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1  INTRODUCTION

Throughout our lives, we go through different stages of development that play
a fundamental role in our identity and growth. From infancy to old age, we expe-
rience remarkable changes in physical, emotional, and social aspects. Childhood is
characterized by rapid growth and development, providing us with social, cognitive,
and emotional skills that will accompany us throughout our lives. In adolescence,
characterized by physical and emotional changes, we begin to explore emotions and
form meaningful relationships that can last a lifetime [1]. Adulthood is characterized
by making important decisions about work, family, and lifestyle, and by gaining
experiences that allow us to face challenges with resilience.
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Finally, old age, a natural aging process, brings physical and mental changes, but
can also be a time of wisdom, reflection, and gratitude. Staying physically and mentally
active and enjoying meaningful relationships and experiences is essential at this stage.

However, aging can also bring challenges such as reduced mobility, memory,
and overall health, which can lead to a loss of independence and the need to rely on
others for daily activities [2]-[4]. In this context, technology can be an invaluable ally.
Assistive devices, such as hearing aids and prosthetics, improve hearing and mobility,
while apps and online platforms keep seniors connected to friends and family and
encourage mental activity [5]-[10]. In addition, technology provides access to health,
education and entertainment services that contribute to lifelong learning and enjoy-
ment [11]-[18].

Today, the world is experiencing a rapidly aging population. According to the
World Health Organization, the number of people aged 60 years and older is pro-
jected to double by 2050, from 900 million in 2015 to approximately 2 billion [19].
Given the challenges faced by older adults, especially in the context of the COVID-19
pandemic, we propose the development of a mobile application that functions as
an emotional and physical tool for this demography. This application would provide
resources and services to help older adults stay active, connected, and healthy. For
example, it could offer physical and mental exercise suggestions to maintain mobility
and mental agility, health tracking tools to monitor vital signs, nutrition and dietary
information, and social connectivity features to stay in touch with friends and family.

This research makes three fundamental contributions: first, it presents a mobile
system designed to foster autonomy and active aging in older people, addressing
psychosocial problems such as loneliness and isolation, especially critical in health
crisis situations; second, it emphasizes the importance of accessible and customiz-
able interfaces that allow this demographic group to make informed decisions about
their health; and finally, it proposes a comprehensive evaluation of the effective-
ness of digital interventions and underscores the relevance of adapting these tech-
nologies to different cultural contexts, exemplified by their implementation in the
Republic of Panama, in order to better understand the specific needs and obstacles
faced by older adults in diverse cultures.

This article is structured as follows: Section II outlines the related works and the
motivation behind the conducted study. Section III elaborates on the methodological
procedure employed for the study’s development. In Section IV, the testing process
and initial findings are explained. Section V engages in a discussion of the primary
discoveries. The conclusions drawn from this study and potential avenues for future
research are presented in Section VI.

2  BACKGROUND

Technology has emerged as a key tool in healthcare to improve medical care,
disease prevention, diagnosis, treatment, and patient recovery. Mobile computing,
using mobile devices such as smartphones and tablets, has played an important role
in healthcare, allowing patients to monitor their health in real time, access their
medical information, and seek advice and treatment online [20], [21].

Wearable devices, such as smartwatches and activity monitors, also allow patients
to monitor their health and physical activity in real time [22]-[25].

The impact of technology has been so pronounced that many advances have
been made in education, with studies highlighting the benefits of online education,
access to educational resources through mobile devices, and personalization of edu-
cation to meet the needs of each student [26]-[34]. In addition, the technology has
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been applied in several locations, including the United States, the United Kingdom,
Ireland, Jerusalem, Beijing, Shanghai (Malaysia) and Hong Kong, where projects
have been undertaken to develop mobile applications for health telemonitoring,
the use of wearable devices such as medical monitors and fall detection systems,
mobile applications for mental illness and mobile applications to combat loneliness
[35]-[44]. These initiatives represent significant advances in the integration of tech-
nology into healthcare and education for the benefit of older people.

Therefore, mobile technology has emerged as a powerful tool for developing
healthcare applications for the elderly to improve medical care for this population.

This study is framed within the concept of active aging as suggested by the World
Health Organization (WHO), which defines it as “a continuous process of optimizing
opportunities to maintain and improve physical and mental health, independence and
quality of life throughout life” [45]. Dynamic aging implies engagement with society
and obtaining shelter, support, and protection. Its fundamental principles are health,
participation, and security. The health aspect is based on the prevention of diseases and
disability. Participation encompasses involvement in the workplace, volunteer activi-
ties and educational opportunities tailored to individual needs. The safety component
aims to ensure the physical and emotional well-being of older individuals [46], [47].

2.1 Related work

To ensure that the most relevant and appropriate articles on the target topics
were selected for this study, we established a set of criteria. These criteria were
based on factors such as content relevance, source quality, and authority, as well as
the publication date and current relevance of the topic being discussed. Based on
these criteria, we selected the most useful and trustworthy articles for reference. Our
selection criteria are listed in Table 1.

Table 1. Selection criteria

Search Criteria

Publication Type | Conference papers and journal articles

Language English

Year Range Published between 2015 and 2023 to ensure that the information gathered was
up to date

Search Engines PubMed, Mdpi, BASE, SCOPUS, IEEE Xplore

Topic Use of mobile technology as a support to improve quality of life

Here, we describe the articles that met the established criteria. Several studies
have been conducted on the use of mobile technology in healthcare for the elderly
population. In [48], the authors focused on the development of a mobile time-banking
system for community care of elderly people. This system allows community mem-
bers to exchange time and skills to help elderly people who require assistance with
their daily activities. It also aims to improve the quality of life of the elderly and
reduce the economic burden on formal caregivers. Another study [49] reviewed the
effectiveness of mobile health applications for the self-management of patients with
chronic obstructive pulmonary disease. The results indicated that mobile applica-
tions can be effective tools for improving quality of life and reducing symptoms in
patients with this disease. Patients who used mobile apps reported greater adher-
ence to treatment plans and better management of their health.
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The authors of [50] examined the acceptance of mobile technology among older
adults. They found that the acceptance of mobile technology varies among older
adults and depends on factors such as accessibility, ease of use, and perceived
value. Most older adults consider mobile applications to be useful for monitoring
their health. However, they have concerns regarding the privacy and security of
their personal information. Similarly, the authors of [51] focused on the relationship
between the use of mobile devices and loneliness among older adults during the
COVID-19 pandemic. The results indicated that the use of mobile applications can
reduce loneliness in older adults because it allows them to stay in touch with friends
and family, as well as to access information and support services.

Through a systematic review and meta-analysis, the authors of [52] evalu-
ated the impact of mobile applications on medication adherence in patients with
cardiovascular diseases. The results suggest that the use of mobile devices can
improve medication adherence, which can significantly affect the prevention and
treatment of cardiovascular diseases. Similarly, the authors of [53] conducted a
review and compared mobile health applications for elderly care. They identified the
common features of effective mobile applications for elderly care, including ease of
use, personalization, and accessibility. It was also found that mobile applications can
be useful for improving communication between patients and healthcare providers,
as well as for promoting a healthy lifestyle. Finally, the authors of [54] conducted
a systematic review of the design of persuasive features and interfaces in mobile
health applications for older adults. The results indicated that the design of mobile
device applications should consider the needs and preferences of older adults and
provide visual and auditory feedback, as well as customization options. Additionally,
the importance of careful evaluation of the impact of mobile health applications on
the health and wellbeing of older adults was emphasized. Table 2 shows each of the
approaches and functionalities used in the various studies cited.

Table 2. Summary of the approaches and functionalities in the cited works

Approach Functionality Reference
Mobile time banking system for Exchange of skills and time to support [48]
elderly care the elderly.
Mobile Health Apps for Chronic Obstructive | Improved COPD management [49]
Pulmonary Disease Self-Management and compliance.
Technology adoption among the elderly Useful for health monitoring; privacy concerns. [50]
Mobile apps to reduce loneliness in Reduces loneliness, promotes connectedness. [51]
the elderly
Mobile applications and medication adherence | Improves medication compliance. [52]
Comparative study of apps for Supports communication, health care [53]
elderly care Interaction.
Persuasive design in health apps for Tailored design, feedback, impact evaluation [54]
the elderly

2.2 Problem description and motivation

The issue addressed in this article focuses on the use of mobile technology in
the health care of older adults. The effectiveness of health apps in chronic disease
self-management, the acceptability of the technology among older adults, and the
potential benefits of this technology were examined. It also identified challenges
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such as developing effective and user-friendly mobile health applications, address-
ing privacy and security concerns, and ensuring equitable access to this technology.

