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ABSTRACT

In the past years, with the evolution of technology and the rise of the Internet,
Personal Health Records appeared. These records are maintained by patients
and turn them into a more active stakeholder in their own health management.
They can be used to record medical parameters or give useful information to
the patient, among others.

However, this was not the only result from this evolution. With the Internet,
more medical information became available to everyone, most of it not from
reliable sources, which brought additional problems.

The obstetrics field was also impacted by these changes. This, combined with
fact that a pregnancy is a delicate medical condition, brought the necessity to
tind solutions for this case.

This dissertation aims to develop a Personal Health Record for pregnant women
that provides reliable information, and that has a set of features they find useful.

With this goal in mind, a literature review on the technologies and methodolo-
gies that are used nowadays and on the use of technology by pregnant women
is made.

Then, all the development process is presented, as well as the final result.
This process was supervised by a medical institution, which had the advantage
of facilitating the process of having feedback from pregnant women and it also
provided all the medical information displayed in the application.

The final result is an application that has a wide range of useful features, pro-
vides trustworthy information, is available in all devices and that was developed

using modern technologies.

ii



RESUMO

Nos tltimos anos, com a evolugdo das tecnologias e o aparecimento da Internet,
surgiram Personal Health Records. Estes registos sdo mantidos pelos pacientes e
tornam-os uma parte mais ativa na gestdo da sua satide. Eles podem ser usados
para registar parametros médicos ou dar informacgdes tteis ao paciente, entre
outros.

No entanto, este ndo foi o tnico resultado desta evolucdo. Com a Internet,
mais informagdo médica ficou disponivel para todas as pessoas, sendo que a
maioria ndo provém de fontes de confianca, o que trouxe problemas adicionais.

A drea da obstetricia também foi influenciada por estas mudangas. Isto, com-
binado com o facto de uma gravidez ser uma condi¢do médica delicada, trouxe
a necessidade de se encontrar novas solugdes para este caso.

Esta dissertagdo pretende desenvolver um Personal Health Record para gravidas
que dé informagdo de confianga, e que tenha um conjunto de funcionalidades
que elas considerem tteis.

Com este objetivo em mente, é feita uma revisdo da literatura sobre as tec-
nologias e metodologias usadas atualmente e sobre o uso das tecnologias pelas
gravidas.

Depois, todo o processo de desenvolvimento é apresentado, assim como o
resultado final. Este processo foi supervisionado por uma institui¢do de satide,
o que teve a vantagem de facilitar o processo de recolha de opindes de gravidas
e também de fornecer toda a informacdo médica disponibilizada na aplicagdo.

O resultado final é uma aplicagdo que apresenta um grande conjunto de fun-
cionalidades tteis, que d4 informagdo de confianca, estd disponivel em todos os

dispositivos e que foi desenvolvida usando tecnologias modernas.
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INTRODUCTION

This document describes the development of a Personal Health Record (PHR) for
the support of pregnant women. This dissertation was carried out during the
last year of the Integrated Master in Biomedical Engineering (Medical Informat-
ics) at the University of Minho.

This chapter is divided in four parts. In the first section (1.1), the most impor-
tant concepts regarding Health Information Systems (HIS) are overviewed. Then,
both the motivation behind this project (1.2) and the main objectives (1.3) are

explained. Finally, the structure this document follows is presented (1.4).

1.1 BACKGROUND

The rise of HIS changed the way healthcare is provided. When they first ap-
peared, HIS were used to store and retrieve data from financial and administra-
tive services in medical institutions. Throughout the years, with the develop-
ment of new technologies, such as the Internet and smaller and more affordable
computers, they have changed drastically and started to record medical data,
be distributed and communicate between each other [1]. Another important
advance was the adoption of Electronic Health Records (EHRs). These records
save all the information related to the patient health, include Decision Support
Systems (DSS) that help professionals and data are saved according to interop-
erability standards (e.g. Health Level Seven (HLy7) or Systematized Nomenclature of
Medicine - Clinical Terminology (SNOMED-CT)) [1, 2].



1.2. Motivation

Nowadays, another shift is happening in the HIS world with the adoption of
PHRs by patients [3]. PHRs empower patients by including them in their own
health management. These systems are maintained by the patients and allow
them to receive individualised content according to their medical history and to
record medical indicators (e.g. glucose levels). With the recorded information,
PHRs can alert patients when abnormal values are detected or even health pro-
fessionals if the record is connected to the hospital system. This is particularly
important for patients with chronic diseases that need extensive monitoring.
PHRs can have other functionalities as well, such as providing a way of saving
medical imaging exams, analysis or scheduled appointments and giving alerts
for upcoming appointments [1, 3].

The evolution of technologies also impacted the way people have access to
information. Information is spread in the Internet and anyone can publish it,
even if it is not correct or accurate. This impacted particularly the medical field,
because this field deals with delicate information and people are not usually
able to evaluate the quality of the information they find [4, 5]. It can lead to
anxiety and worries as well, specially if the patient already has a predisposition
for such problems [6]. However, online health information has the potential to

increase patients’ engagement and decrease health literacy disparities [5].

1.2 MOTIVATION

The adoption of PHRs and the increase in the amount of medical information
available online also impacted the Obstetrics field.

A pregnancy is a delicate medical condition that lasts about 40 weeks. There-
fore, extensive monitoring is necessary and problems need to be detected as
soon as possible. As a consequence, it is advisable for pregnant women to mon-
itor certain parameters. With this in mind, there are several PHRs available that
track the woman’s weight, blood pressure, among other parameters. However,
there are systems that provide other functionalities, such as delivering relevant

medical information, scheduling appointments or saving ultrasounds [7, 8].



1.3. Aim

As for searching medical information online, most pregnant women look for
information in the Internet and the number increases if it is a first pregnancy.
Although they usually find information reliable and useful, they do not speak
with their healthcare professionals about the information they encounter, which
may lead to misinformation and worries. This could be solved if the care givers
provided reliable information to women at the right moment. The topics that
women search for the most in the Internet are related to fetal development and
nutrition, but women have also shown interest in information related to the use
of medicaments during pregnancy [9].

This dissertation will focus on the development of an electronic PHR for preg-
nant women. This project was developed in partnership with the Centro Materno
Infantil do Norte (CMIN) (Centro Hospitalar do Porto (CHP)), a Portuguese mater-
nity. This relationship was beneficial for all the parts involved and provided the

chance to test the developed solution in a real environment.

1.3 AIM

Given what was previously presented, this project aims to develop a PHR to
support pregnant women. To achieve this goal, four research questions were

proposed:
o Research Question 1: Is the developed platform scalable?

e Research Question 2: Does the developed system reach as many pregnant

women as possible?

e Research Question 3: Does it offer a set of features pregnant women find

useful?

e Research Question 4: Does the proposed solution offer reliable information

to the pregnant women?

The main goals necessary to answer these questions and the steps needed to

achieve them are the following:



1.4. Structure

1. Develop an application for pregnant women:
e Define the typology of the application (e.g. web application or mobile
application);
e Gather the necessary requirements;
e Decide which technology stack to use;

e Write the content for the application (this will be done with the support
of the CMIN);

e Build the application;
e Develop an administration panel to maintain the displayed static con-
tent in the main application.
2. Evaluate the application:
e Performance analysis;
e SWOT analysis;
e Usability test.
The technologies used to develop this application were mainly React for the
front end, Node.js and Express for the back end, MongoDB for the database

and Keystone]JS for the administration panel. These technologies are reviewed

in section 3.2.

1.4 STRUCTURE

This document is organised in six chapters. In this chapter, important concepts
and subjects, such as HIS, PHRs and online health information, were introduced
and the motivation behind this dissertation presented. Then, the main objectives
that this dissertation aims were exposed. The remaining document is divided

in the following chapters:

® STATE OF THE ART - in this chapter, important concepts necessary to un-

derstand the work developed are explained. These concepts are divided in
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three main subjects: Web Development, Mobile Development and use of

technology by pregnant women;

e METHODOLOGIES AND TECHNOLOGIES - this chapter overviews the re-
search and evaluation methodologies that were chosen, as well as the main
technologies, web service architecture and application type that were used.
It is divided in five sections: Research methodology, Technologies, RESTful

web services, Progressive Web Apps and Evaluation methodologies;

® CASE STUDY - in this chapter the developed application is presented. This
exposition includes its requirements, the architecture of the system, the
components that make up this system and the final result. In the end, the

developed system is analysed;

e PROOF OF CONCEPT - after presenting the developed application it is evalu-
ated in this chapter. The application is evaluated using the reports from the
Lighthouse tool and by performing a SWOT analysis. It is also proposed a

usability test to evaluate the application;

® CONCLUSION - in this chapter, a final balance of the developed work is

exposed and prospects for future work are presented.

Before resuming this document, it is important to explain that, since this
project was developed with two other students, each one of us was responsi-
ble for different parts of the application. This division is explained in CASE
sTUDY, but it has influence in the topics that are overviewed in the next two

sections.
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STATE OF THE ART

In this chapter, it is made a literature review of the state of the art of concepts
and technologies that are necessary to understand the work developed. This
chapter is divided in three sections: Web development (2.1), Mobile develop-
ment (2.2) and use of technology by pregnant women (2.3).

In section 2.1, important concepts related to Web development are presented
as well as the main technologies in this field. In section 2.2 an overview of the
current trends in Mobile development is made. Finally, in section 2.3, concepts
and relevant studies related to the the use of technology by pregnant women

are presented.

2.1 WEB DEVELOPMENT

The World Wide Web (WWW) or Web is a hypertext system that is a subset of the

Internet. It was proposed in 1990 and its core elements are:
e A unique identifier for resources called Uniform Resource Locator (URL);

e A protocol that describes how requests and responses behave called Hyper-
text Transfer Protocol (HTTP);

e A web server that responds to HTTP requests;
¢ Alanguage to publish documents called Hypertext Markup Language (HTML);

e A browser that can make HTTP requests from URLs and that displays the

HTML it receives in the response [10].



2.1. Web development

In the beginning of the Web, websites were static websites. Static websites are
web pages that are published and periodically updated. Users can read them,
but cannot provide any type of input, and these websites” pages are the same for
all users, there is no type of personalised content. The main technology behind
these websites in the early days was HTML [10].

Through out the years, websites became more complicated and began to use
programs in the server side to generate dynamic content. To retrieve dynamic
content, these programs would get information from databases, for example.
These websites are called dynamic websites and HTML stopped being enough
to develop them. Now, developers also need to have programming knowledge
[10].

In the 2000s, a new era began: Web 2.0. For users, websites are more interac-
tive and people can not only use them, but also contribute (e.g. Wikipedia or
YouTube). For developers, this shift meant that the programming logic stopped
being exclusive to the server side and started existing as well in the browser.
With this change, developers need to know JavaScript as well, since this pro-

gramming language runs in browsers [10].

2.1.1  Hypertext Transfer Protocol (HTTP)

In the Web, there are two main stakeholders: the clients and the servers. By
client, one means client machines (e.g. desktop computers or smart phones)
that request a resource to the server. The server is what hosts web applications,
stores data and answers the requests. The HTTP defines how the transmission
of hypermedia documents (e.g. HTML) should proceed between the server and
the client [10, 11]. The server is waiting for requests. When the client sends a
request with the URL for the resource they need, the server sends a response.
The response has a response code, headers and a message (optional) [10].
Headers are sent both in the request and in the response and they have infor-
mation about the transaction [10, 12]. Request headers have information about

the client, such as its operating system, browser and the types of media it ac-
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cepts, and it specifies the host that we want the response from. Response head-
ers include information about the server (e.g. the operating system) and the
data that is being sent. It tells the client the length of the data, when it was last
modified (this is important for caching), its type and encoding [10].

This protocol also defines a set of request methods to define the action to be

performed. The most important ones for this dissertation are:
e GET - request a resource;
e POST - submit new data;
e PUT - replace the resource with the data from the request;
e DELETE - delete the specified resource [13].

