution (ie, atelemedicine
platform) that uses DL algorithms to classify aphasia and,
following a co-design study, to develop 2 serious gamesfor the
treatment of aphasia; and (2) to evaluate the usability and user
experience of the devel oped games.

Methods

Study Design

The study will be divided into 2 phases, as can be seenin Figure
1. Thefirst phase refersto the implementation of a platform to
aid in the diagnosis and treatment of patientswith aphasia. The
second phase refers to a study to evaluate the implemented
serious games for aphasia rehabilitation. It will focus on the
evaluation of usability and user experience by patients with
aphasia and speech therapists.

Figure 1. Flowchart of the study phases. Al: artificial intelligence; UX: user experience.

Phase 1

Platform
Development

Al-Supported
Diagnostic Aid
for Aphasia

Serious Game

Phase 1: Platform Development

Literature Search and Questionnaire

A literature search was carried out in June 2022 to identify
content related to aphasia rehabilitation using serious games
and content related to aphasia classification using computational
solutions. This literature search was carried out in the main
digital libraries of the medical field, including PubMed and
Web of Science. We developed the first version of the game
content based on studies [21,22] that used virtual reality tasks
with oral expression, articulation, listening comprehension,
cognition, articulation, semantics, naming, and repetition.
Furthermore, these studies reported on the attractiveness and
satisfaction when users are playing aserious gameto rehabilitate
aphasia. In the studies using computer-based solutionsto classify
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Phase 2

Platform Evaluation

Usability and UX

aphasia [14,15], techniques of machine learning and DL have
been applied. With these works, we have learned about the best
classification techniques and audio featuresto classify aphasia.

In paralel with the literature search, a questionnaire with 12
open and closed questions that address the clinical needs for
the diagnosis and treatment of patientswith aphasiawasdirected
to a group of 10 speech therapists with more than 1 year of
experience in aphasia rehabilitation. This was a convenience
sample, and the recruitment was carried out viasocia networks.
From this questionnaire, we identified that 60% (n=6) of
participants reported performing the aphasia diagnostic before
starting treatment, and 50% (n=5) used a deviceto perform this
diagnosis. When investigating the difficulties that speech
therapists have when performing the diagnosis, the sample
reported the lack of resources for rapid testing, standardized
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protocol, diversity of symptoms of each aphasic syndrome, and
absence of imaging tests and family assistance. As mandatory
itemsfor the diagnosis, 80% (n=8) of the participants reported
that speech comprehension, object naming, and sentence
repetition are relevant characteristics for diagnosis; 70% (n=7)
reported speech articulation asrel evant characteristic; and 10%
(n=1) reported speech expression, lesion size, and underlying
disease. For aphasia rehabilitation, 90% (n=9) reported that
semantic tasks are essential; 80% (n=8) reported speech
articulation and naming tasks as essential; 70% (n=7) reported
repetition tasks; and 10% (n=1) reported tasks of cognitive
function and socioeconomic impacts.

From the results of the questionnaire and the literature search,
we developed content that will be presented to a group of 3
speech therapists, 2 software devel opers, and 2 neuroscientists
to receive feedback. Thiswill enable usto improve the content.
The sample is consistent with researchers who accepted being
part of the study development process, and the form of
recruitment was by invitation.

Thisgroup will meet weekly for 1 hour. At thistime, a5-minute
video that includes updated content will be presented, and
participants will be encouraged to rate the product from 0 to
10, with O corresponding to the worst rating and 10 an excellent
rating. In addition, participants will be encouraged to justify
their rating and suggest improvementsto the proposed solution.
During all meetings, improvements reported by the group will
be enumerated and categorized for later implementation.

Serious Game Design

Aphasiamay bedivided into 2 major groups: expressive aphasia
and receptive aphasia. Each type has characteristics and,
therefore, different therapeutic methodologies. By considering
such groups, 2 games will be developed.

Game 1: Expressive Aphasia

The objective of this game is to stimulate tasks for expressive
aphasia, such as articulation, semantics, naming, repetition,
prosody, and emotional tonein utterances. Based on the current
literature and discussions with the research team, the initial

proposal has aready been designed, which is described
herezfter.

