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ABSTRACT

Over the past few years, the world has been witnessing a huge demographic change: the
aging population has been growing at an alarming rate. This problem has been a matter
of concern for many countries since it has been posing several challenges to healthcare
systems worldwide. In Portugal, which is one of the countries with the largest aging pop-
ulation, this demographic change has led to several issues. In fact, in Portugal, the nursing
homes have been getting a higher demand, and health professionals are overloaded with
work. Furthermore, the fact that nursing homes still use paper to record information and to
clinically manage their residents is another tremendous problem since this method is more
prone to errors and time-consuming.

In this context, the present master’s dissertation emerged and consisted in the design
and development of a mobile application for the health professionals, i.e. the nurses and
doctors, working in a Portuguese nursing home, more specifically in one of the nursing
homes of Santa Casa da Misericérdia de Vila Verde. This mobile application was developed
to help the health professionals to clinically manage the residents and to assist them at the
point-of-care, namely to schedule, perform, and record their daily tasks and to have access
and manipulate information.

Additionally, the present dissertation also included the definition of clinical and perfor-
mance indicators to assist the decision-making process. It is important to mention that a
mobile solution was chosen since a hand-held device, which can be used anywhere and
any time, is able to give access and store all the needed information at the point-of-care.

Thereby, this project was developed in order for the nursing home to shift from the
paper-based to the computer-based management of data as well as to introduce technologi-
cal improvements in the facility, more specifically, Health Information and Communication
Technology. Thus, by taking advantage of the benefits provided by these improvements,
the mobile application could help the health professionals to provide better care, namely
by reducing time-waste and errors, and, consequently, enhance elders” quality of life. Fur-
thermore, the solution could relieve some of the workload of the health professionals and
help them make more informed and evidence-based decisions and, hence, improve the

decision-making process.

Keywords: Business Intelligence, Elders, Ethical Issues in Medicine, Health In-
formation and Communication Technology, Health Professionals, Mobile Health,
Nursing Home.
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RESUMO

Ao longo dos ultimos anos, o mundo tem vindo a testemunhar uma enorme mudanga
demografica: o envelhecimento da populagdo tem crescido a uma taxa alarmante. Este
problema tem sido um motivo de preocupagdo para muitos paises, uma vez que tem vindo
a provocar indmeros problemas para os sistemas de satide através o mundo. Em Portu-
gal, que corresponde a um dos paises com maior populagdo envelhecida, esta mudanga
demografica tem originado varios problemas. De facto, em Portugal, os lares de idosos tém
estado sobrelotados e os profissionais de satide estdo sobrecarregados com trabalho. Além
disso, o facto dos lares de idosos ainda usarem papel para registar informagdo e efetuar
a gestdo dos utentes é um enorme problema, visto que este método é mais demorado e

propenso a erros.

Neste contexto, a presente dissertagdo de mestrado surgiu e consistiu na projegdo e no
desenvolvimento de uma aplicagdo mével para os profissionais de satide, isto é, para os
enfermeiros e os médicos, que trabalham num lar de idosos portugués, nomeadamente
num dos lares da Santa Casa da Misericérdia de Vila Verde. Esta aplicacdo mével foi
desenvolvida de modo a ajudar os profissionais de satide a efetuar a gestdo dos utentes
e auxilid-los no local de prestacdo de cuidados, nomeadamente para agendar, realizar e

registar as suas tarefas didrias e para ter acesso e manipular informacao.

Adicionalmente, a presente dissertagdo também incluiu a defini¢do de indicadores clinicos
e de desempenho, de forma a auxiliar o processo de tomada de decisdo. Importa mencionar
que uma aplicagdo moével foi escolhida visto que um dispositivo portétil, que pode ser us-
ado a qualquer momento e em qualquer lugar, é capaz de dar acesso e armazenar toda a

informagédo necessaria no local de prestacdo de cuidados.

Assim sendo, este projeto foi desenvolvido de modo a permitir o lar de idosos a passar
da gestdo de dados em papel para a gestdo de dados em computador, assim como para
introduzir avangos tecnoldgicos no estabelecimento, mais especificamente, Tecnologia de
Informagdo e Comunicagdo na Satde. Assim, tomando vantagem dos beneficios propor-
cionados por estes avancos, a aplicagdo moével poderia ajudar os profissionais de satde
a fornecer melhores cuidados de satide, nomeadamente a reduzir a ocorréncia de erros
e desperdicios de tempo, e, consequentemente, melhorar a qualidade de vida dos idosos.
Para além disso, a solugdo poderia ajudar a reduzir a carga de trabalho dos profissionais
de sadde e ajudé-los a tomar decisdes mais informadas e baseadas em evidéncias e, assim,

melhorar o processo de tomada de deciséo.
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INTRODUCTION

The present document has as main purpose to thoroughly describe the project of designing
and developing a mobile application for the health professionals working in a Portuguese
nursing home, more specifically in one of the Santa Casa da Misericérdia de Vila Verde nursing
homes, which is managed by the Misericérdia de Vila Verde hospital, to help them clinically
manage the residents and to assist them at the point-of-care, namely to schedule, record,
and perform tasks and to have access, document, consult, and manipulate information.
Additionally, this project aims to take advantage of the many benefits provided by Health
Information and Communication Technology (HICT) to ultimately help health profession-
als to provide better care by reducing time-waste and errors. It must be mentioned that this
project emerged as a master’s dissertation of the Integrated Master in Biomedical Engineer-
ing of the University of Minho for the master branch of Medical Informatics.

Thus, this first chapter corresponds to an introductory chapter for the present dissertation
and is divided into four distinct sections. Firstly, a brief contextualization of the project is
made in Section 1.1 in order to have a better understanding of its scope. Then, in Section 1.2,
the main motivation of the project is presented to assess its novelty and relevance nowadays.
Moreover, in Section 1.3, the main objectives of the project are presented. In this context,
the research questions associated with the present dissertation and that will be answered
throughout this document are presented with the intention of identifying the main goals
of the project. Finally, in the last section of this chapter (Section 1.4), the structure of the
present document is thoroughly described.

1.1 SCOPE AND CONTEXTUALIZATION

Over the last few years, the world has been witnessing a huge demographic change: the
population is aging at an alarming rate. In fact, by taking an in-depth look at the statistics
regarding the aging population, they are concerning: comparatively to the growth of the
whole population, it is estimated the elderly population is growing twice as fast [1]. This
problem has been a matter of concert all over the world since it is posing several challenges
to healthcare systems worldwide [1] [2] [3] [4]. Some of the main problems caused by this
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demographic change are the increase of the costs of elderly care and of the number of
elders in nursing homes [1] [3]. The harsh reality is that many countries are experiencing a
growth in the proportion of older individuals and, consequently, an increase of the number
of service requirements for them that, at the moment, they are not able to meet. Thus, due
to the high demand for more and better medical services for the elderly, there is a need to

evaluate the state of these services and assess if improvements are needed.

In Portugal, the increase in the proportion of elderly people has been a tremendous con-
cern. In fact, Portugal is currently one of the countries with the largest aging population in
the world [5] and this situation has been posing several challenges. One of the major chal-
lenges faced by the country is the increasing number of elders in nursing homes. Finding
a place in a nursing home in Portugal has been a massive problem for several elders and
their families due to the high demand and quick rate at which the vacancies are filling up
[6] [71.

On the other hand, another concern faced by the country is the fact that health profession-
als working in nursing homes are overloaded with work, which can lead to the decrease
of the quality of the nursing care delivered [8] [9]. This situation can be explained by the
growth of the number of elders in nursing homes and by the lack of investment in these
facilities. For these reasons, the number of elderly people is often to high compared to the

number of health professionals.

Additionally, more than not, nursing homes use rudimentary methods, such as paper,
to record information and clinically manage their residents, which can be time-consuming
and more prone to errors [10] [11]. Naturally, by using handwritten charts and medical
records, the risk of misplacing and losing information is a lot higher. On the other hand,
health professionals working in nursing homes need to constantly return to the nursing
stations in order to retrieve and record information, which can lead to more errors since

information can be forgotten or written in the wrong place.

Therefore, there is currently a need to fill the lack of resources and access to technology
in nursing homes in order to solve some of the problems faced by them and ultimately
improve the nursing care delivered. In fact, nursing homes could greatly benefit from the

introduction and implementation of technological advancements, such as HICT.

Over the years, Information and Communication Technology (ICT), which encompasses
any form of electronic solution that allows to retrieve, store, manage, manipulate, and trans-
mit digital information [12], has been transforming several industries, and the healthcare
industry is not an exception [13] [14] [15]. In fact, the introduction of ICT in a healthcare
setting, known as HICT, has dramatically transformed the medical practice and, due to its
numerous benefits, it is certainly here to stay. In this context, HICT has proved to improve
the quality and safety of the care delivered and its outcomes, e.g. by decreasing errors
and taking full advantage of the stored information, to enhance the sharing and access
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to information, e.g. by making a shift from paper-based to computer-based management
of data, and to reduce time-waste, e.g. by accessing and recording the information at the

point-of-care and making the information available anywhere and at any time [10] [12] [16].

However, despite the obvious advantages and positive effects provided by HICT, nursing
homes have been lagging behind in their adoption, mainly due to the lack of investment
and resources as well as to the lack of effort by these facilities to adapt to technological
improvements [10] [11] [12] [17] [18]. Some specific forms of HICT that could enhance
healthcare delivery in nursing homes and that have been experiencing a vast growth in
recent years are Health Information Systems (HISs) and Mobile Health (mHealth).

HISs are complex systems designed and used to collect, store, manage, process, retrieve,
and transfer healthcare digital data of the patients, also known as Electronic Health Records
(EHRs) or Electronic Medical Records (EMRs), and digital data related to the institution [19]
[20]. The goal of HISs is to improve the quality of the healthcare services not only for ad-
ministrative purposes but also to enhance the care delivered to patients [20]. Consequently,
these systems help reduce medical errors, enhance the safety of the patients, and allow
health professionals to deliver care of high quality. This is possible since HISs give timely
and accurate information and process data taking full advantage of them, providing in-
formation and knowledge to healthcare organizations [19] [21]. In this context, Clinical
Decision Support Systems (CDSSs) can be highlighted and they are widely used to extract
useful information and knowledge from healthcare data through the aid of emerging tech-
nologies, such as Business Intelligence (BI) tools [22] [23]. This knowledge can then be used

to serve as a basis for a more accurate and efficient decision-making process.

On the other hand, mHealth, which refers to the use of mobile technology in a healthcare
setting, has proved to positively improve healthcare delivery [24] [25] [26]. In fact, the use
of mobile technology, namely of mobile devices and applications, in healthcare contexts,
has been rapidly growing due to its numerous advantages. More specifically, by using a
mobile device, health professionals can benefit of an easier, faster, and better information
management since all data are gathered in a single device allowing them to have access and
record information anywhere and at any time in the nursing home. These advantages are
greatly beneficial for health professionals since they can reduce time-waste and errors [24]
[27] [28].

Therefore, according to all that was mentioned above, this present dissertation emerged
and consisted in the design and development of a mobile application for the health pro-
fessionals working in a Portuguese nursing home, more specifically in one of the nursing
homes of Santa Casa da Misericérdia de Vila Verde, to help them clinically manage the resi-
dents and to assist them at the point-of-care, namely to schedule, perform, and record their
daily tasks and to have access, document, consult, and manipulate information. Therefore,

the main purpose of this project was to introduce technological improvements in the nurs-
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ing home and support health professionals through the help of a mHealth solution that
would allow to relieve some of the work overload experienced by them, reduce time-waste

and errors, and assist them in the decision-making process.

1.2 MOTIVATION

As mentioned in the previous section, a majority of the nursing homes still use rudimentary
methods, such as paper, to clinically manage their residents, to schedule and perform tasks,
and to record and process information. On the other hand, health professionals working
in nursing homes are often overloaded with work due to the unsophisticated and simple
methods used by them, which are time-consuming, and to the high number of elders in
these facilities, which can be explained by the rapidly aging population.

Thus, all of the above leads to a higher error rate and to the decrease of the quality of
the nursing care delivered. However, despite being greatly beneficial for healthcare envi-
ronments and enhancing healthcare delivery, nursing homes are currently lagging behind
when it comes to the use and implementation of technological improvements, such as HICT.

For these reasons, there is currently an urgent need to face these challenges and improve
elders’ quality of life and the care delivered in nursing homes. Portugal is not an exception
to this harsh reality. In fact, at the moment, the country is facing several challenges due to
the aging population and the overload of nursing homes.

Thus, with all of this in mind, the project described in this present dissertation emerged.
The main motivation for the development of this project is to take advantage of the benefits
provided by HICT in order to enhance healthcare delivery in nursing homes and face some
of the problems encountered by the health professionals working in these facilities.

Therefore, the main purpose of the present project is to design and develop a mHealth
solution for health professionals working in a Portuguese nursing home, more specifically
in one of the Santa Casa da Misericérdia de Vila Verde nursing homes, to assist them at the
point-of-care. Thus, it is intended to remove the paper-based management of data and
introduce technological improvements in the facility by developing a mobile application
that would allow the health professionals to schedule, perform, and record their daily tasks.
Additionally, the mobile application would also allow these professionals to manage their
residents by having access, documenting, consulting, and manipulating information of the
residents at any time and anywhere in the nursing home. It is important to note that a
mHealth solution was chosen since a single hand-held and portable device is able to give
access and store all the needed information at the point-of-care.

Consequently, this mHealth solution proposes to help reduce time-waste since health
professionals do not need to constantly return to the nursing stations to record and have

access to information. On the other hand, it also intends to reduce the occurrence of er-
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rors considering digital data are least likely to be forgotten or misplaced compared to the
paper-based method. Finally, all of these advantages would ultimately lead to the improve-
ment of elders’ quality of life in the nursing home and of the nursing care delivered. Last
but not least, it would also help relieve some of the work overload experienced by health

professionals.

The novelty and relevance of the project lie in the fact that, nowadays, few nursing homes
resort to HICT despite their well-known benefits and great potential, as mentioned previ-
ously. Moreover, the fact that there is currently a lack of literature and of an integrated
body of knowledge on the use o HICT in nursing homes show that there is still much work
that needs to be done in this area. Therefore, the present project intends to fill the lack of
technological improvements in nursing homes and explore their benefits having as a case
study one of the nursing homes of the Santa Casa da Misericérdia de Vila Verde.

1.3 OBJECTIVES

As indicated previously, the aim of the present manuscript is to design and develop a
mHealth solution, more specifically a mobile application, for the health professionals work-
ing in a Portuguese nursing home in order to assist them at the point-of-care and to remove
the paper-based management of residents, which is time-consuming and more prone to
errors.

Thus, the main purpose of the project is to introduce technological improvements in
a nursing home suffering from the consequences of the aging population and the usage
of rudimentary methods with the aim of exploring the benefits provided by them and,
ultimately, improve elders” quality of life and the nursing care delivered. Additionally, it is
also intended to reduce some of the work overload experienced by the health professionals
as the mobile application would allow them to schedule, record, and perform their tasks, to
manage the residents, and to have access, document, consult, and manipulate information.

In this context, the development of the project described in the present dissertation was
sustained by a set of research questions that gave rise to several objectives. The research

questions identified are as follows:

e Question 1: What is the current state regarding the adoption of Health Information
and Communication Technology of the Santa Casa da Misericérdia de Vila Verde nursing

home?

- Question 1.1: How is the current state regarding the adoption of Health Infor-
mation and Communication Technology affecting the work carried out by the

health professionals and the quality of the nursing care delivered to elders?
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e Question 2: What are the current needs of the Santa Casa da Misericérdia de Vila Verde
nursing home regarding the use of Health Information and Communication Technol-

ogy?

— Question 2.1: How could the use of Health Information and Communication
Technology help overcome some of the challenges faced by the health profession-

als?

e Question 3: How to promote and successfully introduce Health Information and
Communication Technology, namely a mobile application, in the Santa Casa da Mis-
ericérdia de Vila Verde nursing home in order to face and overcome the challenges

faced by the institution?

— Question 3.1: How could the implementation of a mobile application be benefi-

cial for the nursing home?

- Question 3.2: Which healthcare services or tasks performed by the health pro-
fessionals of the nursing home in question could benefit from the use of Health

Information and Communication Technology, namely of a mobile application?

— Question 3.3: Which features should be integrated in a mobile application that
has as main purpose to assist and help the health professionals of the nursing

home in question?

- Question 3.4: In order to develop these features, which are the relevant data that
should be recorded in the database?

e Question 4: Which clinical and performance Business Intelligence indicators should
be created when enough data are gathered in order to assist the decision-making

process?

¢ Question 5: Which are the ethical issues that may arise from the implementation of
Health Information and Communication Technology, namely a mobile application, in
the Santa Casa da Misericordia de Vila Verde nursing home?

— Question 5.1: How could these ethical issues be safeguarded and guaranteed in

order to ensure the quality, accuracy, and safety of the mobile application?

e Question 6: Which are the long-term implications and benefits of the mobile applica-

tion developed for the Santa Casa da Misericérdia de Vila Verde nursing home?

e Question 7: Which improvements should be applied and could be beneficial to the
mobile application developed for the Santa Casa da Misericérdia de Vila Verde nursing

home?
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In light of the research questions presented above, a set of objectives arose for the devel-
opment of the project associated with this present dissertation. Therefore, the objectives
defined are as follows:

e Objective 1: Analysis of the current state of the Santa Casa da Misericérdia de Vila
Verde nursing home regarding the use of Health Information and Communication
Technology;

e Objective 2: Identification of the challenges encountered by the health professionals
of the Santa Casa da Misericérdia de Vila Verde nursing home and their current needs

through focus groups, semi-structured interviews, and questionnaires;

e Objective 3: Identification of how these challenges could be solved through the use

of Health Information and Communication Technology, namely mobile technology;

e Objective 4: Analysis of the state of the art regarding the current state of Health
Information and Communication Technology, namely mobile technology, in nursing
homes considering the identified needs and challenges;

e Objective 5: Identification of the needed requirements for the development of a mo-

bile application in a healthcare setting;

e Objective 6: Understanding on how Health Information and Communication Technol-
ogy, more specifically mobile technology, could benefit the Santa Casa da Misericérdia
de Vila Verde nursing home and its health professionals;

e Objective 7: Selection of the research methodologies and developments tools to be
used for the development of the mobile application, namely for the development of
the database, the Web services, and the interfaces of the mobile application;

e Objective 8: Design of the mobile application, namely of the database, the Web ser-
vices, and the interfaces and features of the mobile application;

e Objective 9: Development of the mobile application, namely of the database, the Web

services, and the interfaces and features of the mobile application;

e Objective 10: Definition and identification of the clinical and performance indica-
tors that should be created when enough data are gathered in order to enhance the
decision-making process;

e Objective 11: Ensure that ethical issues are safeguarded and guaranteed during all
phases of the development of the mobile application;

e Objective 12: Deployment and implementation of the database and Web services
created in the server of the Misericérdia de Vila Verde hospital;
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e Objective 13: Presentation and demonstration of the developed solution to the target
audience in order to certify that the objectives are met and if changes need to be done;

e Objective 14: Critical analysis of the developed solution and the results achieved;

e Objective 15: Application of a proof of concept for the developed solution in order to
assess its acceptance, potential, and feasibility;

e Objective 16: Analysis, identification, and proposition of improvements that could be
applied to benefit the developed solution and ensure its successful use;

e Objective 17: Analysis and identification of the long-term benefits and implications
of the developed mobile application.

