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Machado, for his availability and assistance, and Professor Hugo Peixoto, for all the
support, time and advice given through this dissertation development.
A particular thanks to Professor António Abelha for the opportunity of working
with Centro Materno Infantil do Norte and to Dr. Jorge Braga who have always been
available to help and to receive us and who answered all our questions patiently
and tried to provide all we needed.
To Patrı́cia and Mondim (a.k.a. Catarina), the best team I could ever ask for this
project. Without them I would not be able to develop this work. For their con-
stant help and concern, for the frustration and the accomplishments shared, for
their good mood, for being the best company to learn and work with and for their
friendship, a huge thank you.
To João I must thank for all the support, affection and kindness, for letting me be
foolish, for hearing me, for being patient even when things didn’t go as I would
like them to.
I am also grateful to all my family: cousins, uncles, aunts and grandparents. I am
specially grateful to my parents, Fernanda and Tó-Zé, for their support, for always
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A B S T R A C T

Pregnancy is a period of change and uncertainties. There is a constant search for
information and reassurance that all the changes going through pregnant women’s
body are normal. Furthermore, during the last years the access to information
has increased with the expansion of smartphones and their functionalities and of
mobile apps. With this expansion, the concept of mHealth emerged as the use of
mobile devices in medicine and public health. mHealth is centred on the patients’
care and aims to provide knowledge and empower patients to monitor their health.
In cooperation with Centro Materno Infantil do Norte a supporting platform for preg-
nant women was developed called ”The 10 moons: pregnancy, childbirth and post-
partum period of CMIN”. ”The 10 moons” goal is to provide pregnant women
with access to their pregnancy booklet Boletim de Saúde da Grávida, to personalised
information and to a set of tools that will allow them to monitor their pregnancy
as well as to record appointments and pregnancy-related documents. In order to
make it available to the widest range of users, it was tried to use an efficient devel-
opment approach. Hence, the software development methodology adopted for the
implementation of the platform was the one of the Progressive Web App.
Overall, the development of the platform was divided into three main areas. This
dissertation focus is the pregnancy monitoring and the provision of information in
order to promote a healthy lifestyle and avoid complications during pregnancy.
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R E S U M O

A gravidez é um perı́odo de mudança e incertezas. Há uma constante procura de
informação e de garantia de que todas as alterações pelas quais o corpo passa du-
rante a gravidez são normais. Além disso, nos últimos anos o acesso à informação
tem aumentado com a expansão dos smartphones, das suas potencialidades e das
aplicações móveis. Com esta expansão surgiu o conceito de mHealth como o uso de
dispositivos móveis na medicina e na saúde pública. mHealth centra-se no cuidado
dos pacientes e procura dar aos seus utilizadores mais conhecimento e autonomia
para monitorizar a sua saúde.
Em colaboração com o Centro Materno Infantil do Norte foi desenvolvida uma
plataforma de apoio às grávidas chamada de ”As 10 luas: gravidez, parto e pós-
parto do CMIN”. ”As 10 luas” tem como objetivo fornecer às grávidas o acesso
ao seu livro de gravidez Boletim de Saúde da Grávida, a informação personalizada
e a um conjunto de ferramentas que lhes permitam monitorizar a gravidez bem
como registar consultas e documentos médicos relacionados com a gravidez. Para a
sua implementação foi procurado uma abordagem de desenvolvimento eficiente de
forma a que a plataforma estivesse disponı́vel para o maior número de utilizadores.
Por conseguinte, Progressive Web App foi a metodologia de desenvolvimento de
software adotada para a implementação da plataforma.
O desenvolvimento da plataforma foi dividido em três grandes áreas. O grande
foco desta dissertação é a monitorização da gravidez e o fornecimento de informação
com o objetivo de promover um estilo de vida saudável e evitar complicações du-
rante a gravidez.
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1

I N T R O D U C T I O N

The work presented hereby aims to describe the development of a Progressive Web
App (PWA) as a supporting tool for future mothers during their pregnancy. This
project was developed in cooperation with Centro Materno-Infantil do Norte (CMIN)
and the platform, which is called ”The 10 moons: pregnancy, childbirth and post-
partum period of CMIN”, includes three main subjects: answers to common ques-
tions and legislation; the pregnancy health record booklet entitled Boletim de Saúde
da Grávida (BSG); monitoring pregnancy and information on a healthy lifestyle dur-
ing pregnancy. Therefore, this dissertation is focused on the third subject – mon-
itoring pregnancy and information on a healthy lifestyle during pregnancy – that
incorporates the main project referred, which is being developed with other two
colleagues.
This first chapter is divided in three sections. Section one presents a short back-
ground describing the relationship between pregnant women and technology. Af-
terwards, the motivation behind this work, the objectives and Research Questions
(RQs) for this project development are described on the second section. Lastly, it is
introduced this master thesis structure in order to ease its reading.

1.1 background

Whether soon-to-be mom or soon-to-be dad, pregnancy is one of the life events that
entails a great need of information. Family and friends, newspapers and magazines,
written information from professionals and commercial entities might all be sources
of pregnancy-related information. Besides those, all kinds of information are acces-
sible to individuals by means of the Internet [1, 2, 3]. Studies have shown that a
large percentage of pregnant women around the world use the Internet as a source
of information on pregnancy, complementary to the information from professionals,
where foetal development, nutrition and childbirth are the most common subjects
among other topics such as delivery complications, pain management and physical
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exercise during pregnancy [4]. Nevertheless, the amount of information provided
by the Internet on the pregnancy subject could be difficult to handle and, therefore,
overwhelming and cause stress [5].
Bjelke et al. (2016) in [5] developed a Swedish study whose purpose was to show
how the Internet is being used by pregnant women and the impact it has on them.
This study had 183 participants, who more than half were aged 26 to 34, and whose
educational level was university. They were predominantly in a relationship and
only about 40% of the women were pregnant for the first time. 95% agreed that
the main purpose of searching online information during pregnancy was to merely
find information. The Swedish study results have also shown that most women
seek pregnancy-related information online – being information websites and forum
websites the most consulted with 94% and 71,6% of the participants, respectively,
using them – weekly.
The previous Swedish study realised that the socio-demographics characteristics of
the participants would significantly influence the searched topics [5]. The partici-
pants who were pregnant for the first time would read more often information on
nutrition, on the new born baby and on physical exercise through pregnancy when
compared with the ones who have already been pregnant. The participant’s age
would influence too, revealing the concern of the older pregnant women (over 35

years old) on the prenatal diagnosis topic. This is understandable since foetal mal-
formations are more frequent among older women [5, 6]. Besides that, the women
who have attended parental education classes would search less often information
related to the new-born baby and prenatal diagnosis. Furthermore, a huge number
of participants, around 65%, said that they felt worried after reading pregnancy-
related information searched on the Internet, where forum web pages were the
ones that would be causing more worries – on those forums the shared experiences
are mainly negative resulting on an unrealistic idea of pregnancy and childbirth [5].
Moreover, almost half of the smartphone users are aged between 18 and 34 years
old, which match with the childbearing demographics in most developed countries
[1]. An Australian study with 410 participants reported that the three major reasons
for using a pregnancy app were to track their own body and to access information
about foetal development and about the changes in their body during pregnancy
[7]. They also found out that most of the participants felt that the used pregnancy
apps were useful or helpful by giving useful information and by helping women
to monitor their foetus and the changes in their body. The results have also shown
that the participants would enjoy more interactive apps, since on those apps they
could store and manage data letting them feel they were personalising the output
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of the app [7].
In this context, this master thesis project consists on a development of a PWA as a
supporting tool for CMIN pregnant women. CMIN is the Centro Hospitalar do Porto
hospital unit responsible for neonatology, paediatric, gynaecology and obstetrics.
The PWA, a cutting edge technology created in 2015, was built using the MERN
Stack technologies and allowed us to have a fully functional and versatile web app
on computers and smartphones of all kinds of Operating Systems (OSs). The re-
search methodology used was the Design Science Research (DSR), which is used on
useful and rigorous Information Technology (IT) solutions development and assess-
ment. It must also be said that this tool, ”The 10 moons: pregnancy, childbirth
and post-partum period of CMIN”, was implemented in cooperation with Patrı́cia
Loreto and Catarina Peixoto, two other students of the Mestrado Integrado em Engen-
haria Biomédica. Besides, this project has three main subjects, as it has already been
said. Answers to common questions, legislation, other small features and the main
back-end were Patrı́cia Loreto’s responsibility and Catarina Peixoto was entitled to
the BSG. Thus, the last subject – monitoring pregnancy and information on a health
lifestyle during pregnancy – will be the focus of this master thesis.

1.2 motivation

According to the market search report [8] from 2013, pregnancy apps, aside from be-
ing a popular topic among health and fitness and medical categories, were adopted
more frequently than fitness apps, which seems reasonable. Through pregnancy
soon-to-be moms experience a wide range of emotions since their body changes
rapidly and questions are raised while moving over to parenthood and learning
how to care for a newborn [1, 7, 2, 3]. According to Direção Geral de Saúde (DGS) in
[9], women with a low risk pregnancy usually have around 7 medical appointments.
In between these appointments, many of them need information and reassurance
that what is happening during their pregnancy is normal. The uncertainty, the
doubts and the questions they have lead them to a search of information and ad-
vice [1, 5].
Since many women who are looking for maternity care and child health services
use these kinds of apps and find them a valuable source of information and guid-
ance, healthcare and public health professionals realized that these apps might be
considered in the future planning of care provision [1, 10]. Nevertheless, as said on
the previous issue of this chapter, all the amount of knowledge provided upon ma-
ternal and foetal health, from general pregnancy facts to personalised and gestation-



1.3. Objectives 4

specific information, may be difficult to handle and increase women’s anxiety by
offering all these advice and guidance. Furthermore, as well as internet information
might be unreliable or even potentially harmful, the reliance on pregnancy apps in-
stead of a health professional could be a cause of concern along with the validity
and credibility of the information provided [1, 7].
The present work seeks to integrate some features on the main project in order to
display pregnancy-related information supported by CMIN without overwhelming
the users with unnecessary details and to encourage women to self-monitor their
pregnancy. Besides being developed in cooperation with CMIN, the present work
has added value and it is their interest to provide an app which will support their
patients during pregnancy. Additionally, this project will be used by CMIN as soon
as it is concluded.

1.3 objectives

The main aim of this work is to implement a supporting tool for CMIN pregnant
women. This assistance would be provided by a PWA which will give access to the
pregnancy booklet BSG, to a set of FAQs and legislation, to pregnancy-related infor-
mation and advice on health. It will also allow future mothers to store documents
and record appointments. Therefore, the following RQ and objectives to respond
to these questions were established. The first three RQ are related to the platform
implementation phase.

RQ 1 How is it possible to develop a website and a cross-platform mobile app
efficiently?

• Analyse the different types of mobile development.

• Analyse the different technology stacks for the chosen type of mobile app.

RQ 2 How is the platform going to monitor future moms during their preg-
nancy?

• Give weekly information on foetal development.

• Give pregnancy related information, such as changes on pregnant woman’s
body, nutrition, physical activity and other tips based on gestational age and
on the BSG.

• Develop a pregnancy log.
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• Create a monitoring tool to track gestational diabetes.

RQ 3 How can the User Experience (UX) given by the implemented supporting
tool be enhanced?

• Create a responsive interface.

• Make the platform usable even when the user is offline.

• Create a dashboard to ease the user’s interaction with the platform.

The second phase of the project focuses on the validation of the system developed
for the CMIN pregnant women. Therefore, the following two RQ are intended to
evaluate and to propose improvements.

RQ 4 What is the viability and usability of the developed platform and its utility
for its users (the future mothers)?

• SWOT Analysis of the developed supporting tool.

• Usability Test execution to assay the developed supporting tool.

RQ 5 How and where can the new platform for pregnant women improve?

• Elaboration of modifications and improvements propositions since it is hoped
that the work presented hereby is continued, maintained and expanded.

1.4 document structure

The presented document is structured in seven chapters.

Chapter 1 – Introduction: This chapter presents the context of this project intro-
duced by a background about the pregnancy and technologies relationship. It
also presents a small overview of this project development and the entities, peo-
ple, methodology and technologies involved. Still on this chapter, the motivation,
the RQ and the aims of this project are also explained.
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Chapter 2 – State of the Art: Here, the concepts related to the project are explored
through three main issues. The first one is about the mobile development. This
subject is introduced by a short elucidation of the cross-platform mobile develop-
ment difficulty and followed by a description of the three types of mobile apps –
native, web and hybrid apps – and the PWA technology. Then, the mobile health
section brings concepts like Personal Health Record (PHR) and, obviously, mHealth.
The advantages and disadvantages of mHealth are also explored and examples are
given. At the end of this section it is explained and demonstrated how important
the UX is to the mHealth users. Lastly, the State of the Art provides a summary of
six pregnancy apps which are currently at the top results of Google Play and App
Store. Moreover, the advantages of the developed tool, when compared with the
previous six apps, is displayed.

Chapter 3 – Research Methodology and Technologies: The methodology adopted
for the development was the DSR which is indicated for IT solutions. This method-
ology is described in the first section of this chapter and its guidelines are presented.
The following section justifies the choice of stack made for the development. Then,
all the technologies used – MongoDB for the database, Express.js and Node.js for
the back-end, React for the front-end – are also described.

Chapter 4 – Supporting Tool for Future Mothers During Pregnancy: In this chapter,
the developed platform during this master’s thesis is described. It starts by pre-
senting the requirements which were established by CMIN and the features added
to enrich the platform. Following the first section of this chapter there is the sys-
tem architecture, where it is explained how the MERN Stack technologies interact
with each other. Here is also explained how the web app, which was initially
implemented, is converted to a PWA and the advantages of this transformation.
Eventually, the components on which this work is focused are closely described.
Therefore, this chapter ends with the description of the six modules implemented
for the main project. The User’s Home Module is the platform dashboard. The
Health and Well-being Home Module introduces the health tips and pregnancy re-
lated information by giving access to the Pregnancy Log, Foetal Development and
Advice for Future Moms Modules. There is also a module aimed at monitoring
gestational diabetes or diabetes mellitus: Gestational Diabetes Record Module.