Thegame'splotisinspired by atreasure hunt, where the patient
will need to open as many chests as possible and collect the
treasures in a time interval determined by the therapist. After
the set interval runs out, a new game environment will be
unlocked, and the user will be able to collect more treasures.
To open each chest and collect the treasure, the user must
perform a specific task for each environment. The therapist will
be assigned therole of deciding which environmentsthe patient
should go through. The number of opened chests and collected
treasures will not be decisive for the user to move from one
environment to another. This rule was defined so that users go
through all types of environments defined by the therapist,
regardless of their level of language impairment. The more the
user collects treasures in each environment, the greater the
complexity of the task in that environment will be. The
complexity of tasks within each environment will be based on
the following 4 elements:

https://www.researchprotocols.org/2022/11/e40603

Nunes et al

1. Sentence size: This element refers to the number of words
to build a sentence. Sentences with 3 to 4 words will
correspond to the basic level; 5 to 6 words will correspond
to the intermediate level; and more than 6 words will
correspond to the advanced level.

2. Number of clauses: This element refers to the number of
verbs present in the sentence. Sentences with more than 2
verbs are considered complex. The presence of 1 verb will
correspond to the basic level; the presence of 2 verbs will
correspond to the intermediate level; and the presence of 3
or more verbs will correspond to the advanced level.

3. Presence of adverbs: An adverb is aword that indicates a
circumstance (mode, time, or place). It can modify a verb,
an adjective, or another adverb. The presence of adverbs
as well as adverbia phrases in the sentence will be
indicative of more complex sentences. Adverbs will only
be present at the intermediate and advanced levels. At the
intermediate level, there will be only 1 adverb, and at the
advanced level, there will be 2 or more adverbs.

4. Number of syllables: This element refers to the number of
syllables to compose aword. One syllable will correspond
to the basic level; 2 syllables will correspond to the
intermediate level; and 3 syllables will correspond to the
advanced level.

To give feedback on the number of chests that still need to be
opened in the environment, amap with the location of the chests
and the user will be fixed on theright side, in the lower corner
of the screen. Inall, therewill be atotal of 4 environments, each
one being designated to atype of task: articulation, semantics,
naming, and repetition of sentences. Each environment will
have atotal of 10 chests to open. The user will be allowed to
save the game or pause it without any penalty.

Game 2: Receptive Aphasia

Similar to the previous game, the game proposal was based on
the current literature and discussionswith the research team and
will be described hereafter. We will discuss it with speech
therapists, scientists experienced in serious game development,
and the development team. After approval, the proposal will be
implemented.

Theinitial proposal of the game's plot isinspired by activities
of daily living, where the user must complete some missions
that he or she comes across daily, such as entering the elevator
and pressing the button to go to the next floor, buying bread at
a bakery, or taking out the garbage. The purpose of the game
isto work the patient’s cognitive skills so that he or she becomes
asfunctional as possible using nonverbal language to complete
the missions. Thetherapist will be ableto choose which mission
the patient should undertake and the time for the compl etion of
the mission. If the patient is unable to complete the mission in
the time set by the therapist, hints with arrows indicating the
direction will appear to guide the patient in the mission. After
being completed, the mission will be unlocked in case the patient
wants to try again without the tips.

A total of 10 missions with different contexts will be
implemented. Finally, playerswill be allowed to save the game
or pause it without any penalty.
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Tools Used for the Development of the Serious Game's
Platform

The games will be devel oped over avirtual reality platform, as
it increases the immersion in the game and the effectiveness of
the intervention. In this way, the number of participants for
aphasia treatment can be increased. User interaction with the
game environment will be performed using 2 options: (1) gaze,
with interaction using eye movements; and (2) head movements.
These options will add a mouse-like interaction, which is an
on-screen pointer that users will be able to move.

For the devel opment of the platform, the AFRAME library made
in Javascript was sel ected to create avirtual reality environment.
Since no additional framework was used aongside AFRAME,
the Parcel Javascript compiler was used to alow the use of
modern Javascript features. Finally, the project will be hosted
on the Vercel cloud platform (Vercel, Inc).

