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ABSTRACT

Mobile health (m-Health) has emerged as a rapidly developing area that is transforming clinical
research and health care on a global scale. In this paper, we describe a conversational app for the
therapy of stroke rehabilitation. The main objective of the conversational app is to help recovering
cognitive abilities of patients by means of a set of proposed exercises, which are divided into 8 cat-
egories focused on specific abilities. These categories have been defined after a detailed review of
the guidelines for rehabilitation and training therapies. In addition, the application integrates a mul-
timodal conversational interface to facilitate human-computer interaction, which has been specially
designed for the elderly and patients with motor or visual or disabilities. The exercises provided by
the application can be easily adapted to the specific users’ requirements and preferences by means of
the incorporation, deletion or modification of routines stored into a specific database isolated from
the logic of the application.

Keywords Ambient Assisted Living · M-health · Stroke · Conversational interfaces · Mobile devices · Multimodal
interaction.

1 Introduction

Stroke is a brain injury that is caused by the reduction or occlusion of blood flow in any area of the brain. More
than 120,000 people suffer a stroke in Spain each year. In 2018, it was the first cause of mortality in Spanish women
and the second among men1. Strokes can occur at any age, and it is one of the ten most frequent causes of children
mortality, although the risk increases for people older than 55. Mortality in recent years has been reduced, while
the number of people suffering from a stroke has increased and will continue to rise: an increment of 27% has been
estimated for the next 25 years, although 90% of cases can be prevented2. Most people who suffer from stroke have
sequels, either on physical or psychological levels: Motor control (affecting the mobility of the patient, paralysis,
involuntary movements, etc.), communication (affecting both verbal and written language), cognition (affecting the
ability to learn, reflect, decide and reason), behavior (affecting emotions and personality), and information reception
(affecting the patients’ five senses).

The type and extent of the sequels after a stroke depend on the areas of the brain damaged and the extent of the damage.
There are different ways in which the patient can rehabilitate and recover damaged abilities based on different types of
therapies: orientation to reality, reminiscence, language stimulation, stimulation of care processes, etc. The increase
in computing performance and mobile connectivity have strengthened the possibilities for mobile health technologies
(m-Health).

Conversational interfaces in healthcare provide a more intuitive and natural and intuitive human-machine interaction
[1, 2]. In addition, these interfaces allow the combination of spoken, visual, and tactile input and output modalities
currently available in widespread devices (e.g., smartphones and tablets) [2]. These factors enrich the participation of
patients in their own treatment process, increase and personalize the assistance provided in healthcare services, and
improve the patients’ outcomes.

In this paper, we present a conversational app for the therapy of stroke rehabilitation in the Android operating system,
which main objective is to help stroke patients in their non-pharmacological rehabilitation by stimulating the brain
with different kinds of exercises to recover forgotten and damaged skills. The exercises provided by the app have been
classified into eight modules, each of them aimed at a group of abilities that may be affected by this disease: language,
cognitive, executive functions, orientation, attention, emotional self-control, gnosia, and mobility.

The rest of this paper is organized as follows. Section 2 presents the related work and motivation of our proposal.
Section 3 details the multimodal mobile application developed for helping patients who have suffered a stroke. Section
4 shows the experimental process followed to assess the app and the results that have been obtained. Finally, Section
5 summarizes the main conclusions and future research guidelines.

2 State of the art

Figure 1 shows the main types of strokes (ischemic strokes and cerebral hemorrhages). As can be observed, the
types of strokes and their sequels can be classified into two large groups: ischemic stroke and cerebral hemorrhages.

1Federación Española del Ictus (Last access: May 2019). Available: https://ictusfederacion.es/infoictus/codigo-ictus/
2World Stroke Campaign (Last access: May 2019) Available: https://www.worldstrokecampaign.org/
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Ischemic stroke is the partial or total obstruction of one or several arteries that carry blood from the heart to the brain.
This causes an insufficiency of the blood supply by suspending the flow of oxygen and nutrients necessary to maintain
the functioning of the brain cells. They represent between 80-85% of all strokes. Two main types are considered:
focal cerebral ischemia and transient ischemic attack. The former affects only a part of the brain when a blood clot
has obstructed a brain vessel. The latter is reversible and there is no neurological deficiency when it ends.

