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“If you can’t fly then run, if you can’t run then walk, if you can’t walk
then crawl, but whatever you do you have to keep moving forward.”

–Martin Luther king Jr



Abstract

Owing to the ubiquity of smartphones and their associated devices, a plethora of mo-
bile health applications (mHealth apps) can now be found in the app stores. In such apps,
gamification appears being an auspicious approach to improve user engagement, promote
healthy behaviours, and motivate users to use mHealth apps over a long period of time.
Over the last decade, gamification has gained growing interest among healthcare researchers
and professionals, in that a variety of health-related interventions are being gamified. While
most of these interventions support a priori pervasively gameful behaviours such as exercise,
scant attention is paid to other health behaviours. The objective of this thesis is therefore
to investigate the use of gamification principles in less pervasive health sectors such as
blood donation (BD) and postnatal care (PNC). As a result, two gamified apps have been
developed to: 1) aid in the recruitment and retention of motivated blood donors and 2)
promote postnatal care, respectively. To build strong foundation for this research, a literature
review has been conducted to scrutinize the use of gamification in health-related contexts.
Moreover, an analysis of functionalities and features of available BD and PNC apps has
been carried out to help elicit relevant requirements. Throughout the cycle of this research,
several disciplines have been investigated to raise the quality and potential of these pilot
apps including requirements engineering and software product quality.
A significant part of the research presented in this thesis was conducted in close cooperation
between the Software Project Management research team of ENSIAS in Morocco and the
Software Engineering Research Group of University of Murcia in Spain. The research on
postnatal care was carried out under the PEER project 7-246 entitled: "Facilitating Access to
Reproductive Health Services for Refugee Women in Morocco". This project is supported by
the US Agency for International Development (USAID).

Keywords: Gamification, mHealth, Software Quality, ISO/IEC 25010, Requirements Engi-
neering.
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Résumé

En raison de l’omniprésence des smartphones et des appareils qui leur sont associés,
une pléthore d’applications de santé mobiles sont désormais disponibles dans les magasins
d’applications. Dans ces applications, la ludification semble être une approche prometteuse
pour améliorer l’engagement des utilisateurs, promouvoir des comportements sains et mo-
tiver les utilisateurs à utiliser les applications de santé mobiles sur une longue période.
Au cours de la dernière décennie, la ludification a suscité un intérêt croissant parmi les
chercheurs et les professionnels de la santé, dans la mesure où elle permet de ludifier diverses
interventions liées à la santé. Alors que la plupart de ces interventions soutiennent a priori
des comportements ludiques tels que l’exercice physique, les autres comportements de santé
ne font guère l’objet d’une attention particulière. L’objectif de cette thèse est donc d’étudier
l’utilisation des principes de ludification dans des secteurs de la santé moins envahissants
tels que le don de sang et les soins postnatals. En conséquence, deux applications ludifiées
ont été développées pour: 1) aider au recrutement et à la fidélisation de donneurs de sang
et 2) promouvoir les soins postnatals, respectivement. Afin d’établir une base solide pour
cette recherche, une analyse documentaire a été menée pour examiner l’utilisation de la
ludification dans des contextes liés à la santé. En outre, une analyse des fonctionnalités et
caractéristiques des applications pour le don du sang et les soins postnatals disponibles a
été réalisée pour aider à déterminer les exigences pertinentes. Tout au long du cycle de cette
recherche, plusieurs disciplines ont été étudiées pour améliorer la qualité et le potentiel de ces
applications pilotes, notamment l’ingénierie des exigences et la qualité des produits logiciels.
Une partie importante de la recherche présentée dans cette thèse a été menée en étroite
collaboration entre l’équipe de recherche sur la gestion de projets logiciels de l’ENSIAS au
Maroc et le groupe de recherche sur le génie logiciel de l’université de Murcia en Espagne.
La recherche sur les soins postnatals a été réalisée dans le cadre du projet PEER 7-246 intitulé:
"Faciliter l’accès aux services de santé reproductive pour les femmes réfugiées au Maroc". Ce
projet est soutenu par l’Agence américaine pour le développement international (USAID).

Mots clés: Ludification, Santé mobile, Qualité du logiciel, ISO/IEC 25010, Ingénierie des
exigences.
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Resumen

Debido a la ubicuidad de los teléfonos inteligentes y sus dispositivos asociados, ahora se
puede encontrar una gran cantidad de aplicaciones móviles (apps) de salud en las tiendas de
aplicaciones. En esas apps, la gamificación parece ser un enfoque auspicioso para mejorar la
participación del usuario, promover conductas saludables y motivar a los usuarios a utilizar
las apps de salud durante un largo período de tiempo. En la última década, la gamificación ha
ganado un interés creciente entre los investigadores y profesionales de la salud, en el sentido
de que se está modificando una variedad de intervenciones de salud. Si bien la mayoría
de estas intervenciones apoyan a priori los comportamientos lúdicos generalizados, como
el ejercicio, se presta escasa atención a otros comportamientos de salud. Por consiguiente,
el objetivo de esta tesis es investigar el uso de los principios de la gamificación en sectores
sanitarios menos omnipresentes, como la donación de sangre y la atención postnatal. Como
resultado, se han desarrollado dos apps gamificadas para: 1) ayudar a la captación y retención
de donantes de sangre y 2) promover la atención postnatal, respectivamente. A fin de sentar
bases sólidas para esta investigación, se ha realizado un examen de la bibliografía para
analizar el uso de la gamificación en contextos de salud. Además, se ha llevado a cabo un
análisis de las funcionalidades y características de las apps de donación de sangre y de la
atención postnatal disponibles para ayudar a obtener los requisitos pertinentes. A lo largo
del ciclo de esta investigación, se han investigado varias disciplinas para elevar la calidad y
el potencial de estas apps piloto como la ingeniería de requisitos y la calidad del software.
Una parte importante de la investigación presentada en esta tesis se llevó a cabo en estrecha
cooperación entre el equipo de investigación de Gestión de Proyectos de Software de ENSIAS
en Marruecos y el Grupo de Investigación de Ingeniería de Software de la Universidad de
Murcia en España. La investigación sobre la atención postnatal se llevó a cabo en el marco
del proyecto PEER 7-246 titulado: "Facilitar el acceso a los servicios de salud reproductiva
para las mujeres refugiadas en Marruecos". Este proyecto cuenta con el apoyo de la Agencia
de los Estados Unidos para el Desarrollo Internacional (USAID).

Palabras claves: Gamificación, Salud móvil, Calidad del software, ISO/IEC 25010, Ingeniería
de requisitos.
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General Introduction

“Gamification is design that places most emphasis on the human motivation in the
process. In essence it is human focused design."

- Yu Kai Chou

The primary goal of this thesis is to gain deeper knowledge and understanding of gamifi-
cation and its application for promoting healthcare services. This thesis also focuses on the
requirements specification and software quality of mobile health applications (mHealth apps),
particularly in the fields of blood donation and postnatal care. The major contributions of this
thesis are: i) exploration of the state of research in the area of gamification in eHealth through
a Systematic Literature Review, ii) analysis of functionalities and features of the available
mHealth apps for blood donation and postnatal care, iii) design and implementation of two
gamified mHealth apps for blood donation and postnatal care, respectively, iv) proposal of a
comprehensive requirements catalog for the development of gamified mHealth apps.

This introduction is organized as follows: Section outlines the motivations for conducting
this thesis. Section describes the major objectives of this thesis. Section portrays the research
approaches used in this thesis and the thesis outline is presented in section .