Diagnostic Model Development

DL Algorithms and Model Training

At this stage of the research project, we went through a process
of developing a model for classifying aphasia. For the
development of thismodel, wewill usethe DL technique since,
according to previous studies, it presents better resultsto classify
aphasia through acoustic data[14,15]. In all, 3 DL agorithms
will be used, namely: LeNet, Resnet-34, and SqueezeNet. To
acquire datafor training the model, vocal datawill be collected
from patientswith aphasia diagnosed by aneurol ogist or speech
therapist and individuals without aphasia whose ages are
matched to the aphasia group (see details in Data Set Creation
section). The collection of vocal data is made through a
collection app developed to record the voices from patients
during specific tasks. The app development as well as data
collection tasks are described in the following sections. After
data acquisition, we will conduct a data preprocessing step. In
this step, noise and bad quality audio that may impair the
performance of the models will be removed. The extraction of
featuresin DL isan automatic process, whereit is not possible
to know which features were chosen for training the model.
After training the models, an eval uation will be performed using
performance metrics derived from the confusion matrix
(accuracy, sensitivity, specificity, F;-score, receiver operating
characteristic curve, and area under the curve). The best
performing model will be deployed to the platform.

Development of the Data Collection Application

A hybrid mobile app was developed with lonic (graphics
component library), VuelS 3.0 framework, and Capacitor as a
native functionality library. The app was written in Javascript,
specifically using the Typescript superset. The system allows
users to manage the participant data (adding, editing, and
deleting), as well as collecting audio within a defined protocol
for aphasia tracking. The app can be installed via an .apk file
or used through the browser. The collection consists of the audio
recording of the participants for an indefinite period and an
infinite number of times. All files are sent to Dropbox, which
isacloud storage service, for further analysis and discussion.
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Data Set Creation

Consent to Participate

Participantswill beinformed about the purpose of the research,
its objectives, and procedures. They will be consulted regarding
their acceptance to participate in the study. After clarification,
the participants or their guardians will be instructed to sign the
Free and Informed Consent Term approved by the Ethics and
Research Committee of the Federal University of Piaui,
guaranteeing anonymity and freedom of absence from the
research, aswell astherealization of clarification regarding the
same and the right to withdraw from their participation during
the study.

Study Participants

Theinclusion criteriafor participantsinclude providing asigned
consent form, agreeing to the study procedures, being available
for the study duration, and being aged 40-80 years. For the
aphasia group, participants must have a diagnosis of aphasia
after stroke given by a specialized health professional, with a
post-illnesstime of 6 months. Regarding the exclusion criteria,
patients who do not present adiagnosis and classification of the
type of aphasia or who have severe cognitive impairment
(Mini-Mental State Examination scorelessthan 22 points) and
severe aphasiawere excluded. For the control group, participants
must be healthy and without a history of language or cognitive
disorders.

Recruitment

Participants with aphasiawill be recruited at the physiotherapy
school clinic of the Federal University of Delta do Parnaiba,
Parnaiba; at the Dirceu Arcoverde State Hospital, Parnaiba; and
at the Neurology Institute Deolindo Couto linked to the Federal
University of Rio de Janeiro, Rio de Janeiro, Brazil. Healthy
participants will be recruited from advertisements in the cities
of Parnaiba and Rio de Janeiro, Brazil. The recruitment and
screening of participantswill be performed by atrained speech
therapist. At this moment, the participant’s cognitive level,
possible language impairments, and aphasia level will be
investigated. Asthisisasample group for training aDL model,
the sample size will be time-oriented, in which the largest
number of individuals will be recruited within 6 months.

Vocal Data Collection

Data will be collected from audio samples from participants
with aphasia or healthy participants. Therefore, for this study,
participants will be placed in 2 conditions: with aphasia and
control (without aphasia). Data collection will be conducted in
anoise-free environment through amobile app for voice capture.
The app presents tasks where the participant must sustainably
repeat the vowels “a” “0,” and “u” and the predefined phrase:
“O pasteleiro estava exultante” (“The pastry chef was
overjoyed” in Portuguese). These commands are reported in the
literature to discriminate against the type of aphasia, since it
allowsthe assessment of speech comprehension and articulation
[23]. In addition, figures are presented to the participants, and
they will be instructed to name them or devel op a speech about
the figures (see Figure 2). Those images were taken from the
Talkbank database, which are widely used to assess speech and
gesture variations in patients with aphasia[24].
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Figure 2. Scheme of tasks used for data collection.
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Ethics Approval

The study was approved by the Ethics Committee of the Federal
University of Piaui (5.134.321) in October 2021.

