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Abstract

Heart disease is one of the most prominent silent killers in the world. Treating the heart disease health problems is considerably
costly. In the era of the 4 Industrial Revolution (4IR), heart patients are now able to monitor their heart conditions using heart
disease monitoring applications on any mobile devices. Usability factors such as ease of use, ease of learning, efficiency, flexibility
and the attitude of users towards the applications are deemed important in determining the usability of such mobile applications.
This paper employs a systematic literature review method in analyzing 1,339 relevant articles. Based on the review, this paper
theoretically contributes by proposing a conceptual model that integrates haptics tactile feedback into heart disease monitoring
mobile applications with the aim of enhancing the usability of the heart disease monitoring mobile applications. This is expected
to lead to ease of health monitoring by both patients and health professionals, and potentially reduce the frequency of visits to
hospitals and the cost of medical expenses. This paper also investigates the potentials of haptics tactile feedback in the forms of
vibration, pressure, touch, texture, and movement when users are interacting with the applications.

© 2019 The Authors. Published by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
Peer-review under responsibility of the scientific committee of The Fifth Information Systems International Conference 2019.

Keywords: Heart Disease; Usability Factors; Health Monitoring Application; Haptics Tactile Feedback

* Corresponding author. Tel.: +62-813-6857-7423.
E-mail address: sobri@binadarma.ac.id

1877-0509 © 2019 The Authors. Published by Elsevier B.V.

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

Peer-review under responsibility of the scientific committee of The Fifth Information Systems International Conference 2019.
10.1016/j.procs.2019.11.240


http://crossmark.crossref.org/dialog/?doi=10.1016/j.procs.2019.11.240&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/

Muhammad Sobri et al. / Procedia Computer Science 161 (2019) 1258—1265 1259

1. Introduction

Heart disease is one of the most prominent silent killers in the world [1, 2]. According to [3], from the medical
perspective, the symptoms of heart disease include tightness of the chest which indicates coronary heart problem,
irregular heart beat levels for patients with heart disease and shortness of breath for patients with heart failure. There
are various types of heart disease but for this study, the scope is a common heart ailment and the most common is
coronary heart disease. Among the contributing factors for coronary heart disease are high levels of cholesterol,
diabetes, hypertension, obesity, smoking, lack of exercise, and aging processes [4].

For treating heart disease, it involves high medical expenses. In the United States of America, the cost of treatment
for 30 days of care could go as high as USD $ 22,416 [5] while in countries such as Indonesia the costs could reach
up to Rp 80 Million for stent (heart ring installation operations). In the era of the 4th Industrial Revolution (4IR), heart
patients could easily monitor the health condition of their heart using mobile applications. There are a plethora of
heart disease monitoring mobile applications available and offered on major platforms such as Google Play and Apple
App Store [6, 7]. They are either available as paid applications, on subscription basis or available for free but with
limited features. In order to increase the use of these applications by heart patients, the usability factors need to be
emphasized during the system development process. According to [8], among the usability factors required out of
heart disease monitoring mobile applications are (i) easy to use, (ii) usefulness and problem solving capabilities, (iii)
accuracy and clarity of presentation, and (iv) satisfaction with use and design. Other factors include ease of learning,
effectiveness, flexibility, and attitude of user [9].

This paper proposes a model to integrate haptics tactile feedback with the purpose of enhancing the usability of
heart disease monitoring mobile applications based on relevant literature reviews such as to (i) increase the usability
of applications [10], (ii) reduce medical expenses [11], (iii) reduce treatment time [12], and (iv) ease of health
monitoring [13].

This paper begins with a brief discussion on the research methods. It continues with a review of literature on haptics,
heart disease monitoring technology and then proceeds with proposing and discussing on the integration of haptics
tactile feedback into heart disease monitoring mobile application. The paper wraps with a brief conclusion and salient
points for further research.