To specify the state of the request, the HTTP has a set of response codes.
These codes are sent in the response header. There is a wide range of response

codes, but the most important ones in this context are:

e 200: OK - the request was successful;

¢ 304: Not Modified - if the cache related headers are sent appropriately, the

response might not send any data, because there is not a newer resource;

e 400: Bad Request - there is something wrong with the request headers or

response;

e 4o1: Unauthorised - the requested resource is protected and the credentials

needed to request it were not sent or were not correct;
¢ 404: Not Found - the requested resource was not found;

e 500: Internal Server Error - the server encountered an error that made it

impossible to complete the request [14].

2.1.2  Client side development

Client side development means developing scripts that run locally in the client.

There are several programming languages for this kind of development, such as
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Java, Flash and JavaScript. However, JavaScript is the most popular one, because
it works on most browsers. JavaScript combined with HTML and Cascading Style
Sheets (CSS) are the core technologies for front end development [10, 15].

Client side scripting reduces the amount of work performed in the server, be-
cause some tasks can be done in the client side, and improves the User Experience
(UX) by answering to events faster than the server and by interacting with the
HTML sent by the server. On the other side, one much be cautious when de-
veloping with JavaScript, because it might not be enabled in the client browser,
there might be differences between browsers and JavaScript-heavy applications
may be difficult to maintain and debug [10].

JavaScript became popular in the 2000s, because of the Asynchronous JavaScript
and XML (AJAX) websites. In this approach, websites are developed using
JavaScript, HTML, CSS, Extensible Markup Language (XML), the Document Ob-
ject Model (DOM), among other technologies. It is important to refer that back
then XML was the only data format to transport data, but nowadays JavaScript
Object Notation (JSON) is the most used [10, 16]. JavaScript can be incorporated

in HTML in various ways:

e It can be included directly in some HTML elements (e.g. in a button to

perform an action when the user clicks it);
e The code can be inside a script element in the HTML;
e A script element can have a link to an external JavaScript file [10].

To access elements and attributes in HTML, JavaScript uses the DOM API. In
this model the HTML document is structured in a tree view. Each node in the
tree is a part of the HTML (element, text or attribute). This tree is saved in a
object and these elements are accessed as if they were properties of that object.
There are methods as well to access and change the object (create a new element,
for example). The DOM also allows the change of elements or the addition of
new styles without dealing directly with the HTML [10, 17]. To perform actions
and react to user actions, events are used. Events are triggered by actions (the

user clicking a button, for example) and are handled by functions (a function
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that submits a form, for example) that perform an action (the sending of form
data to the server, for example) [10].

Nowadays, JavaScript frameworks that apply the Model-View-Controller (MVC)
presentation pattern have become popular, because they give a structured way
of developing web applications by separating the data representation (model)
from the data presentation (view) [10, 18]. Examples of these frameworks are
Angular]S and Backbone [10].

The MVC pattern divides the application parts into three categories: model,
view and controller. The model represents the data, the view is the visual part
of the Ul and the controller is the bridge between the model and the view. The
view notifies the controller for interactions and sends to the controller input
from the user. The model notifies the views when changes happen and the
views update. The controller listens to events from the user in the views and

updates the model [18, 19].

2.1.3  Server side development

As previously explained, the server side is responsible for hosting the web appli-
cation, storing data and taking care of the security. Server side scripts can access
the resources that are in the server’s scope. These resources are databases for
data storing, Web Services that communicate with the client and Software Appli-
cations that perform additional tasks (e.g. e-mail services). Nowadays, some of
the most common scripting technologies for server-side development are PHP,
Django, Node.js and Ruby on Rails [10].

Databases are crucial for Web Development to store data which is what brings
dynamism to websites. The visual look of websites is usually the same and the
content provided by databases is what changes. They provide a structured and
optimised way of inserting, updating, querying, and getting data. The main ad-
vantage of using databases over other alternatives, such as files, is that databases

provide a set of rules that ensure data integrity and reduce data duplication [10].

10



2.1. Web development

There are two main types of databases: relational databases and noSQL data-
bases. In relational databases, data is stored in tables. Each table represents an
entity and is composed by records (rows). In a table all records have the same
number of fields (columns). Each record has a primary key which is a field
used to uniquely identify records. Tables are connected between each other
with foreign keys. Foreign keys are fields that are the primary key of another
table. Relationships between tables can be one-to-many, one-to-one and many-
to-many and they express the relationships between the entities. To store and
manipulate data, Structured Query Language (SQL) is used. MySQL, Oracle and
PostgreSQL are examples of relational databases [10].

NoSQL databases appeared later has a solution for highly scalable applica-
tions. Unlike relational databases, data is not save in a predefined schema which
allows continuous evolution over time with the addition of new fields. Since this
type of database does not define a type of storage, there are several approaches
to store data. It can be column-oriented, document store, key value store or
graph, among others. Examples of noSQL databases are MongoDB (document
store), Cassandra (column-oriented) and Redis (key value store) [20].

As for Web Services, they provide a standardised way of connecting and
providing communication between two software applications. Web Services use
the HTTP protocol to communicate through the Internet and XML or JSON to
encode the data sent. Since they use universal standards, they work on a wide
range of platforms. Web Services can implement a Service Oriented Architecture
(SOA) which allows a better integration of different software applications. The
most common architectures used to implement SOAs in Web Services are Simple

Object Access Protocol (SOAP) and REST [10].

2.1.4  Software stacks

A software stack is a set of technologies that together are enough to build a

complete application. The oldest and more popular one is the LAMP stack.

11
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LAMP originally stood for the Linux operating system, the Apache web server,
MySQL for the database and PHP as scripting language [21].

However, in the last years the MEAN stack has gained popularity. The MEAN
stack consists in MongoDB as the database, Express.js as a back end framework,
Angularjs for the front end and Node.js for the web server. All these tech-
nologies have in common the fact that they are based in JavaScript. This is an
advantage since it enables the development of a complete application with only
one scripting language [21, 22].

More recently the MERN stack appeared. The difference between the MERN
stack and the MEAN stack is in the front end main technology. The MERN
stack uses React, a library developed by Facebook, instead of Angular. The fact
that React is a library and not a framework as Angular makes the development
more flexible. Angular implements the whole MVC pattern, but React only
implements the view and the remaining parts and how they are connected are
implemented by the developer [22]. In this project the MERN stack was the

software stack chosen.

2.2 MOBILE DEVELOPMENT

Developing for mobile devices has its own specificities. Usually mobile devel-
opment strategies are divided into two main groups: native development and
web-based development [23].

In native development, mobile applications are developed with the target
platform in mind and the tools that are used are specific of that platform. For
example, to develop for Android devices one must use Java and the Android
Software Development Kit (SDK), while iOS applications are written in Objective-C
through XCode. Since the code is developed for each platform,it leads to heavier
development and higher maintenance costs. However, UX and performance are
usually better [23, 24, 25].

On the other side, web-based development approaches use standard web

technologies, such as HTML, CSS and JavaScript, to develop applications that
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can be used in several platforms [23, 25]. Web-based technologies can be divided

in three categories:

1. Mobile Web Apps - these apps are websites optimised for mobile use. They
are accessed in browser apps on the user’s device. Since standard technolo-
gies are used, the UX is the same no matter the platform which leads to
less costs and maintenance. Even though these apps can access some re-
sources from the device, such as the camera or the microphone, they fail
at accessing other features that native apps can access. They fail as well in
delivering complex animations and graphics and are not available in app

stores [23, 26];

2. Hybrid Mobile Apps - these apps use standard technologies as well, but
they use a wrapper that makes them available in any platform. This wrap-
per is achieved by using a hybrid development framework (e.g. PhoneGap).
The framework adds a native wrapper to the application that provides an
API to match the requests to their equivalents in the corresponding native
platform. However, not all native APIs are supported. This approach al-
lows code reusability which in turn decreases development time and main-

tenance [23, 27];

3. Progressive Web Apps - PWAs are enhanced web apps. They are devel-
oped using standard web technologies as well and run in browsers, but they
provide other advanced functionalities, such as push notifications. They
can also work offline, be added to the user’s homescreen and be accessed
in fullscreen, just like a native app. On one side they have the low develop-
ment and maintenance costs of a web-based app, while also being able to

have some of the functionalities of a native app [23, 24, 28].
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2.3 USE OF TECHNOLOGY BY PREGNANT WOMEN

In section 1.2, a listing of the main characteristics that PHRs for pregnant women
have is presented, as well as their online searching habits. In this section, these

topics are deepened and related studies are presented.

2.3.1  Personal Health Records for pregnant women

A simple search in the Google Play Store or in the App Store for pregnancy
related applications returns hundreds of applications. Tripp et al. (2014) found
more than one hundred pregnancy-related applications in these stores. These
applications have different features and purposes. For example, some of them
focus on providing information, while others focus on providing tools [29].
Bachiri, Idri, Aléman & Toval (2016) carried a study that analysed 33 mo-
bile PHRs for pregnancy monitoring for Android-based and iOS-based systems.
Their main goal was to understand which features these PHRs had and if it was
possible to improve in the future. All the analysed applications had a calcula-
tor to estimate the birth date and 97% included a weight tracking feature and
the monitoring of other parameters, such as waist measurements. 94% of the
studied applications displayed information for each stage of the pregnancy and
82% presented a progress bar or a birth date countdown. Other features are
less common, such as recording the baby’s kicks and contractions and tracking
symptoms like nausea and vomiting. However, they can potentially be useful to
prevent complications. As for the way this features are shown, for the evolution
of the pregnancy, the information is presented more visually (videos or draw-
ings) than textually and, for the recording of parameters, tables or graphs are
usually used. Some applications also include: a calendar to record important
events that has the possibility to enable reminders and notifications, a pregnancy
journal, medication management (but is rarely present), tips about health habits

and contraction counters, among others. The authors concluded that a good
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mobile PHR needs to cover the maximum number of areas it possibly can and
should be adaptive to the woman’s needs [7].

PHRs have the potential to make women more responsible for their pregnancy
and more engaged in this process, while also turning them into a more vital
stakeholder in their health management. This might prevent complications and
improve birth outcomes [8, 30, 31].

Bush et al. (2017) developed a study with two groups of pregnant women: one
that used a mobile application provided by them and one that did not use the
application. With this study, the authors aimed to understand the impact that
a mobile health application may have in birth outcomes and user engagement.
Even though the group that used the application was small compared to the
other one, not making it possible to generalise the conclusions, the use of the
application was associated with a small increase in the attendance of prenatal
visits in the 6 months previous to birth and a lower incidence of low-birth weight
newborns [31].

If the PHR is integrated and communicates with the medical institution that
provides care to the pregnant woman, other advantages arise [2, 32]. DSSs have
become increasingly more popular in HISs to help health professionals in the
decision-making process [33]. These systems take information regarding the pa-
tient and give suggestions or alerts to the caregiver. To get to the decision, they
usually use Artificial Intelligence techniques [34, 35]. PHRs could be a way of
providing more information to DSSs and to improve the quality of information,
which is an important requirement to have good results [36]. DSSs and intelli-
gent systems can be applied in the obstetric practice, for example, to categorise
pregnant women and predict preterm deliveries, the incidence of perineal tear
or the associated risk [37, 38, 39, 40].

Nevertheless, PHRs also face challenges. The information presented in most
applications does not come from a trusted party, such as a doctor. Spreading
information that is not accurate may lead to unnecessary worries and anxiety,
specially since most women are not capable to assess the quality of the infor-

mation provided [29, 41]. The lack of quality of the content displayed in these
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applications could be solved by involving health professionals in the develop-

ment of these systems [42, 43].

2.3.2  Online searching habits

Pregnant women do not use only PHRs to find the information they want. With
the rise of the Internet, large volumes of information, many times not from
health professionals or institutions, became available online and women started
to look for it to satisfy their needs of information. However, the access to large
amounts of information does not mean that the woman understands it entirely,
regardless of her literacy skills, and the lack of accuracy raises other issues [44].