1.4 DISSERTATION STRUCTURE

The present document is divided into six distinct chapters: Introduction, State of the Art,
Research Methodologies and Development Tools, A Mobile Health Application to Assist
Health Professionals: A Case Study in a Portuguese Nursing Home, Proof of Concept, and
Conclusion and Future Work. Furthermore, the present dissertation also contains appen-
dices. In this context, the content and themes approached in each chapter and appendix

are as follows:

e Chapter 1 - Introduction: this introductory chapter aims to make a contextualiza-
tion of the project described in the present dissertation, referring its general scope
and all of its underlying themes and topics. The main motivations of the project are
also approached in order to understand its novelty and relevance. Then, the research
questions around which the project described in the present dissertation is centered
are also presented as a way to identify its main objectives. Lastly, the structure of the

present dissertation is thoroughly presented;

e Chapter 2 - State of the Art: this second chapter aims to explore the project’s body
of knowledge and its underlying scientific and theoretical themes and topics of rele-
vance, using appropriate bibliographic references. Therefore, topics in the scope of
Health Information and Communication Technology such as Health Information Sys-
tems (in particular, interoperability and Clinical Decision Support Systems), Mobile
Health, Business Intelligence, and ethical issues in medicine are approached;

e Chapter 3 — Research Methodologies and Development Tools: the main purpose
of this third chapter is to thoroughly explore and describe the research methodologies
and development tools used throughout the course of the development of the project
described in the present dissertation. Therefore, the Design Science Research (DSR)
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methodology, which was the research methodology followed to ensure the success of
the project, is approached in this chapter. Then, the Proof of Concept (PoC) method-
ology (in particular, the Technological Acceptance Model (TAM) and Strengths, Weak-
nesses, Opportunities, and Threats (SWOT) analysis) is also approached since it was
used to evaluate the usefulness, potential, and feasibility of the developed solution.
Finally, the development tools and technologies used to develop the solution are also
approached in this chapter. Therefore, Structured Query Language (SQL), Hypertext
Preprocessor (PHP), and JavaScript (JS) programming languages are explored since
they were used to develop the database, the Web services, and the interfaces of the
mobile application, respectively. Moreover, the MySQL database and the React Na-
tive framework are also explored in this chapter since they were used to develop the
database and mobile application, respectively. Finally, Power BI is also approached in
this chapter as it was the BI tool used to create examples of the clinical and perfor-

mance indicators that could be created when enough data are gathered;

Chapter 4 - A Mobile Health Application to Assist Health Professionals: A Case
Study in a Portuguese Nursing Home: in this chapter, the solution developed is
thoroughly described. For this purpose, the case study for which this solution was
developed, namely one of the nursing homes of the Santa Casa da Misericérdia de Vila
Verde, is presented in order to identify the problems and main challenges faced by the
nursing home and, hence, pinpoint the motivation for the development of this project.
Thereafter, the objectives for the realization of the solution are defined. The design
and development of the solution are also described in detail in this chapter, namely
the MySQL database created, the PHP Web services developed, and the architecture
and features of the mobile application. Additionally, the clinical and performance
indicators that could be created in the future in order to improve the decision-making
process are identified. Finally, this chapter concludes with a brief discussion in which
a general overview of the developed solution is presented;

Chapter 5 — Proof of Concept: this fifth chapter presents the PoC applied to the
developed solution and has the intention of identifying its usefulness and potential.
In this context, the TAM was applied in order to identify the acceptability of the
developed solution. Afterwards, based on the results obtained, a SWOT analysis was
elaborated in order to assess the strengths, weaknesses, opportunities, and threats of
the developed solution;

Chapter 6 - Conclusions and Future Work: this final chapter aims to rigorously
explore the main conclusions and contributions provided by the developed solution.
Thereupon, the research questions presented in the first chapter of the present disser-
tation are answered in order to assess if the established objectives were successfully
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met. Furthermore, a thorough analysis is made with the intention of identifying and
proposing improvements that could be applied in the future to benefit the developed

solution;

Appendix A - Questionnaire to Assess the Needs and Challenges Encountered
in the Nursing Home: in this appendix, the questionnaire performed with the pro-
fessionals working for both the Santa Casa da Misericérdia de Vila Verde nursing home
and hospital to assess the needs and challenges encountered in the nursing home is
presented;

Appendix B — Questionnaire Based on the TAM3 to Assess the Acceptance of the
Mobile Application: in this appendix, the questionnaire performed with the health
professionals to assess the acceptance of the mobile application is presented;

Appendix C - Publications: in this appendix, the scientific publications elaborated

during the development of the present dissertation are presented.
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STATE OF THE ART

In this second chapter, the body of knowledge of the project developed in the present dis-
sertation is thoroughly described as well as its underlying scientific and theoretical themes
and topics. Therefore, taking into account the topics that needed to be approached, this

chapter is structured into six distinct sections.

At first, a brief introduction regarding the advantages and current state of Health In-
formation and Communication Technology are presented in Section 2.1, focusing more
specifically in its current state in nursing homes. Thereafter, in Section 2.2, Health Infor-
mation Systems are introduced, including the concepts of interoperability (Section 2.2.1)
and Clinical Decision Support Systems (Section 2.2.2). Then, in Section 2.3, Mobile Health
is approached and its main advantages in healthcare settings are presented. Furthermore,
Section 2.4 describes the concepts of Business Intelligence and clinical information. Addi-
tionally, in Section 2.5, ethical issues in medicine regarding the use of HICT in healthcare
are presented. Finally, this chapter concludes with a brief conclusion in order to give a gen-
eral overview of the topics and concepts described and approached throughout this chapter
(Section 2.6).

2.1 INTRODUCTION

The healthcare industry has been facing several challenges: the expectations are higher and
the pressure to deliver medical care of high quality is growing [14]. Consequently, health-
care organizations have been constrained to adopt better and advanced improvements in
their facilities in order to meet the demands they are facing. In this context, Health Informa-
tion and Communication Technology emerged and has been playing a vital and important
role in healthcare settings all over the world.

In fact, over the last few years, HICT has been positively impacting the health industry all
over the world, mainly due to its many advantages and its potential in healthcare settings
to improve outcomes and the quality, safety, and efficiency of healthcare delivery [11] [16]
[29] [30]. In fact, technologies encompassed in HICT have rapidly become a natural and
indispensable part of healthcare settings. In simple words, HICT refers to any kind of tech-

11
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nology that allows to retrieve, store, process, manipulate, and exchange digital information
in a healthcare context [12] [29]. Therefore, HICT enables to manage healthcare data in a
more efficient and secure way since it is performed across computerized systems.

The adoption and use of HICT have the potential to provide several advantages to health-
care environments and address some of the problems faced by them. For instance, some of
the benefits pointed out to HICT are as follows [11] [12] [16] [17] [29]:

e Reduce healthcare costs;
e Enhance the quality, safety, and efficiency of healthcare delivery and its outcomes;
e Enhance the access, management, and sharing of information;

e Reduce time-waste by reducing the time spent on travels and on documenting and

accessing information;
e Improve the productivity in healthcare systems;
e Reduce the occurrence of medical errors and adverse events;

e Support the decision-making process.

Nevertheless, despite the benefits associated with HICT and its positive effects in health-
care environments, several healthcare organizations and health professionals still remain
hesitant regarding its use [16] [31]. In fact, nursing homes are one of the examples of
healthcare organizations that are currently lagging behind regarding the introduction of
technological improvements in their facilities [10] [11] [12] [17] [18].

One of the reasons that can be pointed out for the few technological improvements exist-
ing in nursing homes is the lack of effort by these facilities as well as by the professionals
working in them to adapt to these advancements [11] [31]. On the other hand, the lack of
investment in the necessary resources provided to nursing homes are also some of the rea-
sons that can explain the disappointing state of HICT in these facilities [11]. Furthermore,
at times, the systems developed are not user-friendly, do not use interoperable standards,
are quite difficult to use, and are developed without meeting the needs of the health pro-
fessionals leading, therefore, to a negative response by them and to the under-utilization of
these systems [11] [32] [33].

Nonetheless, the benefits provided by Health Information and Communication Technol-
ogy are indisputable and, therefore, a higher effort and investment should be done in this
area. The success of HICT in healthcare organizations depends greatly on the quality of the
systems and solutions that are being developed. Therefore, these solutions should be user-
friendly and intuitive since health professionals cannot spend too much time learning how

to use them, follow interoperable standards to allow the successful connection between the
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different systems existing across the organization, and be user-centered taking into account
the needs of the health professionals since they are the main users of these solutions [16]

[331 [34]-

In this context, some specific forms of Health Information and Communication Tech-
nology that have proven to improve healthcare delivery and that have been undergoing
tremendous growth in recent years are Health Information Systems and Mobile Health.
Therefore, in the next sections and subsections, these topics are thoroughly approached as
well as their underlying themes.

2.2 HEALTH INFORMATION SYSTEMS

In simple terms, Health Information Systems are a specific kind of Information Systems (ISs)
used to gather, store, manage, process, retrieve, and transfer data generated in healthcare
organizations, being vital and essential for their performance [19] [35] [36] [37] [38]. Con-
sequently, these systems are designed to manage all aspects of healthcare organizations,
namely for administrative and financial purposes as well as to manage clinical aspects [21]
[36].

Therefore, due to the existence of various lines of action in healthcare organizations, there
is currently an extensive spectrum of Health Information Systems which can range from
simple systems to relatively complex ones, such as [36] [37]:

e Patient Information Systems: these systems allow to gather and manage the elec-
tronic medical information of patients, known as Electronic Health Records or Elec-

tronic Medical Records;

e Administrative Information Systems: they are used to record and manage some of
the business processes occurring in healthcare organizations, such as bill processing
and the admission, discharge, and transfer of patients;

e Clinical Information Systems: these systems perform specific tasks and have partic-
ular purposes according to the clinical department in which they operate. Thus, they
can be used for administrative or decision support, to monitor patients, to gather col-
lections of data used for research, planning, or patient care, and to archive or analyze

images, among others;

e Telemedicine: this kind of HIS is used to overcome distance barriers by providing
healthcare services from a distance through the use of Information Technology (IT)

and telecommunications;

13
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e Clinical Decision Support Systems: these systems are used to assist the decision-
making process by providing features such as alerts, reminders, predictions, and di-
agnoses to health professionals.

Therefore, HISs aim to improve the performance of healthcare organizations by allowing
them to shift from the paper-based to the computer-based management of data, which is
less time-consuming and more efficient since this method makes the information more legi-
ble and reduces the occurrence of errors [20] [39]. In addition to the fact that these systems
are extremely useful to reduce the occurrence of medical errors and adverse events, HISs
allow for clinical information to be more organized and complete and more rapidly and
easily distributed and accessed across the organization, being, hence, essential to enhance
the quality of healthcare delivery, to reduce costs, and to give access to timely information
[19] [20] [21] [35] [39].

Furthermore, HISs are widely used to assist health professionals in the decision-making
process since these systems help improve the management of data by enabling the extrac-
tion of knowledge that can then be used as a basis in the decision-making process [20] [40]
[39]. Before the introduction of computer-based systems, all data generated in healthcare
organizations were stored in papers, making the usage of these data in a meaningful way
impossible. Thus, the migration from paper-based to computer-based systems turned possi-
ble the transformation of the vast amounts of clinical information collected daily into useful
and new knowledge. Business Intelligence tools and Clinical Decision Support Systems are
examples of technologies that enable the extraction of knowledge and new information
from data.

However, despite the opportunities and positive effects Information Systems bring to
healthcare organizations and their progressive implementation in these facilities, these sys-
tems have yet to attain their full potential and maturity in the healthcare industry [37]
[39] [40] [41] [42] [43]. In fact, the adoption of ISs in healthcare has been lagging behind
compared to other industries, mainly due to the costs and difficulties associated with the
implementation and integration of such complex systems, to the reticence of health profes-
sionals to use these systems, and to the high requirements of the healthcare industry, more
particularly in terms of data privacy and confidentiality [37] [39] [42].

Regardless, the benefits of Health Information Systems are unquestionable, being con-
sidered as essential and vital parts of healthcare organizations due to the opportunities
and benefits provided by them. However, in order to ensure the successful and effective
implementation of these systems, they should follow interoperable standards to allow their
integration with other systems, be reliable and have a high performance, meet the require-
ments and needs of both the health professionals and the organization, take into account
data privacy and security issues, and undergo continuous maintenance and evaluations in

order to identify and perform improvements over time [44].
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With all of the above mentioned, the following two subsections emerged. Therefore, Sub-
section 2.2.1 approaches the concept of interoperability, which is essential for the successful
integration and communication between different systems. Afterwards, Subsection 2.2.2

discusses Clinical Decision Support Systems.

2.2.1 Interoperability

Healthcare organizations are currently producing high volumes of clinical data on a day-
to-day basis and at a rapid rate. Naturally, these clinical data come from different sources
and are, therefore, heterogeneous and stored into different Health Information Systems
since healthcare organizations are composed of various stakeholders distributed across the
institution, which perform different services and tasks [45] [46] [47] [48]. In fact, each of
these stakeholders generates different types of data such as clinical notes, bills, laboratory
tests, and patients” observations, treatments, and diagnosis, among others, leading to the
fragmentation and storage of the clinical data all over the institution. On the other hand, the
heterogeneity and diversity of the clinical information is due to the fact that this information

may contain different terminologies, syntax, data types, file formats, and data formats.

However, although the clinical information generated in healthcare organizations is het-
erogeneous and is dispersed all over the institution, this information needs to interact to-
gether since health professionals constantly need to access and utilize this information. In
fact, due to the nature of their professions, health professionals need to exchange infor-
mation between each other daily, such as laboratory tests, diagnoses, medical reports, and
clinical notes, for example, in order to treat patients. Therefore, the HISs existing across the
organization need to safely connect together to allow the share of information in a secure,
uniform, transparent, and effective way.

Therefore, in response to this need, interoperable standards were created in order to allow
the communication and exchange of information between the different systems existing
across organizations [45] [46] [47] [49]. In simple terms, the concept of interoperability
refers to the ability of independent Health Information and Communication Technology
systems, applications, and devices to communicate across an organization without any
restrictions and in a transparent, secure, and reliable way in order to allow the exchange
and use of information between the various stakeholders existing in the institution [47] [49]
[50] [51] [52].

The goal of interoperability is to allow the sharing of information across an entire orga-
nization as seamlessly as possible in order to be accessed and used by health professionals
anywhere and at any time. Furthermore, in order to achieve interoperability, the data
shared should be correctly interpreted and understood across the different systems. Thus,
a generic representation of the concept of interoperability is presented in Figure 1.
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Figure 1.: Generic representation of the concept of interoperability. Adapted from [47].

Currently, the use of interoperable standards in healthcare settings is considered a neces-
sary and fundamental requirement since, without them, the exchange of information across
the entire environment would not be possible, compromising healthcare delivery [52]. In
fact, several solutions have been created in order to achieve some degree of interoperability,
such as data models, intelligent agents systems, and ontologies, among others [47] [50] [53].
However, interoperability has not yet attained its full potential in healthcare settings as it
is a hard and complex task to achieve, namely due to the complexity and specificity of the

clinical data and to ethical issues [47] [50].

2.2.2  Clinical Decision Support Systems

As noted in the previous subsection, nowadays, the healthcare industry generates daily
massive amounts of data at a high rate. Thus, in order to justify the huge amounts of data
that are being produced on a day-to-day basis, solutions and techniques must be developed
so as to utilize these data in a meaningful and productive way, giving them economic value
[54] [55] [56]. Without these solutions, the large amounts of clinical data generated would
be meaningless and a burden to healthcare organizations since they require storage space,
which entails high costs.

In this context, Clinical Decision Support Systems emerged as a solution and they enable
the extraction of new and useful knowledge from healthcare data that can be used by
health professionals to enhance healthcare delivery. In simple words, CDSSs are specific
kinds of Decision Support Systems (DSSs), which are Information Systems able to support
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and improve all stages of the decision-making process, introduced in healthcare contexts to
assist health professionals [22] [23] [54] [55] [57] [58].

In recent years, the recognition of these computer-based systems as important and bene-
ficial tools has been gradually increasing, mainly due to the rise of the costs and complexity
associated with healthcare [22]. Furthermore, the development of these systems has been a
priority and a necessity for healthcare environments as a result of the challenges associated
with the management of information and knowledge, the need of a solution that could
use the high amounts of Electronic Health Records in a meaningful way, and the intent to

provide personalized healthcare services to patients [22] [23] [54] [59] [60].

It is important to note that CDSSs do not intend to replace health professionals and
perform the clinical decision-making process by themselves. On the contrary, these systems
offer relevant, useful, and evidence-based information, which is situation-specific and takes
into account the clinical context, to the decision-makers in order for them to make based,
informed, supported, and more accurate decisions [22] [58]. Thus, with this in mind, CDSSs
aim to enhance the decision-making process by assisting health professionals and have as
ultimate goal to improve outcomes and healthcare delivery and to reduce the occurrence of
adverse events and costs [22] [58] [61].

There is currently several types of Clinical Decision Support Systems, such as [22] [58]:

e Systems that offer alerts, reminders, suggestions, and recommendations according to
the situation and the patient. For this purpose, the health professionals must enter
into the system information related to the patient. This information is then linked to
knowledge existing in the system and, based on the correlations that are made, the
system dispatch alerts, reminders, suggestions, or recommendations to the profession-
als;

e Systems that organize information into dashboards, reports, indicators, and graphical
displays that can then be consulted by health professionals to assist the decision-
making process by providing faster and based decisions. In this context, these sys-
tems resort to Business Intelligence tools in order to create these dashboards, reports,

indicators, and graphical displays;

e Systems that, by taking into account the clinical context and the patient in question,

retrieve and offer documents containing relevant information.

In light of what has been mentioned in this subsection, and since CDSSs encompass Bl
tools to achieve their goals, the section 2.4 approaches the concept of BL.
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2.3 MOBILE HEALTH

During the past few years, the rapid expansion of mobile technology, which refers to any
kind of technology that can be used “on-the-move”, has been impacting several industries,
and the healthcare industry is not an exception [24] [25] [62]. In fact, the ubiquitous pres-
ence of mobile devices, such as smartphones and tablets, and the rise in their adoption have
led to the growth in the number of mobile applications. In this sense, there is currently a
wide range of mobile applications that offer a variety of functions and, more recently, mo-
bile health applications have been on the rise due to their potential to improve healthcare
delivery [25] [62] [63].

In this context, the use of Mobile Health, more specifically of mobile devices and appli-
cations to support healthcare, the clinical practice, and healthcare providers [26] [64], has
been transforming several aspects of the healthcare industry. In fact, mHealth has been
proving to be quite promising and greatly beneficial for health professionals, namely to
help them execute their daily tasks, to manage and monitor patients, to access and manage
clinical data, and to enhance the decision-making process, among others [24] [27] [62]. On
the other hand, mHealth has also been advantageous for healthcare consumers allowing
them to strengthen their communication with healthcare organizations [63] [65].

Therefore, the use of mobile devices in healthcare settings has been rapidly growing and,
consequently, the development of mobile applications for these devices, thus leading to
the rapid integration of mobile devices in healthcare settings [24] [62] [65]. Furthermore,
the adoption of mobile technology by health professionals can be explained by the need
to have a better and easier communication and access to information at the point-of-care
since a single device, which is portable, light, and small, can gather and give access to all
the needed information anywhere and at any given moment [24] [27] [62] [65]. Moreover,
regarding healthcare consumers, mobile technology is essential to remove the geographical
barriers existing between them and healthcare organizations, allowing them to have access
to care even in the comfort of their homes [63] [65].

The main benefits of mHealth are as follows [24] [27] [28] [63] [65]:

e Faster accessibility and better management of information since all data are gathered
in a single source, which can be used anywhere and at the time of need, making access
to information much more convenient. Therefore, mHealth leads to the improvement
of the time it takes for health professionals to access and record information. More-
over, it reduces time-waste since health professionals can perform their tasks at the
point-of-care and do not need to leave the patients and interrupt their workflow to go
to another location;

e Help overcome some of the challenges introduced by the low number of computers
available in healthcare environments. More than not, health professionals do not
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have time to constantly go where the computers are located in order to check or
record information. Therefore, these professionals cannot take full advantage of the
Health Information Systems existing in their workplace. However, this situation can
be solved through the use of mobile devices, which allow them to view, receive, and
record information at the point-of-care;

e Faster and better decision-making process, since health professionals can have access
to up-to-date information at the point-of-care where the decisions are being made,
leading to more informed and based decisions. Therefore, this can promote a lower

error rate, fewer adverse events, and better outcomes;

e Faster and improved communication since mHealth helps connect all the profession-
als distributed across the healthcare organization. This advantage is of particular in-
terest since health professionals are highly dependent on their coworkers to perform
their tasks, namely on their knowledge and expertise. Thus, a solution that helps
health professionals to have direct and better communication with their coworkers
could lead to faster and better healthcare delivery;

e Help healthcare organizations to strengthen their communication with healthcare con-
sumers by providing information to them at any given moment through appointment

reminders, test result notifications, diagnostics, and disease control, among others;

e Enhance the quality of healthcare delivery.

Figure 2 shows a generic representation of the concept of mHealth.
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Figure 2.: Generic representation of the concept of Mobile Health. Adapted from [66].

However, despite the advantages provided by mHealth and the high number of mobile
health applications currently available, a considerable amount of them are under-utilized

or even abandoned [24] [27] [62] [64]. In some cases, mobile applications are developed
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without truly understanding, assessing, and meeting the needs of their intended users,
thus leading to applications of low quality and inaccurate and, therefore, to their under-
utilization [62] [64]. Therefore, a better evaluation of the needs of the users should be done

before developing these applications.

On the other hand, some health professionals remain hesitant regarding the use of mo-
bile technology in healthcare settings since mobile devices have small screens, which can
difficult the entering and viewing of data [27]. However, it is important to note that the use
of mobile applications in healthcare settings is not intended to replace or substitute desk-
top applications, which can be more powerful and less restrictive than mobile applications,
but to complement them and, especially, to enhance outcomes at the point-of-care [24]. In
fact, in situations where rapid information exchange is needed, where information should
be entered at the point-of-care, and where health professionals are constantly on the move
and have, therefore, less time to spend on computers, mobile technology is highly beneficial
compared to desktop applications [27]. For instance, health professionals working in nurs-
ing homes could greatly benefit from mobile technology since they are constantly “on the
go” and have little time to spend on computers, which are often located in nursing stations

far away from the residents.

Nonetheless, the benefits of Mobile Health are undeniable and a higher investment
should be done in this area since it can improve the quality of healthcare delivery and
patients” quality of life.