2. Materials and methods

This research followed a systematic literature review (SLR) methodology [14]. SLR consists of three (3) phases:
(i) planning phase, (ii) conducting phase, and (iii) reporting phase. The planning phase was conducted in order to
understand the issues related to heart desease, heart disease monitoring mobile applications and the trend of haptics
tactile feedback for health monitoring. In the conducting phase, relevant articles were identified and retrieved from
reputable online databases are Science Direct, IEEE, and BMC (BioMedCentral) using keyword phrases “usability”,
“heart disease”, “haptics in health monitoring”, and “mobile applications”. Articles published from the year 2014 until
2018 are considered relevant articles for analysis. The search results yielded 1,339 articles. The articles were read
mainly for the abstracts, results, discussions, number of citations and year of publication and are conducted using a
similar protocol by [15], so that there are 29 articles that will be composed of 3 parts, 7 articles to haptics and its
potential in health monitoring applications, 6 articles to heart disease monitoring applications and technology, and 16
articles to usability factors.

In the reporting phase, the literature from the haptics and heart disease monitoring technology domains were
analysed and synthesized in order to propose a model of haptics tactile feedback to enhance usability of heart disease
monitoring mobile applications. The reviewed articles are discussed based on the following sub-topics: i) haptics and
its potential in health monitoring applications, ii) heart disease monitoring applications and technology, and iii)
usability factors.
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2.1. Haptics and its potential in health monitoring applications

Studies by [16, 17, 18] state that haptics technology is a form of human interaction by adding sensations,
particularly in the form of pressure, vibration, touch, and texture or movement to users when they interact with the
application. Tactile countermeasures are a kind of haptic countermeasure. Haptics feedback can be classified into two
categories: (1) haptics kinesthetic in general, a kinesthetic response can be felt by a sensor in the muscles, joints,
tendons in the limbs such as the arms and hands. For example, holding a cup of coffee in hand, with a kinesthetic
response, we can feel the weight of the cup in comparison with our body. (2) For haptics tactile countermeasures too,
it may be felt on the surface of the tissue and finger skin. There are several sensors located on the finger tissue so that
the brain may feel and react to such as vibration, pressure, touch, and texture.

Based on relevant literature review, some of the haptics potentials are: (i) Enhances user-experience, through
haptics sensation, along with its audio and visual setup, users would feel the experience a realistic environment, feeling
the action of the application being used, and etc. For instance, in gaming applications, the user feels a vibration when
a car collided with another car [18], (ii) Low-cost treatment, in which researcher such as [11] made an embedded
haptics arm vibrotactile drive with a low cost of USD 8 for each haptics arm to help stroke patients make easy repetitive
movements, (iii) Increase the speed of recovery, where researcher [12] made a preliminary ranking exercise for the
treatment of osteoarthritis patients to reduce knee care through haptics feedback used behind the knees and legs in
various parameters of kinematic forces involving a combination of kinematic changes in the tibial angle, foot
development, and the angle of the stem drum. The results of the investigation may be an option to reduce the knee
pains, (iv) Training tool for the post-stroke recovery, where researcher [19] made virtual reality and haptics as a
training tool for post-stroke recovery which the results of improved studies were found to be in good manual dexterity
and grip power in activities that were previously impossible to do, and (v) Simulation tool before the surgery, where
researcher [20] realized a simulation of cutting teeth operation using haptic displays and microcomputers before
performing dental surgery whose results are stable and realistic in one dimension and may be extended to three
dimensions. Of the few studies gathered about haptics feedback potentials in the field of health, studies that focus on
haptics feedback for heart disease monitoring is still lacking.

Based on research [16, 17, 18], haptics interface is part of the haptics mechanism and it consists of: (i) haptic
interface, (ii) sensor, (iii) haptic rendering, and iv) actuators. Sensor works to detect information provided by user’s
finger through haptics interface and send it to haptics rendering. It then performs algorithm conversion process
obtained from sensor containing patient health information and the last actuator displays it through the haptics
interface.