Kennedy et al. (2017) conducted a study that had as main goal to find out
which features pregnant women look for in a web-based nutritional informa-
tion system. Even though the main goal was related only to the nutrition area,
the writers also assess women’s online searching habits and what they value in
the mobile applications they use. All the women that were part of this study
had Internet access, only 3% did not own a smartphone and 82,2% used on-
line pregnancy fora, websites or mobile applications. When it comes to the way
women search information online, Google/Internet search comes in first place
(24,7%) which indicates that women do not look for evidenced based informa-
tion, but rather the most popular websites provided by search engines. This may
be an issue, since women may not be able to identify whether the information is
credible. As for what the participants value in the mobile applications, websites
or fora, the most popular answers were: social features (17,8%), informative
(12,9%), information on pregnancy (11,9%), ease of use/convenience (9,9%) and
ability to track foetal development (5%). Regarding what women looked for in a
web-based nutrition intervention, the most popular answers were recipes (88%)
and exercise advice (71%) [45].

Another study was conducted by Bjelke, Martinsson, Lendahls & Oscarsson
(2016) to analyse how women use the Internet during their pregnancy and the

consequences that it brings. 95% of the women that were part of this study
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used the Internet to search for information. Women used the Internet during
their pregnancy mainly to find information, read about people in the same situ-
ation and find support. The two main sources of information were Information
websites (94%) and Forum websites (71.6%). 65,6% of the women said they
felt worried after reading information about the pregnancy online and Forum
web pages were the web pages that caused more anxiety (43,7%). Women with
a high search frequency also contacted healthcare services more often due to
worries. As for the topics that women read the most online, they are foetal de-
velopment, delivery and complications during pregnancy. Women that attended
parental education classes still searched for information online. These women
find searching for information online a complement to the information they re-
ceive from health professionals. To minimise the worries that most women feel,
it is advisable that health institutions and professionals inform women about
the advantages and disadvantages of looking for information online and recom-

mend trustworthy web pages [46].
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In this chapter, the methodologies for research and evaluation are presented, as
well as the main technologies used and development strategies followed.

Thus, section 3.1 explains the main research methodology used, Design Science
Research (DSR). Section 3.2 focus on React, Node.js, Express and MongoDB, the
main technologies behind this project. In section 3.3, the REST pattern is pre-
sented and in section 3.4 the PWA strategy and its principles and characteristics
are further explained. Finally, in section 3.5, the evaluation methodologies that
were used to evaluate the developed system are presented. These methodologies

are Lighthouse reports, SWOT analysis and usability testing.

3.1 RESEARCH METHODOLOGY

Research in the Information Systems (IS) field is different from research in more
traditional subjects, such as social or natural sciences, in the sense that it is
an applied research field that solves problems from other areas (e.g. economics)
using Information Technology (IT). Therefore, the methodologies followed in the IS
area, should be different. DSR is a methodology that aims to solve this situation
[47]-

DSR focus on designing a product that solves a problem, evaluating the result
and communicating it to the proper audiences [47, 48]. According to Hevner et

al. (2004), DSR has seven principles:
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1. Design as an Artifact - a viable artifact must be produced. This artifact can

be a construct, a model, a method or an instantiation;

2. Problem Relevance - the developed artifacts must solve important and rel-

evant problems;

3. Design Evaluation - the artifact must be well evaluated in order to assess

its utility, quality and efficacy;

4. Research Contributions - DSR must give important contributions in the

tield of the designed artifact, design principles or design methodologies;

5. Research Rigor - the research process should follow rigorous methods dur-

ing both development and evaluation;

6. Design as a Search Process - the design process is a search process to
discover an effective artifact. This implies using the existing means (actions
or resources) while satisfying the environment’s laws (e.g. conditions and

restrictions);

7. Communication of Research - the artifact must be presented to the proper

audiences [48].

DSR was the methodology chosen for this project, because this work aims to

solve a problem in the obstetrics field that needs the application of ITs.

3.2 TECHNOLOGIES

In this section the main technologies chosen to accomplish this project are pre-
sented. These technologies are React for the front end, Node.js and Express for
the server side, MongoDB as the database and Keystone]S for the administration
panel.

The choice of the software stack was made according to what was previously
presented in chapter 2. MERN stack was chosen mainly because it is a recent
stack and it only needs one scripting language, JavaScript, which turns the de-

velopment of a complete application easier. MERN stack was chosen over the
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MEAN stack, because React has had a significant growth over the last few years
and now is becoming even more popular than Angular, which was the most
popular JavaScript framework for the front end. This growth is visible in Figure

1.

Interest over time
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Figure 1.: Evolution of the interest over time for React and Angular]S all over the world. The displayed
data comes from the Google Trends tool. The score is calculated according to the amount of
times the terms are searched using the Google search engine, being 100 the biggest one and o
the lowest [49].

3.2.1 React

React is an open-source JavaScript library developed by Facebook and that first
appeared in 2013. React implements the view in the MVC model, so it can only
be used to implement the visual interface of the application [50, 51].

React does not use the traditional DOV, it uses the virtual DOM. The virtual
DOM exists on top of the traditional one and it solves the state manipulation
problem by figuring out the best way to propagate data changes to the DOM
[52, 531

There are two ways of handling the virtual DOM, using the JavaScript API or
using JSX [52]. They are represented in Figure 2 and in Figure 3, respectively.
Comparing the two approaches, one can see that using JSX results in a simpler

and easier to read approach, specially in bigger components.
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const Hello World = () => {
return React.createElement (
’div’,
React.createElement (’hl’,
’Hello World’),
)

Figure 2.: Hello World example using the JavaScript APIL

const Hello World = () => {
return React.createElement (
<div>
<hi1>Hello World</hi>
</div>
)
};

Figure 3.: Hello World example using JSX.

JSX is an extension of the ECMAScript, the base of JavaScript. It uses a syntax
similar to XML and enables the addition of HTML-like code with JavaScript. JSX
is not understood by browsers, so it is necessary to use a transpiler to transform
JSX into JavaScript. In this project the chosen transpiler was Babel [54, 55].

React-dom is the most used renderer and it enables both client and server side
rendering. By implementing server-side rendering, the server renders the initial
markup and sends it to the client with the initial data as well. This improves
performance and is also useful for Search Engine Optimisation (SEO) [52].

One concern we had during the development of this application was to make
it responsive, that is, to make it work on all devices no matter their screen
size. To accomplish this, we used Bootstrap. Bootstrap is a popular open-source
toolkit to build responsive and mobile-first websites [56]. To add Bootstrap to
our application the React-Bootstrap library was used. This library offers a way
of integrating Bootstrap into React. At the moment, it supports the version 3 of

Bootstrap [57].
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3.2.2  Node.js and Express

Node.js is a platform built on top of the JavaScript runtime suitable for building
fast and scalable network applications. To achieve this, Node.js uses an event-
driven and non-blocking I/O model [58, 59].

Both Node.js and browsers are event-driven, that is, they use an event loop.
The event loop passes operations to the system kernel when possible. The sys-
tem kernel is usually multi-threaded, unlike JavaScript, and, therefore, can per-
form multiple operations in the background. When the system kernel finishes
an operation, it tells Node.js. Then, Node.js adds the operation’s callback to
the kernel’s poll queue to be later executed. It is important to mention that
JavaScript is asynchronous, so, unless some synchronous strategy is used, the
order that the code is written, may not be the order that it is executed [58, 60].

I/0 stands for interactions with the system’s disk and the network. Blocking
happens when the execution of a Node.js process has to wait for a non-JavaScript
operation to complete. In Node.js all the standard I/O methods have asyn-
chronous versions that are non-blocking and accept callbacks. Some of these
methods also have synchronous versions. An example from the Node.js doc-
umentation that illustrates the difference between synchronous (blocking) and
asynchronous (non-blocking) operations is in Figure 4 and Figure 5, respectively
[61].

const fs = require(’fs’);
const data = fs.readFileSync(’/file.md’); // blocks here until file is read

console.log(data) ;

// moreWork(); will run after console.log

Figure 4.: Synchronous file reading operation [61].
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const fs = require(’fs’);

fs.readFile(’/file.md’, (err, data) => {
if (err) throw err;
console.log(data) ;

1D)¢

// moreWork(); will run before console.log

Figure 5.: Asynchronous file reading operation [61].

The I/O non-blocking model makes the server more responsive and able of
handling more requests and clients. It also reduces latency and makes better
use of the server’s resources. This is why Node.js is good for web applications.
Real-time web applications need a server that can respond fast and that can
handle many users and Node.js is capable of doing both [58].

Studies have been made in order to compare Node.js performance with other
server-side technologies, such as Apache, Nginx, PHP and Python. These stud-
ies have concluded that Node js is more suitable for serving dynamic content by
handling more requests per second, making better use of the CPU capabilities
and handling large requests better [62, 63, 64].

There are frameworks that simplify the development of web applications. On
the server side, these frameworks provide APIs to handle HTTP methods for
example. For Node.js one of the most popular frameworks is Express. Express
is a routing and middleware framework to build modern web and mobile appli-
cations [58, 65, 66].

Express does not have a fixed structure for the application, the developer is
the one that defines the directory structure [58]. A basic Express application is
shown in Figure 6. The Express framework is loaded and an Express application
instance called app is created. Then, it is defined that when a GET request to
the URL ”/” is made, the server responds with “"Hello World!”. App listens to
requests on port 3000 and will respond to all requests with a 404 response code,

except for the request that was defined [67].
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const express = require(’express’)
const app = express()
app.get(’/’, (req, res) => res.send(’Hello World!’))

app.listen(3000, () => console.log(’Example app listening on port 3000!’))

Figure 6.: Basic Express app configuration [67].

This is a simple example, but that touches one of the most important fea-
tures that Express provides: routing. Route methods define how the application
should respond to client requests. In each routing method is specified the HTTP
method, a URL and a handler function. When the application receives a request
that matches the HTTP method and URL, the handler function is performed
[68].

Express also provides other more advanced functionalities, such as middle-
ware functions. These functions can access the request object and the response

object, change them and call the next middleware function [69].

3.2.3 MongoDB

MongoDB is a document database suitable for web applications. It is highly
scalable, flexible and has good performance. Apart from these advantages, Mon-
goDB is also attractive due to its intuitive data model [7o, 71].

In MongoDB databases, data is stored in JSON-like documents, which enables
all information about an instance to be stored in only one document, contrasting
with relational databases where it would be scattered in several tables [71].

Documents are stored in Collections which are the equivalent to tables in
relational databases. By default, documents do not have to have all the same
schema, that is, they can have different fields and the data type of a field does
not have to be always the same [71]. A simple example of what a document

looks like is in Figure 7. This document stores basic information about a user
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and his appointments. It has a set of properties and their values. The _id field is

the primary key.

{
_id: ObjectID(’5aa3c1a707117514c1bb25£f’),
name: ’Steve Rogers’,
birthDate: 1918-07-04,
appointments: [

{
doctor: ’Jackson Avery’,
date: 2018-09-11,

1,

{
doctor: ’Miranda Bailey’,
date: 2018-08-10

3

Figure 7.: MongoDB document example.

Node.js supports MongoDB through the MongoDB driver. It enables the cre-
ation, update, delete and querying of collections and documents [72]. However,
there are other alternatives to interact with MongoDB. One of these alternatives
is Mongoose. Mongoose provides an API to deal with MongoDB that includes
validation and query building [73].

The base unit in Mongoose are Schemas. Schemas define the fields and their
data types of a MongoDB collection. This ensures that all documents in a collec-
tion have the same fields and that the data type of a field is consistent through
out all documents, while also providing validation [74]. For the example in

Figure 7, a possible Schema would be the one presented in Figure 8.
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const userSchema = new Schema({
name: String,
birthDate: Date,

appointments: [
{

doctor: String,

date: Date

b;

Figure 8.: MongoDB schema example.

To use a Schema, it is necessary to convert it into a Model. Then, it is possible
to apply methods to change the documents inside a Model, as documents are
instances of Models [75]. Some of the basic operations and their respective

source code using Mongoose are in Table 1.

3.2.4 Keystone]S

An administration panel enables the manipulation of data and can also provide
a dashboard with relevant business metrics and analytics in real-time. The use
of an administration panel can increase productivity, give useful information
about the stored data and the users, and help in finding bugs [77].