2.4 BUSINESS INTELLIGENCE AND CLINICAL INFORMATION

In simple terms, Business Intelligence corresponds to a set of methodologies, applications,
processes, technologies, and analytical tools used to gather, store, manipulate, process, and
analyze data in order to gain new knowledge and relevant information that can then be
used by organizations to make informed and evidence-based decisions, thus improving the
decision-making process [15] [67] [68] [69]. In the context of the healthcare industry, BI tools
are greatly beneficial and essential since they enable the analysis of the clinical information
that is constantly being generated in order to obtain new knowledge used as a basis and
support in the decision-making process [67] [68] [69] [70].

Thus, Bl emerged as a solution to make use of the huge amounts of data generated
daily in organizations, offering analytical tools able to turn these data into meaningful,
useful, and valuable information and knowledge to all the stakeholders distributed across
the organization [69] [71] [72] [73]. Furthermore, regarding the healthcare industry, these
tools allow to turn the medical practice more evidence-based and has as ultimate goal to
enhance the quality of healthcare delivery by turning the decision-making process faster

and more accurate.
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this context, some of the advantages provided by Business Intelligence tools in health-
settings are as follows [67] [68] [74] [75]:

Make use and understand the complex and huge amounts of clinical information
gathered daily in order to gain knowledge and make faster, informed, evidence-based,

and accurate decisions;

Analyze and gain a deeper understanding of the overall performance of the health-
care organization and its stakeholders by comparing past and current data. Thus, by
obtaining insight into the productivity of the organization, it is possible to plan and

perform improvements if need be;

Generate information that can highlight problem areas that should be targeted as well
as opportunities and trends;

Improve healthcare delivery and its outcomes by applying BI technology to EHR in
order to gain valuable information and knowledge capable of offering real-time and
evidence-based decisions;

Reduce the occurrence of errors and adverse events;
Give economic value to the huge amounts of clinical data generated daily;

Reduce costs.

The architecture of the Business Intelligence process usually encompasses a variety of

components that are closely related [68] [76] [77]. Thus, in Figure 3, a general architecture

of the BI process is shown.
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Figure 3.: General architecture of the Business Intelligence process. Adapted from [76].
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Thus, based on the general architecture presented in Figure 3, the BI process starts with
a set of data that usually come from different sources, such as external databases and
operational databases, which are located in different areas and departments across the
organization [76] [77]. Thereafter, the Extract, Transform, and Load (ETL) process has to be
performed, comprising the following three steps [15] [76] [77] [78] [79] [8ol:

1. Extract: the data are extracted from multiples sources and are integrated into the same
area known as the Data Staging Area (DSA). The DSA corresponds to a temporary
storage area between the data sources and the Data Warehouse (DW) in which data

are stored in order to be processed, cleaned, and transformed;

2. Transform: in the DSA, the data go through various transformations. For instance,
the more relevant columns are selected, errors are corrected, and the data are trans-
formed into a unique form (e.g. through codes). Additionally, since the data are
heterogeneous containing different syntax, formats, codes, representations, and ter-
minologies, they have to be properly cleaned. Therefore, the main purpose of this
step is to improve the quality of data before applying the BI tools by making it con-
sistent, accurate, complete, and unambiguous since their performance and the results
achieved depend greatly on the quality of data;

3. Load: finally, the transformed data located in the DSA are transported and loaded into
a DW, which is a database separated from the other operational databases existing in
the organization that aggregates data coming from different sources. However, before
performing this step, the data warehousing process needs to be performed in order
to build the appropriate DW.

Therefore, in order to have a clearer understanding of the ETL process, a general overview

is given in Figure 4.
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Figure 4.: General overview of the Extract, Transform, and Load process. Adapted from [78].
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Finally, after performing the ETL process, the data loaded into the DW have to be ana-
lyzed and interpreted in order to obtain new knowledge that was previously unknown to
the organization. Therefore, for this purpose, a variety of analytical tools and applications
can be used, such as Data Mining (DM) tools or applications capable of providing charts,
reports, spreadsheets, and dashboards, among others [76] [77].

It is important to note that before applying the BI tools, the DW can also be comple-
mented by mid-tier servers, which provide different and specialized functionalities depend-
ing on the BI scenario intended [76]. On the other hand, since the data sources change over
time, the ETL process must follow these changes, and the DW has to be designed in a way

that allows its update over time [79].

In light of what has been mentioned throughout this section, it is clear that Business
Intelligence is greatly beneficial to many industries, and the healthcare industry is not an
exception. In fact, BI has been impacting several industries over time due to its ability to im-
prove the decision-making process and to provide useful knowledge capable of improving
diverse aspects and areas of an organization [72] [73] [81]. Thus, through BI, it is possible
to give economic value and meaning to data that were previously considered a burden. Op-
portunities, trends, problematic areas, and issues previously unknown to an organization
can also be highlighted through BI.

2.5 ETHICAL ISSUES IN MEDICINE

Without any doubt, the use of Health Information and Communication Technology, more
specifically of Health Information Systems and Mobile Health, and of Business Intelligence
in the healthcare industry has been greatly beneficial and advantageous for healthcare or-
ganizations since these technologies have the potential to enhance the quality of the care de-
livered, among other advantages, as mentioned throughout this chapter. However, despite
the many benefits and opportunities offered by these technologies, challenges and issues
may arise from the implementation and use of solutions based on them. In this context,
one of the main challenges associated with the introduction of any form of technological

improvements in healthcare settings are ethical issues.

As mentioned previously, nowadays, healthcare organizations produce daily vast amounts
of Electronic Health Records and other types of data related to both the patients and the
organization. However, since these data are stored in HISs, patients are fearful that their
confidentiality and privacy are compromised and not guaranteed, since, compared to the
traditional paper-based management of data, technological advancements made access to
data and the break of privacy easier [64] [82] [83]. Additionally, the EHRs of the patients
can be consulted by various health professionals across the organization, which can be

23



24

Chapter 2. state of the art

problematic for patients who do not want their sensitive information shared and viewed by
other professionals [82] [84].

Thus, in this sense, privacy issues and patient confidentiality should always be taken into
account and safeguarded while developing technological solutions. In fact, if the privacy
and confidentiality of the users are not protected and ensured, some of them may not want
to use HICT solutions [84]. Furthermore, legal issues may arise if sensitive information
of the users is disclosed without their consent and if their privacy is lost. Therefore, it is
important to define data access policies in order to only give information access to autho-
rized users [83] [84]. Moreover, if needed, the data can also be encrypted when stored and
accessed by users who have the decryption keys [84]. Nonetheless, implementing security
protections remains a difficult task to perform, but it should always be taken into account

and viewed as a priority when developing HICT solutions [83].

On the other hand, regarding the introduction of mHealth solutions in healthcare set-
tings, some health professionals still remain hesitant regarding their use despite the many
advantages and benefits provided by them. One of the main causes of this situation is the
fact that many mHealth applications are currently being used without having a complete
understanding of their effectiveness, accuracy, quality, and associated risks, which can, in
extreme cases, impair healthcare delivery [24] [64].

Therefore, during the design, development, and implementation of mHealth solutions, a
set of best-practice standards should be thoughtfully followed in order to ensure their qual-
ity, accuracy, and safety [24] [64] [85]. Moreover, after their development, these applications
should be subjected to a proper and rigorous set of validation and evaluation methods as a

way to guarantee their quality, accuracy, correct use, safety, and importance in a healthcare

setting [24] [64] [85].

2.6 CONCLUSION

Over the last few years, the healthcare industry has been facing several challenges: the
expectations and the pressure to deliver medical care of high quality are constantly grow-
ing. In this sense, healthcare organizations have been urged to implement technological
improvements in their facilities in order to improve healthcare delivery and their services’
performance. Thus, over the years, Health Information and Communication Technology
has been introduced into the medical practice so as to meet the demands faced by them.
As mentioned throughout this chapter, HICT as well as some of its specific forms, such as
Health Information Systems, Clinical Decision Support Systems, and Mobile Health, have
been positively impacting the healthcare industry all over the world due to their potential
to improve outcomes, the decision-making process, and the quality, safety, and efficiency
of healthcare delivery. Moreover, these technologies help reduce the occurrence of medical
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errors, adverse events, time-waste, and healthcare costs. On the other hand, Business Intelli-
gence tools have been proving to be an indispensable part of healthcare environments since
they allow to make the medical practice more evidence-based and the decision-making
process faster and more accurate.

However, despite the many benefits and advantages provided by HICT solutions, their
successful use and implementation in healthcare contexts depend on diverse factors. For
instance, privacy and confidentiality issues should be safeguarded and a set of best-practice
and interoperable standards should be followed. On the other hand, these solutions should
be reliable and have a high performance, meet the requirements and needs of users, and
undergo continuous maintenance and evaluations.

That being said, Chapter 3 thoroughly approaches the research methodologies and devel-

opment tools used throughout the development of this research project.
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RESEARCH METHODOLOGIES AND DEVELOPMENT TOOLS

In this third chapter, the research methodologies and development tools used for the devel-
opment of the solution described in this manuscript are meticulously described. Therefore,
in order to approach all the necessary topics, this chapter is divided into five distinct sec-

tions.

At first, Section 3.1 introduces the present chapter. Then, Section 3.2 approaches the De-
sign Science Research strategy, which is the main research strategy that was followed dur-
ing the course of this project. Furthermore, Section 3.3 describes the database, framework,
programming languages, and BI tool used to design and develop the solution described
in this dissertation. In this sense, SQL, PHP, and ]S programming languages, which were
used to develop the database, the Web services, and the interfaces of the mobile applica-
tion, respectively, are explored in this section as well as the MySQL database and the React
Native framework. Additionally, in the same section, Power Bl is also approached as it was
the BI tool used to create examples of the clinical and performance indicators that could
be created when enough data are gathered. On the other hand, Section 3.4 approaches
the Proof of Concept methodology, in particular, the Technological Acceptance Model and
Strengths, Weaknesses, Opportunities, and Threats analysis since they were used to evalu-
ate the usefulness, potential, and feasibility of the developed solution. Finally, the chapter
concludes with Section 3.5, which contains a brief conclusion that gives a general overview

of the topics approached in this chapter.

3.1 INTRODUCTION

Unquestionably, before the development of any solution encompassed in the HICT area,
thorough and meticulous research has to be executed to select the appropriate develop-
ment tools, methodologies, and research strategies to be used for the development of the
solution in question. Therefore, a careful analysis of the available tools, methodologies, and
strategies has to be done taking into account their advantages and any kind of limitations
that might exist.
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In this context, after performing extensive research, the research strategy followed during
the course of this dissertation was the Design Science Research strategy since it is consid-
ered suitable for ICT projects, which is the case of the present study, and it was considered
the most effective to meet the established objectives and adequate according to the scope of
the project. Furthermore, meticulous research was executed to select the most fitting devel-
opment tools to develop all the components of the solution: the database, the Web services,
and the interfaces of the mobile application. Therefore, the MySQL database, PHP, and
the React Native framework were chosen to create the database, the Web services, and the
interfaces of the mobile application, respectively. On the other hand, Power BI was used
to create examples of the clinical and performance indicators that could be created when
enough data are gathered in order to improve the decision-making process. Finally, a Proof
of Concept, in particular, a Technological Acceptance Model and a Strengths, Weaknesses,
Opportunities, and Threats analysis were performed to evaluate the usefulness, potential,
and feasibility of the developed solution.

Therefore, in the following sections and subsections, the development tools, method-
ologies, and strategies mentioned above as well as the reasons behind their selection are
thoroughly described.

3.2 DESIGN SCIENCE RESEARCH METHODOLOGY

The main purpose of the Design Science Research methodology is to create and evaluate
objects known as artifacts, or more specifically, solutions, developed in order to solve and
address organizational problems [86] [87] [88]. In other words, the Design Science Research
methodology corresponds to a rigorous science research method that encompasses a set
of techniques, principles, and procedures that must be followed in order to design and
develop successful solutions capable of solving problems faced by an organization [87].

Therefore, the DSR methodology does not only intend to build an innovative solution
capable of solving an organizational problem but also to evaluate the artifact in order to
ascertain its utility and efficacy to face the problem in question [86] [87] [89]. Additionally,
the success of the DSR methodology depends greatly on the rigor of the methods used to
build and evaluate the artifact, and the research is not complete without communicating the
results achieved to the appropriate audience [86] [87] [89]. It is also important to note that
the development of the artifact involves a search process that enables to obtain knowledge
essential for the successful development of the artifact [86] [87] [89].

In light of the points mentioned above, the DSR methodology can be divided into the
following six distinct steps [87] [90]:

1. Problem identification and motivation: in this step, the research problems are iden-

tified to justify and motivate the development of the solution. Thus, it is intended to
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carefully identify the importance of the solution according to the problems that need
to be solved;

2. Definition of the solution’s objectives: according to the research problems, this step

intends to identify and present the objectives of the solution;

3. Design and development of the solution: in this step, the solution is designed, more
specifically, its features and architecture are defined, and then developed in order to

meet the established objectives;

4. Demonstration: the developed solution is demonstrated through experimentation
and simulations in order to assess if the solution is capable of solving the research

problems;

5. Evaluation: in this step, the solution is evaluated to compare the results achieved in
the demonstration step with the objectives established in the second step. Thus, it is
intended to evaluate if the developed solution is capable of supporting the research
problems and if the objectives are met. It is important to note that according to the
observations obtained in this step, researchers can return to the third step in order to

perform improvements and changes;

6. Communication: finally, in the last step, it is intended to communicate the problem
and the developed solution to an audience. The main purpose of this step is to
disseminate the importance of the problem and the novelty of the solution.

In order to have a better understanding of the DSR methodology, a schematic representa-
tion is presented in Figure 5.

Possible research entry points

Problem-centered Obijective-centered 2l Client/context
A . development- S
initiation solution E an o initiated
centered initiation
Problem Definition of the Design and
identification solution’s development of Demonstration Evaluation Communication
and motivation objectives the solution

Process iteration

Figure 5.: Schematic representation of the steps composing the Design Science Research methodol-
ogy. Adapted from [87].

It is important to note that although the DSR methodology has a sequential order, re-
searchers can initiate the methodology at almost any given step according to the type of
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approach used, moving forward from this step [87]. In fact, if the research is due to the
observation of an organizational problem that needs to be solved (problem-centered initia-
tion), then the methodology starts with the first step. On the contrary, if the research results
from a need that can be addressed by the development of a solution (objective-centered so-
lution), then the methodology starts with the second step. The methodology starts with the
third step if it is intended to apply an already existing artifact to a new problem at hand
(design and development-centered initiation). In other words, a solution that was created
in response to another research or problem can be used as a start point and a solution for a
new problem. Finally, the methodology can start with the fourth step if the research results
from the observation of another solution (client/context initiated). In this case, the artifact

built is a by-product of another research.

In order to have well-defined steps and an organized path to follow, the project described
in this manuscript was sustained by a set of methods with the intention of ensuring its
success. Therefore, the research methodology used is the DSR since it is suitable for ICT
research projects, which is the case with the present dissertation. Additionally, this method-
ology was used since the solution developed for the Santa Casa da Misericérdia de Vila Verde
nursing home meets the needs of the health professionals working in the nursing home
and is able to solve the problems faced by them. In fact, by introducing a HICT solution
into the nursing home, more specifically, a mHealth solution that allow health professionals
to have access, manipulate, and insert information and to schedule, perform, and record
their tasks at the point-of-care, it is possible to substitute the paper-based management of
information, support the decision-making process, reduce time-waste and the occurrence
of errors and adverse events, and, consequently, lessen the work overload experienced by

health professionals and improve the nursing care delivered.

Therefore, since the DSR methodology was used for the development of the research
project described in this dissertation, the problems and challenges faced by the health
professionals working in the nursing home had to be identified in order to motivate the
development of the solution. Thus, focus groups, semi-structured interviews, and question-
naires were made with the professionals working for both the Santa Casa da Misericordia de
Vila Verde nursing home and hospital to gather valuable information capable of identifying
and understanding the main challenges encountered by them. In this sense, in Appendix
A, the questionnaire used to assess the needs and challenges encountered in the nursing
home are presented. Additionally, observation of the case study was also performed since

it allowed to have a better understanding of the conditions of the nursing home

Consequently, the objectives of the solution were defined according to the problems iden-
tified and, afterwards, the features and architecture of the solution were designed and
developed. Once the solution was developed, it had to be demonstrated and evaluated
through the execution of a Proof of Concept, which included a SWOT analysis and a Tech-
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nological Acceptance Model, in order to assess its usefulness, feasibility, and potential and
if improvements and changes needed to be done. In this sense, Chapter 5 approaches the
SWOT analysis performed based on the results of the TAM applied. Moreover, Appendix B
presents the questionnaire used to assess the acceptance of the mobile solution. Addition-
ally, the present study also involved the communication of the problem and the solution
to an audience, namely through the presentation of the solution to the health professionals

and the writing of scientific papers, which are included in Appendix C.

3.3 DATABASE, FRAMEWORK, PROGRAMMING LANGUAGES, AND BUSINESS INTELLI-
GENCE TOOL

In this section, the programming languages, database, framework, and BI tools used to de-
velop the mobile application for the Santa Casa da Misericérdia de Vila Verde nursing home are
described as well as the reasons behind their selection. In this context, the next subsections
approach the following themes: React Native, which is a JavaScript framework used to cre-
ate native mobile applications; MySQL and SQL, which were used to create the database
and manipulate data; PHP, which was the programming language used to create the Web
services; and Power BI, which was used to create examples of the clinical and performance
indicators that could be created in the future to improve the decision-making process when

enough data are gathered.

3.3.1  MySQL Database and SQL

In simple words, a database is an organized and structured repository of data designed
to respond to the needs of an organization [91] [92]. On the other hand, a Database Man-
agement System (DBMS) is a software with which users interact in order to define, create,
manipulate, manage, and access databases [91]. More specifically, a DBMS allows users
to define, modify, and create a database and to insert, update, delete, and retrieve data
from the database. In addition, a DBMS offers controlled access to the database, namely
a security system that blocks unauthorized users when they try to access the database, an
integrity system that allows to maintain the consistency of the data, a concurrency control
system that allows shared access of data, a recovery control system that resets the database
to its previous state in case of a failure, and a catalog accessed by the users to consult the
descriptions of the data stored in the database [91].

Thus, in this context, MySQL is a Relational Database Management System (RDBMS)
meaning that it is a DBMS that uses the relational model as its database model [70] [91]
[92]. Databases based on the relational model usually have several tables, which consist of
rows (records) and columns (attributes), in which data are stored. Moreover, these tables
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are logically related, i.e. linked, to each other through relations existing between them [92]
[93]. For instance, a relation exists between two tables if they have a column or several
columns in common. Thus, this type of database model enables to combine data from
several tables that can be accessed through a Data Manipulation Language (DML).

MySQL uses the Structured Query Language as its query language, i.e. as its DML, in
order to access and manipulate the data stored in the databases [91]. Therefore, SQL is
used to access and manage structured data stored in relational databases and enables to
create queries capable of inserting, deleting, updating, and retrieving data [93]. On the
other hand, SQL is also used to define, create, and modify database schemas and to create
stored procedures and triggers [93]. A stored procedure is a piece of code written in SQL
that can be invoked to perform a specific action. On the other hand, a trigger is a piece of
code written in SQL that is automatically invoked when a certain event occurs, e.g. when a
specific table is updated.

For the development of this research project, MySQL was chosen to define and create the
database since it is a relational DBMS, open-source, and a fast, secure, reliable, and easy to
use RDBMS [70] [92]. Additionally, the server in which the database had to be deployed
and implemented, which belongs to the Misericérdia de Vila Verde hospital that manages the
nursing home, was already configured for this type of database, thus making MySQL the
most appropriate choice.

3.3.2 PHP Web services

In simple words, a Web service is defined as a software application that enables various
systems to communicate and interact with each other over a network through messages
conveyed by Internet protocols [94] [95] [96]. One of the most commonly used Internet
protocol is Hypertext Transfer Protocol (HTTP), which is a request-response protocol that
enables data transfer between Information Systems through the World Wide Web (WWW).
Simply put, a client sends a HTTP request message to a server and, after receiving it, the
server sends a HTTP response message back to the client with the data requested or with
completion status information.

In this context, there are currently two types of Web services that are widely used: SOAP-
based Web services and RESTful Web services [96]. SOAP-based Web services use Simple
Object Access Protocol (SOAP), which is an XML-based messaging protocol, to access Web
services and resort to existing transport protocols, such as HTTP, among many others, to
convey the request and response messages [96] [97]. Thus, SOAP-based Web services use
Extensible Markup Language (XML) to exchange data between ISs.

On the other hand, RESTful Web services are based on the Representational State Trans-
fer (REST) architecture, which is a client-server based architecture, and depends on the
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HTTP protocol to convey the messages [96] [98]. Thus, instead of being a protocol, the
REST architecture offers a set of principles on how data should be transferred over a net-
work. RESTful Web services are identified by Uniform Resource Identifiers (URIs), which
enable the interaction and exchange of messages with the Web services over a network [96].
Moreover, by taking advantage of the specific features of HTTP, RESTful Web services are
able to GET, PUT, DELETE, and POST data [96] [98].