Phase 2: Usability Study

Platform Schedule

Participants, on afirst visit, will receive training on how to use
the platform. Speech therapistswill be encouraged to customize
adifferent treatment for 2 patients with aphasia, which results
in 2 treatments per speech therapist. Patients with aphasia will
be encouraged to use the platform for 30 minutes, 3 times a
week, for 2 consecutive weeks. The task to be performed will
be customized by the speech therapist. After the 2-week period,
al participants will be encouraged to complete a usability
guestionnaire as accurately as possible.

Usability Study Participants

Inclusion criteria for participants include (1) speech therapist
with at least 1 year of experience in treating patients with
aphasia; and (2) patientswith adiagnosis of aphasiaafter stroke
given by a specialized health professional, with a post-illness

Figure 3. Example of a User Experience Questionnaire question.

time of 6 months, and a Mini-Mental State Examination score
more than 22 points. All participants must provide a signed
consent form, agree to the study procedures, and be available
for the study duration. Participants who do not complete the
study protocol will be excluded.

Tool to Test the Usability of the Platform

To assess the usability of the computer system, the User
Experience Questionnaire (UEQ) will be applied, consisting of
26 items, including 6 factors: Attractiveness, Perspicuity,
Efficiency, Reliability, Stimulation, and Novelty. The
guestionnaire consists of pairs of opposites related to the
properties that the product has [25]. The graduations between
opposites are represented by circles. By marking one of the
circles, the user expresses his or her opinion about a concept.
See Figure 3 for an example of a UEQ question.

The user will be asked to mark their answer spontaneously,
being instructed not to think too much about the answer. The
user will al'so be asked to always choose an answer even if they
are unsure about a couple of terms or the terms do not fit the
product as there are no “right” or “wrong”’ answers—opinion
iswhat counts.

Attractive

0O 0 ®

0 0 0 Ugly

UEQ Statistical Analysis

Thedataanalysiswill consist primarily of descriptive statistics,
and outcomes will be described primarily in percentages or
proportions. Data will be analyzed using SPSS statistical
software (version 25; IBM Corp). Microsoft Excel (version
16.1) will be used for charts. Participants responses will be
independently analyzed by 2 researchers, and data will be
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entered twice to minimize typing errors. After analysis by
researchers, the consensus among the experts will be evaluated
using the Cohen k coefficient. Statistical significance will be
considered at a 2-tailed P value of <.05.
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Results

Data collection began in June 2022 and is currently ongoing.
Results of system development as well as usability should be
published by mid-2023.

Discussion

Hypothesis and Significance

We hypothesized that a platform that makes use of DL
algorithms will be able to classify aphasia from a set of vocal
dataand that only thisdatawill be sufficient to classify aphasia.
In addition, it isaccredited that a platform that offers web-based
tasks in the format of serious games will be well evaluated by
speech therapists and patients with aphasiawho make use of it.

It is expected to provide an aternative that facilitates the
diagnosis of aphasiaand allows atreatment directed to the type
of impairment of the patient with aphasia. Speech therapists
assumetherole of the prescriber of the treatment and follow-up
of the patient. The therapists will be involved from the
elaboration of the treatment to the finalization of the process of
creation and analysis of the platform. Patients and caregivers
are assigned the role of evaluator and system user.

DL techniques, which are applications of artificial intelligence,
have recently emerged and are now rigorously applied in the
medical field. DL refersto the use of artificial neural networks
with multiple hidden layers[26]. The use of DL with vocal data
to classify aphasia has been the objective of studies, both to
classify the type of aphasia[14] and to estimate severity [15].
Such studies suggest that DL models using vocal data can
estimate aphasiain patients with early-stage acute stroke. These
findings justify further research to assess the applicability of
DL modelsin different study populations.