For the development of the administration panel, the open-source framework
Keystone]S was chosen. Keystone]S enables the development of database-driven
websites, applications or APIs using Node.js, Express and MongoDB [78].

A Keystone]S project can be connected to a MongoDB database using Mon-
goose and it provides an administration Ul that can be personalised in order to
view and manipulate content from the database. It provides a set of out-of-the-
box features to do this manipulation, such as editing data, creating documents,

searching inside a model (with or without additional filters) and deleting docu-
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Table 1.: Some actions and their respective source code using Mongoose [75, 76]

Action

Source code

Create a model

const User = mongoose.model(’User’, userSchema);

Create and save a
document

const newUser = new User(
{ name: ’Steve Rogers’,
birthDate: new Date(’1918-07-047),
appointments: [ ]
}
)g

newUser.save() ;

Update a docu-
ment

User.update(
{ _id: ObjectID(’5aa3c1a707117514c1bb25ff’) 1},
{ \$set:
{ appointments: [{ doctor: ’Jackson Avery’, date:
2018-09-11 }] }
1,
callback
)

Delete a document

User.deleteOne(
{ _id: ObjectID(’5aa3c1a707117514c1bb25ff’) },
function (err) {
if (err) return handleError(err);
}
)3

Query a collection

User.find({name: ’Steve Rogers’}, function(err, users) {
\\Do something with the users
B
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ments [79]. In Figure g is an example of what an administration UI looks like

using Keystone]S.
- ________________________________________________°._ -

€« C | @ Not secure | demo.keystonejs.com/keystone, %O 0O ™ H* @O :

< Posts Galleries Enquiries Users Field Tests "] [ 14

Demo

Posts Comments Categories

R Galleries

Galleries

= Enquiries

Enquiries

Figure 9.: Administration UI example provided by KeystoneJS [8o].

3.3 RESTFUL WEB SERVICES

The technologies explained above, namely Node.js and Express, are the ones
that make it possible to develop a RESTful web service for the server side.

The REST concept was first proposed by Roy Fielding in 2000. A web service
that has a REST API is a RESTful web service. A RESTful web service provides
a way of implementing Create, Read, Update and Delete (CRUD) actions. To do
so, the HTTP request methods GET, POST, PUT and DELETE are used to ma-
nipulate or retrieve a resource identified by a URL. The server should respond
using JSON or XML [58, 81]. Briefly, some of the principles behind RESTful web

services are:

1. Adressability: all resources should have a unique identifier;
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2. Uniform Interface: all resources interact through the same uniform interface.
In the context of Web, this interface contains methods in accordance to the

HTTP methods;

3. Stateless interactions: these services do not establish permanent sessions be-
tween each other. Sessions are solely each interaction, no state remains after
the interaction. Once the interaction is complete, the resource is updated

and this new version becomes available to all clients;

4. Self-describing messages: all the information necessary should be explicit in
both the request and the response. Nor the client or the service make
assumptions about how the representation should be processed or what it

means;

5. Hypermedia: hypermedia is a way of adding connections (identifiers) to
related resources inside the resource or in its meta-data. The Client can
identify these identifiers and decide to follow the link. Hypermedia is
useful with decentralised resource discovery and dynamic discovery. Even

though it is a useful, most RESTful web services do not use it [82].
According to its maturity, a RESTful web service can be classified into 4 levels:

o Level o: HTTP as a tunnel - only exchanges XML or JSON documents us-
ing HTTP POST requests and responses. Even though, these services do
not use SOAP messages, they do not use the HTTP protocol according to
the REST standards as well. Since all messages, go to the same URL, the
web service only knows which operation to perform by processing the mes-

sage’s content;

e Level 1: Resources - the difference between this level and the previous one is
that Level 1 web services use multiple identifiers to identify the resources.

HTTP request methods are still not present explicitly in the request;

o Level 2: HITP Verbs - the requests sent to the web service specify the HTTP
request that the client wants to apply to the specified the resource and the

request is made according to each method’s rules. For example, if a PUT
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request fails, it can be automatically resent. Web services can also use HTTP

status codes to respond to the client;

e Level 3: Hypermedia - this is the most advanced level. These web services
make use of the Hypermedia advantages in addition to the characteristics

previously presented [82].

To create a REST API], the first step should be to identify the resources that will
be involved, their URLs and the action that should be performed (e.g. create a
user). The action may involve interaction with the database [58]. This is what
Express does with its Routing system and, therefore, shows how Express is

suitable for this type of architecture.

3.4 PROGRESSIVE WEB APPS

The technology chosen to develop this application was PWA. In section 2.2, an
overview of the state-of-the-art of mobile development strategies is made. From
this overview, one can conclude that PWAs are a viable alternative to Hybrid
Mobile Apps and have superior features to those of Mobile Web Apps. However,
the one characteristic that influenced the most our decision was the fact that
with only one app we could develop for both web and mobile, while still having
access to most features available that native apps have, decreasing significantly
development time and also targeting a bigger audience.

Google introduced PWAs in 2015. These apps are websites optimised to work
on mobile devices. Their core technologies include HTML5, CSS and JavaScript
[83]. PWAs have several characteristics that differentiate them from other web

apps, namely:
e They are available for everyone no matter the browser or device;
e Content is displayed properly in any device;

e They don’t depend on Internet connectivity, because the service worker will

handle the app behaviour when offline or on low-quality networks;
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e The app is always updated thanks to the service worker;

e They are served through a Hypertext Transfer Protocol Secure (HTTPS) con-

nection;

e The service worker and the app manifest make the app discoverable in

search engines;

e The app is installable in the user’s home screen like a native app [24, 83, 84].

Even though this is a recent technology, some known companies have already
adopted this development strategy. This change has resulted in better perfor-
mance and more user engagement. In Table 2 are listed some of the companies
that did this change and the main highlights that resulted from this change. Win-
dows also has started to allow the publishing of PWAs in the Windows Store
recently [85].

When a user first visits a PWA, it is accessed like a regular web app through
the browser. After a group of metrics are met, the user is prompted to install

the app. The metrics that fire the prompt are :
1. The app is not already installed;
2. The user has interacted with the app for at least 30 seconds;

3. Includes a web app manifest that has the parameters short_name, name, icons,

start_url and display (fullscreen, standalone or minimal-ui);
4. Is served over HTTPS;
5. Has a service worker registered [94].

If the user accepts the prompt, the app is added to the home screen and all

necessary static files are cached, so that they can be used offline [24].

3.4.1  Service worker

The essence of a PWA is the service worker. It is a JavaScript file that runs

separately from the main browser thread. This makes service workers inde-
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Table 2.: Examples of companies that started using PWAs and the main highlights of this change [86, 87,
88, 89, 99, 91, 92, 93]

Company Highlights

10% of the size of the native Android app
Tinder More swipes and messages, longer sessions and more profiles edited
than on the native apps

More than a half a million have added the trivago site to the home-
screen

Trivago Users that added to the homescreen engage 150% more, thanks to the
push notifications
Clickouts to hotel offers increased 97%

10% increase in impressions per session

PWA users spend up to 40% more time per session and view 15% more
pages

The number of users that read less than a fourth of an article decreased
by 20%

Updates to the site are made in real-time

Forbes

User engagement increased by 250% only by adding push notifications
OLX and the "Add to Home screen” feature
The time until the page becomes interactive decreased by 23%

Pages per session increased by 65%

Tweets sent increased by 75%

250 000 users launch the app from the homescreen daily, 4 times a day
on average

There are over 10 million push notifications sent through the PWA
daily

Data consumption reduced by 70%

The PWA is 600kB while the native android app is 23,5mB

When the user returns to the app, it loads in less than 3 seconds even
in slow networks or slow mobile devices

Twitter (in
Twitter Lite)

Time to interactive was reduced from 23 seconds to 5,6 seconds

The PWA is only 150kB, contrasting with 9,6mB for the Android app

is 56mB for the iOS one

After one year, weekly active users increased by 103%, session length
Pinterest increased by 296%, number of Pins increased by 401%, logins increased

by 370% and new signups increased by 843%

Mobile web became the top platform for new signups

In less than 6 months since the launch, 8oo thousand weekly users

accessed the PWA from their homescreen

Over a year, the number of pages per session increased by 50% and
Lancome transactions increased by 23%
Time to be interactive decreased from 11,195 seconds to 1,772 seconds
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pendent from the application they are associated, which in turn makes them

asynchronous [83]. Service workers make it possible to:

e Cache resources: by caching resources, the app will load faster even under

bad network conditions;

e Work offline: network requests are intercepted and their response may be
modified with content that was not the requested. This method can be used
to serve assets from the cache when the user is offline, making the app fully

capable of working offline;

e Use advanced features: service workers are the starting point for more ad-

vanced features, such as notifications, push messages or background sync

[83, 95].

The service worker’s lifecycle has three stages: Registration, Installation ad
Activation. In Registration, the browser is told where the service worker is and
to start installing it in the background. When the service worker is registered,
Installation happens. During the Installation event it is possible to perform
some tasks, such as precaching resources. Finally, once this step is completed,
the service worker is activated. During Activation, it controls all pages and

resources within its scope and listens to events from them [95].

3.4.2  Offline Support

One of the biggest advantages of PWAs is the ability to serve the app even when
there is no Internet connection. As previously explained, this is possible due to
service workers, because they have the ability to use the Cache Interface. The
storage from the Cache Interface is independent from the browser’s HTTP cache
and, therefore, it is available offline. Aside from the cache, service workers can
also use IndexedDB to store data. Using the offline capabilities of PWAs, the

overall UX improves, since it results in faster loading and less network expenses

[96].
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Offline support can be enabled by caching static data during Installation and
have the service worker listening for resource fetches. When a resource is re-
quested, the service worker tries to find it in the cache and only if the resource
is not available, it uses the network. When the last option happens, the service
worker may copy the resource and cache it for later use [96]. There are other

strategies to deal with resources, namely:

e Cache only: the service worker only retrieves the cached resource, unless

it is expressed otherwise;
e Network only: the service worker only retrieves data from the network;

e Cache, falling back to network: if the resource is not cached, it will use

the network to get it;

o Network falling back to cache: the contents retrieved when online are the

most updated, but when the user is offline the cached version is retrieved;

e Stale while revalidate: if the cached resource is available, it is retrieved

and then a network request is made to update the cache [97].

3.5 EVALUATION METHODOLOGIES

To perform the proof of concept, three different methods were used: Lighthouse
reports to evaluate the technical performance, SWOT analysis to assess the state
of the application and areas to improve, and usability testing to understand if

the application is intuitive and easy to use by pregnant women.

3.5.1  Lighthouse reports

Lighthouse is an open-source tool developed by Google that can run in any web
page. It can be used from the Chrome DevTools, the command line, a Node.js

module and as a Chrome Extension [98].
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It assesses the page’s performance, accessibility and SEO, to which degree
the page is a PWA and if it is developed according to the best practices [98].
The fact that this tool evaluates such a wide range of performance indicators,
some of them specific of PWAs, was the reason why this tool was chosen.

It evaluates from o to 100 each indicator, being o the worst score and 100 the
best one. A score of 50 represents the 75t percentile [99]. Lighthouse also iden-
tifies topics to be improved and provides links to web pages that have helpful

information regarding those topics [100].

3.5.2 SWOT Analysis

SWOT analysis is an acronym for Strengths, Weaknesses, Opportunities and Threats.
It is one of the most used tools for strategic planning used by organisations and
allows managers to quickly identify both internal and external factors that need
to be taken into account and helps in the decision-making process as well [101].

The biggest advantage that the SWOT analysis provides is its simplicity of use.
Because of that, it does not have to be performed by specialised professionals.
Aside from this advantage, it can also be applicable to different levels in an
organisation and at different depths, and it is extremely visual, making it easy
to communicate the results to stakeholders [101, 102]. However, it is necessary
to be careful while using it, in order to include quality data and non-biased data
so that good results can be achieved [102].