Motivations

Even in high-resource settings, Postpartum Hemorrhage (PPH) is recognised as one of
the most frequent causes of maternal mortality and morbidity worldwide [1]. PPH is defined
as the loss of lots of blood quickly which may cause a severe drop in blood pressure, and can
lead, if not treated rapidly, to shock and death [2].

Generally happening after the placenta is delivered, mostly with a caesarian birth, PPH
may also be caused by a lack of uterine tone, damage and tears to genital structures (cervix,
uterus, vagina, etc), blood clotting disorders and placenta problems [3]. Some women are at
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greater risk for PPH if they are obese, having quick or prolonged labor or had many previous
births. In light of this, the immediate blood transfusions become necessary and life-saving,
inducing therefore the importance of donating blood.

In spite of all the significant advances in the medical area, no real progress has been
made to develop a substitute for blood [4]. Consequently, blood supplies are considerably
outstripped by the immediate and crucial demand for transfusions [5]. Despite people
awareness about the need for blood, 90% of people who are eligible to donate blood are not
currently doing so. Non-donors provide different reasons for their non-willingness such as
busy schedule, needle phobia and fear of catching disease [6]. Notwithstanding the fact that
blood donation (BD) is considered a purely prosocial behaviour, altruism and empathy were
portrayed among the less significant motivations driving the BD decision [7]. Recruiting and
retaining voluntary, non-remunerated, safe and young blood donors pose an acute challenge
for transfusion services and blood banks. Social networks and text messages have played a
leading role in the search and recruitment of blood donors, respectively [8]. However, it has
been affirmed that relying on social networks and text messages to broadcast the need of BD
could be inefficient if the information is irrelevant to the potential donors.

User-friendly apps may, in fact, promote BD. Through geolocation services and push
notifications, donors can be instantly informed of blood shortage in nearby locations. Besides,
offering virtual and/or real rewards to donors can boost their motivation and enhance the
retention rate of regular donors [9]. Considering that the individual is mostly driven by
its intrinsic motivations [10], levelling and acquiring status can have a better influence on
donors’ engagement and loyalty. In spite of the large number of BD apps, there is a significant
scarcity of BD apps that employ game elements to motivate users (i.e. donors or non-donors)
and stand upon a well-founded understanding of the users’ psychology.

While blood transfusions can save lives of thousands of women during postpartum, an
optimal postnatal care (PNC) remains also highly important to avert neonatal and maternal
deaths, as well as long-term complications. PNC is the care given to the mother and her
newborn infant immediately after the birth and during the postnatal period which may last
up to six months [11]. Effective counseling, well-founded. Vaginal care, targeted postpar-
tum hygiene and nutrition, infant care and counselling on family planning and exclusive
breastfeeding are the most preeminent pillars of PNC [12]. Along with its undoubtable
benefit for both infant and maternal health, studies have shown that extended breastfeeding
can substantially decrease the risk of postpartum anaemia [13]. Thus, the importance of
delivering an appropriate PNC cannot be overstated. Nevertheless, PNC services tend to be
poorly covered when compared with other reproductive health care services. The inadequacy
and the underutilization of PNC services likely emanate from several factors ranging from
poor education and poverty to limited access to healthcare facilities [14]. In order to palliate
these problems and improve access to reproductive healthcare services and PNC in particular,
numerous apps have been launched in the mHealth apps market [15]. However, most of these
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apps overlook some crucial postnatal aspects and lack motivational and engaging elements.
The dearth of gamified comprehensive apps for BD and PNC is the major motive to focus on
these two health disciplines.

Research objectives

The objectives of this thesis are highlighted by means of research questions (RQs). Cor-
related to the main RQ which represents the central focus of this research, these questions
are answered throughout the chapters of this thesis. The principal purpose of this thesis
is to apply gamification to blood donation and postnatal care, therefore, the main RQ is
formulated as follows:
Main RQ. How can gamification be effectively employed in blood donation and postnatal
care areas?

In order to answer this main RQ, it is necessary to address the following RQs:

RQ1. What is the current state of research on applying gamification in the eHealth realm?
This RQ is answered in Chapter 2 through a Systematic Literature Review.

RQ2. What are the main functionalities and features of available apps for BD and PNC?
This RQ is answered in Chapter 3.

RQ3. What is the compelling set of functionalities and gamification aspects to develop an
effective BD app?
This RQ is answered in Chapter 4.

RQ4. What are the functionalities and features essential to build a comprehensive gamified
PNC app?
This RQ is answered in Chapter 4.

RQ5. What are the most relevant quality aspects to include in gamified mHealth apps?
This RQ is answered in Chapter 5.

RQ6. How to conduct an audit method to assess and improve gamified mHealth apps?
This RQ is answered in Chapter 5.

Research approaches

In order to gather all the elements and data essential to addressing the research objectives,
two types of research approaches have been used; a Systematic Literature Review (SLR) to
explore the applications of gamification in healthcare contexts and a survey to understand
blood donors’ behaviour.
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Systematic Literature Review

Each year, a considerable amount of research is produced, usually with discordant results.
These inconsistencies across studies are mainly due to operational and methodological
aspects. In such situations, it becomes difficult to decide which results are most reliable
and replicable. Systematic reviews aim to resolve these issues by identifying, critically
apparaising and integrating all the relevant data and results from research about a particular
problematic in a standardized and systematic way. Systematic reviews help giving objective
and transparent overview of all evidence surrounding a particular RQ. Given their explicit
methodology and their study design that reduces bias, systematic reviews are considered
to be the highest quality evidence on a research topic and have the potential to provide the
most important practical implications [16].
A systematic review is defined as a review using a systematic method to synthesize evidence
on RQs with a detailed and comprehensive plan of study. The key steps for effectively
conducting a systematic reviews are the following [17, 18]:

1. Formulate the RQ(s). The problem(s) to be addressed by the review should be specified
in the form of clear, well-defined and structured questions. In clinical and health-related
studies, the RQ should address four basic elements, known as PICO which stands for:
Population, Intervention, Comparison and Outcome.

2. Define the inclusion/exclusion criteria (IC/EC) that will be used to determine whether
or not a study will be included in the search. These study selection criteria should flow
directly from the review questions.

3. Select relevant studies. The search for studies should be extensive in that multiple
resources should be searched. all the studies found should undergo a rigorous screening
using the selection criteria. Reasons for inclusion and exclusion should be recorded.

4. Extract relevant data from included studies. The objective of this stage is to read
the full-text of the included studies and extract relevant data using a pre-determined
data extraction form. At a minimum, data extraction form should include: Study
Characteristics; with particular detail related to characteristics, Outcome Measures of
interest, and Results to be used in data synthesis.

5. Assess the quality of all included studies. Selected studies should be subject to an
in-depth quality assessment by use of design-based quality assessment checklists. This
assessment will be used for exploring heterogeneity and identifying potential risk of
various biases which will allow to gauge the quality of the evidence in a more refined
way.

6. Summarize the evidence. Data synthesis consists of categorizing the findings and
exploring commonalities and differences between studies.
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7. Interpret the findings. This final step consists of clearly presenting the findings, in-
cluding detailed methodology so that the review can be easily updated in the future
with new research findings. A good interpretation of the findings will significantly help
in objectively answering the RQ(s).