Chapter 5 – Discussion: This chapter is used to make an overview of the devel-
opment of the supporting tool, starting on the choice of the type of mobile app
until the six modules which are described on this dissertation. The choices made
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are discussed and, for a better reading, this chapter is divided in two sections: the
discussion made on the choices of the mobile development and technologies and
the discussion made on the supporting tool development.

Chapter 6 – Proof of Concept: The aim of the proof of concept is to demonstrate
the feasibility of what has been developed. In order to do that, this chapter has
two main sections: the SWOT Analysis and the Usability Test. The first section
describes the concept of the SWOT Analysis and applies it to the developed tool.
The strengths and weaknesses of the platform are identified as well as the external
factors that might influence positively and negatively the adoption of the developed
tool. The second section, the Usability Test, suggests a usability test that might be
implemented on the platform. Unfortunately, there was no time to implement one
and analyse its results.

Chapter 7 – Conclusion and Future Work: This is the last chapter of this disserta-
tion. Here the main contributions are presented by answering the RQ introduced
on Section 1.3 and, through this, a summarized overview of all the work developed
is made. Still, on this last chapter, the possible directions for the future work to
allow this project to be continued, maintained and expanded are presented.



2

S TAT E O F T H E A RT

On this second chapter the state of the art of the terms and concepts mentioned
or related to the development of this project is presented. This chapter is divided
in three main issues: ”Mobile Development”, ”mHealth” and ”Pregnancy Mobile
Apps”. The first one, ”Mobile Development”, is intended to present the challenge of
developing a cross-platform mobile app, the types of mobile apps currently existing
and, lastly, the solution found and that is implemented on this project - the PWAs.
Thereafter, the concept of mHealth, the second issue, comes with its advantages,
disadvantages and three examples of its impact on patients with cardiovascular
diseases. Also in this issue, it was chosen to mention the importance of UX to
lead the users to adopt mHealth technologies on their day-to-day life. The last
issue, ”Pregnancy Mobile Apps”, analyses six pregnancy apps currently available
at stores and compare their features to what was proposed to do on this thesis.

2.1 mobile development

Year by year, the number of smartphone users has been growing, and yet their OS
isn’t the same for all, being Android, iOS and Windows Phone the most ordinary.
When developing a mobile app, the main goal is to reach as many users as possible
and, since the OSs aren’t compatible with each other, that means developing the
same app for each mobile platform [11]. On Table 1 it is shown the predominant
differences between the two main OSs (Android and iOS), which must be taken
into consideration when implementing an app [12, 13].

8



2.1. Mobile Development 9

Table 1.: Main differences between Android and iOS operating systems (based on [12, 13]).

iOS Android

Virtual Machine No Dalvik VM
Programming Language Objective-C Java
User Interface Cocoa Touch XML files
Memory Management Reference counting Garbage collector
IDE XCode Eclipse (2013)
Platform Mac OS X Multi-platform
Devices Homogeneous Heterogeneous
App market iTunes Apps Store Google Play Store

It is easy to notice that between iOS and Android the programming language,
user interface, memory management, IDE, platform and so forth are all different.
Perchat et al. (2013) give in [12] two more particular examples of the struggles of
developing a mobile cross-platform application: the developer may use a navigation
controller – a container view controller that manages the navigating hierarchy of
the content since only child view controller is displayed at each time [14] – on iOS
platforms, but that cannot happen on Android; and certain notions like using intent
processes to launch certain actions applies on Android platforms but not on iOS.
Mobile apps can be divided based on the technology that was used to create them
and also based on the OS where they are capable of running on. Thus, there are
three types of mobile apps: web app, native app and hybrid app [11].

2.1.1 Web App

This first type of mobile app is implemented by using web technologies – like HTML
5, JavaScript (JS) and CSS –, hosted on remote servers and served via standard pro-
tocols. They are mobile-optimized websites which will use the web mobile browser.
Their processing is done on the server and only the user interface is rendered on
the mobile [11, 15].
The main advantages of this type of app are the technologies used to implement
them, HTML 5, JS and CSS, which are technologies easy to learn and develop.
Therefore, the amount of time and effort to develop an app for the various OSs is
lower [11]. By using the web mobile browser to run and with all the processing
done on the server, these apps only need to be developed once. They will also be
able to run on different OSs and will offer a uniform experience across platforms
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[15]. Additionally, these web apps as well as their data are simple to update [11].
On the other hand, the web apps can’t be available at any store. They are accessed
by entering the Uniform Resource Locator (URL) on the mobile web browsers. This
also means that they need internet connection to run the app [11, 13].

2.1.2 Native App

Mobile native apps are created with the tools and programming language charac-
teristic of a certain platform, thereby they are developed for a specific operative
system [11]. They are available at the corresponding stores from where they can
be downloaded and, then, stored locally. Lastly, they have access to all the device
hardware and software [11, 15].
On the one hand, the native apps characteristics lead to some advantages. Their
performance is higher than any other type due to being developed directly upon
the mobile platform services and the platform-specific Application Programming In-
terface (API) [11, 15]. The access to the device hardware and software will allow
native apps to take advantage of the look and feel of the OS – the design and be-
haviour of the User Interface (UI) is characteristic of the OS – and, thereby, creating
a good UI [11, 13].
The main setbacks are related to the developing time, cost and effort. Firstly, devel-
oping a native app is a lot harder than developing a web app and it takes a higher
level of experience. Moreover, each OS requires a different version of the same app,
because the code used on one mobile platform cannot be used on another. This
results on an increasing of the developing and maintaining time, cost and effort
[11, 15].

2.1.3 Hybrid App

This third type of mobile app is a mixture of the best parts of the two referred
behind. The mobile hybrid apps are implemented with the same standard web
technologies used to develop a mobile web app – making them structurally similar
and their UI can be reused on different OSs – along with being rendered inside the
native app [11, 15]. They are also developed with a hybrid development framework.
With this tool, developers are given access to a web-based code wrapper and also
to a generic JavaScript API. This last one, the generic JavaScript API, will work as
a cross over between the web-based code and the corresponding platform API [15].
Hybrid apps, like native apps, are available at stores [11, 15].
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The main advantage is the possibility of creating a cross-platform web-based mo-
bile app as well as being used for server back-end or for standalone app [11, 15].
Likewise the mobile web apps, when used for server back-end the data will be
stored on the server and, thereby, they will have a smaller size. Besides, they are
easy to develop and maintain [11].
On the other hand, the main setbacks are the performance, the limited number of
APIs and the lack of look and feel at the UIs. When compared with the native apps,
the hybrid apps performance is lower. Secondly, the number of APIs provided by
the wrapper is only a subgroup of all the possible APIs provided by each OS [15].
Finally, the UIs lack look and feel. However, it is possible for hybrid apps to achieve
the look and feel of the OSs [11].

2.1.4 Progressive Web Apps - the cutting-edge technology of mobile web apps

PWAs, a technology that was introduced in 2015, belong to the category of web
apps whose aim is to heighten the mobile web experience by seizing the new fea-
tures supported by the modern browsers. The first time accessing to the PWAs is
through the browser as a classic web app. Only then can the user decide to install
the PWAs in the device and benefit from a mobile web experience improved on
conversions, reliability, performance and engagement [15, 16].
Before explaining the reasons why the mobile web experience is improved with
PWAs, the technical foundation behind PWAs must be introduced: the Service
Worker API. These Service Workers (SWs) are a JS file that runs in parallel with
the main browser thread. They allow developers to programmatically cache and
preload assets and data as a client-side proxy, to manage push notifications, back-
ground sync, among others. Therefore, for a mobile web app to be classified as a
PWA it must be served over Hyper Text Transfer Protocol Secure (HTTPS) (which is
a request for the use of SWs, coming with a web app manifest – it is a JavaScript
Object Notation (JSON) text file with information about the app (short name, name,
icon and a start url) – and use one SW at least [15, 16, 17]. Only when matching
these conditions and the web app is visited at least twice and more than five min-
utes apart, a banner will appear and ask to install the PWA [17].
The first point where PWAs were improved was on conversions by using the web
design strategy of progressive enhancement. This strategy uses the basic content
and functionalities of the webpage as first layer. Afterwards, it adds more func-
tionalities depending on the users’ browser and internet connection. The reliability
comes from the fact that, unlike the standard web apps, the PWAs work with low
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or no network connectivity. The dependence on network is erased as well as the
performance is augmented due to the fact of having a SW running on the back-
ground as described on the previous paragraph. PWAs can also be installed on
the device and accessed from an icon on the home screen. Adding the possibility
of push notifications and running in a full-screen mode to the icon on the home
screen, we have a set of mechanisms to engage the users [15, 16].

2.2 mHealth

The traditional healthcare processes have become obsolete [18]. With all the ad-
vancements in healthcare practice, the demand for electronic health systems, also
known as eHealth systems, has grown [19, 18, 20]. Moreover, Health Information Tech-
nology (HIT) has grown to be a strong area of Information System (IS). Socio-economic
and technical developments on the health care sector are the main causes behind
this grown. With the population ageing and the increase of chronic diseases, the
costs on health care have also enlarged. However, storing, sharing and analysing
health information as well as using software and infrastructure on medicine and
clinical practice, which are part of HITs, might reduce these costs and raise the
health access, quality and outcomes [21, 20, 22].

2.2.1 Personal Health Records and mHealth

PHRs aim to provide the patient with the ability to safely and confidentially ac-
cess, manage and share their health information [23, 24]. PHRs supply patients and
healthcare providers with a complete summary of patients’ health history. They
also empower patients to have a more active role on their own health, to improve
their health literacy with complete and accurate health information, to make better
communications with their healthcare providers and to practice preventive self-care
routines [24, 25, 26, 27, 28]. Thus, the healthcare costs are reduced [29].
Along with the enhancement of mobile phones functionalities and computing capa-
bilities, with their constant presence in our day-to-day life, the expansion of medi-
cal apps came out [30]. The notion of mobile Health (mHealth), a sub-segment of
eHealth, as the use of mobile devices in medicine and public health to deliver health
interventions has emerged [31, 32]. In their 2011 report in [33] the World Health
Organisation (WHO) stated that their Global Observatory for eHealth (GOe) defined
mHealth as ”medical and public health practice supported by mobile devices, such
as mobile phones, patient monitoring devices, personal digital assistants (PDAs),
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and other wireless devices”. mHealth encompasses not only simple strategies like
the use of short message service, SMS or text message, but also more sophisticated
strategies such as apps that might use external devices like medical sensors or
smartphone resources like camera, allowing most of the patients and users to be
involved in their own health care [30, 34, 33].

2.2.2 The mHealth pros and cons

In order to be used by healthcare systems, mHealth apps must meet some security
requirements. There is a long list of threats that mHealth apps face, from privacy
threats – identity theft and disclosure threats among others – to leakage of informa-
tion and to data-stealing and data-injection attacks resulted from the use of external
devices. Storing unencrypted data on smartphone external storage, a usual appli-
cation procedure, is also dangerous since the user’s data stored on external storage
might be accessed by any other application with permission to access external stor-
age [30].
However, there are many more advantages with the use of mHealth. It is a strong
health behaviour tool which adds value to health care professionals and patients
by reducing the healthcare cost and increasing the patient’s satisfaction as well as
the healthcare services and professionals’ efficiency. mHealth leads to a patient-
centred healthcare model [30, 34, 27]. Not only health professionals are able to
monitor their patients’ health through mHealth, but also these same patients and
users are empowered to monitor their own health related problems or even to un-
derstand certain medical condition [30, 27].

2.2.3 mHealth examples

In [35], the ”mHealth in Cardiovascular Health Care” 2016 review, the impact of
text messages mHealth intervention to prevent cardiovascular disease is shown. A
New Zealand trial with 9100 smokers has demonstrated that receiving simple text
messages interventions would double the odds of quitting smoking in the following
six months [36]. Moreover, in Australia, a trial [37] with 710 patients with coronary
heart disease was conducted. This trial addressed multiple cardiovascular risk fac-
tors and patients would receive four text messages each week for the following
six months. The results after this six months period have shown that the ones re-
ceiving these text messages interventions – which were personalised with patient’s
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name and information on smoking, physical activity, diet and general heart health
– would have lowered LDL-cholesterol, systolic blood pressure and Body Mass In-
dex (BMI). Besides, a larger percentage of these patients became physically active
and had quit smoking [37]. Furthermore, Widmer (2015) in [38] also conducted a
study with coronary heart disease patients, whose aim was to assay the impact of
a mobile app on patients’ weight, blood pressure, lipids, exercise capacity, rehospi-
talization and emergency department visits. Both experimental and control group
would have access to the traditional cardiac rehabilitation, yet the experimental
group would also have access to a mobile app for the three previous or following
months of rehabilitation. Therefore, the experimental group has presented a signif-
icant improvement in systolic blood pressure, weight, lipids and exercise capacity.
The rehospitalizations as well as the emergency department visits were lower on
the experimental group.