An external factor is an element related to the environment that the organi-
sation cannot control. On the other side, an internal factor can be controlled
or changed by the organisation. Strengths are internal factors that strengthen
the organisation’s competitive position. Weaknesses are internal factors as well,
but that weaken the organisation’s competitive position. Both opportunities
and threats are external factors, but the first ones have a positive influence in
the competitive position of an organisation, while the latest impact negatively

the organisation’s position. Strengths and opportunities are positive factors,
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because they are factors that can help succeeding. Weaknesses and threats are
negative factors, because they compromise the success of the organisation [102].

This division allows the organisation to easily identify the main factors that
are influencing both positively and negatively its performance. It also allows
organisations to prioritise factors in terms of their expected impact [102]. When
performing the analysis, a SWOT diagram should be drawn with the structure

that is shown in Figure 10.

Internal
factors

Strengths Weaknesses

External

Threats factors

Figure 10.: SWOT diagram structure.

3.5.3  Usability Testing

Usability of a software system is the capability that this system presents to en-
able users to achieve effectively and efficiently the tasks they aim to complete
[103].

Usability Evaluation (UE) methods measure the usability of a UI and identify

specific problems. UE usually has three stages:

1. Data gathering: collect usability data, such as completion time of tasks and

errors;
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2. Analysis: analyse the data previously gathered and identify usability prob-

lems;

3. Critique: provide possible improvements and solutions to the identified

problems [103].

User-based methods are a type of UE methods in which the main partici-
pants are possible users. In this type of testing, users complete a set of tasks
previously determined or explore freely the system. The users’ behaviours are
examined and recorded to be later analysed. Aside from the user’s behaviour,
other parameters can be recorded, such as which tasks were completed, the nec-
essary time and the number and types of errors. Then, results are analysed and
improvements are proposed.

The first step in a usability test, is to identify the test main objectives. Then,
one should determine the characteristics that the participants need to present.
After these two steps, the tasks that the participants will perform should be
selected, as well as the creation of task scenarios. It is also important to define
the measures that will be recorded. The organisers need to prepare the test’s
materials and environment and define the data analysis procedures. Finally,
results should be presented.

One of the biggest decisions during this process is to decide how many users
should be tested. There is not a consensus regarding this issue. Although
most studies have shown that with 4 or 5 five participants most problems are
identified, there are also some studies that concluded that with only a larger
group more serious issues were found.

Most tests are recorded in order to later evaluate the tasks duration, how many
times the user chose the wrong icon, etc. There are some tools that record the
user actions, including audio, camera and video. They are specially convenient

when testing web sites [104].
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CASE STUDY

In this chapter, the resulting platform, As 10 luas: gravidez, parto e pés-parto do
CMIN, is presented, as well as the process behind its development. In the end,

a critical assessment of the developed system is performed.

4.1 REQUIREMENTS ANALYSIS

The first step in this project was to perform a requirements analysis in order to
determine the features that should be available in the platform and to identify
technical constraints.

The information that was analysed during this stage came from several sources.
One of these sources was the CMIN. Dr Jorge Braga, an obstetrician in the CMIN,
provided feedback on which were his perceptions about which are the needs of
pregnant women. He realised that most pregnant women had recurring ques-
tions regarding their pregnancies and they would reach their doctors or nurses
for information. Dr Jorge Braga considered useful to have a digital version of
the Boletim de Saiide da Grdvida (BSG) for the pregnant women as well. In the
BSG, medical information is registered during appointments and it has a place
where women should register certain parameters between appointments.

The analysis of the existing literature on this matter presented in chapter 2
was another important source to understand the PHRs available and which are

the pregnant women’s habits regarding technology.
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However, these were not the only sources. Since this project intended to de-
velop a system for pregnant women and that they would want to use, it was
important to have their feedback during this process. The process of having
teedback from pregnant women was facilitated due to the fact that we already
had a connection in the CMIN. This process consisted in informal conversations
with a total of 25 pregnant women. With each conversation we wanted to un-

derstand:

e If the pregnant woman searches for information online:

— if yes, which topics she usually searches for;

e If she uses mobile apps:
— If yes, which one(s) and which feature(s) she enjoys;
- If no, why not and what would make her use one.

Given all the gathered information, the requirements for this platform were

the following:

1. It should be available for as much pregnant women as possible. To do this,
the development techniques chosen have to work in both mobile and web

environments;

2. There should be and administration panel that allows the management of

the content available in the application;
3. There are features content available for everyone:

a) FAQs - information provided by the CMIN;

b) Calculator - calculator of the due date and the current gestational age.
The algorithm behind these calculations was provided by Doctor Jorge
Braga;

c) Maternity and Paternity legislation - the current Portuguese legisla-

tion for the maternity and paternity;

4. If the pregnant woman chooses to create an account, she has access to other

features:
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a) A personal file that saves information about the woman and her clinical
history;
b) There has to be a place to save appointments;

c) There has to be a place to save important documents, such as ultra-

sounds and analysis;

d) She will receive personalised information related to nutrition and lifestyle,

according to her clinical history and the pregnancy;

e) She will receive weekly updates with information about the fetus and

the changes she should be noticing;

5. The information recorded in the BSG should also be available in the de-
veloped system, this includes information related to the woman'’s clinical
history and some parameters (e.g. weight and blood pressure), among oth-

ers.

After this analysis, the technologies that would be used, the structure that the
application would follow and the features that would be present were defined.

Given the first point, it was decided that this platform would be a PWA. Con-
sidering the options available this is the one that gives a better compromise
between the final result and development cost, while being available to anyone
who has access to a computer or a mobile phone, as explained in chapter 3.4.

For the second point, it was decided that Keystone]S would be appropriate for
the administration panel, as presented in chapter 3.2.4;

For the features that would be available and the general structure, it was de-
cided that the platform would have an area that does not required authentication
and an area that requires.

The area that does not require authentication is structured as in Figure 11.
In this area there is a Home Page. From this page the user can access the fol-
lowing features: Calculadora (calculator), Perguntas Frequentes (FAQs), Legislagio
(legislation). The Perquntas Frequentes area is divided in: Antes da gravidez (be-
fore the pregnancy), Durante a gravidez (during the pregnancy) and Apds o parto

(after delivery). The user can also access the log in and sign up pages. When
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the pregnant woman first creates an account, she goes through two pages to
insert her personal and clinical data, Ficha pessoal and Ficha clinica respectively.

The information recorded in these two steps is the same that is recorded in the

BSG. Then, she has access to the Dashboard page that is the starting point of the

authenticated area.

| [ |

Clss czg;a e Entrar (log in)

Ficha pessoal

\
Calculadora il Legislagao
(calculator) AR (legislation)
(FAQs)
Antes da
gravidez (before
the pregnancy)

(personal record)

Durante a
gravidez (during
the pregnancy)

t Ficha clinica
(clinical record)
\
Apos o parto DEHLET
(after delivery)

Figure 11.: Sitemap for the area that does not require authentication.

In the authenticated area (Figure 12) the woman as access to the same features
that she had in the unauthenticated area under the tab Outros (others). Aside

from these features, the pregnant woman also has access to:

e Ficha Pessoal (personal record) to see and update her personal data (Dados

pessoais) and her clinical data (Ficha clinica);

e Marcagoes (appointments) where she has a calendar and can add, update

and delete appointments;
e Documentos (documents) to upload files;

e Satide e Bem-estar (health and wellness) where she can not only receive
personalised information regarding the fetus development weekly, medi-
cal conditions she might present and tips about health and nutrition, but

also register important moments and symptoms like nausea and vomits;
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e Registos (records) to register her weight (Registar peso), blood pressure (Reg-
istar pressdo arterial), uterine length (Registar altura uterina), baby’s kicks
(Registar movimentos fetais) and sugar levels (Registar glicemia). This records

are the same that are made in the BSG.

Dashboard

1
[ [ I [

I
q o Satide e Bem- q
Ficha Pessoal Marca;oes Documentos estar(healthiand Registos Outros (others)
(personal record) (appointments) (documents) s (records)
[ |
Dados pessoais Registar peso Calculadora Re[Entas) Legislagdo
— Frequentes
(personal data) (record weight) (calculator) (gAQs) (legislation)
q a0 Registar pressdao Antes da
FIFh.a cinic m arterial (record e gravidez (before
(clinical data)
blood pressure) the pregnancy)
Registar altura DIUTELICE]
e Uterina (record B Sravidez (during
uterine length) the pregnancy)
Registar A
m movimentos Il Apos o p_arto
(recordlicks) (after delivery)
Registar glicemia

e (record blood
sugar levels)

Figure 12.: Sitemap for the authenticated area.

4.2 ARCHITECTURE

In chapter 3, an overview of the main technologies and methodologies was
made. In this chapter, we understand how they connect between each other to
form this platform. The architecture of this platform is presented in Figure 13.
On the server side we have a web server, a database and an administration
panel. The database is a noSQL database, more precisely a MongoDB database.
It saves all the users’ data, but also the content that is shown in the application
(e.g. FAQs). The web server is written in Node.js and has a middleware in
Express. These two parts form a REST API or RESTful web service. The REST

APl is coded to answer requests from the client side by getting information from
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/ fl Make a request N ﬁ Analyse the request 3. Ask the data \

—

§ -

Front end in g Server in Middleware Get the U

React S Node.js in Express data U

=~

Client g Database

(MongoDB)
Qshow the response / {Retrieve the response 4. Retrieve the daty

\ PWA / Web server/REST API

Client side

Figure 13.: Architecture of the developed platform.

the database. Even though the web server acts mainly as RESTful web service,
it also performs other minor actions (e.g. handles authentication).

The client side is composed by the PWA and the user’s devices. The PWA
is made of a front end in React (view part from the MVC) and a script (ser-
vice worker) that intercepts all requests made to the back end. The application
receives user inputs and interactions and answers accordingly. If necessary, it
requests resources to the server. The service worker enables most features that
make this application a PWA, namely offline support.

The administration panel shows the data from the database and can also send
requests to the database (e.g. deletion of an entry).

In 1.4, it was explained that three students worked in this project. Therefore,
each one was responsible for different parts. I was responsible for the REST API,
the transformation to a PWA, the administration panel and some parts of the
front end (Criar conta, Entrar, Dados Pessoais, Marcagdes, Documentos, Perguntas
Frequentes and Legislagio). Thus, these will be the parts that will be focused in

the upcoming sections.

4.3 DEVELOPED SYSTEM

In this chapter a detailed analysis of each element that make up the platform is
made. Thus, it starts by explaining the structure of the application. Followed

by the implementation of a RESTful web service in Node.js and Express. On
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the client side, the user interface for the relevant features for this dissertation
will be shown and the transformation to a PWA will be explained. Finally the

developed administration panel is presented.

4.3.1  Database

As previously said, the database used in this platform is a MongoDB database.
Given the requirements that this project presents, it was necessary two schemas,
one to save the data collected from the pregnant women and another to save the
FAQ:s.

The schema that saves the information about the pregnancy is called gesta-
caoSchema. It saves all the personal and clinical data from the pregnant woman,
as well as the information necessary for the authentication, documents and ap-
pointments, among others. In Figure 14 is part of the complete schema with the
relevant properties for this dissertation.

It is important to remember that by using Mongoose it is possible to restrict
the data types that each property has, as well as other restrictions, helping the
validation process. For example, for the property email, it is established that it
is a required string and that it should be unique and trimmed before saving to
the database.

In order to save the password in a safe way it was important to not save it in
its natural form, that is, to save its hash. This was accomplished by having a
method that gets the hash of the password and substitutes the password value
with it. This method is called before performing a save action in this schema
and if the password parameter is being altered.

Given this, the properties that make up this schema are the following:
e email: user’s email;
e password: hash of the user’s password;

e gravida: object that saves information about the pregnant woman. It has the

following properties:
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const GestacaoSchema = new mongoose.Schema ({

email: {
type: String,
unique: true,
required: true,
trim: true,

1,

password: {
type: String,
required: true,

1,

gravida: {
nome: String,
dataNascimento: Date,
profissao: String,

1,

outroProgenitor: {
nome: String,
dataNascimento: Date,
profissao: String,

1,

consultas: [{
dataConsulta: Date,
nomeConsulta: String,

1,

documentos: [{
dataDocumento: Date,
nomeDocumento: String,
categoriaDocumento: String,
caminhoDocumento: String,
fileName: String,

1,

oL
collection: ’users’,

b;

4.3. Developed system

Figure 14.: Mongoose schema where the information about the pregnancy is saved.