In this sense, in order to allow the communication and interaction between the mobile
application developed for the Santa Casa da Misericérdia de Vila Verde nursing home and the
MySQL database created, RESTful Web services were created using PHP (version 7.2.13).
Thus, the Web services were created in order to enable the mobile application (client) to
send requests to the database (via queries) and to send back to the application responses
in the JavaScript Object Notation (JSON) format. The Web services created enable to select
data from the database as well as update and insert data. Consequently, in order to allow
the communication between the mobile application and the Web services, an Apache server

was used, which is a HTTP server capable of receiving and sending HTTP messages.

The choice of RESTful Web services over SOAP-based Web services was due to the fact
that the former are much more flexible since any kind of message format can be used,
such as JSON and XML [99] [100]. However, SOAP messages rely exclusively on XML
and must have a specific structure. On the other hand, RESTful Web services have higher
performances for mobile devices since SOAP messages have a higher payload compared to
the REST messaging framework, thus consuming less bandwidth [99] [100] [101]. In fact, a
lot of resources are used to encode and decode XML-based SOAP messages [100]. Moreover,
RESTful Web services are much simpler to develop than SOAP-based Web services and
support stateless operations [99].

Regarding the use of PHP to develop the Web services, this choice was due to the fact
that it is an open-source, fast, and easy to use language. On the other hand, the server in
which the Web services had to be implemented was already configured for this program-
ming language since other applications were developed for the Misericérdia de Vila Verde
hospital using PHP. Thus, taking into account the reasons mentioned above and to avoid
maintenance and integration issues in the future, PHP revealed to be the most appropriate
choice.

Finally, it is important to note that during the development of the Web services some
libraries had to be used, such as:

e JWT: enables to create access tokens, i.e. JSON Web Tokens (JWTs), that allow to

securely transfer data between parties as a JSON object;

e TCPDF: allows to generate Portable Document Format (PDF) documents in PHP.
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3.3.3 React Native Framework and JavaScript

The interfaces of the mobile application developed for the health professional working in
the Santa Casa da Misericordia de Vila Verde nursing home were created using React Native
(version 0.55.4), which is a JavaScript framework developed by Facebook for building native
mobile applications, i.e. applications built for specific mobile platforms [102] [103] [104].

React Native was released in 2015 and is based on React, which is a JavaScript library
used to build User Interfaces (Uls) and targets the Web. However, React Native targets
mobile platforms and enables developers to simultaneously develop and maintain one ap-
plication that can be deployed to both iOS and Android [102] [103]. Thus, developers do not
need to develop distinct applications in order to target these two platforms. It is important
to note that although the mobile application built in the present dissertation was developed
only for Android devices, choosing a cross-platform framework was still essential to allow
its quick and easy development for iOS devices in the future.

React Native applications are written in JavaScript XML (JSX), which is a hybrid language
between JavaScript and XML. However, since JavaScript is not the native language for both
iOS and Android platforms, React Native needs to invoke the native rendering Application
Programming Interfaces (APIs) in Java and Objective-C for Android and iOS, respectively,
through a JavaScript bridge during the compilation process [102] [103] [104]. This bridge al-
lows applications to be rendered with real mobile UI components and not webviews, which
is one of the main advantages of React Native since webviews worsen the performance of
mobile applications [102] [103] [104]. Thus, Figure 6 shows a visual representation of the

architecture of React Native.
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Figure 6.: React Native architecture. Adapted from [103].

Additionally, as mentioned previously, another advantage of React Native is the fact that

it enables developers to use the same code to develop applications that can be used in
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both iOS and Android platforms, i.e. to build cross-platform mobile applications. In the
past, developing applications for mobile devices was quite time-consuming since develop-
ers needed knowledge in different programming languages and development environments
depending on the mobile platform targeted (for instance, Java for Android and Objective-C
or Swift for iOS) [103].

Mobile web applications, which are applications designed for mobile devices but ac-
cessed through web browsers, are a solution to this problem but, in terms of their perfor-
mance, they tend to be worse than native applications, which are faster and more flexible
[26] [103] [104]. Moreover, with mobile web applications developers still need to have
knowledge in native code for more advanced features [103]. In fact, since mobile web appli-
cations are accessed through browsers and not through mobile platforms, they cannot use
platform specific features. Thus, to do so, developers need to develop hybrid applications
by integrating native code into their mobile web application, thus leading to a mobile appli-
cation that runs on the device and not on web browsers but is built using web techniques
able to call native APIs [26] [103] [104]. However, hybrid applications usually have a lower
performance than native applications since they use webviews [103] [104].

Therefore, in recent years, React Native has been proving to have a lot of potential as a
cross-platform framework enabling developers to build cross-platforms native applications
while having a high performance. In fact, React Native is currently used in various well-
known applications, such as Facebook, Instagram, Skype, and Uber.

On the other hand, React Native offers several other advantages, such as [105]:

e It is an open-source and free platform, making the development of mobile applica-
tions a lot easier since all documentation is available for free and it is community-

driven;

e Existence of a huge variety of third-party plugins and libraries to help and facilitate
mobile development;

e Existence of a hot reload feature allowing developers to see updates without recom-
piling their application and updating its state;

e Existence of a live reload feature allowing developers to instantly reload their appli-
cation without recompiling it;

e Straightforward and easy to use since it has a modular and intuitive architecture;

e Has a great performance in mobile devices since it makes use of the Graphic Process-
ing Unit (GPU).

Therefore, all of the reasons mentioned above made React Native the most indicated
choice to develop the interfaces of the mobile application. Furthermore, at the time of
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the development of this research project other applications were being developed for the
Misericérdia de Vila Verde hospital using React and React Native. Thus, React Native revealed
to be the obvious choice to avoid maintenance and integration issues in the future.

Finally, it is important to note that during the development of the interfaces of the mobile

application, various cross-platform libraries had to be used, such as:

e Redux: used to manage the application’s state in an efficient and consistent way;

e React Native Navigation from Wix: manages the navigation between the various

screens existing in the mobile application;

e Formik: allows to create complex and organized forms by providing validation and

error messages, handling form submission, and changing values in the state;

¢ Yup: used for object schema validation, i.e. to validate the values inserted into a form
before its submission;

e React Native Elements: Ul toolkit used to build React Native mobile applications;
e React Native Vector Icons: provides customizable icons for React Native;
e Native Base: Ul component library used to build React Native mobile applications;

e React Native Image Picker: allows to use native Ul in order to select media directly

from the camera as well as from the device library;

e RN Fetch Blob: makes file access and data transfer much easier and efficient.

3.3.4 Power BI as a Business Intelligence Tool

One of the objectives of this study was to identify and define clinical and performance
indicators to be implemented in the future when enough data are gathered in order to
make the decision-making process more evidence-based and accurate. Thus, to this end,
Power BI was used in order to create examples of the clinical and performance indicators
defined.

In simple words, Power Bl is a business analytics platform released in 2013 by Microsoft
Corporation and provides Business Intelligence tools to the users able to collect, analyze,
visualize, and share data [106]. Thus, by aggregating data from various data sources, such
as Excel, MySQL databases, and CSV files, among others, Power BI is capable of creating
charts, reports, and graphs to obtain visuals and a better insight on the data [106].

On the other hand, Power BI is available in a desktop application, which is only exe-
cutable on Windows, and in a cloud service [106]. Whereas the desktop application is used
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to model data and create reports, graphs, and charts, the cloud service is used to share
and visualize them as well as create them. Therefore, when users need to perform data
modelling, the desktop application is the best choice. However, to share dashboards, users
need to use the cloud service.

Thus, in this dissertation, the Power BI desktop application was used in order to create
visual examples of the clinical and performance indicators defined. The choice of using this
BI platform was due to the fact that it is a free, easy to use, and intuitive tool that enables to
quickly create charts and graphs without too much effort and to visualize them in a simple
and explicit way.

3.4 PROOF OF CONCEPT METHODOLOGY

Without a doubt, one of the most important steps during the design, development, and
implementation of any solution encompassed in the HICT area is to verify its feasibility
and potential to the target audience. On the other hand, it is also essential to ensure if the
developed solution fulfills its purposes, more specifically, if the objectives and requirements
established during the design of the solution, i.e. before its development, are successfully
met so as to assess future improvements that could be performed. Thus, in this context,
a Proof of Concept is often performed and aims to carry out a thorough evaluation of
the solution in order to demonstrate and verify its usefulness and potential and if it was

successfully developed according to the objectives initially proposed [107].

Therefore, a Proof of Concept enables to demonstrate in practice the concepts, method-
ology, and technologies encompassed in the development of a solution. Additionally, it
allows to validate the developed solution towards the target audience and ensures that the
solution provides all of the requirements initially proposed. On the other hand, besides
being able to assess the usefulness, potential, and benefits of a solution, a Proof of Concept
is also capable of identifying potential issues and threats associated with the solution.

Thus, the demonstration of the potential and feasibility of the mobile application de-
veloped for the health professionals of the Santa Casa da Misericérdia de Vila Verde nursing
home was performed through the execution of a SWOT analysis to identify the strengths,
weaknesses, opportunities, and threats of the developed solution. Thus, to this end, a Tech-
nological Acceptance Model was applied in order to access how the target audience accepts
and receives the solution.

In this context, Chapter 5 thoroughly presents the SWOT analysis performed based on
the results of the Technological Acceptance Model applied. Furthermore, in the next sub-

sections, a general overview of the concepts of SWOT analysis and TAM is given.
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3.4.1 SWOT Analysis

The SWOT analysis is a relatively simple strategy tool, which exists since the 1960s, widely
used by industries, organizations, and companies to help them analyze and assess the
strengths, weaknesses, opportunities, and threats faced by them or related to a specific
project or solution [108] [109]. This strategy tool was developed based on the idea that the
performance of a given business or solution with respect to their objectives depends on how
the business or solution interact with both the internal and external environment [109)].
Thus, with a SWOT analysis, it is intended to identify the internal and external factors
that affect in a favourable and unfavourable way the objectives established for a given busi-
ness or solution. Therefore, favourable factors are characterized by being helpful and able
to contribute positively to achieve the established objectives. On the contrary, unfavourable
factors are characterized by impacting negatively the achievement of the established objec-
tives, being thus harmful and undesirable factors. In this context, internal and external

factors can be distinguished in the following way [110] [111]:

¢ Internal factors: these are factors that can be controlled by an organization since they
are obtained in its own environment. Strengths and weaknesses are favourable and

unfavourable internal factors, respectively;

e External factors: these are factors that cannot be or at least not completely controlled
by an organization since they are obtained in its competitive environment. Opportu-
nities and threats are favourable and unfavourable external factors, respectively.

On the other hand, strengths, weaknesses, opportunities, and threats can be described in

the following way [110] [112]:

e Strengths: correspond to favourable and positive factors of the internal environment

that give additional value to the object of analysis when compared to other objects;

e Weaknesses: correspond to unfavourable and negative factors of the internal envi-
ronment that are disadvantageous to the object of analysis when compared to other

objects;

e Opportunities: correspond to favourable and positive factors of the external environ-
ment that yield advantages and benefits for the object of analysis;

e Threats: correspond to unfavourable and negative factors of the external environment

that can trouble the object of analysis.

In light of the above mentioned, the SWOT analysis is often represented in the form of a

2x2 matrix similar to the one represented in Figure 7.
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Figure 7.: Matrix of the Strengths, Weaknesses, Opportunities, and Threats analysis. Adapted from
[111].

It is important to note that by identifying the favourable and unfavourable factors of
a business or solution taking into account the internal and external environment, it is in-
tended to obtain information that could help the decision-making process and to identify
future improvements that could be performed [108] [111]. In fact, the true potential of the
SWOT analysis is not to blindly list the strengths, weaknesses, opportunities, and threats
of a given business or project, but rather to analyze the implications of the information ob-
tained in order to improve the object of analysis [111]. Thus, it is intended to analyze how
each strength could be used, how to stop the weaknesses, how to exploit the opportunities,
and how to defend against all the threats.

3.4.2 Technological Acceptance Model

Over the years, several industries have been investing in Information Technology due to the
pressure they are facing to reduce costs and improve the quality of their services, among
other reasons [113]. In this sense, nowadays, IT is considered an essential and mandatory
tool in various industries worldwide. However, despite the investments in the adoption of
IT, the implementation of such technology in organizations has been getting mixed results
[113]. More specifically, various projects are cancelled or are completed without meeting
the requirements established and others are not completed on time or go over the budget
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specified. Thus, for all of these reasons, over the years, researchers have been trying to
identify the factors behind the successful integration and use of IT in organizations. In this
context, the Technological Acceptance Model was proposed in the 1980s by Davis [114] and
Davis et al. [115] and, since then, this model revealed to be quite effective to predict the
acceptance and use of IT [113].

In simple words, the Technological Acceptance Model corresponds to a tool capable of
predicting the acceptance of an IT solution by users in an organization as well as the likeli-
hood of this technology being adopted by them [113] [116] [117]. Thus, it intends to identify
the reasons why users may accept or reject IT. This model was proposed based on the The-
ory of Reasoned Action (TAV), which is a theory capable of predicting the attitude and
behaviour of people in specific contexts, and considers that the acceptance and use of tech-
nology are affected by the internal beliefs, attitudes, and intentions of users and that their
satisfaction towards IT results from the combination of the feelings and attitudes regarding
a set of factors linked to the adoption of the technology [113] [116] [117].

Therefore, the attitudes and acceptance of users towards a IT solution influence and
affect its successful implementation and use in an organization. In other words, if users are
not acceptable of a certain IT solution and do not intend to use it, then it will not bring
benefits and positive impacts to the organization [118]. Thus, analyzing the acceptance of
users towards a new IT solution is quite essential since the more accepting they are, the
more willing they are to make changes and spend their time and effort to use the solution
[118]. Organizations can then use the factors that affect the opinion of users towards the

acceptance of a new IT solution and manipulate these factors to promote its successful use.

The original TAM takes into account five distinct factors in order to predict the acceptance
and use of technology, namely the perceived ease of use, the perceived usefulness, the
attitude towards use, the behavioural intention to use, and the actual system use [113] [116]
[118]. The perceived usefulness corresponds to the prospect a user has that a certain IT
solution can improve his job performance [114] [115] [118]. On the other hand, the perceived
ease of use is the degree to which a user believes that a certain IT solution is effortless [114]
[115] [118]. Therefore, the perceived usefulness and the perceived ease of use of a certain IT
solution are two of the most important factors that influence the attitude of users towards
the acceptance and behavioural intention of using the solution, thus leading to its actual
use [119].

Despite being quite an effective and reliable model to predict users” acceptance and use
of IT, the TAM has been revised over the years suffering several modifications [113]. In
this context, an extension of the TAM was proposed in 2000 by Venkatesh and Davis [120],
known as the Extended Technology Acceptance Model (TAM2), and resulted from the iden-
tification of the determinants of the perceived usefulness. The TAM2 emerged from the

need of having more detailed factors and variables capable of predicting users” acceptance
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and use of IT [119] [121]. Thus, in this sense, the TAM2 was proposed considering that
both social influence processes (subjective norm, voluntarism, and image) and cognitive
instrumental processes (job relevance, output quality, result demonstrability, and perceived
ease of use) influence users’ acceptance [119] [120]. However, this model does not include
the attitude towards use since it was proved that it is not a good variable to predict the
behavioural intention to use and the actual system use [116] [119]. Therefore, the evolution
of the TAM to the TAM2 allowed to create a stronger model without changing its core
ideology [116].

In this context, Figures 8 and 9 show a representation of the original TAM and TAM?2,

respectively.
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Figure 8.: Original Technological Acceptance Model. Adapted from [115].
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Figure 9.: Original Extended Technology Acceptance Model. Adapted from [120].

Finally, more recently, in 2008, Venkatesh and Bala [122] proposed a new extension of
the TAM, known as the Technology Acceptance Model 3 (TAM3). This model was obtained
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by combining the TAM2 with the model of the determinants of the perceived ease of use
proposed by Venkatesh [123]. The determinants of the perceived ease of use (namely, com-
puter self-efficacy, perception of the external control, computer anxiety, computer playful-
ness, perceived enjoyment, and objective usability) were obtained since Venkatesh believed
that users form prior perceptions of the perceived ease of use of a IT solution based on their
general opinions regarding computer use [122] [123]. Thus, according to this perspective,
the TAM3 emerged being a more complete model of the determinants of users” acceptance
and use of IT, since it combined the determinants that affect both the perceived usefulness
and the perceived ease of use [122].

In order to have a better understanding of the TAM3, Figure 10 shows its representation

and a summary of the constructs included in the model is presented in Table 1 [122] [123].
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Computer self- Perec;tpe’?r?;s e Computer Computer Perceived Objective
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Anchor Adjustment

Figure 10.: Original Technology Acceptance Model 3. Adapted from [122].

Table 1.: Summary of the constructs of the Technology Acceptance Model 3

Construct Definition

. The degree to which a user assumes that a
Perceived ease of use . o
certain IT solution is effortless.




3.4. Proof of Concept Methodology

Construct

Definition

Subjective norm

The extent to which a user considers that the
majority of the people close and important to
him think he should or should not use a cer-
tain IT solution.

Image

The extent to which a user considers that the
use of a certain IT solution will improve his

social status.

Job relevance

The degree to which a user believes that a cer-
tain IT solution is appropriate and relevant to
his job.

Output quality

The degree to which a user feels that a certain
IT solution is capable of performing his job

well.

Result demonstrability

The extent to which a user feels that the re-
sults of a certain IT solution are demonstrable

and observable.

Computer self-efficacy

The degree to which a user feels that he can
use a computer to execute a specific task re-
lated to his job.

Perceptions of external control

The degree to which a user believes that or-
ganizational and technical resources are avail-

able to assist the use of a certain IT solution.

Computer anxiety

The degree of fear and apprehension of a user
when the possibility of using a computer is

presented.

Computer playfulness

The tendency that a user has to interact spon-

taneously with a computer.

Perceived enjoyment

The degree to which a user enjoys using a spe-
cific IT solution, excluding performance con-
sequences that may result from the use of the
solution.
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Construct Definition

Enables to compare different IT solutions
Objective usability based on the level of effort needed to execute

specific tasks.

Previous experience and contact with a cer-

Experience
P tain IT solution that a user may have had.
The extent to which a user considers that the
Voluntariness use of a certain IT solution is a choice result-

ing of his own free will.

) The prospect a user has that a certain IT solu-
Perceived usefulness . . o
tion can improve his job performance.

The degree to which a user has the intention
Behavioural intention and plans to perform a certain behaviour or
action.

) The degree to which a user will consistently
Use behaviour . ) . .
use and interact with a certain IT solution.

In light of the above mentioned, the TAM3 was used to assess the acceptance of the health
professionals working in the Santa Casa da Misericérdia de Vila Verde nursing home regarding

the use of the mobile application developed for this research project.

3.5 CONCLUSION

Throughout this chapter, the research methodologies and development tools used for this
study were meticulously described. In this sense, the Design Science Research methodology
was presented since it was the methodology followed throughout the present dissertation
as it is suitable for ICT projects and to create and evaluate solutions developed to address
organizational problems.

Additionally, MySQL was chosen to define and create the database, PHP was used to
develop the RESTful Web services, and React Native was selected to develop the interfaces
of the mobile application. Finally, the Proof of Concept methodology was also approached,
more specifically, the SWOT analysis and the TAM since they were used to assess the
strengths, weaknesses, opportunities, and threats of the application and the acceptance of
the health professionals regarding its use, respectively.

Therefore, in the next chapter (Chapter 4), all of the phases executed to develop the
mHealth application for the health professionals of the Santa Casa da Misericérdia de Vila
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Verde nursing home are thoroughly presented. More specifically, the case study used is
described so as to identify the challenges encountered by the health professionals and the
nursing home and, thus, motivate this study. Moreover, the objectives of the developed
solution are presented as well as the results achieved in the design and development pro-

cesses.
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A MOBILE APPLICATION TO ASSIST HEALTH PROFESSIONALS IN
A PORTUGUESE NURSING HOME

As mentioned previously, the Design Science Research methodology was followed to con-
duct this research project. In this sense, this chapter thoroughly approaches and describes
all of the steps executed to develop the Mobile Health application for the health profession-
als of the Santa Casa da Misericérdia de Vila Verde nursing home. Thus, taking into account
the steps that were executed, this chapter is divided into six distinct sections.

At first, Section 4.1 introduces the present chapter. Then, in Section 4.2, the project
described in this dissertation is contextualized and motivated through a brief identification
of the needs and challenges encountered by the health professionals working in the nursing
home and, in Section 4.3, the main objectives of the project are identified. Afterwards, in
Section 4.4, the results achieved are thoroughly presented and described. In this context,
the MySQL database and Web services created are discussed. Moreover, the architecture
and the features of the mobile application are also approached in this section. Additionally,
in Section 4.5, the clinical and performance indicators that could be created in the future
to enhance the decision-making process are defined. Finally, this chapter concludes with
a brief discussion of the results achieved as well as with a conclusion in order to have a

general overview of the content approached throughout this chapter.

4.1 INTRODUCTION

Over the last few years, the world has been witnessing a huge demographic change: the
aging population is growing at an alarming rate [1]. Moreover, this problem has been a
matter of concern for many countries since it is posing several challenges in healthcare
systems worldwide, namely the increase of the costs of the elderly care and of the number

of elders in nursing homes [1] [2] [3].