2.2.4 The importance of user experience on mHealth

Nowadays, web sites and apps should be more than a product for specific users
to achieve certain tasks. Their success not only depends on what they do, but
also on how they do it and how they are perceived by its users. For them (users),
the value of an interactive product is reflected on how it satisfies their needs in
a specific situation [39, 40, 41]. Although UX attributes and relationships are a
scope difficult to understand and assess, human-computer interaction researchers
have acknowledged the importance of this UX – the experience given by a product,
system or service to its users through interaction [39, 41, 42]. mHealth apps are no
exception. Their success depends on their usability – how well it is being used by
their users – and on their users’ experience. The only way of leading users to adopt
these mHealth apps is by ensuring a good UX [31, 43].
Diabetes mellitus, type 1 and type 2, is a common condition to many people of
all ages and their patients must be daily monitored [44]. Consequently, there is a
great number of apps on this subject which are built to be trendy and with fast
responding abilities. Clearly the target audience of these apps are the youth with
diabetes. However, the vast majority of people affected by this disease are aged
50 or older and most of them are unwilling to use these apps. The reason behind
this is that for them, the elderly, those apps are neither easy and appealing to use
nor useful and motivating. Having these as their starting point, Kalimullah and
Sushmitha (2017) have shown the importance of UX on mHealth by adapting an
app for elderly people diagnosed with diabetes mellitus. In their study, to the
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control group was given Glucosio app and to the experimental group a simpler
version of this Glucosio app. In this simpler version of the app, the changes on the
UI, for instance displaying one button only to view their readings instead of having
to navigate between different menu options, has increased the UX of the elderly
users [43].

2.3 pregnancy mobile apps

Electronic Maternity Record (EMR) are a specific type of PHRs used for maternal care.
EMRs are usually a way of exchanging pregnant women’s health data between
healthcare providers such as obstetricians, nurses and nurse-midwives. Providing
future moms access to a summary of their maternity records would calm them and
make them more comfortable during their pregnancy as well as informed [45, 46].
The expansion of smartphones and mobile apps has been enormous and taking
advantage of those tools to develop a mobile app for pregnant women, which has
an EMR integrated, might be an efficient and easy way to provide antenatal care
and to monitor pregnancy.
Lupton and Pedersen (2016) in [7] divided the pregnancy apps on three categories,
where one of them was about pregnancy and foetal monitoring and the others two
were ”pregnancy information” - with information on foetal development, nutrition,
exercise and health behaviours - and ”entertainment”. The apps of the first referred
category would encourage women to monitor their:

• Weight, waist measures and foetal movements;

• Diet and water consumption;

• Symptoms, moods, cravings, energy levels and sense of hunger.

In 2016, Bachiri et al. in [31] led a study where 33 pregnancy mobile apps were
analysed. At the end they concluded that to have an accurate and complete preg-
nancy tracker the pregnancy mobile apps should contain the greatest amount of
areas of pregnancy. They have also reached the conclusion that the features of the
mobile pregnancy apps must be adapted to their users needs. Therefore, here are
presented some apps which belong to the categories ”pregnancy and foetal mon-
itoring” and ”pregnancy information”. The following apps were chosen from the
stores Google Play and App Store top results when searching for pregnancy-related
apps.
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Table 2.: Examples of pregnancy apps currently available at stores.

Name Description Main Features OS

What to Expect - A pregnancy tracker app - Birth date calculator based on the first Android
Pregnancy & which gives daily and day of the last menstruation or on the conceiving and iOS
Baby Tracker weekly information on the date;

foetus development, tips - Videos showing the weekly changes of the
and articles based on the baby;
due date. - Tips on healthy eating, sex and common

symptoms during pregnancy;
- Suitable for moms, dads, caregivers or
relatives.

BabyCentre - My A pregnancy tracker app - Birth date calculator based on the first day of Android
Pregnancy & which gives weekly tips. the last menstruation; and iOS
Baby Today It gives access to videos, - Birth date countdown;

articles, baby essentials - Weekly information on foetal development and
and health solutions. mother’s body;

- Suggestions and tips about healthy habits;
- Belly pictures;
- Contraction timer;
- Forum community.

Pregnancy + A pregnancy tracker app - Birth date calculator based on the first day of Android
which gives weekly tips. the last menstruation or on the conceiving date; and iOS
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It gives access to videos, - Birth date countdown;
articles, baby essentials - Weekly information on foetal development and
and health solutions. mother’s body;

- Suggestions and tips about healthy habits;
- Doctor appointments and tasks records;
- Belly pictures;
- Contraction timer;
- Foetal movement counter;
- Weight monitoring;
- Birth plan;
- Information on food, labour, physical activity
and breastfeeding.

WomanLog A pregnancy calendar - Birth date calculator based on the first day of Android
Pregnancy where it’s possible to the last menstruation or on the conceiving date.

record pregnancy It has also the option of inserting the schedule
information each day. due date.

- Birth date countdown;
- Weekly information on foetal development;
- Calendar with: contraction timer; foetal
movement counter; medical appointments and
moods records; weight, waistline size and
symptoms monitoring.

Wellness for 2: A pregnancy tracker. - Birth date calculator; iOS
Pregnancy - Information on foetal development, on changes
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Wellness Toolkit on mother’s body and advice;
for Mom & Baby - Exercise, symptoms, weight, waist

measurements, meals and water intake tracker;
- Foetal movement counter;
- Contraction timer.

Ovia Pregnancy A pregnancy tracker app - Birth date calculator based on the first day of Android
Tracker & Baby that gives daily and the last menstruation, or on the conceiving date and iOS
Countdown weekly information on date or even on the pregnancy duration;
Calendar the foetus development, - Birth date countdown;

tips and articles based on - Weekly information on foetal development
the due date. and mother’s body;

- Suggestions and tips about healthy habits;
- Calendar to record doctor appointments, notes
and milestones;
- Contraction timer;
- Foetal movement counter;
- Weight and blood pressure monitoring;
- Moods, symptoms, physical activity,
medication, sleep, meals and water intake
tracker;
- Health assessment (health history);
- Health alerts.
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Overall, ”Ovia Pregnancy Tracker & Baby Countdown Calendar” is the closest
version to the aim of this thesis. Besides all the common features to the other apps,
it also collects information analogous to the data that pregnant women must record
on their booklet BSG. This feature is called ”health assessment” and it records in-
formation such as the number of babies at the current pregnancy, the existence of
gestational diabetes in a previous pregnancy, family history, conditions (zika, aids,
syphilis, toxoplasmosis, herpes, hepatitis B or C), autoimmune diseases, medica-
tion to help prevent preterm birth or other medication, etc. Then, it supposedly
personalises the app providing informative articles with the data collected in the
”health assessment”. Besides, it has a great user interface and it gives, on the whole,
a good UX. However, there isn’t a Portuguese version of this app yet, it does not
work offline denying its access to the users and, even when the user states that has
diabetes or gestational diabetes and has to take insulin, it doesn’t provide a tool to
monitor blood sugar nor insulin doses.
All the previous six apps need the user to insert her due date, otherwise the user
cannot have access to it. Although all of them have interesting UIs, they have lim-
ited features. ”What to Expect - Pregnancy & Baby Tracker” and ”BabyCentre - My
Pregnancy & Baby Today” are both mainly just informative apps, but they lack per-
sonalisation. To ensure a bigger UX it would be necessary to use them along with a
monitoring app like ”WomanLog Pregnancy”. ”Pregnancy +” could be a solution,
like ”Ovia Pregnancy Tracker & Baby Countdown Calendar”, to give a better UX
by having an app that displays pregnancy-related information. It also lets the user
monitor its pregnancy and is more customized. However, the monitoring is limited
to record the weight and foetal movements and it doesn’t take advantage of the
data collected to alert the user if needed.
The main difference and advantage between the previous apps and the supporting
tool here proposed for future mothers during pregnancy is that it was implemented
with the PWA methodology. This methodology will allow our app to be available
to a higher range of users, with less developing time, cost and effort than the native
apps. The advantages of the PWA over the web apps are obvious and they may
seem a viable alternative to hybrid apps. Moreover, PWA will also work on com-
puters without extra developing time, which neither hybrid apps nor native apps
are able to. Clearly, PWAs are more advantageous than any other type of mobile
app (native, web or hybrid app).
Furthermore, the app here proposed has a set of useful features for pregnant
women and all these features make it a more complete supporting tool than the
ones previously presented. This app will allow users to have access to an EMR.
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There they can record more safely the same health information that they would
record on their pregnancy health record booklet as well as their weight, their blood
pressure and the foetal movements. Users will also have access to a more com-
plete calculator of the due date than the ones used by the previous apps. Pregnant
women are able to record appointments and save medical exams that they might
have done. Besides, all the doubts that they might have are answered by a set of
previous, during and after pregnancy FAQs.
Finally, the app will provide an optimized and customized experience due to be
based on the recorded data [47]. Thus, the developed app has a set of features
which will allow monitoring pregnancy, enhance the UX and make it more user
friendly than the ones previously presented. This part of the app is also the focus
of this thesis. These features encompass the foetal development information, the
diary where pregnant women can record, for instance, what they have eaten, infor-
mation on the changes of the mother’s body, articles suggested based on the health
history of the user, record blood sugar levels in case of having diabetes or gesta-
tional diabetes, among others features. The user friendly characteristic is granted
by the dashboard home screen that makes it easier for users to find information,
the main monitoring tools and a birth date countdown. In conclusion, the app here
proposed is a more complete and accurate pregnancy tracker than the previous
ones.
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R E S E A R C H M E T H O D O L O G Y A N D T E C H N O L O G I E S

Before developing the platform, a long and exhaustive analysis of the methodolo-
gies and technologies viable and available at the present time was made. The tech-
nologies were selected based on their advantages, on how suitable they were to
achieve our aims and needs and on the UX they would provide. Therefore, it was
chosen to use one of the two most popular stacks: the MERN Stack. Behind this
stack of various technologies is one and only programming language. By having JS
as the only programming language, the development time and cost is reduced and
the efficiency is improved. For instance, different programming languages don’t
have to be understood to develop the front-end as well as the back-end [48].
This chapter is divided in six sections. It starts by introducing the research method-
ology chosen: the DSR methodology. This is used on the building and assessment
of useful and rigorous IS solutions. Afterwards, the choice of the stack is explained
and compared to two others: the old-school LAMP Stack and the direct contes-
tant MEAN Stack. The following four sections describe the four technologies used
on the development of this project and which form the MERN Stack: MongoDB,
Express.js, React and Node.js.

3.1 design science research methodology

The hardware, software and human interfaces of the IS are constantly changing and
adapting. From this challenge the DSR methodology has emerged. The DSR can be
defined as a problem-solving paradigm, which is having great impact on Engineer-
ing and Computer Science areas [49, 50]. It is a strict process that aims to produce
knowledge: to design artefacts to solve a problem, to assess what was designed and
what is functioning and to share the achieved results [51]. These artefacts might be
instantiations (implemented and prototype systems), constructs (vocabulary and
symbols), models (abstractions and representations) or even methods (algorithms
and practices). Besides, the knowledge produced by the DSR comes from a rigor-

21
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ous method of scientific research and the improvement of the artefact relevance and
utility is fundamental [52].

Figure 1.: Schema of the DSR methodology appliance to IS which combines behavioural-science
with design-science (based on [52]).

Figure 1 represents the DSR methodology. The problem space is defined by its
environment and its aims, problems, opportunities and tasks clarify which are the
business needs or problems. The research relevance is guaranteed by having re-
search activities that respond to the business needs. The research oscillates be-
tween two phases: the develop/build and the justify/evaluate phases. The research
assessment is made through the justification of theories and the evaluation of arte-
facts. After the identification of weaknesses, the developed theories and the built
artefacts are refined and reassessed. The information on refinement and reassess-
ment is usually outlined in future research directions. Lastly, the knowledge base,
which encompasses the foundations and methodologies, provide the raw materials
required by the IS research [52]. Based on this, seven guidelines should be followed
to conduct a good DSR within IS [49, 52]:
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1. Design as an artefact: when applying the DSR methodology to any IS, the result
must be a viable and useful artefact. It must be an instantiation, a construct, a
model or even a method implemented on the development and use of the IS.

2. Problem relevance: the technology-based solution found and implemented by
the DSR paradigm must be to important and relevant business problems.

3. Design evaluation: the design utility, quality and efficacy for the problem is en-
sured by its evaluation. The environment where the artefacts are implemented
set up the evaluation requirements.

4. Research contributions: the artefact must find the solution to a problem that
hasn’t been solved yet or come up with a more effective one. Either way, a
new research contribution is formed by the artefact. There are three types of
research contributions: the design artefact, the foundations and the method-
ologies. The foundations represent the improvement of the existing DSR
knowledge that comes from the artefact development. The methodologies
encompass all the evaluation methods and evaluation metrics contributions.

5. Research rigor: the construction and evaluation of the artefact is required to be
based on rigorous methods.

6. Design as a search process: the DSR must be an iterative process, cycle oscillating
between generating design alternatives and testing these alternatives.

7. Communication of research: the results obtained from the DSR methodology
should be shown to technology-oriented audiences, which will enable the im-
plementation of the artefact and the right use of it, and management-oriented
audiences, which will determine the commitment of the organisational re-
sources to the artefact construction and use.

The implemented PWA which is described on this document follows the DSR
methodology. The found solution meets the CMIN requirements, which will be
explained on Chapter 4, and the pregnant women’s needs. It is an appropriate and
valid solution, supported by adequate technologies, while taking into considera-
tion the today’s challenges of cross-platform mobile development. Also, the PWA
referred was properly evaluated through a SWOT analysis.
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3.2 why mern stack?