Rehabilitation technologies have the potential to increase the
intensity and dose of rehabilitation, improve access to
rehabilitation, reduce therapists’ workload, measure and provide
feedback on performance and recovery, and engage and motivate
patients[27]. Thus, serious game systemsbased on virtual reality
have become popular in medical rehabilitation and can be used
as a new alternative therapy method for language recovery in
patients with aphasia [21,22]. Serious games to be proposed
will be intended for patients with expressive and receptive
aphasia. Therapeutic approaches are aimed at cognitive and
expressive speech recovery, which are fundamental in the
rehabilitation process of such patients.
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Expected Clinical Impacts

The study proposed here will bring clinical, scientific, and
socioeconomic impacts as it aims to serve as a diagnostic aid
and aternative for the treatment of patientswith aphasiawithin
their clinical particularities. It is expected that the use of DL
will be promising in the aphasia classification process and thus
facilitating the diagnosis and clinical decision. Once classified,
the therapist’s conduct must be directed to the patient’s needs.
Here, we propose telerehabilitation as a way to reach a larger
audience, in addition to reducing long-term disability, increasing
secondary prevention, and allowing follow-up after the acute
phase of treatment, thus increasing responses to therapy and
encouraging continuity of care. Serious games have been gaining
public attention and are becoming an object of interest to
researchers, as they can be introduced in various fields of
medical practice, since they imply greater patient engagement
intherapy [27]. It ishoped that the games to be devel oped from
this proposed study will make patients more enthusiastic and
more willing to talk, especially when exposed to virtual reality
technology that will provide the creation of interactive worlds
inwhich the patient can experience new therapeutic approaches
that would not be accessible in the real world. In addition, with
the platform improvement, it is expected that populations that
would not possibly receive continued care can have support,
thus configuring a socioeconomic impact.

Limitations

The sample sizes used in building the training and testing data
sets of DL models in aphasia classification studies may be
relatively small. However, our goal will be to capture a sample
size that allows the training and testing of DL models with
acceptable results in different performance metrics. The
collection timewill also influence the participant's permanence
in the study, which will also be influenced by the availability
of those involved. A system usability study does not need a
large sample number, and therefore, usability results may not
be generalizable and may be specific to the community and
environment. However, this study may serve as a basis for
others, and new studies with the tool proposed here should be
developed to prove its effectiveness.

Conclusions

The expected results of this study will provide a basis for a
successful technological development study. The results will
produce an appropriate intervention for patients with aphasia
and indicate challenges and opportunities for the refinement of
study procedures, including methodology for collecting data
from patients with aphasia, creating serious games, ways to
assess user experience, and using DL to classify vocal samples.

Thiswork is partially funded by the Coordination for the Improvement of Higher Education Personnel (CAPES), the Brazilian
National Council for Scientific and Technological Development (CNPqg), and the State of Maranhdo Research Funding Agency

(FAPEMA).

Data Availability

Data sharing not applicable to this paper as no data sets were generated or analyzed during the current study.

https://www.researchprotocols.org/2022/11/e40603

JMIR Res Protoc 2022 | vol. 11 | iss. 11 | 40603 | p. 6
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Nuneset &

Authors Contributions

All authors contributed to the concept and design of the study. MN, AST, and DF drafted the manuscript, and all authors critically
reviewed it. All authors read and approved the final manuscript.

Conflictsof I nterest
None declared.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Shimoda Y, Kanamori M, Saito R, Osawa S, Mugikura S, Tominaga T. Aphasic status epil epticus after glioma resection:
two case reports. Acta Neurochir (Wien) 2021 Nov;163(11):3109-3113. [doi: 10.1007/s00701-021-04984-7] [Medline:
34477975]

Unterberger |, Trinka E, Ransmayr G, Scherfler C, Bauer G. Epileptic aphasia - a critical appraisal. Epilepsy Behav 2021
Aug;121(Pt A):108064. [doi: 10.1016/j.yebeh.2021.108064] [Medline: 34052636]

Mendes A, Bertrand A, Lamari F, Colliot O, Routier A, Godefroy O, PHRC “CAPP” Study Group. Cerebral microbleeds
and CSF Alzheimer biomarkers in primary progressive aphasias. Neurology 2018 Mar 20;90(12):e1057-e1065. [doi:
10.1212/WNL.0000000000005165] [Medline: 29444966]