Portugal is not an exception to this situation. In fact, Portugal is currently experiencing
several challenges due to the growth in the proportion of older individuals. In this context,
one of the major challenges faced by the country is the increasing number of elders in nurs-
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ing homes and, consequently, the high demand and the quick rate at which the vacancies
of these establishments are filling up [6] [7].

Additionally, although nursing homes are, for the most part, full and overloaded, there is
currently a lack of investment in these facilities. In this sense, the number of elderly people
is often too high compared to the number of health professionals, whereby the latter are
often overloaded with work, which can lead to the decrease of the quality of the nursing
care delivered [8] [9]. On the other hand, nursing homes often use rudimentary methods,
such as paper, to manipulate information and clinically manage their residents, which is
time-consuming and prone to errors [10] [11].

In light of the above mentioned, there is currently a need to improve the nursing care
delivered and, consequently, fill the lack of resources and access to technology in nursing
homes so as to overcome some of the challenges encountered by these facilities. Thus, in this
context, this study emerged and consisted in designing and developing a mobile application
for the health professionals working in a Portuguese nursing home, more specifically in one
of the nursing homes of the Santa Casa da Misericérdia de Vila Verde, which is managed by
the Misericérdia de Vila Verde hospital, to help them manage the residents and to assist them
at the point-of-care, namely to schedule, perform, and record their job-related tasks and to
have access, document, consult, and manipulate information.

Therefore, the project described in this document aimed to introduce technological im-
provements in the nursing home in order to assist health professionals, namely at the point-
of-care, and to relieve some of the work overload experienced by them, reduce time-waste
and errors, and assist them in the decision-making process.

In the next sections, this research project is motivated and contextualized and its objec-
tives are presented. Furthermore, the design and development of the mobile application

are thoroughly described.

4.2 PROBLEM IDENTIFICATION AND MOTIVATION

As referred in previous sections, a vast majority of the nursing homes still use handwritten
charts and medical records to clinically manage their residents and to record and document
information. Naturally, the use of these rudimentary and unsophisticated methods is a
tremendous problem for these facilities since they are time-consuming. Moreover, with
these methods, health professionals are more prone to misplace or lose information and to
commit errors when compared with the computer-based management of data.
Additionally, since all the information is gathered in papers, health professionals spend
a lot of time travelling to and from nursing stations to retrieve and record information,
resulting in a higher risk of forgetting or writing information in the wrong place. On the

other hand, health professionals working in nursing homes are, more than not, overloaded



4.2. Problem Identification and Motivation

with work due to the high number of elders in these facilities, leading to the decrease of

the nursing care delivered.

With all of the above mentioned, there is currently an urgent need to face the challenges
faced by nursing homes and improve elders” quality of life and the care delivered. There-
fore, the project conducted in this manuscript emerged and resulted as a way to solve and

overcome some of the problems mentioned above.

As already stated, this study consisted in designing and developing a mobile application
for health professionals working in a Portuguese nursing home in order to assist them at
the point-of-care, e.g. to schedule, perform, and record tasks and to have access, record,
consult, and manipulate information, and to help them clinically manage the residents. In
this sense, one of the nursing homes of the Santa Casa da Misericérdia de Vila Verde was used
as a case study. It is important to mention that the Santa Casa da Misericordia de Vila Verde is
composed of several nursing homes, which are all managed by the Misericérdia de Vila Verde
hospital. However, in the present dissertation, only the nursing home located more closely

to the hospital was used as a case study.

Thus, in order to have a better understanding of the relevance and motivation of this
project, it is essential to identify the main issues and challenges faced by the health pro-
fessionals and the nursing home for which this study was developed. Therefore, focus
groups, semi-structured interviews, and questionnaires were performed with the profes-
sionals working for both the Santa Casa da Misericordia de Vila Verde nursing home and
hospital to obtain valuable information that could enlighten the main challenges faced by
the nursing home. In Appendix A, the questionnaire distributed to the professionals work-
ing for both the nursing home and the hospital in order to assess the needs and challenges
encountered in the nursing home is presented. On the other hand, the case study was
also subjected to observation so as to have a better understanding of the conditions of the

nursing home.

In this context, the following set of challenges and issues were identified:

e Health Information and Communication Technology or any other form of technologi-
cal progress are not used in the nursing home. Although there is one computer in the
nursing station, it is not used to record clinical information of the residents or even to
schedule tasks. In addition to this fact, since there are not Electronic Health Records
or any other form of digital information, health professionals have to use handwritten
charts and medical records. Therefore, all the information is stored in papers, which
makes the management of information a lot more time-consuming, especially at the
point-the-care, as the professionals have to consistently go back to the nursing station
in order to have access to information. This situation can also lead to a higher risk of

losing, misplacing, forgetting, and documenting information in the wrong place;
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e The job-related tasks of the health professionals are scheduled and documented in
handwritten charts or boards. This situation is particularly problematic since it is

more prone to errors, confusing, and less organized;

e The nursing home does not have access to a wireless internet connection. The health
professionals can only have access to an internet connection in the nursing station
where the computer is located. This situation is especially challenging since it compli-
cates the implementation of any kind of mHealth solution;

e The number of health professionals compared to the high number of elderly people is
low. Consequently, at times, the health professionals are overloaded with work. Thus,
this situation combined with the paper-based management of data can lead to more

errors and decrease the nursing care delivered and its quality;

e Failed attempt to implement a Web application. The Web application aimed to shift
from the paper-based to the computer-based management of data, allowing the health
professionals to schedule tasks, document them, and record clinical information. How-
ever, the application was abandoned as it was time-consuming and not user-friendly:
the health professionals constantly had to go back to the nursing station, where the
computer is located, to use the application, and the application was too confusing and

required a lot of time to schedule tasks and document information.

In addition to the above mentioned, the present project was also motivated by the fact
that the health professionals manifested their wish to have a mobile application that would
allow them to be anywhere in the nursing home and still have access to information and
schedule and document their daily tasks. Therefore, there was a need to design and develop
a solution, more specifically, a mobile application, that could assist the health professionals
at the point-of-care by allowing them to have access, document, consult, and manipulate
information anywhere in the nursing home and, subsequently, enhance the care delivered
and elders’ quality of life, reduce the occurrence of errors and time-waste, and ease some
of the workload experienced by them.

4.3 DEFINITION OF THE SOLUTION’S OBJECTIVES

As mentioned throughout this document, the main purpose of this research project was to
design and develop a mobile application for the health professionals, more specifically, for
the doctors and nurses working in one of the Santa Casa da Misericérdia de Vila Verde nursing
homes in order to assist them at the point-of-care, namely to schedule, perform, and record
tasks and to have access, manipulate, consult, and record information.

Thus, with this application, it was intended to shift from the paper-based to the computer-
based management of data and to introduce technological improvements into the nursing
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home, namely HICT. Consequently, by taking advantage of the benefits provided by HICT,

it was envisioned to reduce the occurrence of errors and time-waste, enhance the decision-

making process, reduce some of the work overload experienced by the health professionals,

and, ultimately, improve the nursing care delivered and elders” quality of life.

Thus, after motivating and contextualizing this research project, the following objectives

were established for the realization of the proposed solution:
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e Realization of focus groups, semi-structured interviews, and questionnaires with the

professionals working for both the Santa Casa da Misericérdia de Vila Verde nursing
home and hospital in order to obtain useful information for the design and develop-
ment of the mobile application, namely about the relevant data that should be stored
into the database, the tasks and services performed by the health professionals that
would benefit from emerging technologies, the features that should be integrated into
the mobile application, and the clinical and performance indicators that could be cre-
ated;

Realization of focus groups, semi-structured interviews, meetings, and questionnaires
with the professionals working for both the Santa Casa da Misericérdia de Vila Verde
nursing home and hospital to identify the technical requirements that should be con-
sidered while designing and developing the mobile application, namely the ethical
issues inherent from the development of such solution;

Selection of the most appropriate development tools for the development of the
database, the Web services, and the interfaces of the mobile application;

Design of the mobile application, namely of the database, the Web services, and the
interfaces of the mobile application;

Development of the mobile application, namely of the database, the Web services, and
the interfaces of the mobile application, ensuring that it is user-friendly and intuitive;

Deployment and implementation of the database and the Web services in the server
of the Misericérdia de Vila Verde hospital;

Demonstration of the developed solution to the target audience to ensure that the
objectives were archived and to identify future improvements.

DESIGN AND DEVELOPMENT

First, it is important to refer that, at this point in time, the mobile application is fully devel-

oped, and the Web services and the database are deployed in the server of the Misericérdia

de Vila Verde hospital. However, despite the previous mentioned, the solution is still being
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evaluated and tested by the health professionals. Moreover, the mobile application is not
being used since the necessary needs, such as mobile devices and a reliable wireless inter-
net connection, have not yet been provided to the nursing home. Nevertheless, until the
required needs are available to the nursing home, it is envisioned to continue improving the
solution through the continuous opinions and knowledge provided by the professionals.

Regarding its realization, the mobile application was designed and developed using the
development tools and programming languages presented in Chapter 3. Briefly, the inter-
faces of the mobile application were developed using React Native, which is a JavaScript
framework that enables to build native mobile applications. It is important to state that,
although React Native allows to use the same code to deploy to both iOS and Android de-
vices, the mobile application was only deployed for Android since these type of devices are
more affordable and common and are, therefore, more likely to be provided by the nursing
home when the application will be used in the future. However, if needed and after small
modifications, the application can be quickly and easily deployed to iOS devices. On the
other hand, the MySQL relational DBMS was also used to define and create the database.
In this sense, SQL was the language used to manipulate and access the data stored in the
database. Furthermore, in order to enable the communication and transfer of data between
the mobile application and the database, RESTful Web services were created using PHP.

Therefore, the proposed solution is divided into three distinct elements, having each one
of them different purposes and structures. In this sense, each one of these elements is
thoroughly described and presented in the following subsections.

4.4.1  MySQL Database and PHP Web services

As mentioned previously, the Santa Casa da Misericérdia de Vila Verde nursing home used as a
case study uses handwritten medical records and resorts to unsophisticated methods, such
as papet, to store information. In this sense, the nursing home did not have any database
implemented prior to the development of this project. Therefore, before designing the
interfaces of the mHealth application, a database had to be defined in order to allow the
application to have access and store data.

Thus, for this purpose, a MySQL relational database was defined and created taking into
account the data that needed to be stored. Then, the database was deployed and imple-
mented in the server of the Misericérdia de Vila Verde hospital. However, it must be men-
tioned that the database still remains to be populated with real data, namely information
related to the residents and health professionals.

The database created was designed to allow the storage of:

e Data related to the users of the mobile application, namely the nurses and doctors
working for the nursing home. Thus, personal information of the health professionals
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(namely, their full name, email, profile picture, telephone and mobile phone numbers,
date of birth, institution identification number, and gender, among others) is stored
as well as their login credentials;

Personal data related to the residents (namely, their full name, institution process
number, bed and bedroom numbers, admission date, date of birth, profile picture,
telephone and mobile phone numbers, and national health service number, among

others);

Personal data related to the informal caregivers and personal contacts of the residents
(namely, their full name, telephone and mobile phone numbers, relationship with the
resident, and observations, among others);

Clinical notes written by the doctors. In this context, the content of the note, the
institution identification number of the professional who wrote the note, the resident’s
institution process number, and the date and time of the creation of the note are

stored;

Nursing notes written by the nurses. In a similar way to the clinical notes of the doc-
tors, the content of the note, the institution identification number of the professional
who created the note, the resident’s institution process number, and the date and time
of the creation of the note are stored;

Clinical information related to the residents, namely their general evaluation (e.g. al-
cohol and tobacco consumption), usual medication, clinical history (e.g. existence of
diabetes, diseases, allergies, and past surgeries and fractures), physical assessment
(e.g. weight, height, blood pressure, heart rate, skin integrity, turgidity, and colour,
vision, and hearing), nutritional and eating patterns (e.g. type of diet, dentition, and
use of a nasogastric tube), bowel and bladder elimination patterns (e.g. use of adult
diapers or of a urinary catheter), physical activity patterns (e.g. strength of the limbs),
sleeping patterns (e.g. insomnia problems and number of hours of sleep during the
day and night), and general assessment made by the health professionals (e.g. emo-

tional state or autonomy level);

Data related to the wounds of the residents, namely the type of wound, pictures of the
wound, and its location, treatments, and start and finish dates. The evolution of the
wounds is also documented through photos and observations provided by the health
professionals. Additionally, the various treatments used throughout the evolution of
the wound are stored;

Periodic evaluations recorded by the health professionals (namely, blood pressure,
weight, heart rate, and axillary temperature). In this context, the date and time of the
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evaluation, the institution identification number of the professional who made the

evaluation, and the resident’s institution process number are stored;

e Periodic evaluations of the capillary blood glucose of residents with diabetes. Again,
the date and time of the evaluation, the institution identification number of the pro-
fessional who made the evaluation, and the resident’s institution process number are

stored;

e The history of the medical and inpatient reports of the residents. In this case, the date,
the type, and a brief description of the report are stored, among other information;

e The nursing interventions scheduled by the health professionals through the identifi-
cation of the type of nursing intervention, the scheduled and realization dates of the
intervention, the resident’s institution process number, the institution identification
numbers of the professionals who scheduled and performed the nursing intervention,

and the state of the intervention, i.e. if the intervention was performed or not;

e Data related to the nursing home, namely the name of the institution and the bedroom

and bed numbers existing in the nursing home;

e Technical data, namely the types and sizes of urinary catheters and nasogastric tubes
available and types of wounds, injectable medications, nursing interventions, wounds
location, and medical and inpatient reports, among others.

Thus, in order to store the information mentioned above, a relational MySQL database
composed by forty-nine tables was designed and created. Afterwards, RESTful Web ser-
vices written in PHP with SQL queries were developed in order to allow the sharing of
data between the frontend (the mobile application) and the backend (the database). In this
sense, numerous Web services were created in order to allow users to manipulate data from
the database, namely to insert, update, and select data. Finally, similarly to the database,
the Web services were deployed in the server of the Misericérdia de Vila Verde hospital.

4.4.2  React Native Mobile Application

First and foremost, it is important to note that all data contained in the figures shown in
this subsection are fictitious and any similarity with actual persons is purely coincidental.
After designing and developing the database and the Web services, the interfaces and
the features of the mobile application had to be designed and developed. For this purpose,
React Native was chosen as stated previously. Considering the above mentioned, Figure
11 is presented in order to have a better understanding of the architecture and different

interactions existing between the various elements of the mobile application.
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Figure 11.: Schematic representation of the architecture of the mobile application.

At first, when the user, i.e. the health professional, launches the mobile application, he

needs to sign up for an account if he does not have one. In this context, the user is asked

to provide his login credentials, i.e. his password and institution identification number,

and his personal data, i.e. his full name and gender. Additionally, the user is requested to

specify if he is a nurse or a doctor since these two types of health professionals have access

to different features once signed in into the application. Finally, the user is also asked to

specify in which Santa Casa da Misericordia de Vila Verde nursing homes he works. This

information is asked since, in the future, it is envisioned to extend the mobile application

to the rest of the Santa Casa da Misericérdia de Vila Verde nursing homes and, naturally, only

the residents living in the nursing homes in which a user works should be featured in the

mobile application.

Nimero Interno

Palavra-passe

Ndmero Interno

Palavra-passe

Confirmar Palavra-passe

Nome Completo

Tipo de Profissiona

Enfermeiro
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Figure 12.: Sign in (left) and sign up (right) screens of the mobile application.
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Then, once the user has provided his login credentials and his personal data, the data
are stored into the database. Alternatively, if the user already has an account, he can
directly sign in into the mobile application with his login credentials, i.e. his institution
identification number and password. Finally, if his login credentials match with the ones
stored in the database, the user is successfully signed in into the application, having access
to several features. Thus, in the following sections, the various features implemented in the
mobile application are presented and described in detail. Figure 12 presented above shows
the sign in and sign up screens of the mobile application.

Homepage and Bottom Navigation

The homepage corresponds to the first screen accessed by the user right after he has
successfully signed in into the mobile application. Then, in the homepage, the user has
access to a bottom navigation from which he can navigate to different screens through
bottom tabs. According to the type of health professional, the homepage varies as well as
the bottom tabs available to the user.

= Tarefas Didrias
HOJE (1 tarefa pendente)

Avaliagao periédica
Utente: Claudina Brito (1132)

(x4

Colheita de sangue
Utente: José Esteves (1130)

Cancelado por: Marcia Esteves (1111) Reagendar Tarefa
Data de Cancelamento: 2019-05-20
Razio do Cancelamento: O utente foi A tarefa foi cancelada com sucesso.

internado no hospital. Deseja reagenda-la?

Confirmar  Anular

Administragao de injetaveis
Utente: Carlos Monteiro (1119)
Injetavel: Epoetina
Periodicidade: 10 em 10 dias

Realizado por: Marcia Esteves (1111)
Data de Realizagdo: 2019-05-20

& fom

Calendarizagdo Camas

Figure 13.: Screens of the Tarefas Didrias bottom tab and when the user is asked to reschedule a
nursing intervention after cancelling it - figure obtained when signed in as a nurse.

Thus, if the user is a nurse, he is directed to the Tarefas Didrias tab. In this tab, the user
can consult the nursing interventions/tasks that are planned for the day. The user is also
able to confirm the execution of a nursing intervention or cancel a task. However, for the
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latter case, the user has to specify the motive of the cancellation and, afterwards, if he
wishes to do so, the user is able to reschedule the nursing intervention, being redirected
to the Planeamento de Intervengdes de Enfermagem module. Furthermore, besides consulting
the tasks that are planned for the day, the user is also able to consult the tasks that were
executed and cancelled. Figure 13 presented above shows the screen of the Tarefas Didrias
bottom tab in which the user is able to consult the pending tasks (green), the cancelled tasks
(red), and the finished tasks (grey). Additionally, in this figure, the screen presented to the
user when he is asked to reschedule a nursing intervention after cancelling it is shown.
Additionally, besides the Tarefas Didrias tab, the user can also navigate to other screens

through the following bottom tabs:

e Calendarizagdo: This tab is similar to Tarefas Didrias. However, the user is able to
consult the pending tasks, the cancelled tasks, and the finished tasks scheduled in
the future, i.e. after the current date. Additionally, he can also cancel or confirm the
execution of a task. If the user cancels a task, he is able to reschedule it if he wishes

to do so;

e Camas: In this tab, the user has access to the list of Santa Casa da Misericérdia de Vila
Verde nursing homes in which he works. Then, by clicking on one of the nursing
homes, the list of the bedrooms existing in the nursing home is provided to him.
Finally, by choosing one of the bedrooms, the user has access to the following infor-
mation: the number of beds available and the name of the residents living in the
bedroom. For each resident, the bed number is specified as well as the number of
pending tasks associated with the resident for the day.

It is important to mention that when a nursing intervention is scheduled any nurse can
cancel or execute it. This decision was made since, usually, the nursing interventions are
planned in advance on a certain day of the week by the nurse present that day. Moreover,
the shifts between the nurses rotate quite frequently. Thus, when a nursing intervention is
planned, it is not associated with any health professional in particular and can be performed
by any nurse available in the nursing home.

On the contrary, if the user is a doctor, he is directed to the screen of the Camas bottom
tab once he signs in into the application. However, this type of user has only access to
this bottom tab since the scheduled nursing interventions, which can only be performed by
nurses, are not relevant to doctors. Therefore, this information is not presented to them,
whereby it was decided to remove the Calendarizagio and Tarefas Didrias bottom tabs. This
decision was made through interviews performed with the health professionals in which
it was concluded that the doctors do not schedule any specific task when present in the
nursing home. In fact, when present, they usually only need to have access to the clinical

information of the residents and to write clinical notes.
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Finally, from any of the available bottom tabs, the user can access the menu by pressing on
the button located on the upper left corner of any of the screens. This menu can be accessed
regardless of the user type and grants access to the rest of the features implemented in the
mobile application.

Figure 14 presented hereafter shows the screens of the Calendarizagido and Camas bottom
tabs. Regarding the latter, the screen shown corresponds to the one obtained after the user

has selected the nursing home and bedroom he wants to consult.

= Calendarizacéo X Quarto 7

2019-10-14 (1 tarefa) c ; '
xiste 1 cama vazia!

Inserir cateter urinario Camas vazias: C
Utente: Helena Brito Marques (1127)
Tipo de Algalia: Latex (x| Joaquim Ribeiro da

Tipo de Calibre: 16

Silva
(1120)
2019-10-15 (2 tarefas)
"Joaquim"
H ol
Exame de urina [om A
Utente: Maria Pascoal (1126) ey Nenhuma tarefa
= H pendente
Exame de fezes —
_ Claudina Brito
Utente: Carlos Monteiro (1119) bl
[ x | (1132)
2019-10-16 (1 tarefa) k= B
. 1 tarefa(s)
Colheita de sangue | pendente(s)
Utente: José Esteves (1130) el
[ % |

= lem

Tarefas Didrias Camas

Figure 14.: Screens of the Calendarizagio (left) and Camas (right) bottom tabs - figures obtained when
signed in as a nurse.