According to data from Panama’s National Institute of Statistics and Census,
shown in Figure 1, the proportion of adults over 60 years of age in the population
continues to grow steadily and is projected to represent 24% of the total population
by 2050. This increase highlights the urgent need to address the emotional well-being
and quality of life of this growing population of older adults [55].
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Fig. 1. Percentage distribution of population estimates and projections by major age groups:
As of July 1, period 1960-2050 [55]

On the other hand, Figure 2 presents estimates and projections from the United
Nations, which indicate that by 2050, one in five people in the world will be 60
years of age or older. The aging of the population is not limited to Europe and North
America, but also extends to other regions of the world [56].
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Fig. 2. Percentage of population aged 60 years or over by region, from 1980 to 2050 [56]

Faced with this demographic reality, our project, which is at the intersection of
innovation and social relevance, seeks to explore how mobile technology can con-
tribute to improving the emotional and mental well-being of older adults in Panama.
Our goal is to promote an active and emotionally satisfying aging that meets the
needs of this growing population.
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3 MATERIALS AND METHODS
3.1 Methodology

The Kanban methodology was adopted in this study because it is a highly visual
methodology that allows us to obtain a clear and current view of the status of each
task, as well as the overall progress of the project. This facilitated decision making
and the identification of bottlenecks that could delay development [57]-[59].

Additionally, this methodology is highly flexible and adaptable, which is particu-
larly important for projects with relatively small teams. In the absence of a full team
for handling different responsibilities, Kanban enables a single person to manage
and assign tasks according to the capacities and schedules of individuals.

Moreover, Kanban focuses on a constant flow of work, that is, a developer can
always prioritize and work on the most important tasks for a project. Additionally,
Kanban facilitates the rapid identification and resolution of problems because tasks
are broken down into smaller and more manageable elements.

The Kanban methodology approach is based on a set of key suggestions, as shown
in Figure 3, that are designed to optimize work management and promote continu-
ous process improvement. These suggestions provide insights into how to effectively
approach work planning and execution to promote agility and efficiency. They are
described below:

e Visualize your work: Depict tasks on a visual board using cards that progress as
they are completed.

e Limit Work in Progress: Set limits on work in progress to maintain a steady flow
and avoid overload.

e Manage Workflow: Create columns that represent stages of the process by mov-
ing cards between them.

e Make rules explicit: Establish explicit rules for moving cards and making decisions.

¢ Study and implement feedback: Analyze metrics and feedback to adjust and opti-
mize the ongoing process.

{Kanban Methodology Approach}

Visualize your| |Limit work in Manage Make rules .St“dY and
work process workflow explicit implement
= DAY feedback

U : ) ook
W T_l=E' _!- =;' E_- (= @
- 59784 R

Fig. 3. Graphical representation of the Kanban methodology principles

3.2 Proposed architecture

The physical architecture of a mobile application refers to its physical structure
and arrangement of its constituent elements. Figure 4 illustrates how the proposed
mobile application is organized by highlighting the main components and their rela-
tion to each other. An optimal design is important for ensuring that the mobile device
application functions efficiently and effectively and meets the established objectives.
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The meticulous design of the physical architecture of our mobile application,
designed specifically to meet the needs of older users, has required extensive consid-
eration of a wide range of critical factors. Our efforts revolved around ensuring its
effectiveness and utility within this demographic niche. From the very beginning of
the development process, we placed the utmost importance on creating a structure
that provides a profoundly accessible and user-friendly experience. The result is a
thoughtfully streamlined interface, where each visual component is carefully sized
and designed to enhance legibility and clarity. This approach ensures that older
users are empowered to engage with the application intuitively and comfortably.

In addition, our design approach incorporates innovative elements that facilitate a
more seamless integration of the application into the lives of older users. Using subtle
but powerful design cues, we enable users to effortlessly navigate the interface by
tapping into their existing cognitive and motor patterns. This innovation comes not
from reinventing the wheel, but from optimizing the user experience based on a deep
understanding of the unique needs and challenges of this demography. In this way, our
application’s architecture serves as a bridge, combining advanced technology with the
real-world needs of older users in a way that is both groundbreaking and pragmatic.
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Fig. 4. Physical architecture
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Further, we describe how each component of the proposed architecture works.

User interface: The design of the application’s user interface has been carefully
woven around the specific needs of older adults, a group that is mostly over the
age of 60. We took on the challenge of addressing the common difficulties they face
when interacting with small visual elements or small buttons.

With this in mind, we have significantly increased the size of the buttons in the
application. This approach aims to provide not only a stronger presence, but also a
typography that allows for smooth and effortless reading. Recognizing that legibility
is a critical factor, we have carefully selected fonts that are easy on the eyes and
minimize eye fatigue.

The selection of icons in the interface has also been the subject of careful
consideration. Each icon was chosen with clarity and ease of interpretation in
mind. This choice results in an experience where visual elements intuitively
communicate their function, reducing the need to decipher or interpret ambigu-
ous symbols.

Similarly, the internal navigation of the application has been designed with the
intention of being a user-friendly guide. The visual hierarchy has been designed
to be consistent and accessible, and each step through the application has been
designed with clarity to minimize any potential for confusion. Our focus on design
is not limited to aesthetics but is firmly rooted in the ability to enhance the user
experience. Through these efforts, we aim to provide seniors with a platform that
not only meets their needs, but also allows them to explore and participate in a com-
fortable, rewarding, and enriching way. Figure 5 shows the visual representation of
the mobile application that is part of the presented architecture.

Deep breathing is one of the best
ways to reduce stress in the body.
This is because when you breathe
deeply, your body sends a
message to your brain to calm

Nadi shodhana or alternate
breathing is @ pranayama that
balances the right and left
hemispheres of the brain. The
name nadi shodhana comes
from Sanskrit, and is composed of

It consists of taking the air
towards our stomach when we
inhale. When we practice this
breathing we observe how our
stomach inflates when we inhale

down and relax. air.

nadi  meaning ‘channel and
shodhana, meaning  ‘purify,

cleanse'.

Fig. 5. Mobile interface of the application

Application Layer: The process of developing the mobile application was metic-
ulous, with careful attention paid to each stage of the project. Android Studio was
chosen as the central platform to bring the vision to life. The combination of Kotlin
and Jetpack Compose proved to be the ideal choice for implementing the user inter-
face, giving the design a contemporary and compelling dimension [60], [61].
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Architecture played a key role in the development, and the choice of the MVVM
architectural pattern was paramount. This approach allowed for a clear separation
of responsibilities, dividing the logic into Model, View, and ViewModel. The resulting
structure not only ensured organized and maintainable code, but also fostered effi-
cient collaboration among development team members [62].

A significant evolution occurred with the integration of Material 3 design compo-
nents. This addition not only improved visual consistency, but also gave the user inter-
face an intuitive and familiar feel. Material 3’s design philosophy fit seamlessly with
the overarching goal of creating a user experience focused on needs and convenience.

Throughout the process, significant efforts were made to optimize performance
and ensure a seamless user experience. Extensive testing protocols were implemented
to identify and correct potential bugs, contributing to the stability and reliability of
the final application. Figure 3 shows the prototype development environment.

Cloud Layer: Authentication: Firebase Authentication was seamlessly integrated
into our application as an integral part of its functionality. This service allows us to
establish a robust user authentication system, ensuring that only authorized users
have access to the data stored within the application. We also leverage the additional
security features it provides, such as password recovery and account management,
to provide a secure and reliable experience for our users [63].

Cloud Storage: Firebase Cloud Storage plays a critical role in our application by
providing us with a cloud-based repository for storing various types of files. We use
this service to store photos, videos, and other relevant files that are critical to the
operation of our application. This allows our users to access these files anytime,
anywhere, even when they don’t have access to their mobile devices or tablets.
Additionally, the inherent security measures within Firebase Cloud Storage ensure
the protection of files, mitigating any potential loss in the event of user device issues.

Communication: Communication is a central feature within our application tailored
for senior users. We have seamlessly integrated Firebase Cloud Messaging (FCM) to
enhance our messaging capabilities. Through FCM, we can send real-time notifica-
tions to our users to keep them informed of important events and updates within the
application. The ability to deliver personalized push notifications, targeted to specific user
groups, allows us to always promote effective and relevant communication.