Survey

Frequently present in politics, market, social, and psychological research, surveys are
one of the most reliable ways to gather targeted information in which to draw conclusions
and make important decisions [19]. A survey is a research approach that is based on the
collection of information from a specific group or a representative sample of a particular group
to gain specific information regarding knowledge, attitudes, or behaviours [20]. It can use
quantitative and/or qualitative research strategies. Quantitative strategy is usually conducted
through surveys with closed-ended questions whereas qualitative strategy consists of open-
ended questions to explore more elaborate answers. When quantitative and qualitative
strategies are paired, we talk about mixed strategy that allows a complete set of data to be
gathered about the target audience to gain broader information about their demographic
characteristics, experience, behaviours and attitudes [21]. Accordingly, there are several ways
of administering a survey depending on multiple factors such as: Time, costs, coverage of
the target audience, sensitivity of survey data and response accuracy. These administration
modes can be summarized as follows [19]:

• Interviewer-administered structured interviews (e.g. Face-to-face interviews, tele-
phone interviews, street intercept survey)

• Self-administered questionnaires (e.g. Web survey, Mail survey)

• Mixed-mode surveys (e.g. web survey followed by a shorter telephone interview for
non-respondents).

In order to conduct an effective survey research, it is essential to perform the following
steps [22]:

1. Develop a single clear and explicit RQ

2. Define the population and sample

3. Decide on the administration mode (e.g. face-to-face, online, mail)

4. Design the survey questions

5. Disseminate the survey and collect responses

6. Analyze the survey results
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7. Report the results

Despite the simplicity of these steps, a number of surveys fail to obtain accurate results.
Among the multiple challenges facing survey research, the rise of non-response is perhaps
the most bothersome. The non-response can stem from the respondents’ refusal or lack
of cooperation, cultural and language barriers, or from the inadequacy and ambiguity of
the survey’s questions. Besides, missing the purpose, prompting respondents with leading
questions and measuring too many factors can highly affect the efficiency and reliability
of the survey research [23]. For a survey research to yield accurate results, it is therefore
imperative to clearly define the purpose, know the target population and its preferences
with regards language and technical aspects and design a short and convenient survey with
relevant, unbiased and intelligible questions.

Thesis outline

This thesis is organized as follows:

Chapter 1 provides some background on the most important topics of this thesis. It, first,
introduces mobile health and gamification. Second, it describes the Trans-Theoretical Model
(TTM) as the most relevant behaviour change theory applied in health settings. Moreover,
Chapter 2 gives an overview of common software quality models that are principally used in
the definition of quality requirements or in the measurement of the software product quality.
The core activities involved in the requirements engineering process are also presented.

Chapter 2 presents the state-of-the-art research on gamification in e-health. An SLR has
been conducted to investigate the domains of application, benefits and challenges of gami-
fication in health settings. To this aim, substantial data have been extracted from a total of
46 primary studies in order to answer nine RQs. Subsequently, these studies were classified
according to their research types, publication channels and trends, health disciplines and
empirical types. Moreover, all data related to the game mechanics employed in the proposed
gamified solutions, the challenges encountered and the perceived benefits of gamification
have been retrieved from the selected studies.

Chapter 3 analyzes the functionalities and gamification aspects implemented in the BD
apps available in app repositories. A quality evaluation of these apps using ISO/IEC 25010
quality model is also provided. The degree of impact of 37 BD apps’ requirements on eight
quality characteristics and their underlying sub-characteristics have been therefore assessed.
Moreover, Chapter 4 explores a total of 48 PNC apps to identify the most predominant
functionalities and technical features in relation to security, usability and internationalization.
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Chapter 4 proposes two gamified health mobile solutions intended to promote BD and
PNC, respectively. On the one hand, a stage-matched BD app has been developed to enhance
the recruitment and retention of blood donors through combining gamification elements and
TTM principles. On the other hand, a PNC solution has been developed in collaboration with
Maternity les orangers in Rabat under a PEER research project. The requirements specifica-
tion has therefore been carried out taking into consideration the functionalities presented in
Chapter 3 and those catering the real needs of women in terms of PNC. This chapter also
provides a gamification strategy to be implemented in the solution and an experiment design
to perform an empirical evaluation of its overall quality.

Chapter 5 presents a reusable software requirements catalog for gamified mHealth apps.
Multiple information sources including standards and international guidelines have been
considered to discern the most relevant requirements regarding gamification, functional
suitability, usability and security. Chapter 5 also outlines the phases of an audit approach to
assess the compliance of apps with the requirements in the catalog. A BD and a PNC apps
have been selected to validate the applicability of both the catalog and the audit method. An
evaluation of these two apps has been provided by means of a checklist generated from the
catalog.

Chapter 6 concludes this thesis. This chapter presents a summary of the main contribu-
tions of our research by highlighting the key findings. A list of potential directions for future
works is also provided.
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Chapter1
Background

1.1 Introduction

This chapter presents the key concepts and the theoretical background for this thesis.
Section 1.2 and Section 1.3 provide an overview of the trends, advantages and challenges
associated with the advancement of mobile health technology and gamification. The most
popular theories that help understand the change in people’s health behaviour are described
in Section 1.4. The remaining sections are concerned with Software Engineering; Section
1.5 presents the Software Quality Models applied in the contributions dealing with quality
assessment of mHealth apps and Section 1.6 highlights the requirements engineering process.

1.2 Mobile health

Information and Communication Technologies (ICT) have proven to be a powerful
prospect in promoting the fields of healthcare and allowing patient empowerment and dis-
ease management [24]. ICT have been efficiently used by patients and healthcare providers to
facilitate communication, manage patient history and handle medical transcriptions, among
others [25]. The new era of mobile technologies has revolutionized all fundamental human
pursuits in that many sectors have been reshaped and tangibly improved such as educa-
tion, finance and healthcare [26]. The features of mobile technologies that may make them
particularly appropriate for providing individual level support to consumers relate to their
popularity, their mobility, and their technological capabilities. The popularity of mobile
technologies has led to high and increasing ownership of mobile technologies, which means
interventions can be delivered to large numbers of people [27].

Referred to as mHealth, the use of mobile technologies to track and improve health
outcomes is a rapidly expanding trend. mHealth is a term coined for the use of mobile
and wireless devices to improve health outcomes. The Global Observatory for eHealth
of the World Health Organization (WHO) defines mHealth as “medical and public health
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practice supported by mobile devices, such as mobile phones, patient monitoring devices,
personal digital assistants, and other wireless devices” [28]. mHealth is thus the new edge on
healthcare innovation. It proposes to deliver healthcare anytime and anywhere, surpassing
geographical, temporal, and even organizational barriers [29, 30]. Efforts to adopt health
apps into medical and clinical practice has progressed significantly, leading to a steadily
proliferation of the mHealth industry. There are now over 318,000 mHealth apps available at
the top app stores worldwide, namely Google Play Store and Apple App store, accounting
with more than 200 apps being added each day [31]. This staggering number is fuelled by a
combination of factors including the increased penetration and ownership of smartphones,
tablets and other mobile platforms, the high burden of chronic disease prevalence and the
shift towards a patient-centric healthcare delivery [32]. Besides, the rising need for tracking
daily activities, changing lifestyles and behaviours substantially results in the widespread
use of mHealth apps [33]. In this respect, mHealth apps promise to empower patients and
healthcare providers at different levels and through a myriad of ways including the ubiqui-
tous access to accurate health information [32], consistent remote monitoring and vital signs
self-management along with the startling treatment adherence support [33, 34]. Patients can
remain under constant observation of expert physicians without being physically present
at the hospitals. Another prevalent benefit of mHealth apps is shifted towards motivating
positive health behaviour change which is considered as the most frequently targeted lever
for reducing the burden of preventable disease and enhancing wellbeing [35, 36].