LimaRR, Rose ML, LimaHN, Cabral NL, SilveiraNC, Massi GA. Prevalence of aphasiaafter strokein ahospital population
in southern Brazil: aretrospective cohort study. Top Stroke Rehabil 2020 Apr;27(3):215-223. [doi:
10.1080/10749357.2019.1673593] [Medline: 31687916]

Landrigan J, Zhang F, Mirman D. A data-driven approach to post-stroke aphasia classification and |esion-based prediction.
Brain 2021 Jun 22;144(5):1372-1383 [EREE Full text] [doi: 10.1093/brain/awab010] [Medline: 34046670]

Altschuler EL, Multari A, Hirstein W, Ramachandran VS. Situational therapy for Wernicke's aphasia. Med Hypotheses
2006 Jun 05;67(4):713-716. [doi: 10.1016/j.mehy.2005.10.035] [Medline: 16740368]

Clarke EC, Bonakdarpour B. Challenges in diagnosis of primary progressive aphasia. BMJ Case Rep 2019 Dec
10;12(11):€230630 [FREE Full text] [doi: 10.1136/bcr-2019-230630] [Medline: 31712229]

Epelbaum S, Saade YM, Flamand Roze C, Roze E, Ferrieux S, Arbizu C, et a. A reliable and rapid language tool for the
diagnosis, classification, and follow-up of primary progressive aphasia variants. Front Neurol 2021 Jan 05;11:571657
[EREE Full text] [doi: 10.3389/fneur.2020.571657] [Medline: 33469441]

Keator LM, Yourganov G, Faria AV, Hillis AE, Tippett DC. Application of the dual stream model to neurodegenerative
disease: evidence from amultivariate classification tool in primary progressive aphasia. Aphasiology 2022;36(5):618-647.
[doi: 10.1080/02687038.2021.1897079] [Medline: 35493273]

Alvarez JD, Matias-Guiu JA, Cabrera-Martin MN, Risco-Martin JL, Ayala JL. An application of machine learning with
feature selection to improve diagnosis and classification of neurodegenerative disorders. BM C Bioinformatics 2019 Oct
11;20(1):491 [EREE Full text] [doi: 10.1186/s12859-019-3027-7] [Medline: 31601182]

Matias-Guiu JA, Diaz-Alvarez J, Cuetos F, Cabrera-Martin MN, Segovia-Rios |, Pytel V, et al. Machine learning in the
clinical and language characterisation of primary progressive aphasia variants. Cortex 2019 Oct;119:312-323. [doi:
10.1016/j.cortex.2019.05.007] [Medline: 31181419]

Bisenius S, Mueller K, Diehl-Schmid J, Fassbender K, Grimmer T, Jessen F, FTLDc study group. Predicting primary
progressive aphasias with support vector machine approaches in structural MRI data. Neuroimage Clin 2017 Feb
06;14:334-343 [FREE Full text] [doi: 10.1016/].nicl.2017.02.003] [Medline: 28229040]

Yourganov G, Smith KG, Fridriksson J, Rorden C. Predicting aphasia type from brain damage measured with structural
MRI. Cortex 2015 Dec;73:203-215 [FREE Full text] [doi: 10.1016/j.cortex.2015.09.005] [Medline: 26465238]

Mahmoud SS, Kumar A, Li Y, Tang Y, Fang Q. Performance evaluation of machine learning frameworks for aphasia
assessment. Sensors (Basel) 2021 May 07;21(8):2582 [EREE Full text] [doi: 10.3390/s21082582] [Medline: 33916993]
Mahmoud SS, Kumar A, Tang Y, Li Y, Gu X, Fu J, et a. An efficient deep |earning based method for speech assessment
of Mandarin-speaking aphasic patients. |EEE J Biomed Health Inform 2020 Nov;24(11):3191-3202. [doi:
10.1109/JBHI.2020.3011104] [Medline: 32750967]

Fazeli S, Naghibolhosseini M, Bahrami F. An adaptive neuro-fuzzy inference system for diagnosis of aphasia. 2008 Jun
03 Presented at: 2nd International Conference on Bioinformaticsand Biomedical Engineering; May 16-18, 2008; Shanghai,
Chinap. 535-538. [doi: 10.1109/icbbe.2008.130]