Analytics: Firebase Analytics serves as a central tool within our development
approach. Through this service, we aggregate and analyze valuable data about how
users interact with our application. This includes metrics such as usage frequency,
preferred features, and user behavior. These insights provide us with essential
information to make informed decisions and optimize the application to meet the
preferences and needs of our user base.

Figure 6 shows the Firebase control panel with the services in use.
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Fig. 6. Firebase dashboard
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4  RESULTS

The evaluation of mobile application usability holds paramount importance for
older adults, those in their 60s to 80s, as this demography often encounters distinctive
hurdles when navigating technology due to age-associated factors. These challenges
underscore the necessity for comprehensive usability testing, a strategy that pivots on
the user’s experience, aiming to uncover and solve potential difficulties within app
design and operation. This commitment to a tailored user experience seeks to ensure
that the emerging applications address the explicit requirements and tastes of this age
bracket. The focal point of this approach is to forge a digital tool that transcends basic
utility, embodying an intuitive design that bolsters user contentment and confidence.
This emphasis on the user’s interaction enhances the likelihood of the app’s acceptance,
continual engagement, and integration into everyday routines, significantly impacting
the quality of life and independence among the elderly community [64]-[66].

In our approach, we conducted a thorough comparative analysis of our applica-
tion against findings from previous usability studies targeting the older population, as
detailed in Table 3. This review allowed us to pinpoint common usability impediments
and user preferences typical of this age group, informing the customization of our pro-
totype to avoid such issues and accommodate these preferences. Consequently, our
application is uniquely positioned to provide a user-friendly, effective, and integrated
digital experience for older adults, enhancing their daily lives through technology that
respects and addresses their specific needs. The outcome of this process positions our
application in a realm of its own, offering a seamless, efficient, and amalgamated digital
interface for older individuals. This app stands as a testament to the power of tech-
nology that is sensitive to and considerate of the nuanced demands of its end-users,
thereby elevating their daily experiences and interactions with the digital world.

Table 3. Comparison of usability studies of mobile applications for older adults

Reference Contribution Evaluation Method

[67] Accuracy of dietary data collection Input time and accuracy evaluation

[68] Efficacy of mobile health applications in personalized dietary record keeping | System Usability Scale (SUS)

[69] Usability evaluation of “HeartAround”, an integrated home care solution (SUS), along with in-depth interviews and

qualitative analysis

[70] Evaluation of motivational mobile applications to support fall rehabilitation | Semi structured interviews and focus groups.
in elderly patients.

[71] Evaluation of a mobile application to promote social participation of SUS
community-dwelling older adults.

[72] Usability evaluation of the BioAssist” System, an integrated home SUS, The User Interaction Satisfaction
care platform. Questionnaire (QUIS)

[73] User-centered development and testing of a monitoring system that provides | Post-Study System Usability
feedback on physical functioning to older adults. Questionnaire (PSSUQ)

iJIM | Vol. 18 No. 2 (2024)

Importantly, our application takes an innovative approach by incorporating emo-
tional support and the promotion of active aging, two topic areas that have received
little attention in the previously reviewed studies and in the Panamanian context.
This novel perspective distinguishes our study from previous research and adds
an inventive dimension to our investigation. While many previous studies have
focused on specific aspects such as dietary habits and cardiovascular disease through
usability testing, we have broadened our focus to include these dimensions that are
important to the quality of life of older adults. This helps to create an application that
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is not only technically effective, but also adds significant value to the well-being and
quality of life of this population.

Therefore, our application underwent usability testing using Nielsen’s heuristic
metrics along with evaluation techniques, testing, user satisfaction evaluation and
validation [74], [75]. To evaluate the design and ease of use, we conducted an exper-
iment described in detail below.

4.1 Attendees

To carry out the tests, an experimental study was conducted using quantita-
tive techniques. Through interviews, we obtained the main demographic data.
The participants were 15 people from Panama who belong to the Association Betania
Edad ITI, a non-profit organization in Panama. Of these, 2 participants were under
60 years old, 7 were between 60 and 69 years old, 3 were between 70 and 79 years
old, and 3 were 80 years old or older. This demographic distribution is supported
by the data in Figures 7 and 8, which present the results of a preliminary survey of
the participants. The survey revealed a gender distribution of 6 males and 9 females
among the participants, which improves the consistency of the text.

Age Range

15 respuestas

@ Under 60 years old
@ Between 60 and 69 years old
@ Between 70 and 79years old
@ 80 years and older

Fig. 7. Age count

Gender
15 respuestas

@® Female
@ Male

Fig. 8. Participant gender

4.2 Measuring instrument

For our usability study, we chose to use the System Usability Questionnaire (SUS),
as shown in Table 4 [76], [77]. The SUS is a widely accepted standard tool for assessing
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how users perceive the usability of a system. It consists of statements that are rated on
a Likert scale from 1 to 5, where 1 means “strongly disagree” and 5 means “strongly
agree”. The use of this tool is essential as it provides us with comparable quantitative
data on user experience and the effectiveness of our system in terms of usability.

Table 4. User satisfaction validation method using the System Usability Scale (SUS)

The System Usability Scale Strongly Strongly
Standard Version disagree agree
12 3 45
1 | think that | would like to use this system. O|0|C|O]|0O
2 | found the system unnecessarily complex. O|0|0|0O|0
3 I thought the system was easy to use. Oo|0|0|0O|0
| think that | would need the support of a technical
& person to be able to use this system. o|o|ofo|0o
| found the various functions in the system were
5 well integrated. ojofojo|o
| thought there was too much inconsistency in this
6 system. O|0|0|0O|0
| would imagine that most people would learn to
z use this system very quickly. 2 e peane,
8 | found the system very cumbersome (o use. o|O|0|0|0
9 | felt very confident using the system. O|O|0|0O|0O
| needed to learn a lot of things before | could get
10 going with this system. o|ofo|o|o

For the interpretation of the results obtained in the SUS questionnaire, we will
use the adjective scale shown in Figure 9. This scale includes the following terms:
“awful”, “poor”, “okay”, “good”, and “excellent”. Each term on the scale provides a
qualitative representation of the perceived usability of the system, allowing us to
classify and understand the level of user satisfaction more clearly.

RANGE Range =37.5
SuUs Min Mean Max
SCORE 55[ .0 7?.8 92l,5
| | 1
ACCEPTABILITY Not Acceprable 'Acceptablel I
I |
ADJECTIVE I | 1
RATING Avrful Poor Okay Good  Excellent

o | T Y
pi —Pﬂi

0 10 20 30 40 50 60 70 80 90 100

Fig. 9. Adjectives used in the SUS questionnaire scale [78]

4.3 Findings
In this section, we present the results of our scientific study. We have carefully

examined the data collected to draw meaningful conclusions. We will then describe
the main findings and discuss their significance in the context of our research.
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Our mobile recommender system consists of several key features designed to
enhance the user experience and wellbeing, as shown in Figure 10, the aesthetic
aspect, and Figure 11, the work environment in which the prototype was developed.

e Registration and login system: The application has a secure registration and login
system implemented using Firebase authentication and storage services. These
services use highly reliable encryption techniques to ensure the protection of
user data.

e Emotional State Identification: In the interaction screen, the application tries to
identify the emotional state of the person. This is essential for providing more
appropriate and personalized content recommendations. Through analysis and
evaluation techniques, the application attempts to understand the user’s emo-
tions and tailor the experience accordingly.

e Useful and varied content: The application aims to provide a diverse range of
content that is both informative and practical, with the goal of improving the
overall quality of life for its users. Whether it’s guidance on maintaining a healthy
diet, managing medications, or engaging in physical activity and relaxation tech-
niques, the app offers a wealth of resources to help users on their journey to
better well-being.

e FEating Right Guides: The application recognizes the importance of diet in main-
taining good health. It provides users with tips and recommendations for a bal-
anced and healthy diet that is tailored to their specific needs. From meal planning
ideas to suggestions for incorporating more fruits and vegetables, the app pro-
vides valuable guidance to help users make informed decisions about their diet.

e Personalized Agenda: Allows users to schedule and organize various tasks and
activities, such as medical appointments, reminders of important events,and more.

e Medication reminders: Helps users remember and take their medications effi-
ciently, preventing forgetfulness and ensuring proper treatment compliance.

e Exercise Activities: Provides routines and physical exercises adapted to different
levels and needs, promoting an active and healthy lifestyle [79]-[81].

e Music Therapy: The app recognizes the power of music to promote relaxation and
wellbeing. It offers a selection of soothing and therapeutic music that users can
listen to during moments of stress or as part of a relaxation routine. By incorpo-
rating music therapy into their daily lives, users can reduce stress levels, improve
mood, and enhance overall mental and emotional well-being [82], [83].

e Sleep Enhancement Techniques: Provides tips and techniques for achieving rest-
ful, quality sleep, including bedtime routines, meditation, and relaxation [84].
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Fig. 10. Mobile recommendation system
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Fig. 11. Development environment

On the other hand, in our study we used the SUS questionnaire with a Likert
scale from 1 to 5 to measure the usability of our prototype, as mentioned above. This
questionnaire allows us to obtain values that support the evaluation of the usability
of the system.