Despite these perceived advantages, the lack of regulation around the dissemination of
mHealth apps raises concern about their quality and practices. In fact, there are many signifi-
cant challenges that plague the implementation of mHealth apps, which can be categorized
into issues with user experience, data security and privacy, and user engagement [37]. User
experience (or usability) is considered a crucial part of design and development of apps for
mHealth as it aims to reduce the risk of users having difficulty in using the application and
it is one of the attributes that regulate the success of the app in the market [38, 39]. From
user interface to app navigation, every element in the app must add value to the overall
user experience. Besides simplicity and intuitive navigation, interactivity is another key
element to include in design features to enhance the overall usability of the application [40].
In general, users prefer interactive systems which are simple, interesting and satisfying.
Furthermore, mHealth solutions shall resonate with the health literacy level of the target
audience to shrink the gap in knowledge between healthcare providers and potential users.
Another prevalent concern for users of mHealth apps is information security and privacy
issues. Undoubtedly, mHealth apps facilitate easier information sharing and a better patient
experience, nonetheless, they often collect and manage a massive amount of health and sensi-
tive data [37]. Per se, it is of great importance to develop apps that comply with security and
privacy guidelines defined by data protection laws, such as the European Union’s General
Data Protection Regulation (GDPR) and the Health Insurance Portability and Accountability
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Act of 1996 (HIPAA) in the US [41]. Vulnerabilities regarding privacy and security may result
in infringing the confidentiality of users’ data which can subsequently lead to financial losses,
discrimination, stress and discontent [42]. Developers of mHealth apps can therefore enact
some technical safeguards to ensure users’ data protection and privacy. These include the
implementation of policies and procedures that a) guarantee the identity of users and impede
access to third parties through authentication and identification, b) establish measures that
warrant the integrity and encrypt users’ data both in transmission and while being stored.

Offering consumers easy to use, intuitive and secure mHealth apps constitute the depar-
ture point towards user engagement. Being tightly linked to the users’ intention to continue
using the app, user engagement is also considered a decisive factor in determining the success
of mHealth apps [43]. User engagement defines the user’s response to an interaction that
stimulates and retains their attention. In addition to fulfilling their ultimate user-centered
health care objectives through the provision of vital information and informed decision mak-
ing tasks, mHealth apps must offer user-friendly features, reach a high level of transparency
and include gamification techniques (e.g. rewarding systems, challenges, leaderboards, etc)
in order to boost user engagement [43].

1.3 Gamification

The concept of "gamification” has become progressively popular over the last few years.
Conceived in the digital media industry, gamification began to be adopted on a wide scale
only in the second half of 2010 [44]. In fact, the first documented use dates back to 2008,
under the word “funware”, which was coined by Gabe Zichermann [45]. Gamification gained
more notability through various books such as Jane McGonigal’s ”Reality is Broken” [46]
and Gabe Zichermann’s ”Game Based Marketing” [47]. Zichermann has also developed a
marketing guide based on game mechanics to create brand awareness and drive customer
engagement [47]. As the term “gamification” was heavily contested within the video game
and digital media industries, many designers originated new terms for their own practice
to avoid the appearance of misconceptions about gamification [45]. Moreover, there has
been much controversy surrounding the definition of “gamification” [44, 45, 48]. However,
the most commonly accepted definition amongst those proposed was that of Sebastian
Deterding who stated that "Gamification is the use of game design elements in non-game
contexts” [44]. This signifies that rather than creating immersive, full-fledged games as in
“serious games”, gamification is intended to affect the users’ behaviour and motivation by
means of experiences reminiscent of games [49]. Nevertheless, the aforementioned definition
is related to similar concepts such as serious games, playful interaction, and game-based
technologies [44]. Serious games are games designed for non-recreational purposes, focusing
therefore on areas as “serious” as economics, education, health, industry, military and
politics [50]. The most widely conventional definitions of serious games follow the lead
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set by Michael [51] and Stokes [52] by which serious games were regarded as either being
“games that do not have entertainment, enjoyment or fun as their primary purpose” or
“games that are designed to entertain players as they educate, train, or change behavior.”
Unlike gamification, serious games appeared a long time before the proliferation of computer
technologies [53]. The ancestors of serious games were mainly non-digital and started to
emerge in a few domains, namely, education, military and politics [54].

Although serious games and gamification tend to be used for purposes other than their
expected entertainment use, their implementations differ considerably. Whereas serious
games sometimes called as ‘games with a purpose’ afford pure gaming experiences by
means of gameplay rules, game engines and mechanics, gamification attempts to create
experiences reminiscent of game through a combination of game mechanics and game
experience design [55]. Rewards (e.g. points, achievement badges, and leaderboards) are
perceived as a core gamification strategy for users who accomplish the requested tasks [56].
Some of the means used to promote competition are setting challenges and making the tasks
visible to other users [56]. Another useful pillar of gamification is leveraging social networks
to increase engagement and interaction among the users [57]. There are many additional
meaningful gamification tactics, which enhance the persuasiveness of the gamified solution,
such as narrative storylines, avatar-based self-representation and onboarding tutorials [58].

Gamification thus promises a dual improvement consisting of making the activities
more pleasant while ensuring people’s long-term engagement with tasks perceived to be
demotivating [59]. Basically, a range of emotional, cognitive and social benefits are ascribed
to gamification [59]. Developing positive social relationships and promoting a feeling of
integration are the key social benefits noted for gamification [60]. Social influence can also
invoke a sense of competition to achieve a higher status on the ranking table yielding thereby
numerous emotional skills such as auto-satisfaction, self-esteem and pride [61]. Moreover,
there is a good evidence that gamification aid in cognitive development, as it stimulates
the brain and promote knowledge acquisition [61]. It helps develop strategic abilities of
the players as long as it enhances their working memory, visual attention and processing
speed [62]. Typically, the various game mechanics potentially involved in gamification are
regarded as an anchoring point for players to ensuring a flow of cognitive skills such as
reaching a state of concentration, developing problem-solving skills and acquire a sense
of goal-orientation [63]. The underlying idea of gamification is to harness people’s innate
motivation alongside the natural desire to learn, socialize, master tasks, compete, record
achievements, build status, participate in self-expression and have fun [64, 65]. Appealing to
these intrinsic motivators, the gamified technology employs rewards and competitive game
features to induce user immersion in the app environment [35]. These incentives typically
include earning points, achievement badges and virtual currency or new levels, challenges
and progress bars [66]. The use of leader boards and making rewards visible to other users
are ways of fostering user competition.
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According to a research report, the gamification market size is projected to generate
USD 30.7 billion by 2025 [67]. In the same way, a market study shows that the world-wide
Serious Games market it is forecast to reach $8.91 billion by 2025 [68]. Nevertheless, it is
interesting to note that despite the oldness of the concept of serious games, gamification
genuinely steps into the mainstream whereas serious games stay in much limited scale [69].
To illustrate this point, observe that gamification has already been applied in several domains,
including education (e.g. to foster the engagement of students [50]), business (e.g. to engage
employees and increase customers’ loyalty [70]) and environmental sustainability (e.g. to
inspire and provoke engagement in environmentally positive behaviors [71]). There has been
considerable interest in applying gamification to the digital healthcare industry. This growing
interest was to some extent spawned by the inequity of access to healthcare resources, the
lack of adherence to treatment [72] and the increase in healthcare costs [73]. Electronic
technology has effectively contributed to the rise of gamification in many industries. The
advanced features of smartphone handsets such as inbuilt accelerometers, external sensors
and GPS services have proven to be an especially useful vehicle for the seamless delivery
of healthcare interventions in general, and gamified health interventions in particular [73].
The tremendous power of the technological advances have led innovation and creativity to
become more attractive and tempting for researchers in various domains. The healthcare
realm in particular has been positively affected, and highly advanced health-related systems
have therefore been developed in order to promote healthy lifestyles and enhance overall
wellbeing.