Menu

As mentioned previously, the menu, which grants access to the rest of the features im-
plemented in the mobile application, can be accessed through any of the screens of the
bottom tabs. Moreover, similarly to the homepage and bottom navigation, the menu varies
according to the type of health professional. Thus, by pressing on the button located on the
upper left corner of any of the bottom tabs screens, the user has access to the menu shown
in Figure 15 and, consequently, to the modules described hereafter.
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Médulos

’&% Gestdo dos Utentes

B Notas Clinicas
B Notas de Enfermagem
Qj Avaliagéo Inicial de Enfermagem

GED Feridas

43

Avaliagéo Periddica

3

Avaliagéo da Glicemia Capilar

[+

Relatérios de Internamento

[+

MCDTs

4 Planeamento de Intervengdes de
Enfermagem

Outras Opgoes

2 Perfil

(# Terminar Sessdo

Figure 15.: Menu of the mobile application - figure obtained when signed in as a nurse.

Gestdo dos Utentes: if the user is a nurse, he is able to manage the residents living in
the nursing home by pressing on this option. He can also view and edit their personal
data as well as add new residents or disable a given resident if needed. Additionally,
the user can view and edit the informal caregivers and personal contacts of each
resident as well as add and remove contacts. However, if the user is a doctor, he
is only able to view the personal data of the residents and the informal caregivers
of each resident. Thus, doctors cannot insert new residents and informal caregivers,
disable them, and edit their personal data;

Notas Clinicas: if the user is a doctor, he is able to create new clinical notes and
consult the clinical notes” history of each resident. However, nurses are only able to
view the clinical notes” history of each resident since clinical notes can only be written
by doctors;

Notas de Enfermagem: if the user is a nurse, he is able to create new nursing notes
and consult the nursing notes” history of each resident. However, doctors are only
able to consult the nursing notes’ history of each resident since nursing notes can
only be written by nurses;
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Awvaliagdo Inical de Enfermagem: if the user is a nurse, he can manage, i.e. edit and
view, the clinical information of the residents. However, doctors can only view the

clinical information of the residents;

Feridas: if the user is a nurse, he can manage the wounds of the residents and con-
sult the wounds’ history of each resident. More specifically, the user can insert new
wounds for each resident as well as consult and record their evolution through photos
and observations. Additionally, it is also possible to consult the history of the treat-
ments used throughout the evolution of a wound and modify the current treatment if
needed. Moreover, the user can also download a PDF file of the evolution of a given
wound. However, doctors can only consult the wounds” history of each resident, the
evolution of each wound and of the treatments used, and download the PDF file of

the evolution of the wound;

Avaliagdo Periddica: this module is available to both users and allows them to add
new periodic evaluations and consult the periodic evaluations” history of each resi-
dent;

Awvaliagdo da Glicemia Capilar: this module is available to both users, enabling them
to add new periodic evaluations of the capillary blood glucose for residents with
diabetes. It is also possible to consult the history of the periodic evaluations of the
capillary blood glucose of each resident with diabetes;

Relatorios de Internamento: this module is available to both users and allows them to
add new inpatient reports and consult the inpatient reports” history of each resident;

MCDTs: this module is available to both users, allowing them to add new medical
reports and consult the medical reports” history of each resident;

Planeamento de Intervengdes de Enfermagem: this module is only available for nurses,

enabling them to schedule nursing interventions for each resident;

Perfil: this module is available to both users, allowing them to have access and edit
their personal data;

Terminar Sessdo: this module is available to both users and allows them to sign out

of their accounts.
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Gestdo dos Utentes Module

As mentioned previously, the Gestio dos Utentes module has as main purpose to allow the
management of the residents living in the nursing home as well as consult and edit their
personal data and informal caregivers. However, depending on the user type, features may
or may not be available. It is important to mention that the choice of the available features
for each user type resulted from interviews performed with the health professionals. Thus,
it was concluded that the doctors do not need to be able to manipulate, more specifically,
to update, remove, and insert data since the nurses are usually in charge of these tasks. In

this sense, this module can be divided into the following submodules:

o Informacdo Geral do Utente: after selecting a resident, both user types can consult
the personal data of the resident, such as his full name, bed and bedroom numbers,
profile picture, and telephone and mobile phone numbers, among others. Moreover,
if the user is a nurse, he is also able to edit the personal data of the resident;

e Contactos do Utente: after selecting a resident, both user types can consult the per-
sonal data of the informal caregivers and personal contacts of the resident, such as
their full name, telephone and mobile phone numbers, relationship with the resident,
and observations. Moreover, if the user is a nurse, he is also able to edit the personal
data of the informal caregivers and personal contacts of the residents and add and

remove contacts;

e Desativar Utente: this submodule is only available to nurses, allowing them to dis-
able/remove a resident if needed (e.g. when a resident leaves the nursing home or

passes away);

e Adicionar Novo Utente: this submodule is only available to nurses, enabling them to
add a new resident by providing his personal data, namely his full name, bed and
bedroom numbers, national health service number, and telephone and mobile phone

numbers, among others.

In Figure 16, the screens of the Gestdo dos Utentes module and the Informagdo Geral do
Utente, Contactos do Utente, and Adicionar Novo Utente submodules are presented.
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Figure 16.: Screens of the Gestio dos Utentes module (upper left corner) and the Informagio Geral do
Utente (upper right corner), Contactos do Utente (lower left corner), and Adicionar Novo
Utente (lower right corner) submodules - figures obtained when signed in as a nurse.
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Notas Clinicas Module

The Notas Clinicas module was implemented in the mobile application in order to allow
users to create clinical notes. Additionally, users can also consult the clinical notes” history
for each resident. Similarly to the previous module, features may or may not be available
depending on the type of health professional. In this case, the doctors are the only health
professionals authorized to write clinical notes. Thus, in this sense, this module can be

divided into the following submodules:

e Consultar o Historico: this submodule can be access by both user types, allowing
them to consult the clinical notes” history of a given resident;

o Adicionar uma Nota: this submodule is only available for doctors, enabling them to

create a new clinical note for a given resident.

In Figure 17, the screens of the Notas Clinicas module and the Adicionar uma Nota sub-
module are presented.

& Notas Clinicas X Adicionar Nota Clinica

SELECIONE UM UTENTE

O utente iniciou hoje o seu tratamento para o
Claudina Brito - Alzheimer e aparenta ter respondido
positivamente. No entanto, é necessério
continuar a vigiar o utente nos préximos dias.

Figure 17.: Screens of the Notas Clinicas module (left) and the Adicionar uma Nota submodule (right)
- figures obtained when signed in as a doctor.
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Notas de Enfermagem Module

The Notas de Enfermagem module was developed in order to allow nurses to create nursing
notes when necessary as they are the only health professionals authorized to write nursing
notes. On the other hand, users can also consult the nursing notes” history for each resident.
In this sense, this module can be divided into the following submodules:

e Consultar o Histérico: this submodule can be access by both user types, allowing

them to consult the nursing notes” history of a given resident;

e Adicionar uma Nota: this submodule can only be accessed by nurses, enabling them

to create a new nursing note for a given resident.

Figure 18 presents the screens of the Notas de Enfermagemn module and the Consultar o

Histério submodule.

< Notas de Enfermagem X  Histdrico Notas de Enfermagem

SELECIONE UM UTENTE

Carlos Monteiro - Marcia Esteves (1111) 2019-05-21

O utente revela ter niveis de glicemia capilar
acima do normal. Assim sendo, é necessario
vigiar o utente durante os proximos dias.

Marisa Esteves (3333) 2019-05-18

O utente queixa-se devido a uma dor no ombro
esquerdo, tendo dificuldade a elevar o membro.
Se esta situagdo se mantiver, serd necessario
solicitar uma radiografia.

&8 om

Calendarizagé@o Camas

Figure 18.: Screens of the Notas de Enfermagem module (left) and the Consultar o Histérico submodule
(right) - figures obtained when signed in as a nurse.

Awvaliagdo Inicial de Enfermagem Module

The Avaliagio Inicial de Enfermagem module was developed in the mobile application in
order to allow both user types to have access to the clinical information of the residents. On
the other hand, if the user is a nurse, the clinical information of the residents can also be
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edited since they are usually in charge of this task. Thus, in light of the above mentioned,
this module can be divided into the following submodules according to the different types

of clinical information available:

e Avalia¢do Geral: in this submodule, users can consult the general evaluation of each
resident, namely regarding the alcohol and tobacco consumption, professional situa-
tion, and education level, among others. This information can also be edited if the

user is a nurse;

e Antecedentes Clinicos: in this submodule, users can have access to the clinical history
of each resident, namely regarding the existence of diabetes, diseases, allergies, and
past surgeries and fractures, among others. Once again, if the user is a nurse, he is
also able to edit this information;

e Medicagdo Habitual: by accessing this submodule, users can consult the usual med-
ication of each resident. Additionally, it is also possible to add and remove new

medication if the user is a nurse;

e Avaliag¢do Fisica: in this submodule, users can consult the physical assessment of
each resident, such as the weight, height, blood pressure, heart rate, vision, hearing,
and skin integrity, turgidity, and colour, among others. Furthermore, nurses have also
the possibility to edit this information;

e Padrdo de Nutri¢do: this submodule is accessed by the users when they wish to
consult the nutritional and eating patterns of a given resident, namely regarding the
diet type, dentition, and use of a nasogastric tube, among others. If this submodule

is accessed by a nurse, he can also edit this information;

e Padrdo de Eliminagdo: this submodule allows users to consult the bowel and bladder
elimination patterns of each resident, namely regarding the use of adult diapers or of
a urinary catheter and the urinary and intestinal habits, among others. Additionally,

nurses have the option to edit this information;

e Padrdo de Atividade: in this submodule, users can consult the physical activity pat-
terns of each resident, such as the strength, superficial sensibility, and joint amplitudes

of the limbs, among others. This information can also be edited by nurses;

e Padrdo de Sono: in this submodule, users can have access to the sleeping patterns
of each resident, namely regarding the insomnia problems and number of hours of
sleep during the day and night, among others. This information can also be edited by

nurses,;
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o Avaliagdo do Enfermeiro: in this submodule, users can consult the general assess-
ment made by a nurse of each resident, namely regarding the emotional state and
autonomy level, among others. If this submodule is accessed by a nurse, the user has
the possibility to edit this information.

In Figure 19, the screens of the Avaliagio Inicial de Enfermagem module and the Medicagio
Habitual and Padrdo de Sono submodules are presented.

& Avaliagéo Inicial de Enfermagem X Medicagéao Habitual + X Padrdo Sono E,I’

SELECIONE UM UTENTE

Carlos Monteiro v
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Figure 19.: Screens of the Avaliacio Inicial de Enfermagem module (left) and the Medicagdo Habitual
(center) and Padrio de Sono (right) submodules - figures obtained when signed in as a
nurse.

Feridas Module

The Feridas module is certainly one of the most important modules developed in the
mobile application since the vast majority of the nursing interventions performed daily by
nurses is related to wound care. Therefore, in this module, several features were developed
in order to allow users, more specifically, nurses to manage the wounds of the residents
and document their evolution over time. Regarding the doctors, they can only consult the
information present in this module since the nurses are the ones responsible for wound

care. In this sense, this module was divided into the following submodules:

e Historico de Feridas: in this submodule, both user types can consult the wounds” his-
tory of each resident. Therefore, wounds that are currently being cured and wounds
that were already cured are presented in this submodule. Additionally, after accessing
this submodule, users have access to the following features for each wound:
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— Consultar Registo de Evolucdo: this feature is available for both user types, al-
lowing them to consult the evolution of the wound. In this context, general
information about the wound is provided, namely the wound type and its loca-
tion. Moreover, if the wound is still being cured, the current treatment that is
being used and its periodicity are provided. The various evolutions documented
by the nurses (through photos and observations) over time are also presented in

chronological order;

— Consultar Historico de Tratamentos: this feature is also available for both user
types, enabling them to consult the history of the treatments used over time.
Furthermore, this feature can be accessed regardless of the state of the wound,

i.e. if it still being cured or not;

- Registar Evolucdo: this feature can only be accessed by nurses since they are
responsible for wound care. Thus, with this feature, nurses are able to document
the evolution of a wound by providing a photo of the wound and observations.

Naturally, this feature is only available for wounds that are still being treated;

— Alterar Tratamento: for the same reasons mentioned above, this feature can only
be accessed by nurses, allowing them to change the current treatment of the
wound. Thus, to this end, the new treatment must be provided as well as its
periodicity. As might be expected, this feature is only available for wounds that

are still being cured;

— Terminar Tratamento: similarly to the last two features, this one is only available
for nurses, enabling them to end the treatment of the wound when the health
professional deems that the wound is already cured and no further treatment is
needed. To this end, the user is asked to provide a photo of the wound. Naturally,

this feature is only available for wounds that are still being treated;

— Descarregar Evolugdo da Ferida: this feature is available to both user types re-
gardless of the state of the wound. Thus, by accessing this feature, the users are
able to download a PDF file of the evolution of the wound, which includes the
same information that is provided in the Consultar Registo de Evolug¢ido submodule,
in his mobile device. The users can then use this file for various purposes. For
instance, they may want to send via email the file to a external doctor in order to

have a second opinion about the treatment of the wound.

o Registar Nova Ferida: this submodule is only available to nurses, allowing them to
insert new wounds for each resident. In this context, the health professionals are
required to provide the wound type, the location of the wound, the treatment to be

used and its periodicity, and a photo of the wound.
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In Figure 20, the screens of the Feridas module and the Histérico de Feridas and Registar

Nova Ferida submodules are presented.

& Feridas
SELECIONE UM UTENTE
Claudina Brito v
& fom
Calendarizacdo Camas
X Adicionar Ferida X Histérico de Feridas
Tipo de Ferida
Queimadura - Queimadura 2019-05-10
Localizag&o da Ferida = Consultar Registo
de Evolugédo
MSD anterior interno v Consultar
4 N s
W Histérico de
Periodicidade do Tratamento ’ Tratamentos
b . [#" Registar Evolugio
2em 2 dias v [#° Alterar Tratamento
- Terminar
Aposito v Tratamento
Bepanthene e compressas gaze gorda R Descarregar
B Evolugdoda
Ferida

Foto da Ferida .
Ainda em tratamento

-ﬁ Carregar Foto da Ferida
Queimadura 2019-03-25

t Consultar Registo
de Evolugdo

Figure 20.: Screens of the Feridas module (top) and the Registar Nova Ferida (lower left corner) and
Historico de Feridas (lower right corner) submodules - figures obtained when signed in as
a nurse.
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Additionally, in Figures 21, the screen of the Consultar Registo de Evolugio feature is shown.
Then, in Figure 22, the screens of the Alterar Tratamento and the Consultar Histérico de Trata-

mentos features are presented.

X  Histdrico da Evolugéo da Ferida X  Histdrico da Evolugéo da Ferida
Tipo de Ferida Localizagao Tipo de Ferida Localizagao
Periodicidade Atual Apésito Atual Periodicidade Atual Apésito Atual

Nota da Evolugao da Ferida
Data: 2019-05-10

. Registo inicial da ferida. i .
A ferida demonstra estar a reagir
positivamente ao tratamento.
Profissional: Marcia Esteves eves
(1111)

| Data: 2019-05-12

Profissional: Marisa Esteves
(3333)

Profissional: Marisa Esteves
(3333)

Figure 21.: Screens of the Consultar Registo de Evolugdo feature (left) and the result obtained when the
user presses on the Ver Nota button (right) - figures obtained when signed in as a nurse .

X Alterar Tratamento Ferida X Consultar Histérico Tratamentos

Periodicidade do Tratamento

3 em 3 dias - 2019-05-22 Marcia Esteves (1111)

rovein » Apbsito
p W getadine
Betadine Periodicidade

3 em 3dias

i3

2019-05-10 Mércia Esteves (1111)

» Aposito
Bepanthene e compressas gaze gorda

dab  Periodicidade
2 em 2 dias

2019-05-22 Mércia Esteves (1111)

Figure 22.: Screens of the Alterar Tratamento (left) and the Consultar Histdrico de Tratamentos features
(right) - figures obtained when signed in as a nurse.
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Finally, in Figure 23, the screen of the Registar Evolucdo feature and the PDF downloaded

by the Descarregar Evolugio da Ferida feature are shown.

X Registar Evolucéo Ferida &< B201905221155.. QU &

REGISTO DA EVOLUGAO DA FERIDA
Nome do utente: Claudina Brito

A ferida demonstra estar a reagir
positivamente ao tratamento.

Niimero do processo: 1132
Valéncia: Lar 2

Ficheiro gerado pelo profissional: Marcia Esteves
Namero de identificagao do profissional: 1111
Data/Hora de geragao do ficheiro: 2019-05-22 11:65:02

Data e Profissional Foto Nota
de Saiide

2019-05-10 Registo inicial da ferida.
Tipo de ferida: Queimadura
Localizagao da ferida: MSD anterior

interno

Profissional: Mércia
Esteves

Numero de < 3
identificagéo: 1111 SN

Foto da Ferida

-ﬁ Carregar Foto da Ferida

2019-05-12 A ferida demonstra estar a reagir
positivamente ao tratamento,
Profissional: Marisa
Esteves

Numero de
identificagdo: 3333

Figure 23.: Screens of the Registar Evolucio feature (left) and the file downloaded by the Descarregar
Evolugio da Ferida feature (right) - figures obtained when signed in as a nurse.

Avaliag¢do Periédica Module

The Avaliagdo Periddica module has as main purpose to allow the creation of periodic
evaluations by health professionals as well as consult the history of the periodic evaluations
for each resident. In this case, the features available are independent of the user type since
both of them can add and consult periodic evaluations. Thus, in this sense, this module can
be divided into the following submodules:

e Consultar o Histdrico: this submodule is available for both user types, allowing them
to consult the periodic evaluations” history of a given resident;

e Adicionar Avaliac¢do Periddica: this submodule can also be accessed by both user
types, enabling them to add a new periodic evaluation for a given resident. To this
end, the user is asked to provide the blood pressure, weight, heart rate, and axillary
temperature, among others, of the resident.

In Figure 24, the screens of the Avaliagdo Periédica module and the Consultar o Histérico

and Adicionar Avaliagdo Periédica submodules are presented.
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& AvaliagGes Periddicas X Adicionar Avaliagdo Periddica X Historico Avaliagbes Periddicas
SELECIONE UM UTENTE Peso (Kg)
Carlos Monteiro - 73 Marcia Esteves (1111) 2019-05-22
Temperatura Axilar (°C) Peso 73 Kg
37 Temperatura Axilar 37°C

Frequéncia Cardiaca (bpm) Frequéncia Cardiaca 63 bpm

63 Tensao Arterial 115/75 mm/Hg
Tensdo Arterial (mm/Hg) Sat. 02 90 %
115/75 0 peso do utente subiu
Observagoes bastante desde a ultima
medida. Vigiar.
Sat. 02 (%)
90
Marisa Esteves (3333) 2019-05-12
Observagdes
Peso 65 Kg
0 peso do utente subiu bastante desde a
ultima medida. Vigiar. Temperatura Axilar 36,8 °C
ke Frequéncia Cardiaca 65 bpm

|om

Calendarizagéo Camas

Figure 24.: Screens of the Avaliacdo Periédica module (left) and the Adicionar Avaliacido Periédica (cen-
ter) and Consultar o Histérico (right) submodules - figures obtained when signed in as a
nurse.

Avaliacdo da Glicemia Capilar Module

The Awvaliacdo da Glicemia Capilar module was developed in order to allow health profes-
sionals to create new periodic evaluations of the capillary blood glucose as well as consult
the history of the periodic evaluations of the capillary blood glucose for each resident. Once
again, the features available in this module are independent of the user type as both of them
can add and consult periodic evaluations of the capillary blood glucose. In this sense, the

following submodules were developed:

e Consultar o Histérico: this submodule can be accessed by both user types, allowing
them to consult the history of periodic evaluations of the capillary blood glucose of a

given resident;

e Adicionar Avaliacdo: this submodule is also available for both user types, allowing
them to add a new periodic evaluation of the capillary blood glucose for a given
resident. To this end, the user is asked to provide the value of the blood sugar of the

resident.

Figure 25 shows the screens of the Avaliacio da Glicemia Capilar module and the Consultar
o Histérico and Adicionar Avaliagdo submodules.
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&  Avaliagdes da Glicemia Capilar X Adicionar Avaliagdo da Glicemia Ca... X Histérico Avaliagdes da Glicemia C...
SELECIONE UM UTENTE Valor Dx (mg/dl)
Carlos Monteiro . 140 Marcia Esteves (1111) 2019-05-22
Valor Dx 140 mg/d|
Mércia Esteves (1111) 2019-03-22
Valor Dx 132 mg/dl
Marisa Esteves (3333) 2019-02-12
Valor Dx 135 mg/dl
& lem

Calendarizagéo Camas

Figure 25.: Screens of the Avaliagdo da Glicemia Capilar module (left) and the Adicionar Avaliagio (cen-
ter) and Consultar o Histdrico (right) submodules - figures obtained when signed in as a
nurse.