Nowadays, there are a many technologies and stacks available for web develop-
ment. For example, Java Web Apps and stacks such as LAMP have been widely
used until now [48]. LAMP is an old-school stack, being popular since 2000, and
stands for: Linux, the Unix-like OS, which runs on various types of computer hard-
ware; Apache Web Server; MySQL as relational database management system; and
PHP for rendering view and control (PHP alternatives are Perl and Python) [48, 53].
All these technologies are free and open-source making this stack appropriate for
dynamic web sites and web apps. Despite being a popular stack, it isn’t quite easy
to learn and has been challenged by other stacks [48, 54].
Two of these other stacks which have emerged a few years ago and have been largely
adopted are the MEAN and the MERN Stacks. The MEAN Stack — MongoDB, Ex-
press.js, AngularJS, Node.js - was one of the first stack to embrace the concepts of
Single-page Application and NoSQL. Single-page Applications are web apps whose
interaction with the user is made through rewriting the presented page instead of
loading brand new ones. All the technologies used on this stack are managed by JS.
This programming language is easy to learn, to write and to understand the data
flow between the client and the server [48].
As it can be noticed, MEAN and MERN Stacks are extremely similar. However,
the MEAN Stack uses the front-end framework AngularJS. It is based on the Model-
View-Controller (MVC) design pattern and, for this reason, the load on the server
is reduced by differentiating the client side from the server side. However, with
the growing complexity of the apps, the cascading of updates on the Views coming
from the changes on Models have become hard to maintain. This led to the devel-
opment of React, five years ago, and consequently the appearance of the MERN
Stack [48].
After being taken into consideration the differences between MERN and MEAN
Stacks (see Table 3), the MERN Stack has been chosen. Its technologies are de-
scribed on the following sections.



3.3. MongoDB 25

Table 3.: Main differences between MEAN Stack and MERN Stack (based on [48]).
Attribute MEAN Stack MERN Stack

DOM Regular DOM Virtual DOM
Learning Curve Weak Strong
Packaging Weak Strong
Debugging General Good HTML / Bad JS Good JS / Bad HTML
Fail Runtime Compile-time
Binding Two-way One-way
Template In HTML In JSX files
Mobile Development Ionic Framework React Native
MVC Yes View layer only
Rendering Client side Server side

On Table 3 it is stated that the MEAN Stack learning curve is weak. Although it
has comprehensive documentation, Angular is the most complicated one to learn.
The distinction on the attribute ”packaging” is explained by the number of pack-
ages available for React, even though the npm ecosystem is available for everyone.
Related to ”fail”, checking for typographical errors works better at the compile-time
than at the runtime. As far as ”binding” is concerned, by being two-way biding the
model state is changed when the UI element is updated in MEAN Stack. This
is cleaner and easier to implement. However, MERN Stack is one-way binding,
which means the model is updated firstly and only then the UI element is rendered
[48, 55].

3.3 mongodb

Although MySQL is one of the most popular databases, MongoDB was the database
chosen to store and handle all the users’ information. MongoDB is a NoSQL
document-oriented database with a flexible schema and a JSON-based query lan-
guage. In other words, the same set of fields don’t need to be present in all the
collection documents and all the operations on documents are specified on a JSON-
object. All the information on each document (of every collection) can be accessed
through a unique identifier [56, 57].
There are two main differences between NoSQL databases and the conventional
ones. Nowadays users’ data that needs to be stored in web-oriented systems can
scale to terabytes every day. Their databases should be able to fulfil this need and
still make all the data available to millions of users under low latency requirements.
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NoSQL databases, through the distribution of the load over multiple servers, are
able to horizontally scale by sacrificing their consistency [56, 58]. Secondly, these
storage alternatives like MongoDB are not based on relational models. The per-
sisted data can be seen as objects or documents, avoiding the need of a translation
layer such as ORM layers [56, 58]. The disadvantages of MongoDB are overcome by
its advantages, as it can be seen on Table 4.

Table 4.: Some pros and cons of MongoDB [48].
Advantages Disadvantages

- Schema less;
- Clear object structure;
- Supports deep queries;

- Gigantic data size;
- Less flexibility in running queries;
- No transactional support.

- Highly scalable;
- Non requirement of conversion/mapping
of application objects;
- Use of internal memory to store working
set, enabling faster data access.

3.4 express .js

Express.js is the web server framework adopted to simplify the writing of server
code [56]. It is a minimalist framework for Node.js and the Node.js middleware
module, which implements http module, was used to design Express.js [48]. It
allows defining routes which will have an associated function to respond to the
arrived HTTP users’ request [56, 59, 60]. Therefore, Express.js will work as a mid-
dleware. At the request side it parses URL, headers, bodies and parameters. On the
other hand, the functionalities required by the web applications are at the response
side. Here it is possible to set response codes and cookies, manage sessions and
send custom headers among others [56, 60]. Besides, a MVC pattern is given by
Express.js to web apps. It allows the development of scalable applications through
efficient code reuse and web app parallel development [60]. Overall, Express.js has
a set of advantages which some of them are [48]:

• The development of a Node.js web application is much faster and easier;

• The configuration and customization is extraordinarily easy;

• Defining routes based on HTTP methods and URLs is allowed;
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• The RESTful API server generation is enabled;

• Error-handling procedures are supported;

• The connection with databases like MySQL and MongoDB is easy.

3.5 react

React is the open-source library used to build the user’s interface. It is declarative
and component-based and a great tool built by Facebook to avoid the cascade of
updates that may happen with the growing of the applications complexity [56, 61].
By being component-based, each component controls its own state and renders
itself. All the components are hierarchically combined allowing to build complete
views or pages or even complex user’s interface [56, 61]. The information, state
information, is passed from parent-components to child-components in the form of
read-only properties and in reverse direction by callbacks [56].
Furthermore, in opposition to imperative programming that declares how a certain
result should be accomplished, React only declares how the views should appear in
their new state. Thus, whenever there is a change on the data or state, React renders
only the right components [56, 61, 62, 63]. However, when there is this change on
the data, the real Document Object Model (DOM) isn’t directly manipulated. Instead,
the view looks is declared in the form of a virtual representation called virtual DOM
technology. The following three steps resumes how the Real DOM is updated by
the Virtual DOM:

1. When there is any change on the data, the UI is all re-rendered on the Virtual
DOM.

2. The old Virtual DOM representation is compared to the new one and the
differences are calculated.

3. Only the differences computed will be applied to the real DOM, which means
the real DOM is updated with what has indeed changed.

This will not only allow to display the HTML page faster, but also efficiently since
the algorithm to compute the differences in the virtual DOM has been so optimized
[56]. Hence, besides loading new data without page refresh, the advantages of
React can be summarized as [48]:

• A better performance due to a lightweight DOM;
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• Virtual DOM support;

• JSX support - JSX is a faster, safer and easier way to write and compile code;

• Easy learning curve.

• Unidirectional data flow.

3.6 node .js

Node.js is the cross-platform runtime environment used to develop the web appli-
cation server-side. It was based on Google’s V8 JS JavaScript engine and it provides
a set of important features for the development of web applications. Node.js also
allows the installation of modules through the use of npm [56, 48]. It runs single
thread and it is good to build event-driven networking programs. Clients are served
by Node.js concurrently becoming possible to write scalable network applications
[64]. After all, the capability to handle multiple users efficiently is an important
aspect of the web application server and Node.js is the perfect tool to deliver real-
time results [65].
Figure 2 shows how the application makes a request to the Node.js and carries on
with other useful routines instead of stopping until the response arrives.

Figure 2.: Concept behind Node.js (based on [64]).

Node.js is an asynchronous and event-driven engine and the single thread on
which it is based works as an infinite loop [64, 48]. It is constantly alert to the
occurred events and to what callbacks need to be executed. The single thread re-
ceives async tasks from the Node.js-based app. It queues all the events like a map
of all the requests. Then, one by one, the event loop removes each request from the
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queue and processes it. As it is possible to observe on Figure 2, its event loop (single
thread) blocks the I/O request “file system” and queues both “process” and “net-
work” requests. This happens because API calls related to I/O are asynchronous.
Then, the respective tasks are executed efficiently. After dealing with the requested
task, the single thread quickly calls the right callback and steps for the next request
or waits for a new request submission [64]. The single thread run by Node.js to
queue all the events, instead of having one thread for each event, avoids Central
Processing Unit (CPU) overhead [64, 65]. Thus, the data to and from the server is
fast delivered and parallel computing is enabled. The pros and cons of Node.js are
listed on Table 5.

Table 5.: Advantages and disadvantages of Node.js [48].
Advantages Disadvantages

- To be fast;
- To be open source;
- To support the development of real-time
applications;

- The poor performance in case of CPU
intensive queries and with large scale app or
with relational databases;
- The inconsistency issue in the Node.js API.

- To enhance the overall productivity.
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T H E 1 0 M O O N S – A S U P P O RT I N G T O O L F O R F U T U R E
M O T H E R S D U R I N G P R E G N A N C Y

”The 10 moons: pregnancy, childbirth and post-partum period of CMIN” was devel-
oped in cooperation with CMIN. Dr. Jorge Braga was the Obstetrician-Gynecologist
behind the development of this tool for future mothers. The main idea was to im-
plement a tool that would help women before, during and after pregnancy. Owing
to the fact that it was to be used by future mothers, at first it was not intended
to integrate the developed platform at the Hospital Information System (HIS). CMIN
requirements for the platform were:

• To be a mobile app available not only to iOS but also to other OSs if possible;

• To make available a calculator for the gestational age which would be based
on his gestational age calculation method;

• To make available on the app a set of FAQs written by CMIN about the before,
during and after periods of pregnancy;

• To make available on the app the BSG.

Furthermore, the resistance to adopt any mHealth app is overcome with a good
UX. Since the aim of CMIN was to provide women with pregnancy literacy as well
as a practical tool to record information related to their pregnancy, an informal
survey was conducted among 25 pregnant women from CMIN. These women were
asked the following questions:

1. Do you use any app or website to follow your pregnancy? Which ones?

2. Do you look for pregnancy related information online? If you do so, what is
this information about?

3. Which are the main features you look for on a pregnancy app or website?
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4. Do you find it useful to have available tips on nutrition or on a healthy lifestyle
in pregnancy apps or websites?

5. Do you find it useful to have access to a pregnancy app like ”The 10 moons”?

6. How do you use the pregnancy booklet BSG?

It was found that one-third of the interviewed women didn’t feel the need of using
a pregnancy app. The ones who used were looking for weekly information on the
foetus and on the changes on mother’s body. Only half of them searched online
information. The ones who didn’t search have given as main reasons the probable
lack of quality and accuracy of the information found or how anxious they would
feel after searching. Those who looked online would search for details on the foetal
and mother development, cares that one must have during pregnancy, some specific
doubts, nutrition, toxoplasmosis, etc. However, most of these ones who would
search information reported being concerned by its validity or sometimes being
left apprehensive by it. When asked which features they would like to be offered
by a pregnancy app, the majority of the answers converged to foetal and mother’s
development, nutrition and FAQs. Other answers referred to information on sexual
and physical activity, symptoms, cares, medical appointments, gestational diabetes,
illustrative pictures and videos and the possibility of saving documents. Based
on all the information collected, other extra features have been added in order to
enhance the UX. These features are:

• The possibility of saving documents such as ultrasounds and analysis;

• A calendar where women might record appointments;

• Information on foetal development as well as changes occurring on pregnant
women’s body weekly provided;

• Other pregnancy health information which is provided based on their gesta-
tional age or health conditions;

• Other tracking tools besides weight, blood pressure and foetal movements
monitoring that already come with the BSG.

The work presented hereby focuses on two main areas: the monitoring of other
pregnancy-related data as well as the providing pregnancy-related and health in-
formation. Therefore, throughout this chapter, the global system architecture is
presented and followed by the description of the focusing areas components.
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4.1 system architecture

The platform architecture might be divided into two distinct parts. The components
that are common to a classic web app – the website front-end, the server and the
database – and the component that converts the web app into a PWA – the SW.
Figure 3 represents the system architecture of the developed PWA.

Figure 3.: Architecture of the supporting tool for future mothers during pregnancy.

Firstly, it was important to guarantee that the interface would be suitable for all
the screen sizes and devices, that is to develop a responsive UI, whether it is a classic
web app or a PWA. The module React-Bootstrap, which binds the most popular
front-end framework with React, was used to achieve this. Then, the app was built
as a classic web app. The front-end would request data from the server. The server,
Node.js, would analyse the request, but it was Express.js that would ask the data
to the database through REST architecture. Basically, the Express.js matches the
request with the present routes and executes the correspondent handler function.
Each route is identified by an HTTP method and the URI. The handler function
leads with the request object and the response object. The request object that comes
from the client is properly analysed to ask for the right data from the database. The
proper response is generated by the handler function, based on the response object,
and sent to the client.
Lastly, the implemented web app was converted on a PWA with the introduction of
the SW in the system architecture. It was also needed to add an app manifest as the
one previously referred to on the State of the Art. The SW was combined with two
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client-side storage APIs: the Cache Storage API and the IndexedDB API. This merge
of technologies leads to a higher performance of the apps as well as to the possibility
of having them working offline. The SW will intercept the network requests and
handle them. Therefore, the use of the SW has the following advantages [17, 66, 67,
68]:

• The improvement of the platform performance. The Cache Storage API is
a persistent content storage and allows PWAs to precache resources. These
resources are parts of the web app – the assets cached on the project were the
CSS and the JS files – and the next time the user opens the app the content
will be loaded instantly.

• The availability of the app even when offline. The Cache Storage API is
also independent from the browser HTTP cache and, consequently, network
independent. When the user is offline, the data stored at the Cache Storage
API is served. Moreover, the IndexedDB API is a large-scale NoSQL storage
system which enables to store the data in the users’ browsers and also serve
it when offline. IndexedDB API will hold the data that need to become per-
sistent. Thus, the static data that will build some pages of the project, like the
information on foetal development, was stored on the IndexedDB API. This
information is previously requested by the SW to the server and only then
saved on the IndexedDB Object Store.

• The advanced features that become available. These features, whose starting
point is provided by the SW, make the PWA behave more likely a native app.
Notifications API, Push API, Background Sync API and Channel Messaging
API are some examples of these features. For instance, the Notifications API
allows displaying and interacting with notifications by means of the OS native
notification system. Furthermore, the users may postpone actions until they
are online due to the Background Sync API. Likewise, this API also enables
the server to push periodic updates in order to update the app when there is
connectivity.