2.2. Heart disease monitoring applications and technology

There are a number of relevant past studies on heart disease monitoring applications, technology and some relevant
heart disease applications on i0S, Android and other platform are also reviewed. However, very limited of these
studies are focusing on the usability and haptics factors. Instead, the focus was mostly on the technological features
of the heart disease monitoring factors. For example, [21] developed Support-HF which provides tablet computers for
heart patients that are available commercially to monitor blood pressure and heart rate, weight, and pulse oximeter for
oxygen saturation measurement. Another, researcher came up with HeartMapp as a point of monitoring system to
connect between patients and care providers on self-care and monitoring and improve communication with the
providers [22]. [23] built CHWs, covers blood pressure monitoring, body mass index and weight. Meanwhile,
researcher [24] developed CONNECT, covers to heart record, diagnosis of heart disease risk and its treatment. [25]
developed Mobile Pulse Waveform Analyzer to cardiovascular health monitoring based on electrocardiogram (EKG),
blood pressure and weight. Lastly, [26] built a Mobile Machine-Learning Model for Monitoring Cardiovascular
Disease (M4CVD) specifically for mobile devices that facilitate the monitoring cardiovascular disease.
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Table 1. Previous Researchers and Available Applications on iOS, Android others Platform for Heart Disease.

Application Usability Factors Haptics Factor Platform
Researchers /
Developer
[21] The Support-HF Ease of use Touch Android
[22] HeartMapp Ease of use and flexibility Touch and Color Android
[23] CHWs Ease of use and efficiency Touch The online
CommCareHQ platform
[24] CONNECT Flexibility Touch Multi Platform
[25] Mobile Pulse Waveform  Efficiency Pressure and Vibration  iOS and Android
Analyzer
[26] M4CVD Efficiency Just Concept A commercial wearable
Sung Do Kim Cardiac Diagnosis Ease of use Touch and Color Android (free)
BigBig Studio iCare Health Monitor Ease of use and flexibility Touch and Pressure Android (free)
PVDApps Heart Rate Plus Ease of use Touch iOS and Android (free)

Based on the findings summarized in Table 1, previous researchers and available applications on i0OS, Android and
others platform are not considering the usability factors and haptics elements in their mobile applications.

2.3. Usability factors

Usability is defined as measurement of the quality of a user’s experience when interacting with a product or system
[27, 28]. While, ISO 9241-11 defines usability as the extent to which a product can be used by specified users to
achieve specified goals with effectiveness, efficiency and satisfaction, in a specified context of use [29]. Usability
factors for this research extends [29] standard definition of usability to include ease of use, ease of learning and attitude
of users as illustrated in Fig. 1.

Ease of
[se
Fase of Altitude
Learning Usability of Users
Factors
Efficiency Flexibility

Fig. 1. The Common Usability Factors Identified from the Literature [30].

According to some researchers such as [31], ease of use is the extent to which a person believes that using a
particular technology will require as less effort as possible (i.e., cognitive and physical efforts in learning how to use
the system). [32] argues that ease of use is which an invention is seen as being not too difficult to understand, learn or
operate while [33] claims that interaction with the system is easy when getting the system to do what is required. [21]
apply the aspect of ease of use into health monitoring applications and define ease of use as the application be easier
to use by patients and doctors when compared to other applications. Ease of learning is the ease with which beginner-
level users can learn to interact with the system [34, 35, 36, 37, 38, 39].
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Efficiency is conceptualised as the degree to which specified users can achieve specified goals with accuracy and
completeness in a specified context of use [28, 34, 35, 37, 39, 40]. Flexibility on the other hand provides many ways
for users and systems to exchange information [41, 42]. Lastly, attitude of users is the evaluation tso know the user's
desire to use the product or not, and their satisfaction level in using the system [28, 37, 39, 43, 44]. While the discussed
usability factors are not specific to heart disease applications only, they are considered relevant for this research as
well. Table 2 summarizes the usability factors from the perspectives of extant studies.

Table 2. Usability Factors [30].

Usability Factors ~ Researchers

Ease of use [21][31] [32] [33]

Ease of learning [34]1[35][36] [371[38][39]
Efficiency [28] [34] [35] [37][39] [40]
Flexibility [41][42]

Attitude of Users  [28] [37] [39][43] [44]

Based on the findings summarised in Table 2, not many previous researchers have used all the five factors in
studying about usability. Thus, to make the study on usability factors on heart disease mobile applications more
holistic and comprehensive, this research intends to integrate as many as possible usability factors. However, due to
space limitations, this paper will cover only five of the usability factors.