Relatérios de Internamento Module

The Relatdrios de Internamento module was developed in order to allow health profession-
als to insert the inpatient reports of each resident by providing relevant information that is
able to identify the report. Therefore, the health professionals can then have access to the
history of the inpatient reports for each resident at any point in time without having to go
through the huge amount of files gather in folders. In this sense, the following submodules

were developed:

e Consultar o Histérico: this submodule can be accessed by both user types, allowing

them to consult the history of inpatient reports of each resident;

e Adicionar Relatério: this submodule is also available for both user types, enabling
them to add a new inpatient report for a given resident. Thus, to this end, the user is
asked to provide the type of inpatient report, the name of the institution and service

of the report, the episode number, and date of the report, among others.

In Figure 26, the screens of the Relatérios de Internamento module and the Adicionar Re-

latério and Consultar o Histérico submodules are presented.
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Historico de Relatérios

2019-05-20

Tipo de Relatério
Servigo
Numero do Episédio

Instituigao

Nome do Médico

Numero da Ordem do
Médico

Observagoes

Data da Admissao

Data da Alta

Relatdrio alta

Pneumologia

Hospital de Braga

Pedro Miguel Rodrigues
Santos

O utente foi enviado
a consulta para
avaliar critérios para
Oxigenoterapia. Foi
diagnosticado com
sindrome de apneia
obstrutiva do sono.

2019-05-20

2019-05-20

Figure 26.: Screens of the Relatérios de Internamento module (left) and the Adicionar Relatério (center)
and Consultar o Histdrico (right) submodules - figures obtained when signed in as a nurse.

MCDTs Module

Similarly to the module approached above, the MCDTs module enables the health pro-

fessionals to insert the medical reports of each resident by providing relevant information

capable of identifying the report. Thus, the health professionals can consult the history of

the medical reports of each resident anywhere and at any time without having to return to

the nursing station to go through the files gathered in folders. To this end, the following

submodules were implemented:

e Consultar o Histdrico: this submodule is available for both user types, enabling them

to consult the history of medical reports of each resident;

o Adicionar MCDT: this submodule can also be accessed by both user types, allowing

them to add a new medical report for a given resident. In order to add a new report,

the user has to provide the type of medical test, the name of the institution of the

report, the episode number, and date of the report, among others.

Figure 27 presents the screens of the MCDTs module and the Adicionar MCDT and Con-

sultar o Histérico submodules.
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& MCDTs b 4 Adicionar MCDT X Histérico de MCDTs
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Figure 27.: Screens of the MCDTs module (left) and the Adicionar MCDT (center) and Consultar o
Histérico (right) submodules - figures obtained when signed in as a nurse.

Planeamento de Intervencoes de Enfermagem Module

The Planeamento de Intervengoes de Enfermagem module was implemented in the mobile
application to allow the health professionals, namely, the nurses to schedule nursing inter-
ventions for each resident of the nursing home. Once scheduled, the nursing intervention
can be performed or cancelled by any nurse. However, as mentioned previously, this mod-
ule is not available to doctors since they do not perform nursing interventions. In fact,
through interviews performed with the health professionals, it was concluded that the ac-
cess to the clinical information of the residents and the creation of clinical notes are more
relevant to them as they do not tend to schedule any specific task when present in the

nursing home.

On the other hand, in order to schedule a nursing intervention, the user is required
to select the resident to whom the intervention will be performed as well as the type of
nursing intervention and the scheduled date. The user may also be obliged to provide
other information depending on the type of nursing intervention. For instance, if a nurse
wishes to schedule the insertion of a nasogastric tube, the size and type of the nasogastric
tube must be specified. Alternatively, if a nurse wants to schedule wound care for a given
resident, the wound to be cured, among the ones that are currently being treated, has to be

selected.

In Figure 28, the screens of the Planeamento de Intervengoes de Enfermagem module when a

nurse tries to schedule wound care and the insertion of a nasogastric tube are presented.
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&Planeamento Intervengdes Enferma... &Planeamento Intervengdes Enferma...
Nome do Utente Nome do Utente
Claudina Brito h¢ Carlos Monteiro h¢
Intervengdo de Enfermagem Intervengdo de Enfermagem
Tratamento ferida v Inserir sonda nasogéstrica v
Ferida Calibre
Queimadura - MSD anterior interno v 18 v
Data de Marcagao Tipo de Sonda
2019-06-19 Silicone v
2019-06-19
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Tarefas Diarias Calendarizagdo Camas Tarefas Didrias Calendarizagdo Camas

Figure 28.: Screens of the Planeamento de Intervengdes de Enfermagem module when a user tries to
schedule wound care (left) and the insertion of a nasogastric tube (right) - figures ob-
tained when signed in as a nurse.
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Figure 29.: Screen of the Perfil module - figure obtained when signed in as a nurse.
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Perfil Module

The Perfil module corresponds to the profile of the user. Thus, in this module, both user
types are able to consult and modify their personal data, such as their full name, email
address, date of birth, telephone and mobile phone numbers, medical education number,
gender, type of health professional (nurse or doctor), and the names of the Santa Casa da
Misericérdia de Vila Verde nursing homes in which he works. Figure 29 presented above
shows the screen of the Perfil Module.

4.5 CLINICAL AND PERFORMANCE BUSINESS INTELLIGENCE INDICATORS

As mentioned in Chapter 2, Bl tools are greatly beneficial and essential in healthcare set-
tings to analyze the clinical information gathered daily and to obtain previously unknown
and meaningful knowledge used as a basis in the decision-making process. In fact, by pro-
viding valuable and useful information, BI tools lead to a more accurate and evidence-based

medical practice, enhancing the decision-making process.

Thus, in this sense, in order to analyze and gain a deeper understanding of the overall
performance of the nursing home and its health professionals as well as to improve the
nursing care delivered and its outcomes, clinical and performance indicators were defined.
However, at the moment, these indicators have not yet been created since the database does
not have data. Moreover, in order to create meaningful and valuable indicators, data should
be gathered over a relatively long period of time, which is not the case at the moment.
Furthermore, it is envisioned to implement the clinical and performance indicators in a
Web application and not in the mobile application discussed in this document to have a

better visualization and control over the indicators.

Therefore, in the future, when enough data are gathered, it is envisioned to create the
clinical and performance indicators presented hereafter. It is important to mention that the
figures associated with each indicator were created using Power BI, which allowed to create

examples for each indicator with fictitious data as previously stated.

Percentage of Nursing Interventions Realized per Nurse

First and foremost, it is envisioned to create a pie chart indicator of the percentage of
nursing interventions realized per nurse over a time horizon, for instance, per month and
year. Thus, with this performance indicator, it would be possible to identify if the nursing
interventions are performed proportionately between the nurses working in the nursing
home. Additionally, this indicator would be capable of highlighting if a certain health
professional has a higher workload compared to others. Consequently, with the information



4.5. Clinical and Performance Business Intelligence Indicators 77

obtained through this indicator, improvements and measures could be realized to have a
better distribution of the nursing interventions between the nurses.
In Figure 30, an example of the indicator described above is shown.
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Figure 30.: Indicator of the percentage of nursing interventions realized per nurse (created with
fictitious data).

Total of Realized and Unrealized Nursing Interventions per Month
On the other hand, it is also envisioned to create a stacked column chart indicator of
the total of realized and unrealized nursing interventions per month similar to the one

presented in Figure 31.
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Figure 31.: Indicator of the total of realized and unrealized nursing interventions per month (created
with fictitious data).
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It is important to refer that a nursing intervention is realized when a nurse has con-
firmed its execution in the Tarefas Didrias or Calendariazacio screens. However, a nursing

intervention is considered unrealized when it was neither realized nor cancelled.

Therefore, this indicator would help identify abnormalities in the number of unrealized
nursing interventions as well as the months in which more tasks are performed or unreal-
ized. Consequently, regarding the former, if too many nursing interventions are unrealized,
it may suggest that the nurses are not performing their job as well as they should. For in-
stance, it may shed a light on the fact that the nurses are overloaded with work, not having
enough time to perform all of their tasks. On the other hand, regarding the latter, if some
specific months are busier than others, more nurses could be present for each shift in order
for the nursing interventions to be realized as scheduled.

Variation of the Capillary Blood Glucose of a given Resident over Time

In order to analyze more rapidly and visually the variation of the capillary blood glucose
of a given resident over time, it was decided to create a line chart indicator similar to the
one shown in Figure 32.

Thus, with this clinical indicator, the health professionals would be able to have a better
visualization of variation of the capillary blood glucose and, thus, detect more rapidly
abnormalities and act on them. Additionally, this indicator could also be extended to other
types of evaluations, namely to analyze the variation of the weight, blood pressure, heart

rate, oxygen saturation, and axillary temperature of a given resident over time.
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Figure 32.: Indicator of the variation of the capillary blood glucose of a given resident over time
(created with fictitious data).
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Percentage of Wounds per Resident

In addition to the indicators mentioned previously, it was also decided to create a bar
chart indicator of the percentage of wounds per resident over a time horizon, for instance,
per month or year. Consequently, with this clinical indicator, the health professionals would
be able to identify the residents with an abnormal amount of wounds and, thus, supervise
them more closely so as to avoid and reduce the occurrence of wounds for these residents.

In Figure 33, an example of the clinical indicator described above is presented.

e

7 » 3838 » 0000

Institution Process Number of the Resident o 1111 #2222 3333 o 4444 @ 5535

Figure 33.: Indicator of the percentage of wounds per resident (created with fictitious data).

Percentage of Wounds per Wound Type
On the other hand, it was also envisioned to create a donut chart indicator of the per-
centage of wounds per wound type over a time horizon, for instance, per month or year. In
Figure 34, an example of this indicator is shown.
Venous ulcer 53,047

_— 10 66° Arterial uleer 15,87%
Surgical wound 9.66%
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Figure 34.: Indicator of the percentage of wounds per wound type (created with fictitious data).
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Thus, through this clinical indicator, the health professionals would be able to identify
if certain wound types occur more frequently than others. Consequently, according to the
results obtained, further research and improvements could be realized so as to identify and

reduce wound-causing factors.

Percentage of Nursing Interventions Realized Annually per Type of Nursing Interven-
tion

Finally, it was decided to create a bar chart indicator of the percentage of nursing interven-
tions realized annually per type of nursing intervention. Therefore, through this indicator,
the health professionals would be able to identify and be aware of the nursing interventions
that are not realized with the expected frequency. Hence, with this knowledge, the health
professionals could perform these nursing interventions more frequently.

In Figure 35, an example of the indicator discussed above is shown.

Administrafion of injectable medication 7.58%

- . - . . . K v
Evaluztion of the capillary bleod glucose 5,28% ]. .I. ?-I'

Nasogastric tubs insertion 18,14%
Perindic avaluation 554085
Urinary catheter insention 263%

Wound care 53.83%

Figure 35.: Indicator of the percentage of nursing interventions realized annually per type of nursing
intervention (created with fictitious data).

4.6 DISCUSSION

To summarize, the research project described in this section consisted in the design and
development of a mHealth application for the health professionals of one of the nursing
homes of the Santa Casa da Misericérdia de Vila Verde in order to help them clinically manage
the residents and to assist them at the point-of-care, more specifically, to schedule, perform,
and record their daily tasks and to have access and manipulate information. Thus, this
solution aimed to introduce technological improvements in the nursing home and support
the health professionals in their daily tasks.

In this sense, a user-friendly mobile application was designed and developed, allowing

to attain the following benefits:
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e Shift from the paper-based to the computer-based management of data and, thus,
reduce the amount of paper produced daily with hand-written charts;

e Reduce time-waste and, thus, an increase in productivity since the health profession-
als can have access and manipulate information at the point-of-care, not having to

constantly return to the nursing station;

e Reduce the occurrence of errors since the solution decreases the risk of losing, mis-

placing, or forgetting information compared to the paper-based management of data;
e Ease some of the work overload experienced by the health professionals;

e Improve the nursing care delivered and elders” quality of life as fewer errors are made

and the health professionals have more time to perform their tasks;
e Timely sharing and centralization of the clinical information of the residents;
e Simplify the access and manipulation of information;
e Optimize the various processes occurring in the nursing home;
e Less confusing and more organized scheduling of nursing interventions;

e Improve and assist the health professionals in the decision-making process since they

can have access to information at the point-of-care;

e Highlight problem areas and opportunities through BI clinical and performance indi-
cators and, thus, improve the decision-making process as the health professionals can

make informed and evidence-based decisions.

Therefore, in the future, when the necessary needs are provided to the nursing home,
such as a wireless internet connection and mobile devices, it is intended to introduce this
mobile application in the facility in order to be used by the health professionals. Further-
more, due to its high adaptability, the solution could easily be implemented in the rest of
the Santa Casa da Misericérdia de Vila Verde nursing homes in the future. On the other hand,
one of the main advantages of the mobile application is its high usability since it has a
user-friendly design with well-defined paths and organized information. Additionally, the
solution is easy to maintain and new features can easily be added due to its high scalability.

Finally, it must be mentioned that during all stages of the design and development of
the project described in the present dissertation, ethical issues were taken into account and
safeguarded to guarantee that confidentiality issues do not arise and the quality, accuracy,
and safety of the solution. In this sense, the health professionals were constantly consulted
throughout the design and development of the solution in order to develop an accurate
mobile application with high quality.
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4.7 CONCLUSION

It is common knowledge that the aging population has been a matter of concert for sev-
eral countries all over the world due to the challenges this situation has been posing for
healthcare systems. In fact, taking an in-depth look at the current state of Portugal, the
rapidly aging population has been causing major challenges, namely the overload of nurs-
ing homes. In addition, due to the lack of investment in these facilities, the number of
elderly people is often too high compared to the number of health professionals and, more
than not, unsophisticated methods, which are usually time-consuming and prone to errors,
are used.

Consequently, the research project described in this manuscript emerged and aimed to
overcome some of the challenges faced by nursing homes in response to the aging pop-
ulation. In this sense, by using a Portuguese nursing home as a case study, a mobile
application was designed and developed in order to introduce technological improvements,
namely Health Information and Communication Technology in the nursing home and, thus,
take advantage of their benefits. Therefore, the solution aims to shift from the paper-based
to the computer-based management of data and, hence, reduce the occurrence of errors and
time-waste caused by the use of unsophisticated methods.

Additionally, by using a mobile device, which can be used anywhere and at any time in
the nursing home, the health professionals are able to have access to timely information as
well as manipulate data directly at the point-of-care. Accordingly, by minimizing error and
time-waste and by allowing the health professionals to have access and manipulate infor-
mation in a faster and more organized way; it is possible to relieve some of the workload of
the health professionals and improve elders” quality of life and the nursing care delivered.

However, although the mobile application is fully developed, it is not currently being
used by the nursing home since a wireless internet connection and mobile devices have not
yet been provided to the facility. Thus, as future work, it is envisioned to make the nec-
essary resources available to the nursing home as well as populate the database with data
of the residents and health professionals. Additionally, if the use of the mobile application
reveals to be successful, the solution could be implemented in the rest of the Santa Casa da
Misericordia de Vila Verde nursing homes. The design and development of a Web applica-
tion that includes some of the features of the mobile application, e.g. features related to
the management of the residents, as well as clinical and performance indicators are also
planned in the foreseeable future.

That being said, in the next chapter (Chapter 5), the Proof of Concept performed is
presented. In this context, based on the results obtained through the TAM, the SWOT
analysis performed to evaluate the strengths, weaknesses, opportunities, and threats of the
developed solution is meticulously approached.



PROOF OF CONCEPT

In the previous chapter, the mobile application designed and developed for the Santa Casa
da Misericérdia de Vila Verde nursing home is described in detail. Therefore, in this chapter,
the Proof of Concept applied to the developed solution is presented with the intention
of identifying its usefulness, feasibility, and potential. In this sense, the SWOT analysis
and TAM performed to assess the strengths, weaknesses, opportunities, and threats and to
identify the acceptability of the developed solution, respectively, are presented. Thus, in
order to approach all of the needed topics, the present chapter is divided into three distinct
sections.

At first, Section 5.1 introduces the present chapter. Then, in Section 5.2, the SWOT
analysis performed to analyze and assess the strengths, weaknesses, opportunities, and
threats of the developed solution is presented. Thus, to this end, the TAM applied to
analyze the acceptance of the solution is discussed since its results were used as a basis in
the SWOT analysis. Finally, the chapter concludes with a brief conclusion, which gives a

general overview of the content described in this chapter.

5.1 INTRODUCTION

Unquestionably, after the development of any solution encompassed in the HICT area, a
meticulous and rigorous set of evaluations has to be performed in order to assess the use-
fulness, feasibility, potential, and acceptability of the solution towards the target audience
before its implementation in the production environment. In fact, initially, the solution
must be implemented, tested, and evaluated in a non-production environment to verify if
the established objectives have been fulfilled and if future improvements should be per-
formed.

Thus, in this sense, a Proof of Concept was elaborated in order to validate the usability,
feasibility, and usefulness of the developed solution towards the target audience and to
ensure that the solution provides all of the requirements initially proposed. Therefore, in
the section presented hereafter, the SWOT analysis elaborated to identify the strengths,
weaknesses, opportunities, and threats related to the solution is presented. Therefore, to
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this end, the Technological Acceptance Model applied to assess the acceptability of the
target audience, i.e. how the target audience accepts and receives the mobile application, is
discussed since its results were used as a basis in the SWOT analysis.

5.2 SWOT ANALYSIS

As mentioned in Chapter 3, the SWOT analysis enables to identify the internal and exter-
nal factors that affect in a favourable and unfavourable way the objectives established for a
given solution so as to assess its usefulness, potential, and usability. Therefore, through var-
ious tests and evaluations, the SWOT analysis allows to identify the strengths, weaknesses,
opportunities, and threats related to a solution.

Therefore, the developed solution was presented to the target audience to be evaluated
and to obtained valuable information about its acceptance, usefulness, and potential. In
this sense, a survey questionnaire, which is presented in Appendix B, was conducted with
the health professionals in order to assess the acceptance of the mobile application. This
questionnaire was elaborated based on the TAM3 and is, thus, divided into various sections
according to the constructs used, which were discussed in Chapter 3. However, it is impor-
tant to mention that only the relevant constructs were used in this survey since some of
them were not pertinent to evaluate the mobile application. Furthermore, the Likert scale,
which is a five-level scale, was used by the health professionals to answer each question.
Accordingly, the health professionals answered each question with one of the following

items:

e Level 1 - Strongly disagree;

Level 2 - Disagree;

Level 3 - Neutral;

Level 4 - Agree;

Level 5 - Strongly agree.

Subsequently, based on the results obtained through the conduction of the survey ques-
tionnaire mentioned above, a SWOT analysis was performed. Furthermore, this analysis
was also based on personal opinion as well as valuable information obtained through semi-
structured interviews and focus groups realized with the professionals working for both
the Santa Casa da Misericordia de Vila Verde nursing home and hospital.

It must be mentioned that, the survey questionnaire was conducted with few health
professionals, namely the nurses working for the nursing home used as a case study. Thus,

not enough results were obtained in order to be presented. However, the results obtained
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were used as a basis for the SWOT analysis and, in the future, it is intended to evaluate the
mobile application with the health professionals of the rest of the Santa Casa da Misericérdia
de Vila Verde nursing homes and, thus, have a more complete evaluation of the solution.

In light of the above mentioned, the SWOT analysis performed to evaluate the mobile ap-
plication is presented hereafter. Thus, regarding the internal factors, the following strengths
were identified:

e Decrease of time-waste and, consequently, an increase in productivity since the health
professionals can have access and record information at the point-of-care. Hence, they

do not need to constantly return to the nursing station to do so;

e Decrease of the occurrence of errors since the solution reduces the risk of misplacing,
losing, or forgetting information;

e Enhancement of the nursing care delivered and elders” quality of life due to the de-

crease of errors and time-waste;
e Easier access and manipulation of information;
e Timely sharing and centralization of information;
e Optimization of the various processes occurring in the nursing home;
e Answer to the needs of the health professionals;

e Scheduling of tasks less confusing and more organized compared to hand-written
boards;

e Reduction of the amount of paper generated daily with hand-written charts due to

the shift from the paper-based to the computer-based management of data;

e Evidence-based and more accurate decision-making process since the health profes-
sionals can have access to information at the point-of-care;

e High usability since the mobile application has a simple, user-friendly, and intuitive

design with well-defined paths and organized information;

e High adaptability since the solution was designed to allow its easy implementation
in the rest of Santa Casa da Misericordia de Vila Verde nursing homes;

e High scalability since new features can easily be added and the mobile application
can easily be maintained.

On the other hand, the following weaknesses can be pointed out:
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e Need of a wireless internet connection, which is not currently available in the nursing

home;

e Need of mobile devices, namely mobile phones and tablets, in order to use the solu-
tion;

e Need to populate the database with real data, namely information of the residents
and health professionals, which will require time resources;

e Need to train the health professionals before using the solution;

e Need to wait a relatively long period of time before creating the clinical and perfor-

mance indicators.