To calculate the SUS questionnaire scores, we follow the following procedure. For
odd questions (1, 3, 5, 7, 9), we subtract 1 from each answer received. On the other
hand, for even questions (2, 4, 6, 8, 10), we subtract 5 from the answer. Then we add
the scores obtained in both cases.

Figure 12 shows a vertical bar graph summarizing the System Usability Scale
(SUS) questionnaire scores of users of a mobile application. In the graph, questions
7,8,and 9 are particularly notable as they have the highest mean scores, all of which
were rated as 5. This indicates that users found the application extremely easy to use,
comfortable, and did not require additional training to fully utilize all its features.

The different colors used in the graph represent the different score levels on the
rating scale, and the height of each bar indicates the average of user responses for
each specific question.
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Fig. 12. Percentage of responses for each question in the questionnaire
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Figure 13 shows a graph of the System Usability Scale (SUS) scores of different
participants, labeled on the X-axis as “P1,” “P2,” and so on. Each bar on the graph
represents the SUS score of a particular respondent.

The colors of the bars are related to the level of acceptability of the SUS scores.
Lighter bars closer to green represent higher scores and thus better usability of the
system, while darker bars closer to red represent lower scores and poor usability.

The dotted horizontal lines on the graph are boundaries that help interpret the
SUS scores. The red line at 55 marks the boundary between “unacceptable” and
“acceptable” based on the interpretation scales discussed earlier. Any score below 55
is considered unacceptable, meaning the system needs significant usability improve-
ments. The green line at 56 marks the beginning of the “Acceptable” category, indi-
cating that scores above this threshold are considered acceptable usability.

SUS Scores of Participants

100
=== 0-55: Not Acceptable

=== 56-100: Acceptable
80

77.5 71.5 775 715 71.5 5 75 75 75 77.5

SUS Score

P7 P8 P9 PLO P11 P12 PL3 Pl4 PIS
Participants

Fig. 13. SUS scores of participants

Onthe other hand, Figure 14 shows a pie chartindicating the average acceptance level
of the system, which was 93.3%, which is very positive and indicates a solid acceptance
by the users. This indicates that the mobile application was well received and appreci-
ated by most of the users who participated in the evaluation. The high acceptance rate
is an indication of the effectiveness and usefulness of the application in meeting user
needs, thus supporting the quality of the system design and implementation.

Usability Evaluation of the Application

No Acceptable

Acceptable

Fig. 14. Level of application acceptance
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5  DISCUSSION

The results obtained by applying the System Usability Scale (SUS) questionnaire
provide valuable insights into the perceived usability of the system under evalua-
tion. Usability is a critical factor in the user experience and plays a fundamental role
in the acceptance and adoption of technological solutions. In this section, we discuss
the key findings and their implications in the context of our study.

Participants rated the system on the ten fundamental aspects represented by
questions Q1 through Q10 of the SUS questionnaire. The average scores for each
question reflect an overall positive perception of the system’s usability. However,
variability in individual scores was observed, suggesting that certain aspects of
usability may have resonated more strongly with users than others.

Questions related to task completion efficiency (Q4, Q6, and Q10) received nota-
ble scores, indicating that users perceived the system as enabling smooth and quick
execution of required actions. This can be attributed to the intuitive interface layout
and ease of navigation.

On the other hand, the lowest scores were observed for questions related to the
level of complexity and confusion (Q2 and Q8). This suggests that certain design
elements may need to be reviewed and simplified to avoid ambiguity and improve
clarity of available functionality.

An important aspect highlighted by the participants is the consistency of per-
ceived usability, as the scores vary within a relatively narrow range. This suggests
that users tend to have consistent usability experiences, which is essential for a pos-
itive and predictable user experience.

Furthermore, a comparison of our scores with previously established standards
in the literature indicates that our system falls within an acceptable range of usabil-
ity. These results provide additional validation of the quality of the system design
and implementation.

In summary, the results obtained reinforce the positive assessment of the usabil-
ity of the system under study and highlight areas for improvement that could lead
to an even more effective and transparent user experience. These results play an
important role in concluding this phase of analysis in our scientific work, providing
fundamental insights to guide future research and refinement of the system design.
They are of paramount importance as they allow us to improve our prototype to
ensure that it meets the preferences of the intended users when it is released.

6  CONCLUSIONS

Research has clearly demonstrated the value of mobile technology in improv-
ing the well-being of older adults. Mobile computing provides convenient and easy
access to health and wellness information and services. In addition, the develop-
ment of specific mobile applications can have a significant impact on the quality of
life of this population.

The mobile recommendation system developed in this study focuses on promot-
ing healthy aging and is positioned as a tool to encourage the adoption of healthy
lifestyles among the elderly. The proposed application provides information on
nutrition and physical activity, as well as suggestions for maintaining optimal men-
tal and emotional health. Interactive features such as challenges and games moti-
vate users to participate in healthy activities and interact with other seniors.
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In addition, the user interface designed specifically for senior comfort, with large
buttons, clear and legible icons, and intuitive navigation, improves accessibility and
usability for this population.

The importance of an interface adapted to the comfort of the elderly is magnified
when considering the reality of this population in the Republic of Panama.

In this context, the results not only confirm the significant relevance of the appli-
cation in promoting the well-being of the older adult population, but also point to
promising directions for future research. These include areas of study ranging from
the long-term evaluation of the effectiveness of the application in the sustained
adoption of healthy habits to the personalized adaptation of the application to the
individual needs of users. In addition, the exploration of new methods to promote
social interaction and mutual support among the elderly in the Republic of Panama
through this app is promising. The integration of these strategies would not only
enrich our understanding, but also strengthen our commitment to promoting the
well-being of this population.

In terms of future recommendations, it is important to consider strengthening the
app in terms of content and functionality to further improve the user experience. In
addition, the app could benefit from further dissemination and promotion among the
older adult population in Panama to ensure that it reaches those who need it most.

When considering the practical implications, this app has the potential to make
a significant difference in the lives of older people, improving their well-being and
quality of life. It can be used in both healthcare and educational settings to promote
healthy habits in this population. These results can be effectively applied in real-
world settings and have a significant impact on the health and well-being of the
older adult population in Panama and beyond.

Conflict of Interest: The authors declare that they have no conflicts of interest.

Authors’ Contributions and Approvals: All authors acknowledge that the
final version of this article was read and approved.

Informed Consent: All participants received an informed consent form that
clearly stated that their participation in the study was completely voluntary.

7  ACKNOWLEDGMENTS

[N.N, N, D.C] are supported by a grant from the National Postgraduate Programs
Strengthening Program of the National Secretariat for Science, Technology,
and Innovation (SENACYT). [D.C.] thanks the National System of Researchers
(SNI-SENACYT) of which he is a member. In addition, together with [V.L], they
express their appreciation to the Faculty of Computer Systems Engineering of
the Technological University of Panama (UTP-FISC). [E.M.] thanks the Specialized
University of the Americas (UDELAS).