4.2 platform components description

As stated before, the developed platform can be divided into three main parts: the
FAQs, legislation, appointments and saved documents; the pregnancy booklet BSG;
and monitoring pregnancy and information on healthy lifestyle. The focus of this
work, and whose components will be described, was on the third subject and aims
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to enhance the UX. To have access to this part of the platform and to its features,
pregnant women will need to be identified by their e-mail and password at the login
interface. Moreover, after the user’s login, all the pages have the same Navigation
Bar presented on Figure 4 that will allow the user to browse through the PWA.

Figure 4.: Navigation Bar when the user is on a computer.

”The 10 moons” will link to the User’s Home, the ”Personal Record” to the per-
sonal data and health record, ”Appointments” to medical appointments that the
user might have recorded, ”Documents” to the documents that the user might have
uploaded, ”Health and Well-being” to the Health and Well-being Home from where
the user can have access to Foetal Development, Advice for Future Moms and the
Pregnancy Log, ”Records” to weight, blood pressure, fundal height, foetal move-
ments and blood sugar (in case of having Diabetes or Gestational Diabetes), and
”Others” to birth calculator, FAQs and legislation. The Navigation Bar provided to
the users when accessing the platform via mobile can be seen on Figure 5.
This part of the platform can be divided into six main modules, which will be de-
tailed on the following sections. These modules are the User’s Home, the Health
and Well-being Home, Foetal Development, Advice for Future Moms, the Preg-
nancy Log and the Gestational Diabetes Record. All these components have a re-
sponsive interface. Only the necessary figures to understand the platform features
will be presented on this chapter. Further figures illustrating particular platform
features or the responsive interface used on mobile can be found on Chapter A.



4.2. Platform Components Description 35

Figure 5.: Navigation Bar when the user is on a smartphone.

4.2.1 User’s Home Module

The User’s Home Module is formed by the dashboard. The user’s interaction with
the platform, after the login has been made, starts with this dashboard. This com-
ponent is responsible for displaying the most important and needed data as well as
a quick access to useful features. Hence, the User’s Home Module is built out of:

1. The birth date countdown: This feature is based on the user’s gestational age
and aims to raise awareness to the remaining pregnancy days. Bachiri et al. in
their 2016 study [31] assessed which features could be used on pregnancy apps
and their importance. Among them, there was the birth date countdown. To
provide this information to future mothers would help them keep track of their
pregnancy. Besides, it was chosen to use a progress bar as the visual structure
to represent the birth date countdown because, as stated in [69], timelines such
as the one implemented are an effective way to present information.

2. The ”How do you feel today?”: Women develop new symptoms during preg-
nancy which might be widely accepted as normal, like nausea, vomiting,
headaches or tiredness, among others. Although being normal, these symp-
toms might also be caused by a disease. Monitoring these symptoms might be
beneficial to avoid complications [31, 70].
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3. The next appointment: Here is presented the date and the name of the next
recorded appointment. It is also an option to redirect straight to the ”Appoint-
ments” page which was developed by another colleague.

4. The other monitoring tools: Due to the importance of tracking these parame-
ters, this section of the dashboard only aims to provide the user a quicker and
more intuitive way to record their weight, blood pressure, foetal movements,
fundal height and blood sugar.

5. The ”Has something different happen today?”: This is another monitoring
tool where the future mother may select small events or occurrences: vitamins
intake, iron intake, folic acid intake, finding out baby’s sex, first movement,
first kick, first contraction, not being able to see her feet, gestational diabetes
diagnosis and the birth of the baby.

6. The week summary: By providing information on the changes occurring on
mother’s body, on the evolution of the foetus development and size, on health
habits and problems or risk of each stage of pregnancy, pregnant women be-
come more aware of their pregnancy [31]. Therefore, ”the week summary” is
a summary of the changes on mother’s body as well as the size of the baby
for that week. At the bottom, there is a ”Know more” button that links to the
Health and Well-being Home Module.
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Figure 6.: Interface of the User’s Home Module when the user is online and on a computer.

Thus, an overall view of future mom’s pregnancy as well as a faster access to
features that might be important for her are provided by the User’s Home Module.
Figure 6 shows the dashboard interface on a computer with its components.

4.2.2 Health and Well-being Home Module

Pregnancy apps and EMR are a great place to encourage special health habits as pre-
ventive measures [31]. Moreover, a healthy pregnancy, which is a pregnancy with
a healthy and safe diet, regular and appropriated physical activity and the avoid-
ance of harmful agents, reduces the risk of pregnancy complications and leads to
a healthy birth [71, 72]. For instance, exposing the foetus to harmful agents like
tobacco may lead to a preterm birth and augment the risk of Sudden Infant Death
Syndrome, which is the main cause of an infant’s death aged 1 month to 1 year old
[73, 74, 75]. When pregnant women smoke, one of the toxic chemicals that passes
through the placenta is the nicotine. The amount of oxygen and nutrients that reach
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the foetus become less and it permanently harms the brain and lungs of the foetus
[73, 74].
Another harmful agent during pregnancy is alcohol consumption. Its consumption
may cause birth defects, such as permanent physical, intellectual, behavioural and
learning disabilities. Drinking large amounts of alcohol during pregnancy increases
the chances of developing the most severe disorder: Foetal Alcohol Syndrome [74].
A baby with this disease will have a smaller head, inferior grow, co-ordination and
learning problems, autism-like behaviour or attention deficit hyperactivity disorder,
and organ (heart, liver, hearing, sight, etc.) problems [76].
Furthermore, Bachiri et al. in their 2016 study [31] also suggest apps to give addi-
tional support on the serology subject. The toxoplasmosis, the listeriosis and the
hygiene care needed to avoid these diseases are introduced on this module. Toxo-
plasmosis is caused by the ingestion of contaminated food by the parasite – it can be
found in cat faeces or in undercooked meat. This infection can be deadly or cause
birth defects. The risk for the foetus is related to the gestational age. It decreases
with the gestational age, but the chance of transmission from the mother to the
foetus increases as the pregnancy advances [77]. Listeriosis, caused by a bacterium
usually existent on the water or soil, can also be deadly and found on contaminated
food [78].
For these reasons and with the intent of promoting a healthy pregnancy, the Health
and Well-being Home Module, whose interface is shown in Figure 7, aims to in-
troduce and encourage healthy habits through 10 general and small tips about nu-
trition, physical activity, hygiene care, harmful agents, tracking pregnancy, among
others. This module is based on the facts referred to above.
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Figure 7.: Top of the interface of the Health and Well-being Home Module when the user is online
and on a computer.

The Health and Well-being Home Module, like the following Pregnancy Log Mod-
ule, Foetal Development Module and Advice for Future Moms Module, is a child-
component of the ”Health and Well-being”. The parent-component – ”Health and
Well-being” – is composed by the four icons on the right side of the interface (see
Figure 7). By taking full advantage of React, each icon links to the Pregnancy Log,
the Foetal Development, the Advice for Future Moms and the Health and Well-
being Home respectively, from top to bottom. Through a change of state caused
by a click on each icon, the parent-component defines which child-component is
presented to the user. Moreover, the parent-component can, and does, pass in-
formation to their child-components as referred on Section 3.5 about React. An
example of this interaction is the one that will be described between the ”Health
and Well-being” and its child-components.
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Figure 8.: Health and Well-being parent-component and child-components and how they interact
with each other.

The ”Health and Well-being” asks the back-end by the gestational week by pass-
ing the ID that identifies the user. The Express.js+Node.js asks the database for the
data saved about that user. Then, the data of interest is analysed and the gestational
week is sent to the parent-component at the front-end. Although the Health and
Well-being Home Module doesn’t take advantage of this information, the parent-
component passes the gestational week, which has become state information on
that component, to their child-components via read-only properties. Figure 8 illus-
trates this situation. Despite the fact that Figure 8 only considers the interaction
of the parent-component with the back-end, it must be noticed that all the child-
components may also request that to the back-end.

4.2.3 Pregnancy Log Module

Bachiri et al. in their 2016 study [31] explained the importance and the positive
effect of a diary during pregnancy. They see the diary as a place where women can
record their perceptions of events and feelings to later communicate with the doctor.
They see diaries as a mechanism to help the detection of potential problems.
The diary here implemented aims to allow the users record whatever they want, but
also to encourage the record of food intake and physical activity. To a healthy preg-
nant woman it might not make difference to have a place where they can record this
type of information. However, for women who start their pregnancy underweight
or overweight or have been diagnosed with a medical condition such as diabetes,
this type of feature might be beneficial to them.
The interface of this module can be seen on Figure 9. It has four types of record:
”Meals”, ”Physical Activity”, ”Notes”, ”Nausea and Sickness”. Any record must be
done by clicking on the New Record button as well as any record selected is deleted
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by the Delete Record button. The user can navigate between older records through
the bar that is on top of the record area.

Figure 9.: Pregnancy Log Module interface.

After clicking on the New Record button, the user has access to a modal where
she can chose the type of record. This modal is represented on Figure 10.

Figure 10.: New Record modal.

When the user chooses to record information about the meals and food intake,
the modal aspect will be the one of Figure 11. There, the user can record what she
has eaten, the time of the meal and/or the type of meal (snack, breakfast, lunch,
dinner or supper). The time and/or type of meal are important to later present
more organised information to the user. She must set the time or type of meal to
be able to save that record.
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Figure 11.: Record of a new meal.

If the user chooses to record a physical activity, then the modal let her record a
description of the physical activity, the starting time and the duration, as it can be
seen on Figure 12.

Figure 12.: Record of a physical activity.

The aim of recording nausea and vomiting is to give the pregnant woman the
opportunity of perceiving at what time of the day she feels sicker. This way, she
can take precautions on the following days to avoid these feelings since they have
a huge impact of the pregnant women’s quality of life. Figure 13 shows the modal
when the pregnant women want to record vomiting. A similar modal is shown in
case they intend to record nausea. They must also record the hours or the time of
the day. This is important to make the records more organised and to allow the
users to understand if the nausea and sickness are related to a certain time of the
day or a certain meal.
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Figure 13.: Record of sickness.

At last, Figure 14 shows the aspect of the modal when the user wants to take notes.
These notes can be about anything that may have happened during the pregnancy
and which she might want discuss with her doctor at the next appointment.

Figure 14.: Record of notes.

4.2.4 Foetal Development Module

One of the most common information provided to pregnant women on pregnancy
apps is about the foetal development. According to the performed survey, which
is referred to at the beginning of this chapter, and to the background presented
on Chapter 1, foetal development is one of the most searched topics. Knowing
how the baby is evolving, mainly during the first part of the pregnancy when the
foetal movements cannot be felt, would emphasize the connection between the fu-
ture mother and the baby. Additionally, future mothers would feel more confident
about their baby and their baby’s health knowing this information [79].
Hence, this module doesn’t introduce anything new, but something needed to pro-
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vide the users with a good UX. When the user accesses to The Foetal Development
Module, it is provided the information of the current gestational week. However,
users may navigate through the gestational weeks, back and forward on the Boot-
strap Carousel, to check what changes have passed and which are to come. This
module uses the gestational week coming from its parent-component to present the
right slide of the Carousel to the user. The information that builds the Carousel is
stored on the database.

Figure 15.: Interface of the Foetal Development Module when the user is online and on a computer.

4.2.5 Advice for Future Moms Module

One of the first things that was referred to at the very beginning of this document
was the amount of information searched by women during pregnancy. The devel-
opment of this module aimed to provide women with viable information and con-
trolled information. Besides, another suggestion of Bachiri et al. in [31] is that the
information supplied by mobile apps would have the mother’s health history data
as basis. They also mention that having an informational part at the apps would
help pregnant women to be aware of the risks related to each stage of pregnancy.
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Figure 16.: Advice for Future Moms Module interface.

The Advice for Future Moms Module has three main areas and they can be seen
on Figure 16. The first one is the four buttons at the right side of the interface
which have already been explained in Section 4.2.2. They are linked to all the other
interfaces related to Health and Well-being, allowing the user to navigate between
them. The second area of this module is the ”Changes on mother’s body”. Gen-
eral information of the changes occurring on that week of pregnancy on mother’s
body is presented there and is stored on the database. This component uses the
data on the gestational week passed by the parent-component and asks the back-
end for the changes on mother’s body for that week. Lastly, the third part of the
Advice for Future Moms Module, and probably the most interesting one of this
module, is the ”Advice”. This advice is given through articles (see Figure 17) and
according to the collected health data. Each trimester has a ”Welcome to first/sec-
ond/third trimester!” article that only aims to inform the pregnant women about
all the changes and what they can expect for that trimester. After this, the advice
given on this part of the Advice for Future Moms Module will be explored. Each
article can be seen on Chapter A.
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Figure 17.: Example of an article – ”Welcome to the first trimester!” – of the Advice for Future Moms
Module interface.

Nutrition during pregnancy: Pregnant women are advised on nutrition with three
articles: ”What to eat?” (Figure 29), ”Essential nutrients” (Figure 30) and ”Essential
vitamins” (Figure 31). The DGS in [80] warn of the importance of healthy nutrition
during pregnancy. They inform that a healthy pregnant woman during pregnancy
has better chances of a easier delivery and also leads to healthy growth of their
baby. Additionally, the lack of some nutrients or vitamins during pregnancy may
increase the risk of the baby developing malformations. For instance, the intake
of folic acid, a vitamin of the B complex also known as B9, has a great role on
preventing malformations on the baby’s neural tube. This tube is the embryonic
structure that later will be the central nervous system and form the brain and the
spinal cord [80].
Iron is another of these nutrients that cannot be missing during pregnancy. During
this period, the blood volume on the mother’s body increases. Iron is essential
for preventing iron deficiency anaemia. The lack of this mineral increases the risk
of the baby born underweight, premature or even of perinatal mortality (baby’s
death between the 22nd gestational week and the first week after being born) and
of deficiency on the neurological system [80, 6]. Likewise, there are other nutrients
and vitamins whose deficiency have an impact on the baby’s development and
sometimes on the mother’s well-being. For that reason, the three articles advising
on nutrition are shown to all pregnant women during all the gestational period.
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These intend to inform about the important nutrients and vitamins, where they can
be found, how to eat correctly and what food should be avoided.