1.4 Health behaviour change theory

Different theories and models of behaviour change have been applied to health contexts
to assist in the design of behaviour change interventions. In this respect, six main theoretical
perspectives to boost adherence to health behaviours have been identified (biomedical, be-
havioural, communication, cognitive, self-regulatory and stage perspectives) encompassing,
each of them, different theories [74]. The most recurrently used theories are those within
cognitive and stage perspectives. The cognitive perspective includes theories that consider
attitudes and beliefs as the locus of the individual’s behaviour. Of those theories, the Theory
of Planned Behaviour (TPB) is the most widely cited and applied theory in predicting BD
behaviour and intentions [75]. On the other hand, stage-based theories contend that indi-
viduals go through distinct stages as they learn and develop. The Trans-Theoretical Model
(TTM) is the most prominent and widely applied among stage models [76].

1.4.1 Theory of Planned Behaviour (TPB)

This theory evolved from the Theory of Reasoned Action (TRA) [77] which assumes that
the intention to perform a particular behaviour acts as the best determinant and the most
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consistent predictor of that behaviour [78]. Intention, in turn, is believed to be directly affected
by attitude that includes the individual’s positive or negative evaluations of the behaviour
and subjective norms which reflect the individual’s perception of the social pressure exerted
on him for the performance of the behaviour [77, 79]. Recognizing that the TRA omits the
fact that behaviour may not always be function of voluntary control, Azjen [80] extended
the theory to include the variable of behavioural control which reflects the ease or difficulty
perceived in performing the behaviour. Conceptually, the perceived behavioural control
is closely related to the notion of self-efficacy [81] since they are both concerned with the
perceived ability to perform a behaviour [82].

Although the TPB has proved to be the most promising theory in predicting future
blood donor behaviour [75], its predictive utility was generally improved by considering
the incorporation of other constructs [83]. The extensions to the TPB include moral norm,
anticipated regret, identity, self-categorization [84] donation anxiety and past behaviour, to
cite but a few [85]. Nevertheless, many limitations have been levied against the use of TPB in
the prediction of BD intention and behaviour. It has been shown that these theories tend to
focus on single, discrete acts rather than on repeated acts [85]. Moreover, models of attitude
structure as the TPB, appear to offer very little in the way of selecting the highly significant
predictors to guide interventions’ set up [75]. As a viable alternative to the TPB, researchers
have begun to apply the TTM to conceptualize blood donation behaviour [86].

1.4.2 Trans-Theoretical Model (TTM)

Originally, the TTM was developed to study nicotine addiction, it assesses the individu-
als’ readiness to quit smoking and provide them with well-established strategies to move
towards smoking cessation [87]. More recently, the TTM has been applied in distinct cultures
and ethnicities [88, 89] over numerous health behaviours [90] including exercise, dietary fat
reduction, diabetes prevention, organ donation, etc. The TTM consists of two major compo-
nents: Stages of Change and Processes of Change [75]. The temporal dimension of this model
is construed by these five exclusive stages of change: Pre-contemplation, Contemplation,
Preparation, Action and Maintenance [75]. Each of these delineates the actual readiness and
willingness of individuals for change. For instance, Pre-contemplation is the stage in which
people are not planning to take action in the foreseeable future because they are unaware of
the reason to change. Whilst, individuals in maintenance stage are being more confident to
maintain the desired behaviour and are less tempted to relapse. Ten processes of change have
been suggested to facilitate the transition from one stage to the next and were classified into
two categories: experiential and behavioural. Each of these processes of change intervenes
uniquely at one transition. [91].
The experiential processes are used primarily for the early stage transitions and include:

• Consciousness Raising: Increase awareness and gain understanding about the be-
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haviour change

• Dramatic Relief: Increase emotional experiences about the behaviour change

• Environmental Reevaluation: Realize how the behaviour change affects physical and
social environment

• Self-Reevaluation: Assess how one feels with and without the behaviour change

• Social Liberation: Harness environmental and social opportunities with the behaviour
change

The five behavioural processes used primarily for the later stage transitions include:

• Self-Liberation: Choose and commit to act or believe in the ability to change

• Reinforcement Management: Reward oneself or be awarded for making steps towards
behaviour change

• Helping Relationships: Trust and accept the support of others that encourage the
desired behaviour

• Stimulus Control: Avoid cues for unhealthy habits and stimuli that encourage alterna-
tive behaviours.

• Counter Conditioning: Substitute health behaviours and thoughts for the problem
behaviour

Further, TTM was expanded to include two additional core constructs: Self-efficacy
and Decisional balance. The application of self-efficacy has been found to have numerous
implications in predicting blood donor behaviour. It is expected to increase as people
progress through the stages [92]. However, it is particularly relevant at transition through
the later stages [93]. Decisional balance reflects the individuals’ relative importance of the
cons and pros of changing a specific behaviour. Recent research suggested that the pros are
likely to increase in the earlier stages (e.g. pre-contemplation to contemplation) whereas the
progress from contemplation to action involved a significant decrease in cons [90]. As such,
individuals in the later stages endorse more positive aspects of change and more negative
aspects in earlier stages. Given that the behavioural change is a function of the increases
and decreases of pros and cons, decisional balance is of practical significance in developing
tailored interventions to predict and enhance blood donors’ behaviour change.

1.5 An overview of Software Quality Models

The use of systems and software products for business or personal reasons is constantly
growing. Health-related software products, for example, are becoming more popular and
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widely claimed thanks to their tremendous importance in promoting healthcare. Subse-
quently, high-quality software products are essential to avoid the emergence of massive
numbers of mistakes that may lead to potential fatal outcomes. Improving the quality of a
software product can be achieved by defining the vital and desired quality characteristics
associated with stakeholders’ objectives and demands. The specification and definition of
Software Quality Requirements (SQR) represents a crucial part of the Software Engineering
process as it determines the overall quality of the software product. SQR started to gain
increasing attention, the international research standardization project SQuaRE (Systems
and Software Quality Requirements and Evaluation) has, therefore, developed a consistent
standard series ISO/IEC 250xx for the software product quality, evaluated from the users
and stakeholders point of view as shown in Figure 1.1).