Afterwards, regarding the external factors, the opportunities of the developed solution

are as follows:

e Introduction and implementation of the mobile application in other nursing homes;

e Enhancement of other processes due to the technological improvement of the nursing

home;

e Creation of clinical and performance indicators due to the elimination of the paper-

based management of data and the storage of information in a database.
Finally, the following threats can be highlighted:

e Issues may emerge if a reliable wireless internet connectivity is not available;

e New systems and competition may arise due to the novelty of the solution that ap-

proaches recent problems.

5.3 CONCLUSION

In this chapter, the Proof of Concept elaborated to evaluate the usability, feasibility, and use-
fulness of the mobile application designed and developed for the Santa Casa da Misericérdia
de Vila Verde nursing home was meticulous presented. In this sense, a survey questionnaire
based on the TAM3 was applied in order to assess the acceptance of the solution towards
the target audience. Subsequently, a SWOT analysis was performed using as a basis the
results obtained through the survey questionnaire as well as valuable information obtained
through semi-structured interviews. However, in the future, in order to have a more com-

plete evaluation of the solution, it is envisioned to conduct the questionnaire with more
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health professionals, namely with the health professionals working for the rest of the Santa
Casa da Misericordia de Vila Verde nursing homes.

Hereupon, through the SWOT analysis performed, the usability, feasibility, acceptance,
and potential of the research project described in this manuscript were proven. Briefly,
through the analysis elaborated, the mobile application revealed to have met the require-
ments initially proposed. Additionally, the solution presents high adaptability and, thus,
could easily be implemented in the rest of the Santa Casa da Misericérdia de Vila Verde nurs-
ing homes. On the other hand, the mobile application has high usability due to its simple,
intuitive, and user-friendly design and presents high scalability in the sense that it can eas-
ily be maintained and new features can easily be added. However, despite the previously
mentioned, some aspects still remain to be solved, namely the necessary resources, i.e. a
wireless internet connection and mobile devices, have not yet been provided to the nursing
home.
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CONCLUSIONS AND FUTURE WORK

Throughout this document, the project of designing and developing a mobile application
for the health professionals of a Portuguese nursing home, namely one of the Santa Casa
da Misericérdia de Vila Verde nursing homes, was described and presented in meticulous
detail. Therefore, to conclude the present manuscript, a brief conclusion is presented in
order to approach the main contributions achieved with the developed solution as well as
improvements that could be applied in the future to improve the mobile application. In this

sense, the present chapter is structured into two distinct sections.

At first, in Section 6.1, the main contributions and conclusions achieved through the de-
velopment of the mobile application are presented. Finally, in Section 6.2, suggestions for
future work and improvements that could be applied to enhance the mobile application
are presented. Thereby, to this end, the research questions that were defined in Chapter
1, more specifically, in Section 1.3, are directly answered in the sections hereafter in or-
der to highlight the main conclusions reached with this research project as well as future

prospects.

6.1 MAIN CONTRIBUTIONS

As mentioned in previous chapters, the present master’s dissertation aimed to introduce
Health Information and Communication Technology in a Portuguese nursing home suffer-
ing from the consequences of the aging population and the usage of rudimentary methods
and, subsequently, take advantage of the benefits provided by HICT in order to improve
elders” quality of life and the nursing care delivered. Therefore, considering the issues and
challenges faced by the Santa Casa da Misericérdia de Vila Verde nursing home used as a
case study, a mobile application was designed and developed for the health professionals
working in the facility in order to help them manage the residents and assist them at the
point-of-care.

In this context, a set of research questions were identified in Chapter 1 in order to sus-

tain this research project. Although these research questions have already been answered
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directly or indirectly throughout this manuscript, concise answers are presented in order
to respond to each question and, consequently, identify the main conclusions and contribu-

tions of this project.

Question 1: What is the current state regarding the adoption of Health Information and
Communication Technology of the Santa Casa da Misericérdia de Vila Verde nursing home?

The answer to this first research question was obtained through focus groups, semi-
structured interviews, and questionnaires conducted with the professionals working for
both the Santa Casa da Misericérdia de Vila Verde nursing home and hospital. Additionally,
observation of the case study was also performed in order to have a better understanding
of the conditions of the nursing home. Thereby, it was concluded that the current state
regarding the adoption of Health Information and Communication Technology or even of

any other form of technological progress is reduced and practically non-existent.

Moreover, although there is one computer in the nursing station, it is not used to docu-
ment clinical information of the residents or even to schedule tasks. Therefore, there are
not EHR or any other form of digital information, whereby all the information is stored
in papers, and the health professionals have to use hand-written charts to record clinical
information of the residents and to schedule tasks.

Furthermore, in the past, there was a failed attempt to implement a Web application,
which aimed to shift from the paper-based to the computer-based management of data
allowing the health professionals to schedule tasks, document them, and record clinical
information. However, this application was rapidly abandoned as it was time-consuming
(the health professionals constantly had to go back to the nursing station, where the com-
puter is located, to use the application) and not user-friendly (a lot of time was required to
schedule tasks and document information).

Question 1.1: How is the current state regarding the adoption of Health Information and
Communication Technology affecting the work carried out by the health professionals and

the quality of the nursing care delivered to elders?

The current state regarding the adoption of Health Information and Communication
Technology in the nursing home used as a case study is affecting negatively the work
carried out by the health professionals and the quality of the nursing care delivered to
elders. In fact, since all the information is stored in papers, the management of information
is a lot more time-consuming, especially at the point-the-care, as the professionals have

to frequently return to the nursing station to have access to information. In addition to
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this fact, it can lead to a higher occurrence of errors since the risk of losing, misplacing,
forgetting, and documenting information in the wrong place is higher.

Moreover, regarding the scheduling of nursing interventions, the use of hand-written
charts and boards is particularly problematic since it is more prone to errors, confusing,
and less organized. Finally, all of the above mentioned combined with the fact that the
number of health professionals is low compared to the number of elderly people leads to
the work overload of health professionals and, consequently, to the decrease of the nursing
care delivered.

Question 2: What are the current needs of the Santa Casa da Misericordia de Vila Verde nursing

home regarding the use of Health Information and Communication Technology?

In light of the answers provided to the two previous questions and through the focus
groups, semi-structured interviews, and questionnaires conducted, it was obvious that the
nursing home needed to introduce Health Information and Communication Technology
and take advantage of its benefits. In fact, the health professionals manifested their wish to
have a mobile application that would allow them to be anywhere in the nursing home and
being able to manipulate information and schedule their daily tasks instead of recording

information in papers and frequently return to the nursing station.

Question 2.1: How could the use of Health Information and Communication Technology

help overcome some of the challenges faced by the health professionals?

The use of Health Information and Communication Technology, namely of a mobile ap-
plication, would help health professionals to have access and manipulate information at
the point-of-care without having to return to the nursing station to do so. Consequently, it
would help reduce time-waste and ease the access and manipulation of information. Ad-
ditionally, a mobile solution would help reduce the occurrence of errors compared to the
paper-based management of data as it decreases the risk of misplacing, losing, or forgetting
information. In fact, by manipulating information directly at the point-of-care, the health
professionals would be able to record information in the moment and, thus, avoid lapses.
Regarding the scheduling of nursing interventions, the solution would help turn this pro-
cess less confusing and more organized compared to hand-written boards. Therefore, all
of the benefits mentioned above would ultimately lead to the enhancement of the nursing
care delivered and elders’ quality of life, to the optimization of the processes occurring in
the nursing home, and to the decrease of the work overload experienced by health profes-

sionals.
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Question 3: How to promote and successfully introduce Health Information and Commu-
nication Technology, namely a mobile application, in the Santa Casa da Misericérdia de Vila
Verde nursing home in order to face and overcome the challenges faced by the institution?

Mobile Health solutions are frequently underutilized or even abandoned since they are
developed without truly understanding and meeting the needs of their intended users,
hence leading to low quality and inaccurate applications. In this context, the key to suc-
cessfully introduce Health Information and Communication Technology, namely a mobile
application, in the Santa Casa da Misericordia de Vila Verde nursing home resided in the inclu-
sion of the health professionals during all the phases of the design and development of the
solution. In fact, through frequent focus groups, semi-structured interviews, and question-
naires conducted with the health professionals, it was possible to obtain valuable and cru-
cial knowledge about their needs and opinion on the features and information that should
be included in the solution. Therefore, with this knowledge, it was possible to design and
develop a mobile application that actually meets the needs of the health professionals and,
hence, that would be used by them in order to face and overcome the challenges faced by

the facility.

In addition to the above mentioned, the solution needs to have a user-friendly, intuitive,
and simple design in order to be used by the health professionals. In fact, mobile applica-
tions that are not easy to use and user-friendly are more likely to be abandoned, as it was
the case with the Web application previously implemented in the nursing home.

Question 3.1: How could the implementation of a mobile application be beneficial for the

nursing home?

A mobile application similar to the one developed for this dissertation would decrease
time-waste and ease the access and manipulation of information as it would help the health
professionals to have access and manipulate information at the point-of-care without having
to constantly return to the nursing station to do so. Additionally, the solution would help
reduce the occurrence of errors since the health professionals are less likely to misplace,
lose, or forget information if they are able to manipulate it at the point-of-care. Furthermore,
regarding the scheduling of nursing interventions, the solution would help turn this process

less confusing and more organized.

Considering the above mentioned, the mobile application would ultimately enable to im-
prove elders’ quality of life and the nursing care delivered as well as reduce some of the
work overload experienced by the health professionals. Therefore, in the long-term, the so-
lution would greatly benefit the nursing home as it would improve the overall performance
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of the facility as well as of the health professionals and optimize some of the processes
occurring in the facility.

Question 3.2: Which healthcare services or tasks performed by the health professionals
of the nursing home in question could benefit from the use of Health Information and
Communication Technology, namely of a mobile application?

The paper-based management of data is one of the main challenges faced by the nursing
home due to the many disadvantages inherent to this unsophisticated method, which is
confusing and less organized. In fact, through focus groups, semi-structured interviews,
and questionnaires, the health professionals revealed the need for an application that would
allow them to have access and manipulate information in a more organized, easier, and
faster way, namely to schedule nursing interventions, to record and view evaluations of
the residents, and to have access and manipulate their clinical information. Additionally,
since the vast majority of the nursing interventions performed daily by nurses is related to
wound care, the health professionals manifested their wish to have a specific module for
this task in order to be able to rapidly and easily record the evolution of the wounds and
their treatments.

Question 3.3: Which features should be integrated in a mobile application that has as main

purpose to assist and help the health professionals of the nursing home in question?

In order to assist and help the health professionals of the Santa Casa da Misericérdia de
Vila Verde nursing home, the mobile application encompasses all the nursing procedures
performed by the health professionals. Therefore, the solution allows the professionals
to have access and manipulate personal information as well as clinical information of the
residents. Furthermore, the mobile application enables the health professionals to write
clinical and nursing notes and evaluations of the residents as well as consult their history.
Additionally, the health professionals are able to schedule nursing interventions as well as
confirm their execution or cancel them. Finally, one of the most important features included
in the mobile application is related to wound care in which they are able to rapidly and

easily record and consult the evolution of the wounds and their treatments.

Question 3.4: In order to develop these features, which are the relevant data that should be
recorded in the database?

Taking into account the features that were implemented in the mobile application, the

database created allows the storage of data related to the users of the mobile application
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as well as personal data and clinical information related to the residents. In this context,
personal data related to the informal caregivers and personal contacts of the residents can
also be stored. Additionally, the database enables to store the clinical and nursing notes
written by the health professionals as well as the evaluations of the residents. Data related
to the nursing home, the wounds and the medical and inpatient reports of the residents,
and the nursing interventions scheduled are also stored in the database. Finally, it is also
important to enable the storage of technical data, such as the types and sizes of urinary
catheters and nasogastric tubes available, among others.

Question 4: Which clinical and performance Business Intelligence indicators should be

created when enough data are gathered in order to assist the decision-making process?

In order to improve the decision-making process, it is important to define clinical and
performance BI indicators that enable to highlight opportunities as well as problem areas
existing in the nursing home. Therefore, in the future, when enough data are gathered, it

is envisioned to create at least the following indicators:

e Percentage of nursing interventions realized per nurse;

e Total of realized and unrealized nursing interventions per month;

Variation of the capillary blood glucose of a given resident over time;

Percentage of wounds per resident;

Percentage of wounds per wound type;

Percentage of nursing interventions realized annually per type of nursing interven-

tion.

Question 5: Which are the ethical issues that may arise from the implementation of Health
Information and Communication Technology, namely a mobile application, in the Santa
Casa da Misericérdia de Vila Verde nursing home?

One of the main ethical issues associated with the implementation of Health Information
and Communication Technology are privacy and confidentiality issues. In fact, due to the
vast amounts of EHR and other types of data produced daily in healthcare organizations,
patients are fearful that their confidentiality and privacy are compromised and not guar-
anteed, since, compared to the traditional paper-based management of data, technological
advancements made access to data and the break of privacy easier. In this sense, legal issues

may arise if sensitive information of the users is disclosed without their consent. On the
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other hand, regarding the introduction of mHealth solutions in healthcare settings, ethical
issues may arise if they are being used without having a complete understanding of their

effectiveness, accuracy, quality, and associated risks, which can harm healthcare delivery.

Question 5.1: How could these ethical issues be safeguarded and guaranteed in order to

ensure the quality, accuracy, and safety of the mobile application?

The implementation of measures to avoid ethical issues remains a difficult task to per-
form, but it should always be considered a priority when developing HICT solutions. Thus,
regarding confidentiality and privacy issues, it is important to define data access policies in
order to give information access only to authorized users, which was the case with this solu-
tion. Furthermore, every time data are manipulated, i.e. inserted, deleted, and updated, the
institution identification number of the health professionals responsible is recorded in the
database. On the other hand, the mobile application was validated and evaluated with the
health professionals to guarantee its quality, accuracy, correct use, safety, and importance
in the nursing home.

Question 6: Which are the long-term implications and benefits of the mobile application
developed for the Santa Casa da Misericérdia de Vila Verde nursing home?

In the long-term, the mobile application would allow easier and faster access and ma-
nipulation of the information by the health professionals compared to the paper-based
management of data since, after some time, a paper-based process is composed by several
pages. Additionally, it would help reduce time-waste and errors and, hence, improve elders’
quality of life and the nursing care delivered as well as reduce some of the work overload
experienced by health professionals. Furthermore, it would help improve the overall per-
formance of the nursing home and health professionals as well as optimize some of the
processes occurring in the facility.

6.2 PROSPECT FOR FUTURE WORK

The research project developed aimed to introduce Health Information and Communication
Technology in a Portuguese nursing home suffering from the consequences of the aging
population and the usage of rudimentary methods in order to help the health professionals
to clinically manage the residents and to assist them at the point-of-care. Subsequently, by
taking advantage of the benefits provided by HICT, the present master’s dissertation aimed
to improve elders’ quality of life and the nursing care delivered as well as reduce some of
the work overload experienced by health professionals.
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In the previous section, the main contributions and conclusions achieved were high-
lighted through the answers provided to each research question. However, the last research
question was left unanswered and is, therefore, approached hereafter in order to identify
future improvements to be applied to enhance the mobile application.

Question 7: Which improvements should be applied and could be beneficial to the mobile
application developed for the Santa Casa da Misericérdia de Vila Verde nursing home?

First and foremost, one of the most important steps before improving the mobile appli-
cation, is to provide the necessary resources to the nursing home since, without them, the
health professionals would not be able to use the solution. Thus, it is intended to provide
mobile devices, such as tablets and mobile phones, and a reliable wireless internet connec-
tion in order for the mobile application to be used. Afterwards, it is intended to populate
the database defined and developed with the appropriate data, namely data related to the
health professionals and residents. It is important to mention that the database already
contains technical data (e.g. the sizes and types of urinary catheters and nasogastric tubes
available and types of wounds, among others) since this information was gathered through
the help of the health professionals.

On the other hand, it is envisioned to design and develop a Web application that could
assist the mobile application and, hence, integrate some of its features. In this sense, the
Web application would integrate most of the features of the mobile application allowing
the health professionals to manage the residents from a computer if they prefer to do
so. Additionally, it is intended to integrate into the Web application a module to manage
the users of the applications. Furthermore, it is also envisioned to integrate a Business
Intelligence module in which the clinical and performance indicators referred in Section 4.5
would be included. However, this module would only be available when enough data are
gathered since, otherwise, the knowledge acquired would not be meaningful and valuable.

Finally, in the long-term, it is planned to introduce the mobile and Web applications to
the rest of the Santa Casa da Misericérdia de Vila Verde nursing homes. Therefore, considering
the above mentioned, it is envisioned to encourage the continuous maintenance, growth,

and expansion of HICT solutions in nursing homes.

Therefore, in light of what has been mentioned throughout this manuscript, it is pos-
sible to conclude that all of the objectives identified in Section 1.3 have been successfully

achieved.
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QUESTIONNAIRE TO ASSESS THE NEEDS AND CHALLENGES
ENCOUNTERED IN THE NURSING HOME

Table 2.: Questionnaire to assess the needs and challenges encountered in the nursing home

Question

1. What is the current state relatively to the adoption of Information and Com-
munication Technology in nursing homes? Justify the reasons associated with

the current state of the adoption of technology in nursing homes.

2. In your opinion, what are the current needs, relatively to the adoption of
Information and Communication Technology, of health professionals working
in nursing homes? Justify to what extend Information and Communication
Technology could help overcome the challenges and difficulties these health

professionals may encounter.

3. Which are the relevant data that should be stored in databases in order to
develop this type of solution. Justify the relevance and how these data could

be used.

4. Which are the tasks and services performed by health professionals in nurs-

ing homes that would benefit from emerging technologies? Justify your answer.

5. In your opinion, which are the clinical and performance indicators that

should be created? Justify how each indicator would be relevant.

6. Which are the features that should be integrated in a mobile application that
has as main purpose to assist health professionals working in nursing homes?

Justify how each feature would be relevant and necessary.

7. Which are the ethical issues underlying the proposed solution and which

may arise during its design, development, implementation, and use?
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Question

8. In your opinion, how this type of solution would benefit health professionals
working in nursing homes and which are the long-term impacts of the mobile

application? Justify your answer.




QUESTIONNAIRE BASED ON THE TAM3 TO ASSESS THE
ACCEPTANCE OF THE MOBILE APPLICATION

Table 3.: Questionnaire based on the Technology Acceptance Model 3 to assess the acceptance of the
mobile application

Question ‘1|z‘3‘4‘5

Perceived ease of use

The mobile application is easy to use. ‘ ‘ ‘ ‘ ‘

I can easily manage the residents of the nursing home at the

point-of-care with the mobile application.

I am able to easily have access to information with the mobile
application.

I am able to easily record information with the mobile applica-

tion.

I can easily manipulate information with the mobile application.

I am able to easily schedule tasks and record their execution with
the mobile application.

The mobile application is not confusing and I can easily recog-

nize where I am and navigate through it.

The information is displayed in the application in an appealing,
organized, and understandable way.

The mobile application is visually appealing. ‘ ‘ ‘ ‘ ‘

The terms and language used in the mobile application are un-

derstandable and adequate.
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Question ‘1|z‘3‘4‘5

The use of the mobile application is effortless and is not time-

consuming.

Job relevance

The mobile application is relevant and appropriate to perform
my job-related tasks.

Output quality

The mobile application is capable of assisting me at the point-of-

care.

The mobile application is capable of assisting me while I perform
my job-related tasks.

Result demonstrability

The features provided by the mobile application are useful to

perform my job-related tasks.

Computer self-efficacy

I could use the mobile application to perform my job-related
tasks if there was no one to tell me what to do as I go.

I could use the mobile application to perform my job-related

tasks if I had never used an application like this one before.

I could use the mobile application to perform my job-related
tasks if someone showed be how to use it first.

I could use the mobile application to perform my job-related
tasks if I had used a similar application before this one to do the

same job.

Perceptions of external control

The nursing home has the available resources to enable and as-

sist the use of the mobile application.

Computer anxiety

I am fearful and have apprehension resulting from the possibility

of using the mobile application.

Perceived enjoyment
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Question ‘1|z‘3‘4‘5

The use of the mobile application is enjoyable and not unpleas-

ant.

Experience

I have had experience, in the past or currently, with applications
similar to this one.

I have had experience, in the past or currently, with information

technology solutions.

Voluntariness

The use of the mobile application is voluntary and results of my

own free will.

Perceived usefulness

The use of the mobile application is useful in my job. ‘ ‘ ‘ ‘ ‘

The use of the mobile application can improve my job perfor-

mance.

The use of the mobile application can help me perform my tasks
more quickly.

The use of the mobile application can help me have access and

manipulate information at the point-of-care.

The mobile application can help me manage the residents of the
nursing home at the point-of-care.

The mobile application is useful to schedule my job-related tasks

and record their execution.

The mobile application addresses my job related needs. ‘ ‘ ‘ ‘ ‘

Behavioural intention

I intend to use the mobile application to assist me at my job. ‘ ‘ ‘ ‘ ‘

I intend to use the mobile application to help me perform my
job-related tasks.

Use behaviour

I'intend to frequently and consistently use the mobile application

to assist me at my job.
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Question ‘1 | 213|415

Iintend to frequently and consistently use the mobile application

to help me perform my job-related tasks.
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