3. The proposed integration of Haptics Tactile Feedback Model into Heart Disease Monitoring mobile
applications

Based on the literature review findings presented in the previous section, this part of the paper discusses and
proposes on how haptics tactile feedback can be integrated into the heart disease monitoring mobile applications in
order to improve usability of application. The proposed haptics tactile feedback model, adapted and updated from [30]
had three key components: (i) input components consists of haptics interface, (ii) process components (i.e. the haptics
factor) consists of sensors, haptics rendering, and actuator, and (iii) output components of the haptics tactile feedback
consists of vibration, color, and information and usability factors (ease of use, ease of learning, efficiency, flexibility,
and attitude of users). The proposed haptics tactile feedback model in heart disease monitoring mobile application is
shown in Fig. 2.

INPUT PROCESS ouTPUT

COMPONENT COMPONENT COMPONENT 1

vibration I Ease of
Use
4 Interface Tactile i Learmning
+ = Feedback
Effectivensss
HAPTIC i - .
= RENDERING

Flexibility
h

i
!
Sad
i | Usability ;
e Attitude of
ACTUATOR Factors S s

Part of Component / Usability

==w Haptic Mechanism

—# Influence of

Fig. 2. The Proposed Haptics Tactile Feedback Model in Heart Disease Monitoring Mobile Application.
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3.1. Haptics interface as input components

The input component for heart disease monitoring mobile application users will consist of a haptics interface.
Application that will be built later using haptics tactile feedback by utilizing existing media of smartphone are camera
and flash called photoplethysmography (PPG) capable to capture regular or irregular waveform output as captured by
the device from users finger for heart rate monitoring [45]. This haptics interface consists of haptics devices and
software-based computer control mechanisms. Based on research [16, 17, 18], haptics interface is part of the haptics
mechanism and it consists of: (i) haptic interface, (ii) sensor, (iii) haptic rendering and iv) actuators as shown in Fig.2
using dash arrows. In addition to the touch, patients can also check their health by filling out the symptom-based
checklist experienced to further obtain information before meeting their cardiologist for further medical checkup.

3.2. Process components

After users (heart disease patients) touched their finger into the haptic device via the haptics interface, the sensor
based on the research [16, 17, 18] sensor works to detect information provided by users finger through haptics interface
and send it to haptics rendering. It then performs algorithm conversion process obtained from sensor containing patient
health information and the last actuator displays it through the haptics interface to the users in the form of vibration
when moving to another a display, there is pressure when measuring e.g., heart rate and blood pressure, there is touch
in each parts of the application, and there is difference in each parts of the application when in touch.

3.3. Output components

This paper proposes haptics tactile feedback model which gives feedback on vibration after the users (i.e., the heart
disease patient) presses the button between the interface of haptics and accepts the reply in the form of color
information (red, orange or green) of blood pressure and heart rate. Besides that, the patients will also get information
in the form of vibrations featuring reminder alert to take medicine on time, and reminder alert to notification to
complete the schedule to meet their cardiologist. For example, if a patient gets a red color indication, it could mean
the system has detected sickness and thus, an urgent notification to seek immediate treatment will be pushed to the
patient. If the notification turns to orange color, this could mean the patients to be cautious, restful and take the
prescribed medicines. When a green notification is produced, it means a positive health indication and ask the patient
to maintain their health, monitor their intake of food and continue taking the medicine. Thus, the form records that are
reserved using the haptics tactile feedback will be able to enhance the usability factor that is compatible with the users
to monitor the heart's own health.

4. Conclusion

This paper proposes how applying haptics tactile feedback model to enhance the usability of heart disease
monitoring mobile applications for heart disease patients. By applying tactile feedback to enhance usability in the
design of heart disease monitoring mobile applications, it can potentially increase the level of usability of the heart
disease monitoring mobile applications by heart disease patients and their cardiologists. This research contributes to
the knowledge of the application of haptics tactile feedback to enhance the usability in heart disease monitoring mobile
applications that is currently understudied. The limitation of this research is that the proposed model has yet to be
validated by the heart patients and cardiologists. Future research will follow Design Science Research (DSR)
methodology and could embark on validating the proposed model by conducting empirical data collection to
understand how and where patients require haptics tactile feedback in their heart disease monitoring mobile
applications. In addition, a prototype will also be built based on the proposed model in order to evaluate and verify
the suggested solutions.
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