1.5.1 ISO/IEC 25010 quality model

The ISO/IEC 25010 is part of the SQuaRE series of International Standards which
was launched in 2011 to supersede the ISO/IEC 9126 that was technically revised and
republished in 2001. ISO/IEC 9126 is an international standard for the specification and
evaluation of software products quality [94]. The quality model proposed in ISO/IEC 9126
consists of two major sub-models: internal and external quality attributes, and quality in use
attributes [95]. These models categorize software quality attributes into 10 characteristics
which are decomposed into 24 related sub-characteristics. More than 250 measures are
proposed to quantify these quality characteristics and sub-characteristics. The first sub-
model identifies the quality of a software product through the following characteristics:

Figure 1.1: Organization of the SQuaRE series of international standards.
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Functionality, Reliability, Usability, Efficiency, Maintainability, and Portability. The ‘quality in
use’ sub-model is hinged on a set of four characteristics, namely: Effectiveness, Productivity,
Safety and Satisfaction which ISO/IEC 9126 suggests are indicative of the quality of the
product from the user’s point of view based on the combined influence of the attributes
specified in the first sub-model. Nonetheless, the ISO/IEC 9126 model has been criticized for
being ambiguous, difficult to understand and non-practical [96]. It provides metrics that are
imprecise, completely merged and not well-founded [97]. Several additional weaknesses of
the ISO/IEC 9126 have been identified [97], hence numerous refinements were proposed. For
instance, ‘security’ and ‘compatibility’ became characteristics rather than sub-characteristics.
New sub-characteristics were added to different characteristics such as maintainability and
reliability. Moreover, the terminology was revised, thus some characteristics were renamed
as for ‘functionality’ that was renamed ‘functional suitability’. In ISO/IEC 25010 standard,
software quality is divided into two broad dimensions: product quality and quality in use.
On the one hand, the software product quality model is composed of eight characteristics [98]:

1) Functional Suitability: degree to which the software product provides functions that
meet the stated and implied needs of its users.

2) Performance Efficiency: product’s ability to provide appropriate performance, relative
to the amount of resources used, under stated conditions.

3) Reliability: degree to which a software product maintains its level of performance
under specified conditions for a stated period of time.

4) Compatibility: degree to which a system can perform its required functions efficiently,
while sharing a common environment and exchange information with other systems.

5) Usability: degree to which a software’s product can be used by specified users to
achieve specified goals with effectiveness, efficiency and satisfaction in a particular
context of use.

6) Security: degree to which a software product prevents unauthorized access to informa-
tion and data.

7) Maintainability: degree of effectiveness and efficiency with which a software product
can be modified.

8) Portability: degree of effectiveness and efficiency with which a system can be trans-
ferred from one hardware, software or other usage environment to another.

Each of these characteristics is composed of a number of sub-characteristics as shown in Figure
1.2. On the other hand, the quality in-use model relates to the outcome of interaction when a
product is used in a particular context of use. The properties of quality in-use are categorized
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into five characteristics, some of which are further subdivided into sub-characteristics as
shown in Figure 1.3:

1) Effectiveness: accuracy and completeness with which users achieve specified goals.

2) Efficiency: resources expended in relation to the accuracy and completeness with which
users achieve goals.

3) Satisfaction: degree to which user needs are satisfied when a product or system is used
in a specified context of use.

4) Freedom from risk: degree to which a product or system mitigates the potential risk to
economic status, human life, health, or the environment.

5) Context coverage: degree to which a product or system can be used with effectiveness,
efficiency, freedom from risk and satisfaction in both specified contexts of use and in
contexts beyond those initially explicitly identified.

1.5.2 ISO/IEC 2502n: Measurement of Software and System Product Quality and
Quality in use

The ISO/IEC 25022:2016 and 25023:2016 are both part of the SQuaRE series of standards
that form the Quality Measurement Division. They are primarily intended to be used together
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Figure 1.2: ISO/IEC 25010 Software Product Quality Model.
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Figure 1.3: ISO/IEC 25010 Quality in use Model.

with ISO/IEC 25010, however they can also be used in conjunction with ISO/IEC 2503n and
the ISO/IEC 2504n standards to address general needs with regard to product or system
quality.The former aims to specify quality in use measures for the characteristics defined in
ISO/IEC 25010 [99], whereas the latter describes a set of measures and provides guidance for
quantitatively evaluating system and software product quality in terms of characteristics and
sub-characteristics defined in ISO/IEC 25010 [100]. Both of these standards are the current
revision of the following standards: ISO/IEC 9126-4 for quality in use metrics, ISO/IEC
9126-2 and ISO/IEC 9126-3 for external and internal metrics, respectively. Given that Product
Quality measures and Quality in Use measures are tightly coupled (see Figure 1.4), the
software quality is considered insufficient if either product quality or quality in use is absent.

1.5.3 ISO/IEC 25030: Software quality requirements

To ensure the quality of the software, it is paramount to specify the right software quality
requirements that will be the bedrock of the desired quality of the final product [101]. The
standard ISO/IEC 25030 uses the standard ISO/IEC 25020 to define which measures should
be adopted for each characteristic and sub-characteristic identified in the standard ISO/IEC
25010 in order to specify the SQR. It is the only standard of SQuaRE Series that is dedicated
to identifying and specifying system/software quality requirements. The application of this
international standard can help ensure that SQR are clearly stated, correct and correspond to
stakeholders’ needs.
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Figure 1.4: Relationship between quality measure types.

1.6 Requirements engineering

Requirements Engineering (RE) is a systematic approach, often used by software en-
gineers to develop system requirements, which can serve as the basis for all other system
development activities. It is an iterative and cooperative process of creating and maintaining
a system requirements document [102]. The main purpose of RE is to discover a set of quality
core system requirements that can be implemented into software development. The identified
requirements must be clear, consistent, modifiable and traceable to produce a quality product.
Requirements engineering is divided into two main groups of activities; namely, requirements
development and requirement management. Requirements development covers activities
related to identifying, capturing and validating a set of requirements and product charac-
teristics that will achieve the stated business objectives, whereas requirement management
includes activities dealing with traceability and verification. It also provides a way to keep
track of changes in requirements.

1.6.1 Functional and non-functional requirements

A requirement can be defined as a description of the capabilities and characteristics that
a software system must possess and the constraints under which it must operate, in order to
satisfy stakeholder objectives and meet user needs [103]. Requirements are generally split
into two types: Functional and Non-functional requirements.

• Functional requirements

These are the requirements that the end user specifically demands as basic facilities
that the system should offer. Functional requirements are mandatory and developers must
implement them to allow the system to function as it was intended. If the functional require-
ments are not met, the system will not work properly. Functional requirements are usually
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represented or stated in the form of input to be given to the system, the operation performed
and the output expected.

• Non-Functional requirements

Also known as quality attributes or non-behavioural requirements, non-functional re-
quirements describe the general characteristics of a system that affect the user experience.
Non-functional requirements are product properties and focus on user expectations. They
do not affect the basic functionality of the system but determine how easy the system is to
use, and judge system overall performance. Non-functional requirements basically deal with
issues such as: Usability, Security, Flexibility and maintainability.

Functional and nonfunctional requirements can be formalized in the requirements speci-
fication (SRS) document. The SRS contains descriptions of functions and capabilities that the
product must provide. In this respect, SRS documents are one of the most crucial deliverables
in a software project in that they are necessary to both communicate and define requirements
in a clear and concise way to ensure teams and individual stakeholders are on the same page
regarding the software product.

1.6.2 Requirements development process

As shown in Figure 1.5, the requirements development process includes four generic
activities: Requirements elicitation, requirements analysis, documentation of requirements,
validation and verification of requirements [104].

1. Requirements elicitation: This phase starts with identifying stakeholders of the system
and gathering raw requirements from them. This process aims to collect different
viewpoints such as business requirements, user requirements, constraints, security
requirements and standards, etc. There are a number of elicitation techniques to
gather requirements or to collect the information from the stakeholders. Commonly
used elicitation processes are the consultations with stakeholders through meetings or
interviews.

Figure 1.5: Requirements development process
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2. Requirements analysis: This phase includes taking higher level requirements and
delineating them down into appropriate level of detail. Requirements analysis involves
searching for missing requirements and evaluating feasibility. It provides a feedback
loop to refine the requirements gathered during the elicitation phase, get clarification,
fill in missing details and resolve conflicting information. Negotiating priorities of the
software requirements is also part of software requirements analysis. The analysed
requirements need to be documented to enable communication with stakeholders and
future maintenance of requirements and the system.