Akbarzadeh-T MR, Moshtagh-Khorasani M. A hierarchical fuzzy rule-based approach to aphasia diagnosis. J Biomed
Inform 2007 Oct;40(5):465-475 [FREE Full text] [doi: 10.1016/].jbi.2006.12.005] [Medline: 17293167]

Hartman K, Peluzzo A, Shadani S, Chellquist I, Weprin S, Hunt H, et al. Devising a method to study if Wernicke's aphasia
patients are aware that they do not comprehend language or speak it understandably. JUndergrad Neurosci Educ 2017 Nov
15;16(1):E5-E12 [FREE Full text] [Medline: 29371852]

Doumas |, Everard G, Dehem S, Lejeune T. Serious games for upper limb rehabilitation after stroke: a meta-analysis. J
Neuroeng Rehabil 2021 Jun 15;18(1):100 [FREE Full text] [doi: 10.1186/s12984-021-00889-1] [Medline: 34130713]

https://www.researchprotocols.org/2022/11/e40603 JMIR Res Protoc 2022 | vol. 11 | iss. 11 | 40603 | p. 7

(page number not for citation purposes)


http://dx.doi.org/10.1007/s00701-021-04984-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34477975&dopt=Abstract
http://dx.doi.org/10.1016/j.yebeh.2021.108064
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34052636&dopt=Abstract
http://dx.doi.org/10.1212/WNL.0000000000005165
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29444966&dopt=Abstract
http://dx.doi.org/10.1080/10749357.2019.1673593
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31687916&dopt=Abstract
https://europepmc.org/abstract/MED/34046670
http://dx.doi.org/10.1093/brain/awab010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34046670&dopt=Abstract
http://dx.doi.org/10.1016/j.mehy.2005.10.035
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16740368&dopt=Abstract
https://europepmc.org/abstract/MED/31712229
http://dx.doi.org/10.1136/bcr-2019-230630
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31712229&dopt=Abstract
https://doi.org/10.3389/fneur.2020.571657
http://dx.doi.org/10.3389/fneur.2020.571657
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33469441&dopt=Abstract
http://dx.doi.org/10.1080/02687038.2021.1897079
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35493273&dopt=Abstract
https://bmcbioinformatics.biomedcentral.com/articles/10.1186/s12859-019-3027-7
http://dx.doi.org/10.1186/s12859-019-3027-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31601182&dopt=Abstract
http://dx.doi.org/10.1016/j.cortex.2019.05.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31181419&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2213-1582(17)30037-2
http://dx.doi.org/10.1016/j.nicl.2017.02.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28229040&dopt=Abstract
https://europepmc.org/abstract/MED/26465238
http://dx.doi.org/10.1016/j.cortex.2015.09.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26465238&dopt=Abstract
https://www.mdpi.com/resolver?pii=s21082582
http://dx.doi.org/10.3390/s21082582
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33916993&dopt=Abstract
http://dx.doi.org/10.1109/JBHI.2020.3011104
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32750967&dopt=Abstract
http://dx.doi.org/10.1109/icbbe.2008.130
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(06)00138-9
http://dx.doi.org/10.1016/j.jbi.2006.12.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17293167&dopt=Abstract
https://europepmc.org/abstract/MED/29371852
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29371852&dopt=Abstract
https://jneuroengrehab.biomedcentral.com/articles/10.1186/s12984-021-00889-1
http://dx.doi.org/10.1186/s12984-021-00889-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34130713&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Nuneset &

20.

21.

22.

23.

24,

25.

26.

27.