8  REFERENCES

[1] N. Jaworska and G. MacQueen, “Adolescence as a unique developmental period,”
J. Psychiatry Neurosct., vol. 40, no. 5, p. 291, 2015. https://doi.org/10.1503/jpn.150268

[2] E. Escourrou, S. Laurent, J. Leroux, S. Oustric, and V. Gardette, “The shift from old age
to very old age: An analysis of the perception of aging among older people,” BMC Prim.
Care, vol. 23, no. 1, pp. 1-10, 2022. https://doi.org/10.1186/s12875-021-01616-4

150 International Journal of Interactive Mobile Technologies (iJIM) iJIM | Vol. 18 No. 2 (2024)


https://online-journals.org/index.php/i-jim
https://doi.org/10.1503/jpn.150268
https://doi.org/10.1186/s12875-021-01616-4

iJIM | Vol. 18 No. 2 (2024)

Mobile Recommendation System to Provide Emotional Support and Promote Active Aging for Older Adults in the Republic of Panama

[10]

(11]

(12]

(14]

[15]

[16]

(17]

A. Steptoe and D. Fancourt, “Leading a meaningful life at older ages and its relationship
with social engagement, prosperity, health, biology, and time use,” Proc. Natl. Acad. Sct.
U. S A, vol 116, no. 4, pp. 1207-1212, 2019. https://doi.org/10.1073/pnas.1814723116

H. Halaweh, S. Dahlin-Ivanoff, U. Svantesson, and C. Willén, “Perspectives of older
adults on aging well: A focus group study,” J. Aging Res., vol. 2018, 2018. https://
doi.org/10.1155/2018/9858252

D. Yacchirema, J. S. De Puga, C. Palau, and M. Esteve, “Fall detection system for elderly
people using IoT and Big Data,” Procedia Comput. Sci., 2018, vol. 130, pp. 603-610. https://
doi.org/10.1016/j.procs.2018.04.110

R. A. Dar, S. Khatoon, B. Saleem, and H. Khan, “IOT based smart wheelchair for elderly
healthcare monitoring,” in 2023 Int. Conf. Power, Instrumentation, Energy Control. IECON
2023, 2023. https://doi.org/10.1109/PIECON56912.2023.10085814

D. Pal, T. Triyason, and S. Funikul, “Smart homes and quality of life for the elderly:
A systematic review,” in 2017 IEEE International Symposium on Multimedia (ISM),
Taichung, Taiwan, 2017, pp. 413-419. https://doi.org/10.1109/ISM.2017.83

M. Finlayson and T. van Denend, “Experiencing the loss of mobility: Perspectives of
older adults with MS,” Disabil. Rehabil, vol. 25, no. 20, pp. 1168-1180, 2003. https://
doi.org/10.1080/09638280310001596180

W. S. W. Tseng and C. W. Hsu, “A smart, caring, interactive chair designed for improving
emotional support and parent-child interactions to promote sustainable relationships
between elderly and other family members,” Sustain., vol. 11, no. 4, 2019. https://
doi.org/10.3390/su11040961

S. Merilampi, K. Mulholland, V. Thanakangas, ]. Ojala, P. Valo, and J. Virkki, “A smart chair
physiotherapy exergame for fall prevention — User experience study,” in 2019 IEEE 7th
Int. Conf. Serious Games Appl. Heal. SeGAH 2019, 2019, pp. 1-5. https://doi.org/10.1109/
SeGAH.2019.8882482

P. Giannopoulou, P. Vlamos, and M.-A. Papalaskari, “Evaluation of a mobile application
for cognitive training in healthy adults,” Int. J. Interact. Mob. Technol, vol. 17, no. 15,
pp. 84-102, 2023. https://doi.org/10.3991/ijim.v17i15.38929

I. M. Technologies, P. Therapy, and A. Learning, “A mobile application prototype designed
to support physical therapy assessment learning processes,” Int. J. Interact. Mob. Technol,
vol. 17, no. 16, pp. 95-115, 2023. https://doi.org/10.3991/ijim.v17i16.39523

N. Tabassum, M. Ahmed, N. J. Shorna, M. M. U. R. Sowad, and H. M. Z. Haque,
“Depression detection through smartphone sensing: A federated learning approach,”
Int. . Interact. Mob. Technol., vol. 17, no. 1, pp. 40-56, 2023. https://doi.org/10.3991/
1jimv17i01.35131

B. G. Mohammed and D. S. Hasan, “Smart healthcare monitoring system using IoT,” Int.
J. Interact. Mob. Technol, vol. 17, no. 1, pp. 141-152, 2023. https://doi.org/10.3991/ijim.
v17i01.34675

Haviluddin, N. Puspitasari, A. E. Burhandeny, A. D. A. Nurulita, and D. Trahutomo, “Naive
Bayes and K-Nearest neighbor algorithms performance comparison in diabetes mellitus
early diagnosis,” Int. J. Online Biomed. Eng., vol. 18, no. 15, pp. 202-215, 2022. https://
doi.org/10.3991/ijoev18i15.34143

C. N. A. Malarvizhi, S. R. Manzoor, and S. Jayashree, “Adoption of IoT technology
among elderly NCD patients in Malaysia: A conceptual study based on the theory of
planned behaviour,” Int. J. Online Biomed. Eng., vol. 17, no. 12, pp. 108-118, 2021. https://
doi.org/10.3991/ijjoev17i12.25249

M. F. Amr, M. Elgarej, N. Benmoussa, K. Mansouri, and M. Qbadou, “Towards a distrib-
uted SMA-based solution for the interoperability of hospital information systems for
better routing of emergency ambulances,” Int. J. Online Biomed. Eng., vol. 17, no. 12,
pp. 70-92, 2021. https://doi.org/10.3991/ijoev17i12.25455

International Journal of Interactive Mobile Technologies (iJIM) 151


https://online-journals.org/index.php/i-jim
https://doi.org/10.1073/pnas.1814723116
https://doi.org/10.1155/2018/9858252
https://doi.org/10.1155/2018/9858252
https://doi.org/10.1016/j.procs.2018.04.110
https://doi.org/10.1016/j.procs.2018.04.110
https://doi.org/10.1109/PIECON56912.2023.10085814
https://doi.org/10.1109/ISM.2017.83
https://doi.org/10.1080/09638280310001596180
https://doi.org/10.1080/09638280310001596180
https://doi.org/10.3390/su11040961
https://doi.org/10.3390/su11040961
https://doi.org/10.1109/SeGAH.2019.8882482
https://doi.org/10.1109/SeGAH.2019.8882482
https://doi.org/10.3991/ijim.v17i15.38929
https://doi.org/10.3991/ijim.v17i16.39523
https://doi.org/10.3991/ijim.v17i01.35131
https://doi.org/10.3991/ijim.v17i01.35131
https://doi.org/10.3991/ijim.v17i01.34675
https://doi.org/10.3991/ijim.v17i01.34675
https://doi.org/10.3991/ijoe.v18i15.34143
https://doi.org/10.3991/ijoe.v18i15.34143
https://doi.org/10.3991/ijoe.v17i12.25249
https://doi.org/10.3991/ijoe.v17i12.25249
https://doi.org/10.3991/ijoe.v17i12.25455

Navarro et al.

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

(29]

(30]

(31]

(32]

[33]

(34]

H. Sikandar, Y. Vaicondam, S. Parveen, N. Khan, and M. I. Qureshi, “Bibliometric anal-
ysis of telemedicine and E-Health literature,” Int. J. Online Biomed. Eng., vol. 17, no. 12,
pp. 52-69, 2021. https://doi.org/10.3991/ijoev17i12.25483

World Health Organization, “Ageing and health,” World Health Organization, 2022.
https://wwwwho.int/news-room/fact-sheets/detail/ageing-and-health. [Accessed May
05, 2023].