- nome: pregnant woman'’s name;

— dataNascimento: pregnant woman'’s birth date;

— profissao: pregnant woman'’s job;

e outroProgenitor: object that saves information about the other parent. It has

the following properties:

- nome: name of the other parent;

— dataNascimento: birth date of the other parent;

— profissao: job of the other parent;
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e consultas: array with multiple objects that represent appointments. Each
item in the array has the following properties:
— dataConsulta: appointment’s date;
- nomeConsulta: appointment’s name;
e documentos: array with multiple objects that represent documents. Each
item in the array has the following properties:

dataDocumento: document’s date;

nomeDocumento: document’s name;

categoriaDocumento: document’s category;
— caminhoDocumento: system path where the document is saved;

— fileName: name of the document’s file.
As for the FAQs, the schema is smaller (Figure 15) and has fewer properties:
e tipo: category where the FAQ belongs;
o titulo: FAQ’s question;

e resposta: FAQ’s answer. It is an array, so that the answer can be divided in

paragraphs.

const Faqs = new mongoose.Schema ({
tipo: String,
titulo: String,
resposta: [String],
Iy
collection: ’fags’,

B;

Figure 15.: Mongoose schema where the FAQs content is saved.
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4.3.2  Web server

As previously explained the developed web server acts mainly as a REST API,
but it also performs other actions, such as handling authentication. In this sec-

tion, we will go through each function that the web server performs.

REST API

In section 3.3 the purpose and main principles behind RESTful web services
were introduced. To have a mature RESTful web service it is necessary to iden-
tify the involved resources, define unique identifiers for these resources and
handle requests made to these resources.

Express is suitable for these type of web services because, as explained in
section 3.2.2, it makes it possible to define route methods, that is, methods that
specify the HTTP method, the URL and a handler function for when both match.

In this study case, there will be resources 4 resources: the information about
the pregnancy (users), appointments (consultas), documents (documentos) and

FAQs (fags). The defined routes are presented in table 3.

Other actions

The web server also performs other tasks, namely:
e Authentication;
e Connects to the database;
e Serves the zipped version of static assets;

For the authentication, only local authentication was made available. To en-
able authentication, Passport, an authentication middleware for Node.js, was
used. Two strategies were developed to handle signing in and logging in. The
strategy that handles signing up is responsible for creating an entry in the Gesta-
caoSchema and creating a token. The strategy for logging in checks if the account

exists and if the saved password’s hash corresponds to the one that the user is
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Table 3.: Routes defined in the REST API

URL HTTP Handler function
method
Jusers/-id GET Gets the complete object that is in the
’ database entry for the ID specified in the
URL and returns it
PUT Receives an object with information about

the user and, after validating it, saves it in
the database entry for the specified ID

Gets the consultas object that is in the
database entry for the ID specified in the
URL and returns it

Receives a consultas object and, after validat-
ing it, saves it in the database entry for the
specified ID

Get the file that corresponds to the ID for the
GestacaoSchema and the document’s ID and
returns it

Updates the information related to a specific
document. It receives a documentos object and
maybe a file. After validating the object and
checking if a new document file was sent, it
updates the database entry for the specified
ID and, if the case, deletes the previous file
and saves the new one

Deletes the information about the document
in the database and the file

/consultas/:id GET
PUT
GET
/documentos/:id /:idDocumento
PUT
DELETE
/fags GET

Gets the FAQs data from the database

entering. If everything is correct, it creates a token for the session and retrieves

it. The token is used to verify if the user is logged in the application.

As for connecting to the database and serving the zipped version of assets,

these two tasks are smaller, but important nonetheless.

Connecting to the

database is crucial to be able to save information and retrieve it. Serving the

zipped version of static assets was a task added later to the project, but that

improved the overall performance of the developed PWA, because it makes it

faster. To achieve this, it was added a route that intercepts requests that ask for

JavaScript or CSS files and changes them in order to ask for the zipped version.
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4.3.3  User Interface

In this section, each component of the UI will be presented as well as the overall
organisation. As previously explained, React combined with Bootstrap were
used to develop the view part of the application.

The UI can be divided in 4 different areas: the area that does not require
authentication (Perguntas Frequentes and Legislacio), the signing up page (Criar
conta), the logging in page (Entrar na conta) and the area that requires authentica-
tion (Dados pessoais, Marcagdes, Documentos, Pergquntas Frequentes and Legislacdo).
The names used for the pages are the same used in the sitemaps previously

presented (Figures 11 and 12).

Global Home Page

When a pregnant woman first enters the application, she is greeted with the
page presented in Figure 16. This page has the name of the application (As 10
luas: gravidez, parto e pds-parto do CMIN) and the user can choose to create an
account (Criar conta), log in (Entrar) or continue to the website (Continuar para o

site) which leads to the area that does not require authentication.

Perquntas Frequentes

The Perguntas Frequentes area has 3 different pages according to the category
where the FAQ belongs (before the pregnancy, during the pregnancy and after
labour). In Figure 17 is the FAQs for the during the pregnancy category. At
the top of the page is a tab that when is clicked expands to show additional
information, as shown in Figure 18. Then, there is a search bar for the user to
search for keywords. Finally, the FAQs are listed. The pages for the other two

categories are similar to this one.
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As 10 luas
gravidez, parto e pds-parto do CMIN

ar conta Entrar

Continuar para o site

Figure 16.: Global Home Page.

AS10LUAS Calculadora  Perguntas Frequentes ~  Legislagdo Criar conta

contactar o meu médico

Pesquisar -

Durante a gravidez

49 resultado(s)
Porqué vigiar a gravidez?

Apesar de a gravidez ser um acontecimento fisiolégico, a mae e o feto necessitam de cuidados especiais. A maioria desses cuidados sdo preventivos. Hi no entanto doengas que se podem agravar ou por em risco a
gravidez. E ha complicagdes proprias da gravidez que devem ser defectadas o mais precocemente possivel. Nio falte, pois, as consultas pré-natais.

Como datar a minha gravidez e qual serd a data provével do parto?
A datacio da gravidez ¢ essencial para evitar alguns riscos nas primeiras semanas e para o diagnéstico de alguns problemas mais tardios. Essa datagdio condiciona também a actuagiio médica em determinadas

circunstancias. A duragio média da gravidez calculada a partir do 17 dia da ltima menstruacio & de 280 dias ou seja 40 semanas. Para calcular a data provavel de parto some sete dias a0 1° dia da tltima
menstruacio e subtraia 3 meses aos meses. A ecografia precoce é no entanto o melhor método para datar a gravidez.

Quais sdo as alteragdes fisicas mais comuns na gravidez?

Durante a gravidez o seu corpo vai-se adaptar 3s suas novas funcdes e criar as condicdes ideais para o desenvolvimento do seu bebé. Essas alteracbes regridem na sua maioria depois do parto, embora ndo de A

Figure 17.: Perguntas Frequentes page.
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AS10LUAS  Calculadora  Perguntas Frequentes ~  Legislagdo Criar conta

Quando devo contactar o meu médico e/ou recorrer ao hospital?

« Perda de sangue por via vaginal;

« Perda de liquido por via vaginal;

« Presenca de contracbes uterinas ritmicas e dolorosas;

« Diminuicio/auséncia dos movimentos fetais;

« Dores de cabeca persistentes ou acompanhadas de alteracdes da visio e/ou desconforto abdominal;
« Epigastralgias (dores na boca do estomago) intensas;

« Febre e arrepios;

« Comichio intensa na tronco, bragos, pernas, palmas das m3os e/ou plantas dos pés;

« Nauseas e vémitos e/ou diarreia intensa, com intolerdncia a alimentagdo e ingestio de liquidos;
+ Sensagdio de ardor ou dor ao urinar;

+ Sensagdo de falta de ar, dor no peito, tosse persistente;

+ Traumatismos no abdémen (como acidentes de viagio ou quedas).

Durante a gravidez

49 resultado(s)
Porqué vigiar a gravidez?

Apesar de a gravidez ser um acontecimento fisiolégico, a mée e o feta necessitam de cuidados especiais. A maioria desses cuidados sio preventivos. Ha no entanto doengas que se podem agravar ou pér em risco a

Figure 18.: Perguntas Frequentes page with the tab expanded.

Legislagdo

In the Legislagio page (Figure 19) the woman has access to the latest legislation

for the maternity and the paternity.

AS10LUAS  Calculadora  Perguntas Frequentes ~  Legislacdo Criar conta

Legislacao para a Maternidade e Paternidade

Dispensa para consultas pré-natais e sessdes de preparacdo para o parto

Pelo tempo e niimero de vezes necessdrias e justificadas, desde que as consultas nio possam ocorrer fora do horario de trabalho. A preparagio para o parto é equiparada a consulta pré-natal
Direito ao subsidio de refeicio
Remuneracio integralmente suportada pela empresa ou servico

Licenca por paternidade, obrigatdria

5 dias dteis, seguidos ou interpolados, no 1° més a seguir ao nascimento da crianga.
Comunicagdo & entidade empregadora com 5 dias de antecedéncia.
Direito ao subsidio de refeicio

Licenca por maternidade ou paternidade

120 dias consecutivos 90 dos quais necessariamente a seguir ao parto, os restantes 30 dias antes ou depois do parto, mediante atestado médico, mais 30 dias por cada gémeo além do primeiro, em caso de
nascimentos muiltiplos.

Por opcao da trabalhadora (a comunicar a entidade patronal nos 7 dias a seguir ao parte), a licenca pode ser alargada em mais 30 dias. Se ndo indicar goza os 120 dias.

E obrigatério o gozo de 6 semanas pela mie a seguir ao parto. O periodo restante pode ser gozado pelo pai, por decisio conjunta.

Em caso de aborto espontaneo ou provecado (face a perigo de morte ou de lesdo grave e irreversivel ou violagdo da mulher e ainda de doenca incuravel ou malformagao congénita do feto), a mulher tem direito a ~

Figure 19.: Legislagdo page.

The Pergquntas Frequentes area and the Legislagdo page are equal in the authen-
ticated area and in the are that does not require authentication. The only thing

that changes is the header, because it is different according to each case. To not
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repeat them, these two parts are only shown in the area that does not require

authentication, but they also exist in the authenticated area.

Criar conta

The Criar conta page (Figure 20) is the page where pregnant women can create
an account. It asks for a email and a password. Once the women submits
this information, it goes through a validation process to evaluate if what was
inserted is a valid email and if the password’s length is equal or greater than 8
characters. When something is not correct, an error shows up as presented in
Figure 21. If everything goes accordingly, the woman is redirected to a page to

add her personal information.

Criar conta

Email
Password

Manter sessdo iniciada

Figure 20.: Criar conta page.
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Por favar, introduza um endereco de email valido

Email ana@gmail
Password | sresessesese

Manter sessdo iniciada

Figure 21.: Criar conta page with an error message. In this case, the user did not insert a valid email so a
error message shows up when the user tries to create an account.

Entrar na Conta

The Entrar na Conta page (Figure 22) is the page where the pregnant women can
enter in her account. It asks for a email and a password as well. The valida-
tion process from the previous page is repeated, but with additional validation
steps. It is also validated if the account exists and if the password is correct. If
something is not alright an error message shows up as in the previous exam-
ple. If everything goes accordingly, the woman can be redirected to one of two
pages. If she has not inserted the required personal information before, she will
be redirected to a page to do so, the Dados pessoais page. Otherwise, she will be

redirected to the Dashboard.
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Entrar na conta

Email
Password

Manter sessao iniciada

Figure 22.: Entrar na conta page.

Dados pessoais

The Dados pessoais page (Figure 23) is the page where the pregnant women enters
her and the other parent’s personal information. The other parent’s information
is optional. Once the information is submitted, it goes to the server, where is
validated. If everything is correct, it is saved and the user is redirected to the
Ficha clinica page. The Ficha clinica page will not be presented, since it is outside

the scope of this dissertation.