Ong DSM, Weibin MZ, VallabhajosyulaR. Serious games as rehabilitation toolsin neurological conditions: acomprehensive
review. Technol Health Care 2021 Jan 15;29(1):15-31. [doi: 10.3233/THC-202333] [Medline: 32804107]

Alloni A, Sinforiani E, Zucchella C, Sandrini G, Bernini S, Cattani B, et al. Computer-based cognitive rehabilitation: the
CoRe system. Disabil Rehabil 2017 Feb 27;39(4):407-417. [doi: 10.3109/09638288.2015.1096969] [Medline: 26505323]
Bu X, Ng PH, Tong Y, Chen PQ, Fan R, Tang Q, et a. A mobile-based virtual reality speech rehabilitation app for patients
with aphasia after stroke: development and pilot usability study. IMIR Serious Games 2022 May 07;10(2):e30196 [FREE
Full text] [doi: 10.2196/30196] [Medline: 35389349]

Kandel ER, Schwartz JH, Jessell TM, Siegelbaum SA, Hudspeth JA. Principios de neurociéncias. 5. ed. :. Porto Alegre,
Brazil: AMGH; 2014.

Stark BC, DuttaM, Murray LL, Bryant L, Fromm D, MacWhinney B, et al. Standardizing assessment of spoken discourse
in aphasia: aworking group with deliverables. Am J Speech Lang Pathol 2021 Feb 11;30(1S):491-502 [FREE Full text]
[doi: 10.1044/2020 AJSL P-19-00093] [Medline: 32585117]

Schrepp M, Hinderks A, Thomaschewski J. Design and eval uation of a short version of the User Experience Questionnaire
(UEQ-S). International Journal of Interactive Multimedia and Artificial Intelligence 2017 Dec;4(6):103-108. [doi:
10.9781/ijimai.2017.09.001]

ZhuY, Liang X, Batsis JA, Roth RM. Exploring deep transfer learning techniques for Alzheimer's dementia detection.
Front Comput Sci 2021 May;3:624683 [FREE Full text] [doi: 10.3389/fcomp.2021.624683] [Medline; 34046588]

XuY, Tong M, Ming W, LinY, Mai W, Huang W, et al. A depth camera-based, task-specific virtual reality rehabilitation
game for patients with stroke: pilot usability study. IMIR Serious Games 2021 Mar 24;9(1):€20916 [ FREE Full text] [doi:
10.2196/20916] [Medline: 33759795]

Abbreviations

DL: deeplearning
UEQ: User Experience Questionnaire

Edited by T Leung; submitted 28.06.22; peer-reviewed by P Ng; comments to author 13.08.22; revised version received 02.09.22;
accepted 28.10.22; published 24.11.22

Please cite as:

Nunes M, Teles AS, Farias D, Diniz C, Bastos VH, Teixeira S

A Telemedicine Platformfor Aphasia: Protocol for a Development and Usability Sudy
JMIR Res Protoc 2022;11(11):e40603

URL: https://www.researchprotocols.org/2022/11/e40603

doi: 10.2196/40603

PMID:

©Monara Nunes, Ariel Soares Teles, Daniel Farias, Claudia Diniz, Victor Hugo Bastos, Silmar Teixeira. Originally published
in IMIR Research Protocols (https://www.researchprotocols.org), 24.11.2022. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work, first published in IMIR Research Protocals, is
properly cited. The complete bibliographic information, alink to the original publication on https://www.researchprotocols.org,
aswell asthis copyright and license information must be included.

https://www.researchprotocol s.org/2022/11/e40603 JMIR Res Protoc 2022 | vol. 11 | iss. 11 | e40603 | p. 8

RenderX

(page number not for citation purposes)


http://dx.doi.org/10.3233/THC-202333
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32804107&dopt=Abstract
http://dx.doi.org/10.3109/09638288.2015.1096969
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26505323&dopt=Abstract
https://games.jmir.org/2022/2/e30196/
https://games.jmir.org/2022/2/e30196/
http://dx.doi.org/10.2196/30196
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35389349&dopt=Abstract
https://europepmc.org/abstract/MED/32585117
http://dx.doi.org/10.1044/2020_AJSLP-19-00093
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32585117&dopt=Abstract
http://dx.doi.org/10.9781/ijimai.2017.09.001
https://europepmc.org/abstract/MED/34046588
http://dx.doi.org/10.3389/fcomp.2021.624683
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34046588&dopt=Abstract
https://games.jmir.org/2021/1/e20916/
http://dx.doi.org/10.2196/20916
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33759795&dopt=Abstract
https://www.researchprotocols.org/2022/11/e40603
http://dx.doi.org/10.2196/40603
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