S. Sharma et al,, “Mobile technology: A tool for healthcare and a boon in pandemic,” J. Fam.
Med. Prim. care, vol. 11, no. 1, pp. 37-43, 2022. https://doi.org/10.4103/jfmpc.jfmpc_1114_21
G. Nasi, M. Cucciniello, and C. Guerrazzi, “The role of mobile technologies in health care
processes: The case of cancer supportive care,” . Med. Internet Res., vol. 17, no. 2, 2015.
https://doi.org/10.2196/jmir.3757

D. Cedeno-Moreno and M. Vargas-Lombardo, “Application of machine learning with
supervised classification algorithms: In the context of health,” in Proc. — 2019 7th
Int. Eng. Sci. Technol. Conf. IESTEC 2019, 2019, pp. 613-618. https://doi.org/10.1109/
IESTEC46403.2019.00115

A. A. Alsalihi, H. K. Aljobouri, and E. A. K. ALTameemi, “GLCM and CNN deep learning
model for improved MRI breast tumors detection,” Int. J. online Biomed. Eng., vol. 18,
no. 12, pp. 123-137, 2022. https://doi.org/10.3991/ijoe.v18i12.31897

T. D. Ardyanto, “Gray level co-occurrence matrices and support vector machine for
improved lung cancer detection,” Int. J. online Biomed. Eng., vol. 19, no. 5, pp. 129-145,
2023. https://doi.org/10.3991/ijoev19i05.35665

A.D. Samala et al., “Top 10 most-cited articles concerning blended learning for introduc-
tory algorithms and programming: A bibliometric analysis and overview,” Int. J. Interact.
Mob. Technol., vol. 17, no. 5, pp. 57-70, 2023. https://doi.org/10.3991/ijim.v17i05.36503
H. Utunen, M. Attias, N. Ndiaye, and A. Tokar, “Expanding multilingual learning as a
pathway to equity during the COVID-19 pandemic,” Int. J. Adv. Corp. Learn., vol. 16, no. 1,
pp. 78-90, 2023. https://doi.org/10.3991/ijacv16i1.35097

S. Assami, N. Daoudi, and R. Ajhoun, “Implementation of a machine learning-based
MOOC recommender system using learner motivation prediction,” Int. J. Eng. Pedagog.,
vol. 12, no. 5, pp. 68-85, 2022. https://doi.org/10.3991/ijep.v12i5.30523

S. Strickroth and M. Striewe, “Building a corpus of task-based grading and feedback
systems for learning and teaching programming,” Int. . Eng. Pedagog., vol. 12, no. 5,
pp. 26-41, 2022. https://doi.org/10.3991/ijep.v12i5.31283

V. Kralev, R. Kraleva, and V. Ankov, “An interactive application for learning and analyz-
ing different graph vertex cover algorithms,” Int. J. Eng. Pedagog., vol. 13, no. 1, pp. 4-19,
2023. https://doi.org/10.3991/ijepv13i1.35661

Z. Hao, M. Y. Bin Yahya, and J. Lu, “Influence of blockchain technology application in
education on online teaching resources sharing,” Int. J. Emerg. Technol. Learn., vol. 18,
no. 11, pp. 25-37, 2023. https://doi.org/10.3991/ijetv18i11.39361

Q. He and K. Wang, “Intelligent content distribution system: A machine learning-based
teaching content customization method,” Int. . Emerg. Technol. Learn., vol. 18, no. 17,
pp- 98-112, 2023. https://doi.org/10.3991/ijet.v18i17.43491

A. 0. Ajlounij, A. S. Almahaireh, and F. A.-A. Whaba, “Students’ perception of using ChatGPT
in counseling and mental health education: The benefits and challenges,” Int. J. Emerg.
Technol. Learn., vol. 18, no. 20, pp. 199-218, 2023. https://doi.org/10.3991/ijetv18i20.42075
R. Toma and M. Berge, “Online teaching in a time of crisis,” Int. J. Adv. Corp. Learn., vol. 16,
no. 1, pp. 65-77, 2023. https://doi.org/10.3991/ijac.v16i1.35255

E. Clani and A. Laus, “How digital role play can enhance performance leveraging
corporate capabilities,” Int. J. Adv. Corp. Learn., vol. 16, no. 3, pp. 27-38, 2023. https://
doi.org/10.3991/ijjacv16i3.35721

152 International Journal of Interactive Mobile Technologies (iJIM) iJIM | Vol. 18 No. 2 (2024)


https://online-journals.org/index.php/i-jim
https://doi.org/10.3991/ijoe.v17i12.25483
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
https://doi.org/10.4103/jfmpc.jfmpc_1114_21
https://doi.org/10.2196/jmir.3757
https://doi.org/10.1109/IESTEC46403.2019.00115
https://doi.org/10.1109/IESTEC46403.2019.00115
https://doi.org/10.3991/ijoe.v18i12.31897
https://doi.org/10.3991/ijoe.v19i05.35665
https://doi.org/10.3991/ijim.v17i05.36503
https://doi.org/10.3991/ijac.v16i1.35097
https://doi.org/10.3991/ijep.v12i5.30523
https://doi.org/10.3991/ijep.v12i5.31283
https://doi.org/10.3991/ijep.v13i1.35661
https://doi.org/10.3991/ijet.v18i11.39361
https://doi.org/10.3991/ijet.v18i17.43491
https://doi.org/10.3991/ijet.v18i20.42075
https://doi.org/10.3991/ijac.v16i1.35255
https://doi.org/10.3991/ijac.v16i3.35721
https://doi.org/10.3991/ijac.v16i3.35721

iJIM | Vol. 18 No. 2 (2024)

Mobile Recommendation System to Provide Emotional Support and Promote Active Aging for Older Adults in the Republic of Panama

(35]

[36]

(37]

[38]

(39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

(51]

C. Zhang, “Smartphones and telemedicine for older people in China: Opportunities and
challenges,” Digit. Heal., vol. 8, 2022. https://doi.org/10.1177/20552076221133695

J. Tu, M. Shen, J. Zhong, G. Yuan, and M. Chen, “The Perceptions and experiences of
mobile health technology by older people in Guangzhou, China: A qualitative study,”
Front. Public Heal., vol. 9, 2021. https://doi.org/10.3389/fpubh.2021.683712

S. Kim, W. Yao, and X. Du, “Exploring older adults’ adoption and use of a tablet computer
during COVID-19: Longitudinal qualitative study,” JMIR Aging, vol. 5, no. 1, 2022. https://
doi.org/10.2196/32957

J. Chen, T. Wang, Z. Fang, and H. Wang, “Research on elderly users’ intentions to accept
wearable devices based on the improved UTAUT model,” Front. Public Heal., vol. 10,
2022. https://doi.org/10.3389/fpubh.2022.1035398

I. Hardill and C. W. Olphert, “Staying connected: Exploring mobile phone use amongst
older adults in the UK,” Geoforum, vol. 43, no. 6, pp. 1306-1312, 2012. https://doi.org/
10.1016/j.geoforum.2012.03.016

Y. Felberbaum, J. Lanir, and P. L. Weiss, “Designing mobile health applications to support
walking for older adults,” Int. J. Environ. Res. Public Health, vol. 20, no. 4, 2023. https://doi.
0rg/10.3390/ijerph20043611

K. Moore et al,, “Older adults’ experiences with using wearable devices: Qualitative sys-
tematic review and meta-synthesis,” JMIR mHealth uHealth, vol. 9, no. 6, 2021. https://
doi.org/10.2196/23832

7. Dahari et al., “Development of smart elderly care mobile application for health man-
agement system,” in 4th IEEE Int. Conf. Artif. Intell. Eng. Technol. IICAIET 2022, 2022.
https://doi.org/10.1109/IICAIET55139.2022.9936853

H. Li, C. Lewis, H. Chi, G. Singleton, and N. Williams, “Mobile health applications for
mental illnesses: An asian context,” Asian J. Psychiatr., vol. 54, p. 102209, 2020. https://doi.
0rg/10.1016/j.ajp.2020.102209

C. Yang et al., “Mobile application use and loneliness among older adults in the digital
age: Insights from a survey in Hong Kong during the COVID-19 pandemic,” Int. J. Environ.
Res. Public Heal. vol. 19, no. 13, p. 7656, 2022. https://doi.org/10.3390/ijerph19137656
World Health Organization, “Active ageing: A policy framework,” 2001. [Online].
Available: https://apps.who.int/iris/handle/10665/67215. [Accessed: Aug. 24, 2023].