Ficha Pessoal

The Ficha Pessoal page (Figure 24) is a place where the woman can access the

information she gave during the Dados pessoais step after creating an account.

In this page, the woman can edit the data (Editar dados). When she clicks the
button to edit the data, a modal dialog shows up (Figure 25) and the woman

has the opportunity to change the recorded data and save it.
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Inscricdo - Ficha Pessoal
Dados progenitor
Nome Nome
Data de nascimento mm/dd/yyyy
Profissdo Profissdo
Dados do outro progenitor
Nome Nome
Data de nascimento mm/dd/y
Profissao Profissdo
ficha clinica

Figure 23.: Dados pessoais page.

AS10LUAS  FichaPessoal - Marcagbes Documentos  Saiide e Bem-estar  Registos ~  Qutros - Terminar sessdo

Os seus dados

Nome

Ana Silva
Data de nascimento 11/11/1989
Profissao Estudante
Dados do outro progenitor
Nome Jodo

Data de nascimento

Profissao

Editar dados

As 10 luas: gravidez, parto e pés-parto do CMIN

Figure 24.: Ficha Pessoal page.
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Alterar dados pessoais
Nome
Ana Silva

Data de nascimento

11/11/1989

Profissao

Estudante

Guardar alteragdes [ERSSTESRY

Figure 25.: Ficha Pessoal page with an open dialog modal where the woman can edit her personal data.

To understand the impact that Bootstrap had in making the application re-
sponsive, in Figure 26 is the Ficha Pessoal page in a mobile environment. As one
can see, the content is adjusted according to the window’s size. The header is

also adjusted for mobile use.
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Os seus dados

Mome

Data de nascimento

Profissdo

Dados do outro progenitor

Nome

Data de nascinento

Figure 26.: Ficha Pessoal page on mobile.

Documentos

In the Documentos page (Figure 27) the woman can add documents, download
the uploaded documents and delete documents. The uploaded documents en-
tries are organised in a table with the name of the document, the date when the

document was uploaded and the category where it belongs.
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AS10LUAS  FichaPessoal -  MarcagBes Documentos  Saiide e Bem-estar  Registos ~  Outros ~ Terminar sessdo

#» Adicionar Documento Tipo de documento (todos) v

Nome Data Categoria

03/07/2018 Ecografia

&» Ecografia 2° trimestre o i
#» Anilises rotina 13/05/2018 Anilises I i
#» Ecografia 1° trimestre 2510412018 Ecografia o i

As 10 luas: gravidez, parto e pés-parto do CMIN

Figure 27.: Documentos page.

Above the table, there is a button to add a document (Adicionar a Documento)
and a dropdown to filter by category. When the woman clicks the button to
add a document, a dialog modal shows up as presented in Figure 28. In this
modal, the woman chooses a document to upload, gives it a name and chooses a
category. The available categories are: Ecografia (ultrasound), Andlises (analysis)

and Outros (others).

Adicionar Documento

Documento

o ilechosen

Nome

Nome

Categoria

Ecografia

Vol

Figure 28.: Dialog modal to add a document.
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On the right side of the table with the listed documents, there are two buttons,
one to edit the document and another to delete the document. When the woman
chooses to edit the document, a similar dialog modal to the one to add a docu-
ment is presented. When the women decides to delete a document, a message
is presented to the woman to ask her if she wants to delete the document. This

is shown in Figure 29

Figure 29.: Message that shows up when the woman clicks the delete button in the Documentos page.

Marcagdes

In the Marcagdes page (Figure 30), on the left side, is a button to add an appoint-
ment (Adicionar Marcagio) and a calendar. On the right side, there is a list with
the upcoming appointments (Préximas marcagdes) and the appointments that al-
ready happened (Marcagoes anteriores). If the woman clicks the button to add a
appointment, a dialog modal is presented as shown in Figure 31. In this modal,

the woman specifies the date and hour of the appointment and its name.
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AS10LUAS  FichaPessoal - Marcacies Documentos  Saiide e Bem-estar  Registos ~  Qutros ~ Terminar sessdo

= Adicionar Marcagio Préximas marcagdes

© o outubro de 2018 o 08/12/2018 10:00 - Consulta 3° trimestre

‘SEGUNIL TERCA QUARTZ QUINTA SEXTA SABAD( DOMIN
1 2 3 4 5 6 7 Marcacoes anteriores
8 9 w0 n 1z 13 03/09/2018 16:15 - Consulta 2° trimestre
15 16 17 18 19 20 21

04/06/2018 14:00 - Consulta 1° trimestre
22 23 24 25 26 27 28

29 30 31 1 2 3 4

Data: 14/10/2018 18:25

Nome: Néio tem marcagiio!

A=

As 10 luas: gravidez, parto e pés-parto do CMIN

Figure 30.: Marcagdes page.

Adicionar Marcagao

Data [14/10/2018 18:24 X [7]

Titulo

Titulo

Adicionar Voltar atras

Figure 31.: Dialog modal to add an appointment.

Each element on the list of the right side is clickable and, when clicked, the day
of the appointment is focused on the calendar and the area below is updated.
This is shown in Figure 32. Now, the appointment can be edited and deleted,
because the buttons are now active. When the edit button (Editar) is clicked,
a dialog modal shows up to edit the appointment. When the delete button

(Remover) is clicked, a message shows up to ask the woman if she really wants
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to delete the appointment. This message is similar to the one that shows up in

the Documentos page.

AS10LUAS  FichaPessoal -  Marcagdes  Documentos — Saiide e Bem-estar ~ Registos ~  Outros ~ Terminar sessdo
+ Adicionar Marcagio Préximas marcagoes
“ dezembro de 2018 o 08/12/2018 10:00 - Consulta 3" trimestre
SEGUNL TERGA QUARTZ QUINTA SEXTA SABAD( DOMING
26 27 28 29 30 1 2 Marcacdes anteriores
3 4 5 6 7 n 9 03/09/2018 16:15 - Consulta 2° trimestre

10 1 12 13 14 15 16
04/06/2018 14:00 - Consulta 1° trimestre
17 18 19 20 21 22 23
24 25 26 27 28 29 30

31 1 2 3 4 5 6

Data: 08/12/2018 10:00

Nome: Consulta 3” trimestre

A< 10 luas: oravidez nartn e nds-nartn do CMIN s

Figure 32.: Marcagdes page when an item in one of the lists is clicked.

4.3.4  Progressive Web App

After developing the base of the application, it was transformed into a PWA.

According to the concepts presented in 3.4, it was necessary to:
1. Add a service worker;
2. Make it work offline;
3. Add an app manifest.

The developed service worker is responsible for caching assets, such as CSS

or JavaScript files necessary for the platform to work properly, and the pages.

To cache pages, a list of URLSs is provided to the service worker. When a client
makes a request, it is intercepted by the service worker before going to the
server. If the request is cached, the service worker responds to the request. If
it is not cached, the request is sent to the server. When the client accesses the
application after the first utilisation, it will be considerably faster, because it will

have everything it needs cached. To make sure that assets are updated, a cache
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version number is defined. When the service worker becomes active, it checks
if there are old caches. If there are, it deletes the old ones.

The service worker is also responsible for adding some data in IndexedDB.
This data consists in the content for the FAQs. This way, this content does not
have to be requested each time the user enters the pages and is also available
even when there is no Internet connection.

To work offline, it was necessary to make all URLs work offline and to save the
most recent data about the user, so that the user can access this information (e.g.
appointments) even when there is no Internet connection. It was also defined
that users would only be able to edit data when there is a Internet connection.
To make all URLs work offline, they were precached with the help of the service
worker. As for having the most recent user data available, there was some
logic inserted that saves the most recent user data and updates it when there
is an Internet connection. To make it impossible to perform actions that need
to update data, there was some logic responsible for detecting when the user
becomes offline and online. If the user is offline, all the buttons that lead to data
update are disabled and a warning is presented. Once the user has Internet
connection again, the buttons become active again and the warning disappears.
An example of the offline capability in action is presented in Figure 33.

Lastly, the app manifest was added, so that the users can add the app to their
home screen on mobile, like a native app. For the app manifest, an icon, a name,
short name, start url and the display mode (fullscreen) were provided as well as

a theme color and a background color.
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AS10LUAS  FichaPessoal - Marcaces Documentos  Saide e Bem-estar  Registos - Outros - Terminar sessao

S0 é possivel criar conta, iniciar sessdo ou alterar dados se tiver Internet

Tipo de documento (todos) v

Nome Data Categoria
03/07/2018 Ecografia

13/05/2018 Andlises

25/04/2018 Ecografia

As 10 luas: gravidez, parto e pés-parto do CMIN

Figure 33.: Documentos page when there is no Internet connection. When the user is offline, all buttons
that edit or add data are disabled and a warning is presented. Still, the data that was available
when the user was online for the last time is displayed.

4.3.5 Administration panel

For the administration panel, Keystone]S was used. The aim of developing an

administration panel was to make the process of updating static content easier.

In this dissertation, only the FAQs content is presented, but there were also
other contents in the final product that were available to edit. The information
about the users is also available, but cannot be edited.

The first step in the development of the administration panel was to connect

it to the database, so that one can view the content saved in the database and

edit it. Then, it was necessary to add routes for the FAQs and the user content.

After this step, it was possible to add shortcuts in the initial page and in the
navigation bar for this content. The initial page is presented in Figure 34.
Both the user content and the FAQs content have dedicated pages where it is

possible to view the entries that exist in the database and filter them. The page
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admin-panel

& Users
Users
23 ltems
* Faqgs

Faqgs

82 ltems

4.3. Developed system

64

Figure 34.: Initial page of the administration panel.

for the FAQs is presented in Figure 35. In the FAQs case, it is also possible to

enter new entries (Figure 36), delete entries and update entries.

T Users Fags @ [ Ed
Fags
82 Fags

Search

Manage | Showing 82 Fags

ID

5a9d6c7ble48arcTbec252f6c
5a9d6c7bled8arcfbec25276d
5a9d6c7bledBarcTbe252f6e
5a9d6c7bledBarcfbec25276f
5a9d6c7bled8aicthe252f70
5a9d6c7ble48aTcTbec252f71
5a9d6c7bled48a7cthe252172
5a9d6c7ble48arcTbec252f73
5a9d6c7bledB8arcfbc252774

5a9d6c7ble48aicthe252f75

Tipo

Antes Da Gravidez

Antes Da Gravidez

Antes Da Gravidez

Antes Da Gravidez

Antes Da Gravidez

Antes Da Gravidez

Antes Da Gravidez

Antes Da Gravidez

Antes Da Gravidez

Antes Da Gravidez

Filter - Columns ~

Titulo

Qual a probabilidade de engravidar ...

Que influéncia tem a idade na proba...
Com que frequéncia devo ter relacd...

0O que € a janela fértil?

Como posso predizer a data da ovul...
Existe alquma posicdo durante e ap...

Quando necessério, que lubrificante ...
Qual o efeito do tabaco na fertilidade?
Qual o efeito do dlcool na fertilidade?

Qual o efeito da cafeina na fertilidade?

Download -

+ Create Fag

Resposta

A Fertilidade & definida como a capaci...
A fertilidade relativa diminui em cerca ...
Embora intervalos maiores do que 5d...
Com o intuito de aconselhamento, a j...

O momento do ponto méximo da fertili...
Embora muitas mulheres pensem que...
Dados os diferentes efeitos dos lubrifi...
O tabagismo exerce efeitos deletérios...
0O efeito do élcool na fertilidade femini...

No geral, um consumo moderado de ...

Figure 35.: Page where the FAQs content is managed in the administration panel.
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Create a new Faq

Add item

Figure 36.: Modal dialog to add a new FAQ.

4.4 DISCUSSION

The developed application uses modern technologies and methodologies to
solve a real necessity that pregnant women have. Even though it is not per-
fect, it has a set of features that have the potential to engage pregnant women
more and be useful in the management of their health.