Nausea and Sickness: 70% of pregnant women feel these symptoms. Nausea and
sickness are common during the first trimester of pregnancy as a result of the hor-
monal changes their body is going through [80]. Usually they start between the
4th and the 7th gestational week until the 12th gestational week. However, some
women might feel some nausea up till the 20th gestational week. They are nor-
mally felt with higher intensity in the morning and aren’t associated with a poor
prognosis. Nevertheless, the presence of these symptoms influence the pregnant
woman and her family’s qualify of life (depression, depressed mood or missing
work). On the worst cases of nausea and sickness, denominated hyperemesis gravi-
darum, pregnant women feel continued vomiting, dehydration and weight loss [81].
On this topic, two articles can be displayed. One (see Figure 32) is only provided
during the first trimester. It has practical tips to relieve the user of these symp-
toms. If on ”How do you feel today?” of the User’s Home Module described on
Section 4.2.1 nausea and sickness and/or vomits are recorded during the second
trimester, then a second article (see Figure 33) is provided to the user giving her the
same tips as the ones of the first trimester, warning her that it is important to gain
weight and advising her to talk to her doctor.

Dizziness: Dizziness during pregnancy is perfectly normal and more common
during the first trimester. In the same way as nausea and sickness, dizziness also
happens due to the change of hormones. These hormones aim to help the blood
flow to the baby, yet the blood flow to the brain is reduced [82]. There is nothing
wrong with that, a little dizziness doesn’t harm the baby nor the mother. However,
it may be dangerous if it results in falls or faints. On that account, during the
first trimester pregnant women are provided with a set of tips to reduce dizziness
and on how they should behave when feeling dizzy to prevent falls or faints (see
Figure 34).

Gestational Diabetes: Gestational diabetes is a condition that might happen dur-
ing pregnancy and disappear after childbirth on women who didn’t have diabetes
mellitus previously. This diagnosis is detailed on Section 4.2.6. Based on [83], the
risk factors that may lead to the gestational diabetes diagnosis can be summed up to
the age, the presence of diabetes mellitus on the family health history and to being
overweight. Despite the age and the family health history could not be controlled
by the pregnant women, a controlled weight and a balanced diet can be reached.
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The data collected from the user, on the BSG part of this platform, is analysed. If a
pregnant woman has at least one of these conditions:

• diabetes mellitus on the family health history;

• gestational diabetes on a previous pregnancy;

• BMI above 25 (the inferior limit for being considered overweight);

• above 39 years old;

then she is at risk of having gestational diabetes. Thus, it will be presented to
these women an article (see Figure 35) about gestational diabetes in order to inform
them about the condition and how to avoid it and to alert them of the possible
risks. The diagnosis of gestational diabetes only can happen until the 28th gesta-
tional week (see Section 4.2.6). If the record of gestational diabetes isn’t made until
that week, then the article will no longer be shown even if the woman has the four
conditions referred before.
Furthermore, when the user records being diagnosed with gestational diabetes in
the ”Has something different happen today?” of the User’s Home Module (see Sec-
tion 4.2.1), to the first mentioned article is added another one (see Figure 36). This
last one gives tips to help her keeping the health condition diagnosed controlled.
All these decisions can be seen on Figure 18.

Figure 18.: Schema showing how the informative articles related to gestational diabetes are chosen.
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Underweight: Starting the pregnancy being underweight might be a risk for the
well-being of the baby. Women who start the pregnancy with a normal BMI must
weight more 11,5-16kg at the end of the pregnancy. However, those with a low
BMI must gain more 12,5-18kg. If the mother starts the pregnancy underweight
and doesn’t obtain the expected weight, there might be a delay on the intrauterine
growth of the baby and the risk of perinatal mortality (baby’s death between the
22nd gestational week and the first week after being born) increases [80]. Therefore,
an article on starting the pregnancy being underweight is shown to those women
who have a BMI under 18 (see Figure 37). This aims to warn them about the risks
they are putting their baby through and how they can change that.

Physical Activity: Physical activity has benefits at any period of life and preg-
nancy is no exception. The WHO recommended to exercise regularly during all the
pregnancy. This would help pregnant women to avoid backaches and pelvic pain
[84]. Moreover, exercise during pregnancy would help pregnant women to avoid
gain excessive gestational weight and to reduce the risk of conditions as gestational
diabetes, pre-eclampsia, preterm birth, varicose veins, among others. Besides, phys-
ical activity has also psychological benefits, such as reduced fatigue, stress, anxiety
and depression [85].
Apart from that, pregnant women have a greater risk of injury and adaptations of
the exercise are needed. For example, activities that have higher risk of falls or
trauma or that are made in altitude or depth must be avoided during pregnancy.
Aside from these activities that must be avoided, with the pregnancy evolution,
there are also more cares needed while exercising. An example of that is the supine
position (lying on one’s back), which is dangerous after the first trimester or after
the 16th gestational week, and that may be done on activities like yoga. The uterus
grows along the pregnancy and, after the first trimester, its weight may cause the
collapse of the abdominal aorta and obstruct the venous return [85].
During all the pregnancy, pregnant women have access to three articles on physical
activity. One of them (see Figure 38) aims to encourage those women who didn’t
use to exercise before pregnancy and to remind women who used to do it, as well,
of the precautions. Another article (see Figure 39) is shown to women to make
them aware of the activities they must avoid during pregnancy. Lastly, the third
one informs pregnant women of which physical activities are safe and indicated.
Since the cares while exercising increase with the gestational age, the advice on this
last article is updated with the new cares and the safest physical activities for each
trimester (see Figure 40, Figure 41 and Figure 42).
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Pre-eclampsia: Hypertensive disorders during pregnancy are a major cause of
severe morbidity, long-term disability and death of both mothers and babies. Pre-
eclampsia and eclampsia are the two most dangerous hypertensive disorders. The
diagnosis of pre-eclampsia isn’t certain yet, but persistent hypertension and occur-
rence of substantial proteinuria are thought to be its symptoms. On the other hand,
eclampsia is generalized seizures followed by pre-eclampsia criteria. Usually, pre-
eclampsia may be diagnosed on the second half of pregnancy. It is classified as
mild or severe and maternal deaths happen on the most severe cases. Nevertheless,
it may evolve from mild to severe quickly, unexpectedly and sometimes it can be
fulminant [86].
The prevention of pre-eclampsia is still a subject of research and the only definitive
treatment is the termination of pregnancy or the delivery. However, some women
experience transient aggravation of pre-eclampsia in the post-partum period. If
pre-eclampsia is not treated and the pregnancy is delayed, pre-eclampsia advances
to placental insufficiency and maternal organ dysfunction, which are related with
the increasing of the maternal and perinatal mortality risk. Possibly, it might even
progress to eclampsia or HELLP syndrome (haemolysis, elevated liver enzymes and
low platelet count) [86].
According to WHO in their 2011 recommendations for the prevention and treat-
ment of pre-eclampsia and eclampsia in [86], the risk factors for pre-eclampsia are:

• Obesity;

• Chronic hypertension;

• Diabetes;

• Nulliparity (a woman who has never given birth);

• Adolescent pregnancy;

• Conditions leading to hyperplacentation and large placentas, like twin preg-
nancy.

With the exception of the nulliparity, which is a very general condition, all the
pregnant women who might have at least one of the previous listed conditions
will be provided with an informative article on pre-eclampsia and the characteristic
symptoms of this medical condition (see Figure 43). Pregnant women older than
39 years old or with pre-eclampsia on the family health history or even on older
pregnancies are also provided with the same advice.
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4.2.6 Gestational Diabetes Record Module

It is estimated that one on each 20 pregnant women might have been diagnosed
with gestational diabetes. This type of diabetes appear during pregnancy on women
who hadn’t had diabetes before and tend to disappear after birth [83]. The diagno-
sis of gestational diabetes can be made in two different times. On the first prenatal
medical appointment, all the pregnant women are put through a plasmatic glucose
exam while (8h to 12h) fasting. If a pregnant woman has developed gestational
diabetes, she will be diagnosed with this medical exam. Otherwise, she will have
to be revaluated between the 24th and the 28th gestational week. The revaluation
is made with the glucose tolerance test [87].
Although less often, women might also be diagnosed, on the first prenatal medical
appointment, with diabetes mellitus during pregnancy. Usually, this type of diag-
nosis reflects the existence of diabetes before pregnancy. Women who have been
diagnosed with diabetes have higher glycaemic values than the ones with gesta-
tional diabetes. Besides, having diabetes during pregnancy is more dangerous and
pregnant women need more surveillance than the ones with gestational diabetes
[87].
Women with gestational diabetes have more chances of having to do a C-section.
The main reason behind this is the foetus size, since their babies tend to be born
with extra weight – macrosomic foetus. Gestational diabetes increases the hyper-
tension risk, which may lead to a higher risk of pre-eclampsia (see Section 4.2.5).
Although foetal malformations aren’t caused by gestational diabetes, women with
uncontrolled diabetes mellitus at the beginning of their pregnancy have a higher
chance of giving birth to a baby with malformations. The diagnosis of pre-eclampsia
may also occur on women with diabetes mellitus [83].
There are two types of therapy: nutritional therapy (non pharmacological) and the
pharmacological therapy. The nutritional therapy is only based on a nutritional
plan and on physical exercise. The pharmacological therapy, in case of gestational
diabetes, is started when the glycaemic values aimed aren’t being achieved after
two weeks of nutritional therapy. During this second type of therapy, three medica-
ments might be administrated: metformin, glibenclamide or insulin. Both of them
– nutritional and pharmacological therapy – involve the monitoring of capillary gly-
caemia values. The glycaemic vigilance followed by women through a nutritional
therapy must have 4 capillary glycaemia measurements: one fasting and the others
1 hour after the three main meals (breakfast, lunch and dinner). When the the phar-
macological therapy is followed, besides the 4 capillary glycaemia measurements
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referred, the other measurements that women also have to perform are related to
the therapy schema and to the pharmacological administration [87].
The DGS in their directive number 7 on gestational diabetes diagnosis in [88] states
that the glycaemia control during pregnancy is proven to decrease the maternal
complications and the perinatal mortality and morbidity. Gestational Diabetes
Record Module was implemented to help future mothers, who have been diagnosed
with gestational diabetes, diabetes mellitus or even those already having diabetes
mellitus before becoming pregnant, keeping track of their glycaemic values and/or
insulin intake (in case of following pharmacological therapy).

Figure 19.: Interface of the Gestational Diabetes Record Module when the user is online and on a
computer.

On Figure 19 the interface of the Gestational Diabetes Record Module is shown
when the user hasn’t made her first record of the day yet. This interface is intuitive
and has three main components: the Start New Record, the Filter and the Recording
Table. If the user is following a pharmacological therapy, here it is only considered
the use of insulin for being the most common.
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Start New Record

When the user wants to introduce the first value, she must click on the Start New
Record button and the Figure 20 modal will become visible. By default the modal
let the user record the glycaemia values. In order to save them, the user must fill
the four fields: value, type, time, date.
The type of record is used to determine if the measurement was made: fasting, after
breakfast, before lunch, after lunch, before dinner, after dinner, before bedtime
or if that is an extra measurement. This meets not only the nutritional therapy
but also the pharmacological therapy. As it was previously explained, when the
nutritional therapy is followed, pregnant women must do 4 capillary measurements:
one while fasting and the other three after the three main meals. In case insulin
is the medicine used on pharmacological therapy, then a usual therapy schema
is to perform measurements before the three main meals apart from the same 4

capillary glycaemia measurements, also made on nutritional therapy. Except when
the recorded value is an extra measurement, the time has no importance. Therefore,
the time and date are intended to allow the user to record past values or extra
measurements.
If the user selects that what will be recorded is insulin, then all the parameters
needed to save the record are the same, except the type of record. The type of
insulin administration schema are related to each person’s need. It may vary from
one to several daily administrations and these are associated with the main meals.
The therapy schema for metformin and glibenclamide is similar. The frequency of
administration of both medicines range from one to three times per day and they
are also associated with the main meals: metformin should be taken during or after
meals and glibenclamide before. Thus, in case the user selects to record insulin,
there are only three types possible: breakfast, lunch or dinner. As this modal was
built, it might be used by those who follow a nutritional therapy as well as by the
others who have to follow a pharmacological one.
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Figure 20.: Start New Record modal.

Recording Table

On Figure 19 the existence of four tables can be noticed. To keep the records more
clear and organised, it was chosen to group them in breakfast (fasting and after
breakfast), (before and after) lunch, (before and after) dinner and extra. The tables
were built using the react-bootstrap-table2 module. If the user introduces her gly-
caemic value after breakfast of 120 mg/dl and the extra value obtained at 11:30 a.m.
of 100mg/dl, the Recording Table aspect will be the one showed by Figure 21.

Figure 21.: Recording Table.
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With the exception of the date, all the values may be easily edited, deleted or
added. Figure 21 shows how to edit a value with a simple click on the cell of
interest.

Figure 22.: Editing glycaemic value on Recording Table.
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D I S C U S S I O N

The work developed led to the implementation of a platform to support future
mothers during pregnancy. Through this fifth chapter, it is made the discussion of
the work presented, from the selection of the type of mobile development and tech-
nologies to the final appearance and features of the implemented platform. Despite
not being an extensive chapter, it will be divided into two sections to make the read-
ing easier. The first section, Mobile Development and Technologies, discusses the
choice of developing a PWA and the choice of the MERN Stack. The second section,
Supporting Tool, discusses the choices made on the front-end development.