T. Abud, G. Kounidas, K. R. Martin, M. Werth, K. Cooper, and P. K. Myint, “Determinants
of healthy ageing: A systematic review of contemporary literature,” Aging Clin. Exp. Res.,
vol. 34, no. 6, p. 1215, 2022. https://doi.org/10.1007/s40520-021-02049-w

M. Wongsala, E. M. Anbécken, and S. Rosendahl, “Active ageing—perspectives on health,
participation, and security among older adults in northeastern Thailand—a qualitative
study,” BMC Geriatr., vol. 21, no. 1, 2021. https://doi.org/10.1186/s12877-020-01981-2

H. Chen, Y. C. Chu, and F. Lai, “Mobile time banking on blockchain system develop-
ment for community elderly care,” J. Ambient Intell. Humaniz. Comput., vol. 14, no. 10,
pp. 13223-13235, 2022. https://doi.org/10.1007/s12652-022-03780-6

F Yang, Y. Wang, C. Yang, H. Hu, and Z. Xiong, “Mobile health applications in
self-management of patients with chronic obstructive pulmonary disease: A systematic
review and meta-analysis of their efficacy,” BMC Pulm. Med., vol. 18, no. 1, pp. 1-9, 2018.
https://doi.org/10.1186/s12890-018-0671-z

S. Kim, K. Z. Gajos, M. Muller, and B. J. Grosz, “Acceptance of mobile technology by older
adults: A preliminary study,” in Proc. 18th Int. Conf. Human-Computer Interact. with Mob.
Devices Serv. — MobileHCI °16, 2016, pp. 147-157. https://doi.org/10.1145/2935334.2935380
C.Yang, D. W. L. Laj, Y. Sun, C. Y. Ma, and A. K. C. Chau, “Mobile application use and lone-
liness among older adults in the digital age: Insights from a survey in Hong Kong during
the COVID-19 pandemic,” Int. J. Environ. Res. Public Health, vol. 19, no. 13, 2022. https://
doi.org/10.3390/ijerph19137656

International Journal of Interactive Mobile Technologies (iJIM) 153


https://online-journals.org/index.php/i-jim
https://doi.org/10.1177/20552076221133695
https://doi.org/10.3389/fpubh.2021.683712
https://doi.org/10.2196/32957
https://doi.org/10.2196/32957
https://doi.org/10.3389/fpubh.2022.1035398
https://doi.org/10.1016/j.geoforum.2012.03.016
https://doi.org/10.1016/j.geoforum.2012.03.016
https://doi.org/10.3390/ijerph20043611
https://doi.org/10.3390/ijerph20043611
https://doi.org/10.2196/23832
https://doi.org/10.2196/23832
https://doi.org/10.1109/IICAIET55139.2022.9936853
https://doi.org/10.1016/j.ajp.2020.102209
https://doi.org/10.1016/j.ajp.2020.102209
https://doi.org/10.3390/ijerph19137656
https://apps.who.int/iris/handle/10665/67215
https://doi.org/10.1007/s40520-021-02049-w
https://doi.org/10.1186/s12877-020-01981-2
https://doi.org/10.1007/s12652-022-03780-6
https://doi.org/10.1186/s12890-018-0671-z
https://doi.org/10.1145/2935334.2935380
https://doi.org/10.3390/ijerph19137656
https://doi.org/10.3390/ijerph19137656

Navarro et al.

(52]

[53]

(54]

[55]

[56]

[57]

(58]

[59]

[60]

(61]

(62]

[63]

(64]

[65]

(66]

(67]

(68]

S. Al-Arkee et al., “Mobile apps to improve medication adherence in cardiovascular dis-
ease: Systematic review and meta-analysis,” J. Med. Internet Res., vol. 23, no. 5, 2021.
https://doi.org/10.2196/24190

V. L. Anthony Berauk, M. K. Murugiah, Y. C. Soh, Y. Chuan Sheng, T. W. Wong, and
L. C. Ming, “Mobile health applications for caring of older people: Review and com-
parison,” Ther. Innov. Regul Sci, vol. 52, no. 3, pp. 374-382, 2018. https://doi.org/
10.1177/2168479017725556

N. Liy, J. Yin, S. S. L. Tan, K. Y. Ngiam, and H. H. Teo, “Mobile health applications for
older adults: A systematic review of interface and persuasive feature design,” J. Am.
Med. Inform. Assoc., vol. 28, no. 11, p. 2483, 2021. https://doi.org/10.1093/jamia/ocab151
Instituto Nacional de Estadistica y Censo (INEC), “Envejecimiento demografico de la
Poblacién: Periodo (1960-2050),” 2015. [Online]. Available: https://www.inec.gob.pa/
archivos/P0705547520200925152334Envejecimiento%20Demogr%C3%A1fico%20
en%20Panam%C3%A1,%20per%C3%ADodo%201960-2050_final.pdf. [Accessed: Aug.
23,2023].

United Nations, World Population Ageing 2017: Highlights, 2018.

C. Hofmann, S. Lauber, B. Haefner, and G. Lanza, “Development of an agile development
method based on Kanban for distributed part-time teams and an introduction framework,”
Procedia Manuf., vol. 23, pp. 45-50, 2018. https://doi.org/10.1016/j.promfg.2018.03.159

P. S. Medeiros, D. Santos, A. C. Beltrdo, B. Pedraga De Souza, and G. H. Travassos, “On the
benefits and challenges of using kanban in software engineering: A structured synthesis
study,” J. Softw. Eng. Res. Dev., 2018. https://doi.org/10.1186/s40411-018-0057-1

M. Ikonen, E. Pirinen, F. Fagerholm, P. Kettunen, and P. Abrahamsson, “On the impact of
Kanban on software project work: An empirical case study investigation,” in Proc. — 2011
16th IEEE Int. Conf. Eng. Complex Comput. Syst. ICECCS 2011, 2011, pp. 305-314. https://
doi.org/10.1109/ICECCS.2011.37

P. P. Adkar and S. S. Shinde, “A review paper on Kotlin programming language,” Int. J.
Trend Sci. Res. Dev., vol. 5, no. 4, 2021. [Online]. Available: www.ijtsrd.com. [Accessed:
May 06, 2023].

M. Yener and O. Dundar, “Android application development with android studio,” Expert
Android ® Stud., pp. 45-79, 2017. https://doi.org/10.1002/9781119419310.ch3

J. Kouraklis, “MVVM as design pattern,” MVVM Delphi, pp. 1-12, 2016. https://
doi.org/10.1007/978-1-4842-2214-0_1

P. Chougale, V. Yadav, and A. Gaikwad, “Firebase - overview and usage,” J. Eng. Technol.
Manag., pp. 2582-5208, 2022.

G. Manzano-Monfort, G. Paluzie, M. Diaz-Gegundez, and C. Chabrera, “Usability of
a mobile application for health professionals in home care services: A user-centered
approach,” Sci. Rep., vol. 13, no. 1, 2023. https://doi.org/10.1038/s41598-023-29640-7

B. 1. Attah, ]. K. Alhassan, I. O. Oyefolahan, and S. A. Bashir, “Mobile application software
usability evaluation: Issues, methods and future research directions,” Commun. Comput.
Inf. Sci., vol. 1350, pp. 560-573, 2021. https://doi.org/10.1007/978-3-030-69143-1_43

A. Alzahrani, V. Gay, and R. Alturki, “The evaluation of the usability in mobile appli-
cations health and fitness monitoring view project open distributed processing stan-
dardisation view project,” 2022. [Online]. Available: https://www.researchgate.net/
publication/365873044

Y. C. Liu et al, “Evaluating mobile health apps for customized dietary recording for
young adults and seniors: Randomized controlled trial,” JMIR mHealth uHealth, vol. 7,
no. 2, 2019. https://doi.org/10.2196/10931

V. P. Cornet et al, “Untold stories in user-centered design of mobile health: Practical
challenges and strategies learned from the design and evaluation of an app for older
adults with heart failure,” JMIR mHealth uHealth, vol. 8, no. 7, 2020. https://doi.org/
10.2196/17703

154 International Journal of Interactive Mobile Technologies (iJIM) iJIM | Vol. 18 No. 2 (2024)


https://online-journals.org/index.php/i-jim
https://doi.org/10.2196/24190
https://doi.org/10.1177/2168479017725556
https://doi.org/10.1177/2168479017725556
https://doi.org/10.1093/jamia/ocab151
https://www.inec.gob.pa/archivos/P0705547520200925152334Envejecimiento Demogr%C3%A1fico en Panam%C3%A1, per%C3%ADodo 1960-2050_final.pdf
https://www.inec.gob.pa/archivos/P0705547520200925152334Envejecimiento Demogr%C3%A1fico en Panam%C3%A1, per%C3%ADodo 1960-2050_final.pdf
https://www.inec.gob.pa/archivos/P0705547520200925152334Envejecimiento Demogr%C3%A1fico en Panam%C3%A1, per%C3%ADodo 1960-2050_final.pdf
https://doi.org/10.1016/j.promfg.2018.03.159
https://doi.org/10.1186/s40411-018-0057-1
https://doi.org/10.1109/ICECCS.2011.37
https://doi.org/10.1109/ICECCS.2011.37
http://www.ijtsrd.com
https://doi.org/10.1002/9781119419310.ch3
https://doi.org/10.1007/978-1-4842-2214-0_1
https://doi.org/10.1007/978-1-4842-2214-0_1
https://doi.org/10.1038/s41598-023-29640-7
https://doi.org/10.1007/978-3-030-69143-1_43
https://www.researchgate.net/publication/365873044
https://www.researchgate.net/publication/365873044
https://doi.org/10.2196/10931
https://doi.org/10.2196/17703
https://doi.org/10.2196/17703

iJIM | Vol. 18 No. 2 (2024)