Browser compatibility is one of the factors that may difficult the adoption of
this application. This is not an issue if the user uses Google Chrome, because
the main driver behind PWAs is Google. For other platforms, this issue tends
to decrease over time. For example, with the latest release of iOS Safari in last
March (version 11.3), service workers are now compatible with Safari.

The application works offline, but there are some features available only with
an Internet connection. This could be solved by using the Background Sync AP],
but it is not available in some browsers (e.g. Safari), so the work that would
be applied to enable these functionalities would not pay off at the moment.
However, if this API starts having a more wide spread adoption this may be an

interesting area to improve.
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This system is available on all devices as long as there is a browser and adapts
itself to different screen sizes. On computers, it works as any other website. On
mobile, users can either open it in the browser or add the application to the
home screen, like a native mobile application from the app stores. In both cases,
it works offline and has a wide range of features available. The availability in
such a wide range of devices might have a positive impact in the adoption of
the developed PHR.

If the user adds the application to the home screen, the access to the applica-
tion becomes easier and it will look closer to a native one, since it has a splash
screen and is displayed in fullscreen. This, combined with the fact that the ap-
plication is responsive, which makes the application UI adapt to the screen size,
improves the overall UX and gives a more native look to the application.

The combination of saving content in IndexedDB and using a service worker
impacts positively the performance, since it decreases the time spent in retriev-
ing resources.

From a technical point of view, the application is highly scalable, mainly due
to the MongoDB database and the REST API in the server side. This makes the
addition of new features an easy and intuitive process.

Since the application was developed taking into account feedback from preg-
nant women, it was designed with features that they find interesting and useful.
This, combined with the fact that a medical institution provided reliable infor-
mation, has the potential to engage pregnant women more and turn them more
active in their pregnancy management, which may impact positively birth out-

comes.
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PROOF OF CONCEPT

All projects in the IS field must be evaluated before being openly available. This
evaluation process is important to understand if there are any improvements
that should be made and if the found solution is suitable for its purpose.

In this dissertation, the proof of concept is made in three different ways. First,
a more technical analysis is performed using the Lighthouse tool. Then, a SWOT
analysis is performed to understand the factors involved and which areas need

improvement. Finally, the proposal of a usability test is made.

5.1 LIGHTHOUSE REPORTS

As explained in 3.5, the Lighthouse tool evaluates a web site by giving a score
in the following parameters: Performance, Progressive Web App, Accessibility, Best
Practices and Search Engine Optimisation.

When performing a Lighthouse audit using the Chrome DevTools, it is pos-
sible to choose if the test should be performed in a Desktop environment or
in Mobile environment, which throttling mechanisms should be applied during
the audit and if the browser’s storage should be cleared.

Given the fact that the developed system is a PWA, two audits were performed,
one that cleared storage and one that did not. This way it is possible to evaluate
the performance of the application the first time it is visited (without storage)

and in the following times (with storage). For throttling, the Simulated Fast 3G,
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4x CPU Slowdown option was the one chosen and both tests were performed in

a Mobile environment. The results are shown in Figure 37 and in Figure 38.

=
13 90 87 a0
Performance Progressive Web App Accessibility Best Practices SEOQ

Score scale: w044 w4574 wm 75-100

Figure 37.: Lighthouse report main results when the application is not cached, that is, when a user first
accesses it.

G 0 6 O O

Performance Progressive Web App Accessibility Best Practices
Score scale: e 0-44 w4574 = 75-100

Figure 38.: Lighthouse report main results when the application is already cached.

From the analysis of both results, it is clear that the two main factors that
differentiate one case from the other are the Performance and the Progressive Web
App parameters. The remaining parameters had good scores.

The first time a user enters the application, the service worker caches all the
assets it needs to run the application normally without needing to request assets
to the web server. This is what makes the performance of the application not so
good when the user first uses it. The Progressive Web App parameter is also worst,
because one of the factors used to evaluate it is how fast the application is and
in the first utilisation, as explained before, there are many processes occurring
that impact performance, leading to a worse score.

However, when a user visits the application the following times and the cache
version has not changed, the browser already has all the necessary assets to run
the application. Therefore, it is much faster and performance improves. This is
why the Performance and Progressive Web App parameters are much better in this
case. It is also important to explain that the Progressive Web App parameter has a
score of 92, because the application is not yet using the HTTPS protocol and this
is one of factors evaluated. Otherwise, the application is completely compliant

with the rules that define a PWA.
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To improve performance in the first utilisation of the application, it would be
of great interest to evaluate the impact that some performance techniques, such
as lazy-loading, might have and to identify which assets are harming perfor-
mance the most, so that further studies can be made to understand if they are

really necessary or if some performance technique can be applied.

5.2 SWOT ANALYSIS

According to the concepts presented in 3.5, a SWOT analysis is important to
identify the strengths and weaknesses of a product and which are the external
opportunities and threats of the developed solution, so that further measures
can be defined.

In the study case presented in this dissertation, the main strengths identified

are:
e The possibility to use the system in any type of device;

e The offline capability that allows the application to work without an Inter-

net connection after the first utilisation;
e Responsive Ul that makes the application adaptable to any screen size;

e The fact that it was developed with the support of a medical institution and

taking into account the feedback pregnant women provided;
e Wide range of features available;
e Provides trustworthy information;

e Highly scalable due to the combination of a REST API and a MongoDB

database;
e Easy to use;
e Administration panel to manage content;

e Authentication available, which leads to higher security and privacy.
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On the other side, the main weaknesses that the proposed system has are:
e The performance of the application during the first utilisation is poor;

e An Internet connection is necessary to perform actions that lead to changes

in the database;
e Documents are for now saved in a rather primitive way;

¢ Even though security and privacy were a concern during development, they

need to be improved;

e When a woman creates an account, she needs to add personal information

that she already gave to her obstetrician;

e The documents and appointments areas are not synchronised with the med-

ical institution.

As for now, only internal factors were identified. However, there are external

factors that have influence. The main positive ones, the opportunities, they are:
¢ A more widespread adoption of PWAs by users;
e PWAs available in more app stores;
e Increasing interest from patients to monitor their health;
e A pregnancy is a medical condition that needs extensive monitoring;

e Growth of general apprehension in searching for medical information on-

line.

The threats, that is, the external factors that have a negative influence are the

following:
e There are many alternatives available;

e Some platforms are not fully compatible with PWAs.
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5.3 USABILITY TEST

A usability test assesses how easy and intuitive it is to use the system under
evaluation, as explained in section 3.5. During the scope of this dissertation,
there was not enough time to perform a usability test. However, in this section
a proposal of a usability test to evaluate the developed features is presented.

The first step in a usability test is to define the purpose of the test. In this
case, it is to evaluate if the user can easily use the application and to identify
any major problems that may not let the user use the application fully.

Then, it is important to determine which are the characteristics that the par-
ticipants need to have. In this case, all participants need to be pregnant women,
since they are the target public.

After these two steps, the actions that will be performed by users should be
defined. Each task will have a maximum time to be completed. If, after that
time, the user could not complete the task, the person supervising the test will
complete it if it prevents the completion of other tasks, and the user will do the
remaining tasks. In this case, the tasks and the maximum times of completion

are:
e Create an account (5 minutes);
e Go to one of the pages of the Perquntas Frequentes area (3 minutes);
e Go to the Legislagio page (3 minutes);
e Edit the personal file (5 minutes);
e Add an appointment (5 minutes);
e Edit an appointment (5 minutes);
e Delete an appointment (3 minutes);
e Add a document (5 minutes);

e Edit a document (5 minutes);
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e Delete a document (3 minutes).

The user will have access to a physical copy with the aim of the test outlined,
the tasks to perform and the time available to accomplish them.

As for the measures that will be recorded, they will be:

e Whether the user completed the task:

- If yes, the time necessary to accomplish the task;
e How many times the user asked for help.

In the end, the pregnant woman should have the chance to give her opinion
about the application. Thus, in the printed test there should be a dedicated area
for that use.

After performing the test, all the data recorded needs to be analysed to identify
if there are any abnormal behaviours happening and identify pages that need

to be improved or reorganised in order to be more intuitive to use.
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CONCLUSION

After presenting the work developed under the scope of this dissertation, the
final result will be overviewed and the guidelines for the next steps of this
project are presented.

Thus, in the upcoming section (6.1), a brief summary of the main contributions

is made. Followed by section 6.2 were the next steps in this project are explained.

6.1 CONTRIBUTIONS

This project had two main goals: to develop a PHR for pregnant women that
would provide a set of features they find useful, while also providing trustwor-
thy information about areas they are interested in, and to evaluate the developed
application.

The entire process of developing the application is described, since the re-
quirements analysis to the presentation of the final product, passing through
the literature review, choice of the tools and methodologies, development and
evaluation. During this project, [105] was published. This paper describes part
of the developed work.

To achieve the proposed solution, a web server that implements a REST API
using Node.js and Express, and a Ul using React and Bootstrap, to make it re-
sponsive and mobile friendly, were developed. As for the database, MongoDB
was chosen due to its flexibility and scalability. The combination of a REST API

and a MongoDB database was what made possible to achieve the Research Ques-
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tion 1. To make the application work in both web and mobile, the PWA method-
ology was applied with good results, making the developed system available
in a wide range of devices and answering the Research Question 2. In addition,
an administration panel was also developed, using Keystone]JS, to help in the
process of updating the static content displayed in the application.

The Research Question 3 focused on offering pregnant women a set of features
they find useful. Since the developed system has a wide range of features chosen
from the analysis of the existing literature on the matter and from the feedback
pregnant women provided, one can conclude that this research question was
answered. The fact that a medical institution was involved in the development
of this system also adds value to the final solution, since the development was
supervised by professionals and all the information displayed comes from a
trustworthy source that pregnant women recognise as such. This allowed the
tinal solution to offer reliable information to the pregnant women which was
the goal of the Research Question 4.

Nevertheless, the developed solution is not only important because it gathers
a wide set of features, that are usually not found all together, and because it
has the support of a medical institution, but also because it was completely
developed using modern tools and methodologies. All the technologies used
are modern technologies and methodologies, some of them only now starting
to show their worth (e.g. PWAs), and this dissertation successfully shows how
they can be applied in the health field.

With this approach, the final solution is a system that works on both web
and mobile, works offline, is highly scalable, presents a wide range of useful
features and has the support of a trustworthy institution. It also has the poten-
tial to increase the engagement of pregnant women and maybe improve birth
outcomes.

In the end, the final result was not fully evaluated as aimed. It was not pos-
sible to evaluate its usability, but this process will be facilitated, because of the
connection to the CMIN. When it comes to performance, given that no special

actions were taken to improve it, the final results were still very good. A SWOT
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6.2. Future work

analysis was also performed to evaluate the designed solution and areas that

need attention were identified.

6.2 FUTURE WORK

To make this system available for pregnant women as quickly as possible, the
next step should be to perform the usability test proposed in 5.3. This test is
important to identify areas that need improvement and to adapt the solution to
the feedback provided. As previously explained, this step will have the support
of the CMIN to contact possible participants and to provide a controlled place
to perform the tests.

In the future, after releasing it to the public, it would also be of great interest
to study the adoption rates and the impact such a system has in the engagement
of pregnant women and in birth outcomes.

Given the way this system was developed, it is possible to increase it and
maybe add new features in the future. A possibility that should be taken into
account is to add a connection between this system and the medical institution
that provides care to the pregnant woman and to create an area for the obste-
trician. This would require a great amount of work and research to find the
best solutions, but, in the end, it would be advantageous for both women and
medical institutions, because information would be shared among each other.

In this case, pregnant women would not have to insert the information they
already gave to the medical professionals, and appointments and documents
saved in the hospital’s system would be displayed in the application to the preg-
nant woman.

On the other side, medical professionals would have access to the medical pa-
rameters recorded in the application and alerts could be set to alert professionals

when abnormal values or patterns are detected.
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Mining (DM) algorithms are tested for five different scenarios. The scenarios
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the gestation. Results are promising and the best model achieved a sensitivity
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good alternative to the traditional medical imaging exams in the prediction of
LBW early in the pregnancy.
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