Figure 1: Outline of the main stroke types

After suffering a stroke, in the majority of cases, patients need non-pharmacological rehabilitation, since they need to
recover skills that they have forgotten or that have been damaged after the stroke. These skills can be classified into3:

• Motor control: sphincter control, paralysis of the limbs, hemiplegia, hemiparesis, dysphagia, spasticity, etc.

• Verbal and/or written communication: aphasia (problems to understand verbal language), alexia (awkward-
ness to read), anomia (problems to recognize everyday objects), dysarthria (difficulty in articulating sounds
and words), dysphonia (problems in the vocal cords that make it difficult to emit a voice).

• Cognition: Cognitive problems can affect learning, reasoning, memory, problem solving, decision making,
etc.

• Conduct: Patients who have suffered a stroke may have an emotional imbalance, laughter, sudden crying or
depression. In addition, they usually present problems in their daily lives activities that make frustrate them.

• Information reception: It affects sensitive human channels, such as balance, view, hearing, touch and smell.

Patients are taught new ways to perform tasks to compensate the damage caused by stroke. Professionals confirm
that for a good rehabilitation, prescribed tasks must repeated to stimulate the brain areas affected. The tasks will be
progressively complicated, until the patient has enough autonomy.

There are several non-pharmacological techniques for the recovery of patients. Reality-oriented therapies help patients
to achieve a greater interpretation of what surrounds them, increasing self-esteem and feeling of control. It enables the
patient to be aware of their spatial, temporary, and personal orientation. Reminiscence therapy help patients to improve
their memory, especially by stimulating past events and reviewing their autobiography. Patients are encouraged with
questions, photographs or videos of their past, objects that have had a relationship with them, etc.

Language stimulation therapies preserve and increase verbal comprehension. In these therapies, patients need to work
especially the attention tasks, which are applied at different levels (basic, sustained attention, selective attention, or
divided attention).

3National Institute of Neurological Disorders and Stroke (https://www.ninds.nih.gov/) (Last access: May 2019).
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The range of possible applications of conversational interfaces in Ambient Assisted Living (AAL) has been consid-
erably extended during the last two decades [3]. Current application domains include the provision of services to
change dietary behaviors [4], monitor chronic symptoms [5], provide counseling [6], act as interviewers [7], promote
medication adherence [8], detect early potential health disorders or diseases [9], assist on speech therapies [10], etc.

The previously described application domains of healthcare conversational interfaces usually require maintaining a
continuous relationship with patients in treatments that may require a long time of care, may involve changes in
patients’ habits or behaviors, continuous monitoring of chronic diseases, or require helping and assisting them with
specific therapies. This continuous relationship implies that dialogs must manage persistent extensive and information
about the different patients’ interactions with the conversational interface. To enhance this relationship, recent projects
have been focused on key aspects of multimodal human-computer interaction, such as memory, proactivity, cognition,
social acceptance, memory, continuous learning, affective and emotion recognition [11, 12].

Sánchez-Rodríguez et al. have recently provided a detailed review of mobile applications within the field of neurore-
habilitation [13]. Although a total of 69 apps were selected, only 11 apps were specifically designed for neurorehabil-
itation and just only one was specifically aimed to patients with stroke.

3 The BrainIct App

As described in the previous section, multimodal conversational interfaces require different modules to deal with
the recognition, understanding, management, fusion and synthesis of the different input and output modalities. The
interaction context is also modeled as key information source that can be unobtrusively acquired using the sensors
supported by mobile devices with the Android OS.

In addition to the speech recognition capabilities that are supported by Android devices, it is possible to develop An-
droid applications providing speech interaction (input and output) using the Google Speech API (android.speech). Us-
ing this API, speech recognition can be carried out using a RecognizerIntent, or by means of an instance of SpeechRec-
ognizer. The first option initiates the intent and manages the results to complete the recognition, and provides informa-
tion about the ASR process (e.g., ready to recognize, errors detected, etc). The second option allows a more accurate
processing of the speech recognition process by providing developers with a set of recognition events. In both cases,
the results are provided by means of an N-best list with confidence scores.