3. Requirements documentation: This involves capturing the information and structur-
ing it into some form that can be used as a communication tool among the various
project’s stakeholders. A formal document, which contains a complete description
of the external behavior of the software system is then prepared. Non-functional
requirements are combined together with functional requirements into the software
requirements specification. The documentation of requirements includes requirement
identification (focus on the assignment of a unique identifier for each requirement)
and requirement specification (complete description of the behaviour of the system or
software to be developed).

4. Requirements validation: This phase ascertains that the correct requirements are stated
(validation) and they are stated correctly (verification). On the one hand, validation is
the process of ensuring that the requirements: 1) achieve stated business objectives, 2)
meet the needs of stakeholders and are 3) clear and understood by the developers. It
addresses each individual requirement to ensure that it is correct, clear, feasible, modi-
fiable, necessary, prioritized, traceable and verifiable. The most common techniques
for validating requirements are requirements reviews with the stakeholders, and proto-
typing. On the other hand, verification is the process of confirming that the designed
and built product fully addresses documented requirements. It includes correctness,
consistency, unambiguousness and understandability of requirements. Verification
consists of performing various inspections, tests and analyses throughout the product
lifecycle.

1.7 Conclusion

This chapter has provided some background for the research presented in this thesis.
The important key concepts, including mHealth and gamification have been defined to
set the scene for presenting the underlying scientific contributions. This chapter has also
presented two main theories of behaviour change, namely, TPB and TTM, but it has given
greater attention to the latter for its relevance in this research. Moreover, an overview of
a few existing software quality models (e.g. ISO/IEC 25010, 25030) has been presented.
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These models are used to support the evaluation of a software product quality or to guide
further definition and elicitation of quality requirements. Further, this chapter has defined
the two broad categories of software requirements and has briefly described the requirements
engineering process ranging from elicitation to validation.
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Chapter2
Gamification in e-Health: A Systematic
Literature Review

2.1 Introduction

Despite its novelty, gamification seems to be increasingly gaining in popularity in both
research and practice. The health sector is one of many fields that have tremendously
benefited from gamification principles. This chapter reports and discusses the findings
of a systematic review conducted on a compilation of 46 relevant scientific papers about
gamification in e-Health. The entire research design of this SLR is described in Section 2.2.
The core results of the SLR are presented in Section 2.3 and are further discussed in Section
2.4 along with the potential implications of the results for researchers and practitioners in the
e-Health field. Section 2.4 also discusses the threats to validity related to this SLR research.

2.2 Research methodology

This section gives an outline of research methods that were followed in this SLR. It
provides the RQs, the search venues, the eligibility criteria and describes the data extraction
strategy.

2.2.1 Research questions and search string

The goal of this SLR was achieved by identifying nine RQs. The corresponding rationale
for each of these questions is presented in Table 2.1. The search strategy should be conducted
thoroughly, as it directly affects the relevance and the completeness of the studies retrieved.
In this SLR, the search for the papers was performed using the best-known digital libraries
as regards the fields of software engineering and medical informatics: ACM, IEEE-Xplore,
Springer, Wiley Interscience, ScienceDirect, PubMed and Google Scholar. In order to perform
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Table 2.1: Research questions

Research question Rationale

Which publication channels are the main targets
for gamification in e-Health?

To examine the different sources in which articles re-
lated to gamification in e-Health are being published

How is the research focused on gamification
in e-Health distributed over years and across
countries?

To explore the temporal and geographic publication
trends of gamification in e-Health

How easy is it to find recognized papers? To discover how appropriate and relevant the articles
found are

In which health domains has gamification been
investigated?

To identify the health domains most frequently investi-
gated in the studies

What are the research types of the studies re-
lated to the gamification of e-Health?

To identify the main types of research used in studies on
gamification in e-Health

Are the studies in the area empirically vali-
dated?

To determine whether research in the area has been
validated through empirical studies

What game mechanics have been used in gami-
fying e-Health?

To understand the different aspects of gamification in
e-Health

Which challenges are the most frequently en-
countered during gamification?

To explore the limitations and problems of gamifica-
tion that are most frequently addressed in the existing
literature

What are the benefits of using gamified e-
Health?

To discover the advantages and the positive outcomes
of gamified e- Health

the automated searches in the digital libraries selected, the search string shown in Table
2.2 was structured in terms of the PICO criteria: Population, Intervention, Comparison and
Outcome [105] and was divided into three parts so as to cover the entire scope of the study.
As shown in Table 2.2, the Boolean “OR” was used to combine alternate terms in each part,
while the Boolean “AND” was used to join the three major parts. The papers returned were
obtained by applying the search string to the metadata (title-keywords-abstract) in each
digital source. Further adaptation was needed to suit the search process of each library.

2.2.2 Inclusion and exclusion criteria

After removing duplicates, a set of IC and EC was formulated to evaluate and identify
the most relevant studies of those retrieved. The selection process was conducted by the three
authors, who considered the metadata in the papers, and each discrepancy that occurred was
solved by screening the entire paper. The studies that satisfied at least one of the following
criteria were included:

IC1. The paper focuses on the use of gamification in e-Health.

Table 2.2: Search string

Scope String

Software (App* OR framework* OR system* OR electronic*) AND
Health (*health* OR *PHR* OR *EHR* OR medic* OR clinic* OR patient*)

AND
Gamification (gamif* OR “game elements” OR game* OR “game mechanics”)
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IC2. The paper evaluates gamified e-Health applications or serious games for end-users.

IC3. The paper provides empirical evidence regarding the impacts and outcomes of gamify-
ing e-Health.

The studies that met at least one of these EC were discarded:

EC1. Papers not written in English.

EC2. Papers published before 2000 or after December 2015.

EC3. Papers published in the form of an abstract (one or two pages), tutorial or poster.

EC4. Papers dealing with gamification in any domain other than health and those that only
mention the concept of gamification without providing further research.

2.2.3 Quality assessment

In order to limit any possible bias while conducting this SLR, all the selected papers
underwent a quality assessment (QA) carried out by means of a set of closed questions which
were used to evaluate the relevance and quality of the papers’ contents. The QA questions
were formulated according to a previous SLR [106] and are described as follows:

QA1. Does the paper present a detailed description of the game elements employed?
The possible answers were “Yes (+1)”, "No (+0)” and "Partially (+0.5)”.

QA2. Does the study present empirical results? The possible answers were “Yes (+1)” and
No “(+0)”.

QA3. Are the limitations of gamification addressed explicitly? The possible answers were
“Yes (+1)” and No “(+0)”.

QA4. Does the paper discuss the benefits of gamification? The possible answers were “Yes
(+1)” and No “(+0)”.

QA5. Has the study been published in a relevant journal or conference proceedings? This QA
question was rated by considering the CORE 2014 [107] and Journal Citation Reports
2014 (JCR); rankings of conferences and journals, respectively. The possible answers to
this question were:

– for conferences, workshops, and symposia:

* (+1.5) if it is ranked CORE A

* (+1) If it is ranked CORE B

* (+0.5) If it is ranked CORE C

* (+0) If it is not in the CORE ranking
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– for journals:

* (+2) If it is ranked Q1

* (+1.5) If it is ranked Q2

* (+1) If it is ranked Q3 or Q4

* (+0) if it has no JCR ranking

– for others: (+0)

QA1 scores partially when the paper does not provide details about the game elements
employed in the application. The differentiation made as regards the score for question QA5
is owing to the fact that it is usually more complicated to publish in ranked journals than in
conferences or symposia. The highest QA score that could be given to a paper was 6, (i.e., the
total score is an integer between 0 and 6).