Mobile Recommendation System to Provide Emotional Support and Promote Active Aging for Older Adults in the Republic of Panama

(69]

[70]

(71]

[72]

(73]
[74]
[75]
[76]

[77]

(78]

[79]

(801

(81]

(82]

[83]

(84]

9

C. Panagopoulos, A. Menychtas, P. Tsanakas, and 1. Maglogiannis, “Increasing usability
of homecare applications for older adults: A case study,” Designs, vol. 3, no. 2, pp. 1-18,
2019. https://doi.org/10.3390/designs3020023

H. Hawley-Hague et al,, “Smartphone apps to support falls rehabilitation exercise: App
development and usability and acceptability study,” JMIR mHealth uHealth, vol. 8, no. 9,
2020. https://doi.org/10.2196/15460

S. M. Jansen-Kosterink, J. Bergsma, A. Francissen, and A. Naafs, “The first evaluation of
a Mobile application to encourage social participation for community-dwelling older
adults,” Health Technol. (Berl)., 2020. https://doi.org/10.1007/s12553-020-00430-9

C. Panagopoulos, E. Kalatha, P. Tsanakas, and 1. Maglogiannis, “Evaluation of a mobile
home care platform lessons learned and practical guidelines,” in Lecture Notes in Computer
Science (including subseries Lecture Notes in Artificial Intelligence and Lecture Notes in
Bioinformatics), 2015, vol. 9425, pp. 328-343. https://doi.org/10.1007/978-3-319-26005-1_22
]J. Vermeulen et al, “User-centered development and testing of a monitoring system
that provides feedback regarding physical functioning to elderly people,” Patient Prefer.
Adherence, vol. 7, p. 843, 2013. https://doi.org/10.2147/PPA.S45897

B. R. Nielsen Jakob, Mobile Usability, 2013.

L. Bo et al, “Reliability and validity of assessing user satisfaction with web-based health
interventions,” J. Med. Internet Res., vol. 18, no. 8, 2016. https://doi.org/10.2196/jmir.5952
M. Hyzy et al, “System usability scale benchmarking for digital health apps: Meta-
analysis,” JMIR mHealth uHealth, vol. 10, no. 8, 2022. https://doi.org/10.2196/37290

B. Lestari, P. I. Rifiani, and A. B. Gati, “The use of the usability scale system as an evalua-
tion of the Kampung Heritage Kajoetangan guide Ebook application,” Eur. J. Bus. Manag.
Res., vol. 6, no. 6, pp. 156-161, 2021. https://doi.org/10.24018/ejbmr.2021.6.6.1113

N. A.Nik Ahmad and N. S. Hasni, “ISO 9241-11 and SUS measurement for usability assess-
ment of dropshipping sales management application,” in ACM Int. Conf. Proceeding Ser.,
2021, pp. 70-74. https://dol.org/10.1145/3457784.3457794

J. Osth et al, “Effects of yoga on well-being and healthy ageing: Study protocol for a
randomised controlled trial (FitForAge),” BM] Open, vol. 9, no. 5, p. 27386, 2019. https://
doi.org/10.1136/bmjopen-2018-027386

Y. Kertapati, J. Sahar, and A. Y. Nursasi, “The effects of chair yoga with spiritual interven-
tion on the functional status of older adults,” Enfermeria Clinica, vol. 28, pp. 70-73, 2018.
https://doi.org/10.1016/S1130-8621(18)30040-8

]. Loewenthal, K. E. Innes, M. Mitzner, C. Mita, and A. R. Orkaby, “Effect of yoga on frailty
in older adults: A systematic review,” Ann. Intern. Med., vol. 176, no. 4, pp. 524-535, 2023.
https://doi.org/10.7326/M22-2553

M. J. Gonzdlez-Ojea, S. Dominguez-Lloria, and M. Pino-Juste, “Can music therapy
improve the quality of life of institutionalized elderly people?” Healthcare, vol. 10, no. 2,
2022. https://doi.org/10.3390/healthcare10020310

V. D. Abrahan, A. L. Jaramillo, and N. Justel, “Benefits of music therapy in the quality of
life of older adults,” Rev. Ciencias la Salud, vol. 17, no. 3, pp. 9-19, 2019. https://doi.org/
10.12804/revistas.urosario.edu.co/revsalud/a.8349

P. J. Geiger et al, “Mindfulness-based interventions for older adults: A review of the
effects on physical and emotional well-being,” Mindfulness (N. Y)., vol. 7, no. 2, p. 296,
2016. https://doi.org/10.1007/s12671-015-0444-1

AUTHORS

Nila Navarro graduated in Systems and Computer Engineering from the
Technological University of Panama, Chiriqui Campus, in 2020. She is currently in
the last year of her Master’s degree in Mobile Computing and is a research student.

International Journal of Interactive Mobile Technologies (iJIM) 155


https://online-journals.org/index.php/i-jim
https://doi.org/10.3390/designs3020023
https://doi.org/10.2196/15460
https://doi.org/10.1007/s12553-020-00430-9
https://doi.org/10.1007/978-3-319-26005-1_22
https://doi.org/10.2147/PPA.S45897
https://doi.org/10.2196/jmir.5952
https://doi.org/10.2196/37290
https://doi.org/10.24018/ejbmr.2021.6.6.1113
https://doi.org/10.1145/3457784.3457794
https://doi.org/10.1136/bmjopen-2018-027386
https://doi.org/10.1136/bmjopen-2018-027386
https://doi.org/10.1016/S1130-8621(18)30040-8
https://doi.org/10.7326/M22-2553
https://doi.org/10.3390/healthcare10020310
https://doi.org/10.12804/revistas.urosario.edu.co/revsalud/a.8349
https://doi.org/10.12804/revistas.urosario.edu.co/revsalud/a.8349
https://doi.org/10.1007/s12671-015-0444-1

Navarro et al.

Her research areas include artificial intelligence, e-health and machine learning
(E-mail: nila.navarro@utp.ac.pa).

Denis Cedeno-Moreno received a Ph.D. in Project Engineering from the
Technological University of Panama in 2019. She is a professor of programming and
database at the Technological University of Panama. She also dedicates her time to
research in mobile technology, artificial intelligence, natural language processing
and machine learning (E-mail: denis.cedeno@utp.ac.pa).

Victor Lépez is a Master and Professor at the Technological University of
Panama with extensive experience as Director of Research, Innovation and
Development in the software industry. He has a solid background in Computer
Science, Management Information Systems, Global Software Development, Social
Robotics and Telemedicine. He is also a full-time researcher and lecturer at the uni-
versity (E-mail: victor.lopez@utp.ac.pa).

Ericka Matus is a Ph.D. candidate in Education from the Specialized University
of the Americas, is a professor and researcher. Her research areas include social psy-
chology, sports psychology, and attitudes (E-mail: Ericka.matus@udelas.ac.pa).

Ivonne Nuiiez graduated in Systems and Computer Engineering from the
Technological University of Panama, Chiriqui Campus, in 2020. She is currently in
the last year of her Master’s Degree in Mobile Computing and is a research student.
Her research areas include IoT, Smart City, Smart Grids (E-mail: Ivonne.nunez@
utp.ac.pa).

Dimas H. Concepcion graduated in Systems and Information Engineering from
the Technological University of Panama, Chiriqui Campus, in 2020. He is currently in
the last year of his Master’s degree in Mobile Computing and is a research student.
His research areas include Mobile Computing, Augmented Reality (AR) and Artificial
Intelligence (E-mail: dimas.concepcion@utp.ac.pa).

156 International Journal of Interactive Mobile Technologies (iJIM) iJIM | Vol. 18 No. 2 (2024)


https://online-journals.org/index.php/i-jim
mailto:nila.navarro@utp.ac.pa
mailto:denis.cedeno@utp.ac.pa
mailto:victor.lopez@utp.ac.pa
mailto:Ericka.matus@udelas.ac.pa
mailto:Ivonne.nunez@utp.ac.pa
mailto:Ivonne.nunez@utp.ac.pa
mailto:dimas.concepcion@utp.ac.pa