The classes and interfaces required to provide text-to-speech synthesis are provided by the android.speech.tts package.
This software is used to initialize the TTS engine, control the events related to the the synthesis of a speech utterance,
return the synthesized data using the TTS engine, etc.

The dialog interface of the application has been developed by means of the integration of the Dialogflow API4. Di-
alogflow is a Google web service to develop simple conversational agents using natural language interaction. It
currently offers support for statistical natural language processing (intents and entities recognition) in 18 languages.

The exercises offered by the application were defined after a detailed review of the main guidelines that describe the
set of recommended activities and exercises that should be performed by patients who have suffered a stroke and
caregivers to promote the recovery of skills that have been damaged or forgotten. The set of exercises has been divided
into 8 categories, each one focused on recovering a specific ability:

• Language module: One of the most affected abilities is related to the alteration of oral and/or written lan-
guage (e.g., difficulties to find the words to continue a conversation, change words by other that sound sim-
ilarly, problems to repeat words, etc.). In addition, problems with expressive language can be emphasized
by troubles to understand them. Figure 2 shows different exercises in this module: to provide a set of words
that must start with a given letter (Figure 2(a)), provide a set of words related to a specific description or
given condition (Figure 2(b)), read a sentence shown at the screen using also the automatic speech recognizer
(Figure 2(c)).

• Cognitive module: This category of exercises is focused on recovering the knowledge acquired over time
(e.g., memory, intelligence, recognition of nearby people, lack of attention or interest, lack of feelings, etc.).
Figure 3 shows different exercises included in this module: to answer several questions about a text (Figure
3(a)), to remember events or daily-life situations, to correctly write a series of words provided by the TTS
engine (Figure 3(b)), to select an image that is not related to others provided (Figure 3(c)).

• Executive functions module: The decrease in the capacity of the ideomotor, constructive, and/or ideational
praxia makes very difficult to carry out simple gestures, use everyday objects appropriately, reduces drawing

4https://dialogflow.com/. (Last access: May 2019).
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Figure 2: Screenshots of exercises included into the language module

Figure 3: Screenshots of exercises included into the memory module

and writing skills, and affect coordination skills. Figure 4 shows different examples of exercises included in
this module: to continue a series with the correct option (Figure 4(a)), to drag coins required to pay a specific
amount (Figure 4(b)), or to arrange 6 jumbled images to describe a story (Figure 4(c)).

Figure 4: Screenshots of exercises included into the executive functions module

• Orientation module: Another main symptom after suffering a stroke is disorientation at three main levels
(temporal, spatial, and personal). Figure 5 shows different examples of exercises included in this module:
answer questions related to temporal disorientation (Figure 5(a)), select the picture that shows the time in
which an activity is carried out usually (Figure 5(b)(c)).

• Attention module: This disease also affects the ability to voluntarily refer and apply understanding to a
specific objective. Figure 6 shows examples of exercises in this module: to arrange a set of 12 images by
dragging them to the correct positions (Figure 6(a)(b)), to select the set of pictures that fulfill the conditions
described in the exercise (Figure 6(c)).

• Emotional Self-Control module: This disease also affects patients’ emotional balance. They may present
laughter, sudden crying or depression, changes in their behavior and frustration because they can not solve
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Figure 5: Screenshots of exercises included into the orientation module

Figure 6: Screenshots of exercises included into the attention module

daily life activities. We have integrated a set of dialogs related to these kinds of activities that are automati-
cally completed and assessed using the dialogflow service.

• Gnosia module: Gnosia allows to use our senses to recognize sounds, faces, smells, colors, tastes, shapes,
etc. Figure 7 shows different exercises include in this module: to write the color corresponding to daily
objects (Figure 7(a)), to recognize the mood of a person (Figure 7(b)), to select the set of pictures included
into a specific category (Figure 7(c)).

Figure 7: Screenshots of exercises included into the gnosia module

• Mobility module: This module is closely related to the previous one. The main objective is to help patients
performing exercises that allow them to dress or undress, improve the movement of an arm or a leg, tie
shoelaces, walking, etc. We have integrated a collection of videos describing this kind of exercises, which
are reproduced using the Youtube Android Player API.
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4 Preliminary evaluation

The preliminary assessment that we have completed is focused on the usability, rehabilitative potential and technical
quality of the conversational app using the opinions of caregivers and professionals.