5.1 mobile development and technologies

At the beginning, the main aim was to develop a cross-platform mobile app as
well as a website. Developing a web app was out of question from the beginning.
Although it would be quicker to develop it allowing us more time to work on its
design and content, a web app needs the web mobile browser to run leading to a
lack of app appearance and to a need of internet connection. Choosing to develop
a native app would be the ideal to give the user an app with the best interface and
all the benefits of the look and feel of the OS. However, being the development of
a native app a lot harder than a web app, being needed to develop different ver-
sions for the different OS and being our experience on mobile development none, it
would be impractical and impossible to have implemented a platform so complete
as the one here presented. Developing a hybrid app and a website, separately, was
the first choice and, when compared to the previous two, was the one that would
lead to a more efficient development of a mobile app and a website.
Nevertheless, after a little more research the PWA methodology was found. This
recent technology would let us take advantage of the developed website, which
would work as a web app, and also make it possible to be used like a mobile app
with less time and effort than any of the previous options. In fact, after having the
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web app made, it was quickly converted to a PWA: a SW was created as well as
a web app manifest added. Aside from all the advantages for the platform perfor-
mance and UX, the main value added to this project by implementing a PWA was
the development of a consistent and meaningful platform from scratch and with no
experience in the limited time available.
Afterwards, the choice of technologies came. The implementation of a PWA starts
by developing a web app, which in turn is implemented through web technologies
– JS, HTML and CSS. Our first thought was to reduce the learning time by trying
to use a stack that was intuitive and would use the same programming language:
the JS. The old-school LAMP Stack would not fulfil both of these conditions. It
is difficult to learn and lacks simplicity. The choice was between the MEAN and
the MERN Stacks. Both of them were based on the programming language JS and
the major difference was related to the front-end development: the MEAN Stack
uses the framework AngularJS and the MERN Stack uses the JS library React. Be-
sides, the MEAN Stack was the first one to appear and, thus, the MERN Stack has
emerged to amend an existent problem on the first stack: the cascading of updates
that would come with the growing complexity of the app.
The differences between the MEAN and the MERN Stacks have been analysed. The
MEAN Stack has a weak learning curve which is not related to the amount and
quality of the documentation at one’s disposal, but to the complexity of Angular
when compared with React. Since it was aimed to reduce the learning time in order
to leave more time to think about all the platform content and to focus on the user’s
need, the weak learning curve has weighted on the decision of the stack. However,
there were other attributes that helped this choice such as the ”packaging”, the
”DOM” and the ”fail” and ”binding” (see Table 3 of Section 3.2).
The ”packaging” attribute is related to the number of packages available in the npm
ecosystem. Although this npm ecosystem is available for all, the number of pack-
ages available for React is much higher than the ones available for Angular. This
might have restricted the platform development and decreased the UX that we are
trying to provide. Related to the ”DOM” attribute, Angular uses the Regular DOM
and React the Virtual DOM. The use of the Virtual DOM leads to a performance
improvement by efficiently updating the view on a web app. The problem is not
on the regular DOM used by Angular, but on all the time the browser takes to up-
date all the HTML page whenever the DOM changes. By using the Virtual DOM,
DOM changes are minimized since, as it has been explained on Section 3.5, only
what has really changed is updated and the UX is increased. Lastly, the ”fail” and
”binding” attributes are linked to how React and Angular behave when there is a
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typographical error and to debugging. By having React failing at the compile-time,
the line-number where the error was made is printed making it easier to resolve it.
Hence, the framework Angular fails silently at the runtime. On the other hand, by
being Angular two-way binding it results on a cleaner code and it makes it easier to
implement. Yet, the one-way binding of React makes the data flow in one direction
leading up to a better data overview and, consequently, an easier debugging.
Overall, after learning how to work and connect the four technologies – MongoDB,
Express.js, React and Node.js – the MERN Stack was quite easy to work with. The
MongoDB, by being schema less and by having a clear object structure, allowed
a more intuitive data storage. The Express.js simplified the connection with the
server and the definition of routes based on HTTP methods and URLs are defi-
nitely a great advantage. These routes have eased the communication between the
front-end and the database, making it simpler to ask by the front-end and retrieve
by the database the data of interest.

5.2 supporting tool

The six modules implemented, and which are the focus of this work, aim to engage
the users on the developed mHealth platform and also to monitor their pregnancy.
The User’s Home Module (Section 4.2.1) is the platforms dashboard after the lo-
gin is made. It is the first thing the user encounters and must show the most
important and needed data. In fact, the developed dashboard gives quick access
to the tracking tools and to the Health and Well-being Module. Moreover, it also
presents important information as the next medical appointment. This dashboard
also allows the record of simple information that later may be used to monitor the
pregnancy and alert if something is wrong. An example of that is the detection of
intensive nausea and vomits during the second trimester and alert the user that she
needs to talk about it with her doctor.
To link the three modules related with the health and well-being of the future
mother, the Health and Well-being Module (section 4.2.2) has been created. This
module is also useful to raise awareness on the importance of good habits and a
healthy lifestyle during pregnancy.
The Pregnancy Log Module (Section 4.2.3) is an important module which allows
future moms to monitor their food intake, physical activity or any other thing that
they might need to record and compare it to previous records. For women who are
overweight/underweight, recording this information might be beneficial to them
and might also make them more aware of what needs to change on their meals
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through the day. Thus, the concept is needed and important for the platform. But
even so, the UI is very primitive and needs to be improved. For example, the user
is only able to add or delete data, but not to edit the data that has already been
recorded.
The Foetal Development Module (Section 4.2.4), whose purpose was to weekly in-
form the pregnant women on the changes of the foetus, was developed using the
module Carousel from the React-Bootstrap. Usually, this feature is one of the preg-
nant women’s favourite and one they expect to find on pregnancy apps. The devel-
oped module allows women to navigate back and forth through the weeks. Overall,
this module was well achieved, yet it would benefit from some elucidative images
or videos since pregnant women find these features a way of connecting with their
baby.
To monitor the future mother, some advice is given and weekly information on the
changes their body is going through is provided. The advice given in the Advice
for Future Moms Module (Section 4.2.5) is on topics such as nutrition, physical ac-
tivity, nausea and dizziness, conditions that might happen during pregnancy and a
summary with general tips for each trimester. Nutrition, physical activity, dizziness
and the summary for each trimester are linked to the gestational age, which means
that it is the gestational age that determines what is advised. Conditions that may
happen during pregnancy and nausea are related to the information collected on
the BSG or on the User’s Home Module. However, this Advice for Future Moms
Module is still on an early stage and needs more information to make it more user’s
specific and personal.
Finally, the Gestational Diabetes Record Module (Section 4.2.6) was the last tracking
tool to be developed on this work. It was also successfully achieved, it keeps the
records organised, it is easy for the user to add, update or delete any value and has
a good UI. Maybe it would benefit if the user could check her values on a graphic
representation as an extra to the tables, but that is not a necessity.
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P R O O F O F C O N C E P T

The project here implemented, as any other IT project, must be analysed and tested
before becoming available to its users. It is important to analyse the platform and
understand if the pre-established aims have been accomplished. It is also essential
to test how the users make use of the platform, which features are in fact useful to
them and which need to be improved or added.
This chapter conducts a proof of concept to try to demonstrate its potential. Un-
fortunately there was no time to implement a usability test to understand how the
users perceive the platform. Nonetheless, a usability test will be suggested on this
chapter to be eventually implemented on the platform.
Thus, the first section of this chapter is about the SWOT Analysis. This concept
is there introduced and explained how to benefit the most of its employment. Af-
terwards, the platform that has been described through this document is analysed.
The second part of this chapter is dedicated to suggest a usability test.

6.1 swot analysis

6.1.1 Background

The SWOT Analysis, which is a great tool to assist the strategic planning and the
decision making, is a simple and structured planning method that assesses the inter-
nal and external factors impact on the project [89]. Figure 23 represents the SWOT
Matrix. The internal factors, the Strengths and Weaknesses that support or block
organisations, are also the controllable ones. However, the external factors, the Op-
portunities and Threats to which the organisations are exposed, are uncontrollable
[90].
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Figure 23.: SWOT Matrix.

Hay and Castilla in [91] explain how to benefit from the SWOT Analysis. The
information coming from the analysis should help with the decision making, it
must be a meaningful analysis instead of a simple list of strengths, weaknesses,
opportunities and threats. Each one of them should be dealt with as it follows [91]:

Strengths – they are the helpful attributes of the organisation, which will lead to
the achievement of the goals. Here some questions should be asked, such as: How
can we use each Strength? Or what do we do better than anyone else?

Weaknesses – these are the harmful attributes of the organisation, which might
be an obstacle to the objectives achievement. Here the questions asked might be:
How can we stop each Weakness? Or what and where can we improve? Or even
what are others likely to see as weaknesses?

Opportunities – these can be defined as external conditions or attributes of the
environment that may make it possible to achieve the objectives. The questions
raised are: How can we exploit each Opportunity? Or what trends could we take
advantage of? Or even how is it possible to turn the Strengths into Opportunities?

6.1.2 SWOT Analysis of the Developed Platform

By having in mind the concept of a SWOT Analysis previously referred to and being
the developed platform the ”organisation” that must be analysed, the strengths and
weaknesses as well as the threats and opportunities must be identified. Through
this evaluation of the platform the six modules developed through this dissertation
will be considered.
Regarding the strengths, the following points were identified:

• High scalability: the architecture is simple and the ideal to the platform scale;
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• A quicker loading of the content;

• The responsive interface;

• The access to a significant number of pregnancy monitoring tools;

• The advice given accordingly to the pregnant women gestational age and med-
ical history.

On the other hand, the developed supporting tool has some weaknesses that have
been identified as:

• The platform isn’t yet completely available offline;

• The need that pregnant women have to fill all the data on the BSG to have
access to personalised information;

• Some features of the developed tool need to be improved.

The external factors which influence this platform positively, opportunities that
cannot be controlled, are:

• The free availability of the platform;

• The pregnant women’s expectations on having access to more reliable and
personalised platform;

• The need of increasing the pregnant women’s knowledge and the incentive to
a healthy lifestyle.

At last, the external threats to the work here developed are:

• The competition with other pregnancy apps already available on the market;

• The lack of engagement pregnant women might have to this new technology.

6.2 usability test

Performing a usability test to the implemented platform is a really important step.
It would allow to study possible changes that may improve the platform as well as
to detect existent development flaws. However, there was no time to implement a
usability test and it would be interesting to implement it only when all the platform
is completely modified to be totally available offline.
Nevertheless, in this section it is suggested an online usability test that might be
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incorporated on the developed platform. This aims to identify the users’ opinion
and how useful the platform is to them. A survey is suggested here as the usability
test. This method is an advantageous approach since it is quick and direct to exe-
cute and its results are easy and objective to be analysed.
The work described on this dissertation has ended with the implementation of six
modules: User’s Home Module, Health and Well-being Home Module, Pregnancy
Log Module, Foetal Development Module, Advice for Future Moms Module and
Gestational Diabetes Record Module. In spite of being a part of an entire platform,
the usability test here proposed focus on evaluating these six modules.
The suggested survey is divided into seven parts. The personal information is col-
lected on the first part of this survey. If the user denies being diagnosed with
gestational diabetes or diabetes mellitus, then she must skip the sixth section. Most
of the parameters on this survey are assessed by a quantitative evaluation. A score
from 1 to 5 must be given in this evaluation. The first and third questions of the
”First section – Personal Information” are to be answered with Yes or No and the
options for the age group are: -18, 18–24, 25–29, 30–34, 35–40 and 40+. Besides, the
three first questions of the ”Seventh section – General” are to be answered by a free
text input, the fourth question by giving a score between 1 to 5, and the last one by
Yes or No.

First section – Personal Information

• Is it your first pregnancy?

• What is your age group?

• Have you been diagnosed with diabetes mellitus or with gestational diabetes
during your pregnancy?

Second section – User’s Home Module and Health and Well-being Home Module

• Is the interface design pleasant?

• How intuitive did you find these modules?

• How useful did you find these modules?

• How reliable and flawless did you find these modules?

• What is your evaluation to these modules?
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Third section – Pregnancy Log Module

• Is the interface design pleasant?

• Is the information well organised?

• How useful did you find this module?

• How intuitive did you find this module?

• How reliable and flawless did you find this module?

• What is your evaluation to this module?

Fourth section – Foetal Development Module

• Is the language simple and appropriate?

• How useful did you find this module?

• How reliable and flawless did you find this module?

• What is your evaluation to this module?

Fifth section – Advice for Future Moms Module

• Is the language simple and appropriated?

• Is the information well organised?

• How reliable did you find the information?

• Was the information provided to you adequate?

• How useful did you find this module?

• How reliable and flawless did you find this module?

• What is your evaluation to this module?

Sixth section – Gestational Diabetes Record Module

• Is the information well organised?

• How useful did you find this module?

• How reliable and flawless did you find this module?

• What is your evaluation to this module?
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Seventh section – General

• Which module do you use the most?

• What are the main flaws?

• What aspects would you like to see changed on the previous modules?

• Overall, what is your evaluation of the developed tool?

• Would you suggest this tool to your friends?

In order to encourage the users to adopt this supporting tool and to increase
their satisfaction, the main objective of this test is to understand which modules
need to be improved and what are their flaws. It also aims to apprehend what
is the users’ perception when they use the platform. Therefore, it was chosen to
give each module a section on the survey. Despite having some repeated questions
along the survey, this will allow a more precise identification of the modules that
need to be worked on.
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C O N C L U S I O N

This dissertation ends with a brief conclusion. Here the main reached contributions
are presented through the development of the supporting tool for future mothers.
Besides, in this chapter it is also proposed future aims which might lead to this
project improvement and continuation.
At the beginning of this document, at Section 1.3, five RQs were raised. This chapter
seizes the opportunity to answer these questions in its first section – Main Contribu-
tions – as well as to present the main conclusions of the developed work. Moreover,
a second section is written to establish a possible direction for the future work.