4.1 Usability assessment of the app

The usability assessment of the multimodal interaction with the conversational application has been completed using
the evaluation questionnaire that is described in Table 1. This questionnaire is based on different standards defined
for the evaluation of multimodal interfaces, such as SASSI [14] and AttrakDiff [15]. A Likert scale has been defined
to evaluate each one of the 10 questions included in the questionnaire, in which 1 denotes strongly disagreement and
5 denotes strongly agreement. The evaluation was completed by 10 native Spanish users who have not previously
suffered a stroke (6 women, 4 men, aged 83 to 54, avg. age 67.3).

Table 1: Questionnaire designed for the usability assessment of the developed conversational app

Table 2 shows the results of the subjective evaluation using the described questionnaire. We can observe that the
participants’ previous experience using multimodal interfaces is very varied, as our objective was to evaluate the
system with users with different degrees of familiarity with these systems.

The results of the subjective assessment using the previously described questionnaire are shown in Table 2. As can
be observed, the users that participated in the evaluation have a varied experience using multimodal interfaces, which
makes possible to evaluate the conversational app with different degrees of familiarity with these applications.

Table 2: Results of the usability assessment of the app (For the mean value M: 1=worst, 5=best evaluation)
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Regarding the question related to the level of understanding by the system, users evaluate this factor with a very good
performance (4.94 out of 5). Users also evaluated that the system responses were understandable (4.78 points out of
5). We use the standard Spanish voice provided by Android.

The interaction rate was also assessed as usually adequate. Several users reported that they would prefer the barge-
in mode activated when using speech interaction. Occasionally, the interaction rate was considered slow if a big
transaction data was done in the database repositories, but overall, the interaction rate was considered rather fluid (4.61
over 5). Users did not perceive important recognition errors during their interactions with the app (4.74 over 5). With
regard the knowledge about the next action to complete during the interaction, the overall satisfaction was 4.81 over
5. Regarding the assessment of the rehabilitative objective, users overall considered that the proposed exercises were
oriented to improve the condition of stroke patients and they were adapted to the different damage abilities (4.77 over
5).

4.2 Assessment with professionals and caregivers

We have completed an additional assessment of the conversational interface with the participation of 6 professionals
and caregivers. The main aspects that were evaluated included the technical quality, naturalness, and benefits of the
app for stroke patients. Table 3 shows the questions included in the questionnaire defined for the evaluation, in which
the previously described Likert scale was also used. An additional open question was included to rate the system from
0 to 10 and provide additional remarks.

Table 3: Questionnaire designed for the evaluation of the app with professionals and caregivers

Table 4 shows the results of this evaluation. Users provided a high satisfaction rate with technical aspects. They also
perceived the main benefits of the app and relevance of the proposed activities to help patients who have suffered a
stroke. The experts also considered the app adequate and attractive. The overall rate for the system was 8.6 (on a scale
of 0 to 10).

The open question was used to point out desirable improvements. One suggestion was to change the push-to-talk
interface by the possibility of the app constantly listening during the spoken exercises. They also proposed creating
a website that would allow users to propose new exercises and different difficulty levels. Similarly, they suggested
including new categories of exercises not yet considered in the application. Newly-proposed workouts and exercises
should be reviewed by an expert before being incorporated to the application in order to ensure that they are safe to be
completed by stroke patients.
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Table 4: Results of the evaluation of the application by caregivers. For the mean value M: 1=worst, 5=best evaluation

5 Conclusions and future work

We have described a mobile conversational interface designed to help patients recovering after a stroke. The multi-
modal interface provided by the app allows the combination of several input and output interaction modalities that are
very useful for older people and patients with motor or visual disabilities. The set of proposed exercises currently pro-
vided by the app has been evaluated as relevant for post-stroke rehabilitation in the preliminary evaluation completed
by older adults, professionals and caregivers.

As future work, we want to conduct a more detailed assessment of the app with patients who have suffered a stroke.
We also want to extend the the app with the ability to recognize and act upon the users’ emotional states.
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