7.1 main contributions

The major aim of this dissertation was to develop a supporting tool for future
mothers from scratch in cooperation with CMIN. This assistance to women dur-
ing pregnancy should be given by a mobile platform and this supporting tool that
was developed has three main parts. One of these parts, and that is related to
monitoring pregnancy, led to the development of the modules that were described
throughout this dissertation. The methodology followed, and which allowed to
design and implement a successful IT solution, was the DSR. Hereafter, the RQs
raised in Section 1.3 can now be answered.
A detailed analysis of the types of mobile development have been performed and
the advantages and the disadvantages of each one have been studied. To develop a
web app would be the quickest and easiest way to develop the platform. However,
it would be nothing more than a website available through the mobile web browser
and it would need internet connection to work. Deciding on developing a native
app would have been a good choice if we had some experience on the mobile de-
velopment and if it wasn’t needed to develop a cross-platform mobile app. Hybrid
apps have the response for this problem, they provide a mechanism that would
allow to develop a cross-platform mobile app without all the extra time that would
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take to develop different native apps. Yet, the cutting-edge technology of PWA, a
web app that could be used on smartphones as a normal mobile app and even work
offline, has proven to be the best choice for this project. Since a PWA is based on
web apps, it uses web technologies on the development: JS, HTML and CSS. Thus,
the request made was to choose a stack with only one programming language -
the JS. The main doubt was between the MEAN and the MERN Stacks. Both use
MongoDB for the database and Express.js and Node.js for the back-end. The main
difference was on the front-end development. MEAN Stack uses the framework
Angular and MERN Stack the library React. The advantages React would bring to
the project by being easy to learn, by using a Virtual DOM and by having a higher
support by the npm ecosystem, among others, made the MERN Stack our choice.
The first RQ on how to develop a website and a cross-platform mobile app in a
efficient way is, therefore, answered.
RQ 2 was related to the monitoring of the pregnancy by the platform. The mon-
itoring provided by the platform, and external to the monitoring that is given by
the components of the BSG, is through weekly information and advice given to the
users. It also allows the tracking of moods, events, food intake, physical activity
and blood sugar levels in case of having gestational diabetes or diabetes mellitus.
In fact, to answer RQ 2 and to monitor the pregnancy through the platform, four
modules have been developed to incorporate the supporting tool. Two of these
modules only provide pregnancy-related information. Foetal Development Module
provided weekly information on the evolution of the baby based on the gestational
age. Advice for Future Moms Module gives weekly information on the changes
occurring on mother’s body and advice on nutrition, physical activity and condi-
tions that may occur during the pregnancy based on the gestational age and on
the health history. Yet, two other modules were developed to track mainly food
intake and physical activity – Pregnancy Log Module – and to track blood sugar
levels – Gestational Diabetes Record Module. The dashboard of the platform has
also two tracking tools implemented where future mothers can record moods and
pregnancy events and whose record might influence the advice given on the Advice
for Future Moms Module.
To answer RQ 3, the last question related to the platform implementation, two dash-
boards were made and all the modules have a responsive interface. Yet, it was not
possible to take full advantage of the SW potential provided by developing a PWA
and the platform isn’t fully accessible when offline. The main dashboard, User’s
Home Module, provides a quick access to all the tracking features of the platform,
informs of the next medical appointment recorded, allows record of moods and
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pregnancy events, gives information of the current gestational week and links to
the Health and Well-being Home Module. This last module is another small dash-
board by connecting the Pregnancy Log, the Foetal Development and the Advice
for Future Moms Modules.
Eventually, the viability, utility and usability of the IT solutions were analysed
through a Proof of Concept in order to answer RQ 4. This Proof of Concept in-
cluded a SWOT Analysis and a suggestion of a Usability Test. Despite not having
the results of the suggested Usability Test, from the SWOT Analysis performed it
was possible to conclude that the supporting tool has a high scalability and the sig-
nificant numbers of monitoring tools as well as the personalised advice given are
part of its strengths. Nevertheless, some modules need to be improved and there is
a competition with other pregnancy apps already available on the market. Hence,
these are some of the weaknesses and threats to the work here developed.

7.2 prospect for future work

RQ 5, which was about the aspects where the platform can be improved, is an-
swered in this section. This project and the platform on which the modules de-
scribed through this dissertation are inserted on the platform to support future
mothers during pregnancy. However, this platform was built from scratch. It is
still necessary to implement the last versions of the platform and of some of the
modules described through this document and even to complete the conversion
needed for working offline. This is one of the most important tasks since the utility
of the developed platform is dependent upon that. Furthermore, it would also be
important to conduct the usability test. Although there was no time to implement
the proposed usability test, executing one would lead to new improvements of the
platform.
On the other hand, it would be interesting to expand the platform to the HIS. By
developing an interface for the obstetricians, they could have access to part of the in-
formation of their patients and, therefore, monitor them more closely. They would
also be able to introduce more technical data in the BSG which, at this point, is
introduced by pregnant women to have access to a more personalised information.
Besides, the information provided in the platform to its users on the modules de-
scribed could be directly written and updated by the obstetricians through their
interface.
Finally, regarding the modules here implemented, the UX would be increased if ed-
ucational videos or images related to the pregnancy and to the baby’s development
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were incorporated. More personalised information should be added to the Advice
for Future Moms Module and the data collected on the tracking tools should be
used to alert to dangerous situations. For instance, in spite of being normal, in-
tense nausea and vomiting may cause dehydration. The Pregnancy Log Module
should be improved and maybe change the mood tracking by a symptom tracking
that would alert if some set of symptoms were selected. To enhance the UX even
more, Push Notifications should be explored since the Google has made available
two APIs for the PWA – Notifications API and Push API – to make that possible.
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A
A P P E N D I X

”The 10 moons” can be divided into three main parts, yet the focus of this work
is to monitor pregnancy and to provide information on a healthy lifestyle. Thus,
there were developed six modules whose interface, when accessed via smartphone,
can be seen on the following figures.
Figure 24 shows the interface of the PWA when the user accesses through a smart-
phone to the User’s Home Module. When pregnant women navigate to the Health
and Well-being Home Module, the interface provided by the PWA will be the one
of Figure 25. On the right side of this interface there are the buttons that will link to
the other modules: Pregnancy Log Modules (Figure 26), Foetal Development Mod-
ule (Figure 27) and Advice for Future Moms Module (Figure 28). This last module
advises future mothers during their pregnancy. The points in time when each ad-
vice is given are explained on the Section 4.2.5 and Figures 29, 30, 31, 32, 33, 34,
35, 36, 37, 38, 39, 40, 41, 42 and 43 show how each advice is given. When pregnant
women access the Advice for Future Moms Module, they are provided with a short
summary of each advice, which can be seen on the left side of Figures 29-43. The
full advice, which can be seen on the right side of Figures 29-43, is shown when
pregnant women click on the corresponding summary. Finally, Figure 44 shows
the interface provided by the PWA when the user accesses the Gestational Diabetes
Record Module through a smartphone.
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Figure 24.: Interface of the User’s Home Module when the user is online and on a smartphone.

Figure 25.: Interface of the Health and Well-being Home Module when the user is online and on a
smartphone.
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Figure 26.: Interface of the Pregnancy Log Module when the user is online and on a smartphone.

Figure 27.: Interface of the Foetal Development Home Module when the user is online and on a
smartphone.
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Figure 28.: Interface of the Advice for Future Moms Module when the user is online and on a
smartphone.



83

Figure 29.: Summary and full text of the article ”What to eat?”.
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Figure 30.: Summary and full text of the article ”Essential nutrients”.
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Figure 31.: Summary and full text of the article ”Essential vitamins”.
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Figure 32.: Summary and full text of the article ”Nausea and Sickness”.
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Figure 33.: Summary and full text of the article ”Nausea and Sickness - 2nd trimester”.



88

Figure 34.: Summary and full text of the article ”Dizziness”.
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Figure 35.: Summary and full text of the article ”Gestational Diabetes”.
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Figure 36.: Summary and full text of the article ”Gestational Diabetes” which is shown when gesta-
tional diabetes is diagnosed.

Figure 37.: Summary and full text of the article ”Underweight”.
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Figure 38.: Summary and full text of the article ”Physical Activity – How to start?”.
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Figure 39.: Summary and full text of the article ”Activities to Avoid During Pregnancy”.
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Figure 40.: Summary and full text of the article ”Physical Activity – 1st trimester”.
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Figure 41.: Summary and full text of the article ”Physical Activity – 2nd trimester”.
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Figure 42.: Summary and full text of the article ”Physical Activity – 3rd trimester”.
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Figure 43.: Summary and full text of the article ”Pre-eclampsia”.



97

Figure 44.: Interface of the Gestational Diabetes Record Module when the user is online and on a
smartphone.
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b.1 smart mobile computing in pregnancy care

Authors: Francisca Fonseca, Hugo Peixoto, José Machado and António Abelha.
Submitted in: The 34th International Conference on Computers and Their Appli-
cations (CATA 2019)
Year: 2019

Abstract: Pregnancy is a period of changes. With all the information available and
all the questions raised, it may also be an overwhelming period. Mobiles phones
might be a solution for pregnant women to follow their pregnancy through Elec-
tronic Maternity Records (EMR). Therefore, this paper aims to propose an EMR
to help women during their pregnancy. Firstly, the importance of Personal Health
Records (PHRs) as well as mHealth is overviewed. Secondly, the types of mobile
apps are presented with their pros and cons and the concept of Progressive Web
App (PWA) is introduced. In order to understand the features that pregnancy mo-
bile apps are now offering and the ones they are missing, eight apps are analysed.
Lastly, the features and architecture of the proposed EMR are described and dis-
cussed. Since PWAs are a recent technology and a promising alternative to the
three classic types of mobile develop- ment, it is also the technology used to de-
velop the proposed EMR.

b.2 improving maternity care with business intelligence

Authors: Patrı́cia Loreto, Francisca Fonseca, Ana Morais, Hugo Peixoto, António
Abelha and José Machado.
Published in: Proceedings - 2017 5th International Conference on Future Internet
of Things and Cloud Workshops, W-FiCloud 2017

Year: 2017
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Abstract: The aim of this paper is to develop clinical indicators for obstetrics
through the use of Business Intelligence (BI) tools, since valid and reliable clinical
indicators can help measuring quality of healthcare services and support decision-
making processes. This paper gives an overview of concepts related to Health
Information Systems (HIS) and BI, along with some related work to highlight the
advantages that BI solutions can bring when applied to healthcare. In this paper
is also presented the data warehousing and the ETL process, that was necessary
for the development of indicators and which is usually hidden from endusers, is
described. The indicators were developed using Power BI and were analysed and
compared with reference values from both national and international health reports.
The discussion of the developed indicators made it possible to measure the quality
of the obstetrics service, to identify the problematic areas and to decide whether
improvement measures should be taken.

b.3 step towards prediction of perineal tear

Authors: Francisca Fonseca, Hugo Peixoto, Filipe Miranda, José Machado and
António Abelha.
Published in: Procedia Computer Science
Year: 2017

Abstract: The aim of this study is to predict, through data mining tools, the in-
cidence of perineal tear. This kind of laceration developed during child delivery
might imply surgery and entails a set of several consequences. Clinical Decision
Support Systems, with the information collected from patients’ electronic health
records combined with the data mining techniques, may decrease the incidence of
perineal tears during labour.

b.4 predicting the occurrence of lung metastases in soft tissue

sarcoma patients

Authors: Ana Morais, Francisca Fonseca, Patrı́cia Loreto, Victor Alves, Bruno Fer-
nandes, Jorge Ribeiro, Cesar Analide, Filipa Ferraz, João Neves, Henrique Vicente
and José Neves.
Published in: 16th Ibero-American Conference on Artificial Intelligence and the
Sociedad Peruana de Inteligencia Artificial
Year: 2018

Abstract: Soft Tissue Sarcomas (STSs) pose a potential risk for the development of
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lung metastases, which in turn results in a negative prognosis for patients. Indeed,
the prediction of the occurrence of these anomalies during STS treatment would be
of great interest to both patients and healthcare professionals as it could increase
treatment efficacy and improve overall survival. Next, the techniques used and the
problem-solving methodology for performing the feature extraction are presented,
followed by a Logic Programming approach to feature vector representation that
caters for the handling of incomplete, unknown or even self-contradictory data or
knowledge. It is complemented with a Case Based approach to computing.

b.5 predicative vagueness in lung metastases in soft tissue sar-
coma screening

Authors: José Neves, Almeida Dias, Ana Morais, Francisca Fonseca, Patrı́cia Loreto,
Victor Alves, Bruno Fernandes, Jorge Ribeiro, Cesar Analide, Filipa Ferraz, João
Neves and Henrique Vicente.
Published in: 6th International Conference on Mining Intelligence and Knowledge
Exploration
Year: 2018

Abstract: Soft Tissue Sarcomas (STSs) pose a potential risk for the development
of lung metastases, which in turn results in a negative prognosis for patients.
Presumptions about the occurrence of these abnormalities during STSs treatment
would have countless implications for both patients and healthcare professionals as
they could increase the efficacy of the treatment and improve overall survival. Pre-
diction is based on a creative Logic Programming, Case Based Reasoning approach
to problem solving, that is complemented with an unusual approach to Knowledge
Representation and Reasoning, as it takes into consideration not only the data items
entropic states but introduces the concept of Vague’s Predicate Extension.
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