2.2.4 Data extraction strategy and analysis method

The RQs listed in Table 2.1 were answered by designing a data extraction form which
was filled in for each of the selected papers. Using a structured sheet, data were extracted
by one reviewer and subsequently checked for accuracy by the other two authors. All the
information extracted is described below.

RQ1: Publication source and channel of each paper should be extracted.

RQ2: In order to analyze the temporal and spatial evolution of publications in the area,
the papers should be distributed over years and the authors’ nationalities should be
represented.

RQ3: The ranking of the publication sources should be considered so as to investigate the
pertinence of the papers.

RQ4: The health topic should be obtained in order to identify the exact domain to which
gamification has been applied.

RQ5: This question deals with the nature of the research reported in each paper. A research
type can be organized into the following categories [108]:

– Solution proposal: A paper in this category proposes a solution to a problem. The
solution can be either new or a significant extension to an existing technique.

– Evaluation research: Techniques are implemented in practice and an evaluation of
the technique is conducted.

– Review: Multiple research studies or papers are investigated and/or critically
analyzed.

– Other: e.g. Experience papers, opinion papers, philosophical papers, etc.
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RQ6: Empirical research studies can be classified in the following categories [109]:

– Experiment: A highly-controlled empirical method that commonly uses students
as subjects.

– Case study: An observational study that tracks projects in their real-life context.

– Survey: This method involves collecting quantitative data from a sample of the
population to be studied, usually by means of questionnaires and interviews.

RQ7: The game mechanics should be extracted from each paper so as to identify those most
frequently used in the healthcare sector. A commonly leveraged framework of game
mechanics consists of the following game components [65]:

– Points: “the heart of any gaming system”, which quantify users’ participation and
performance.

– Badges: these mark the completion of goals and are frequently assigned upon
accumulating points.

– Leaderboards: these visually display where users stand with regard to their peers.

– Challenges and quests: these provide users with a guided path in order to perform
a prescribed set of gameplay actions.

– Levels: these serve to indicate the users’ progress in the gamified experience over
time (e.g. Progress bars).

– Feedback: this is the constant process of returning information to users about their
actions within the game in realtime.

RQ8: Information about possible obstacles should be analyzed in order to determinate how
gamification in the health area could be hampered.

RQ9: The salient findings should be considered so as to investigate the impact of gamifying
e-Health.

The synthesis process aims to synthesize the relevant information extracted from the selected
papers in order to answer the RQs. Besides using descriptive statistics, the results were
graphically represented to help interpret them. The data extracted for the RQs ranging from
RQ1 to RQ7 are presented in Tables 2.3 and 2.4.

2.3 Results

This section describes the results of the SLR conducted to answer the RQs presented in
Table 2.1. The selection process was performed between December 2015 and January 2016.
As shown in Figure 2.1, a total of 562 papers were returned from the database searches by
using the search terms described in Table 2.2 After removing duplicates and papers that met
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Figure 2.1: PRISMA flow diagram of the selected studies

the first three EC, 534 papers were left and underwent a screening based on their metadata
(Title, keywords and abstract). Of 534 papers, 474 were excluded after the application of
EC4. The remaining 60 papers were evaluated by considering their full texts. 19 articles were
discarded and 41 articles focusing on both gamification and serious gaming in e-Health were
selected after applying EC4. Five more articles were identified after checking the reference
list of each selected study (snowballing technique). A total of 46 papers were, therefore,
eventually included in this SLR. The papers included are detailed in Table 2.5, along with
their QA scores.

RQ1. Which publication channels are the main targets for gamification in e-Health?
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Table 2.3: Data extracted from the selected papers on gamification of e-Health for RQ1, RQ2, RQ3 and RQ4

Paper Type
RQ1 RQ2 RQ3 RQ4
P. Ch Pub. name abbr. Pub.

year
Author’
Country

Rank. Health Topics

[110] GA J J Med Internet Res 2012 Canada Q1 Diabetes Management
[111] GA J J Med Internet Res 2015 USA Q1 Rheumatoid Arthritis self-management
[112] GA J J Med Internet Res 2013 Canada Q1 Pain assessment for adolescents with

cancer
[113] GA J J Med Internet Res 2014 USA Q1 Fitness
[114] SG J Games Health J 2015 Canada Q3 Physical Activity
[115] SG J Games Health J 2012 USA Q3 Nutrition
[116] SG J Games Health J 2015 Netherlands Q3 Mental Health (Anxiety)
[117] GA J Comput Hum Behav 2015 Finland Q1 Fitness/ Exercise
[118] GA J Comput Hum Behav 2014 Finland Q1 Exercise
[119] SG C SeGAH 2011 Netherlands Diabetes management
[120] SG C SeGAH 2011 Portugal Mental Health
[121] SG C SeGAH 2011 Canada Alzheimer Disease management (train-

ing)
[122] SG C SeGAH 2011 Italy Mental Health
[123] SG C SeGAH 2013 Italy Stroke Rehab
[124] SG C SeGAH 2013 Netherlands Obesity management
[125] GA C ICTH’15 2015 England Diabetes Self-management
[126] GA C ICTH’15 2015 Greece Exercise (CVD rehabilitation)
[127] GA C PervasiveHealth’12 2012 USA Physical Activity
[128] GA C PervasiveHealth ’14 2014 Portugal Exercise (Stroke rehabilitation)
[129] SG C ACE’14 2014 Portugal B Stroke Rehab
[130] SG C ACE’14 2014 Portugal B Mental Health (Phonological disorders)
[131] GA C IDC’13 2013 USA Fitness
[132] GA J INVENT 2015 Sweden Mental health
[133] GA J Clin Psychol Sci 2014 USA Mental health
[134] GA C ITAG’14 2014 England Mental health
[135] SG C WH’15 2015 USA Mental Health (Anxiety)
[136] GA C DUXU 2014 Portugal Chronic Disease, Hygiene, Nutrition,

Exercise
[137] GA J EntCom 2015 Israel Physical Activity, Nutrition, Chronic

Disease
[138] GA J Health Inform 2014 Canada Q3 Fitness, Chronic Disease Management
[139] GA C NordiCHI ’10 2010 Finland Physical Activity
[140] GA J Pers Ubiquit Comput 2014 Austria Q2 Physical Activity
[141] GA S Chinese CHI’14 2014 USA Fitness
[142] GA J Prod Pediatr Cardiol 2014 England Exercise (Congenital heart disease reha-

bilitation)
[143] GA C HCII’14 2014 Ireland Fitness/Exercise
[144] GA C COLCOM 2014 Colombia Exercise (Lower member)
[145] GA C BHI 2014 Spain Behaviour Treatment for Childhood

Obesity
[146] GA C CSCWD 2014 Brazil B Nutrition
[147] GA S ISCSS’10 2015 Canada Fitness/ Exercise
[148] SG C ICVR 2011 Austria Chronic Pain Rehab
[149] SG C SouthCHI 2013 Germany Physical Activity
[150] SG C DH’15 2015 USA Nutrition
[151] SG C 121st ASEE Annual

Conference and Exposi-
tion

2014 USA Physical Activity for CP children

[152] SG C ENBENG 2014 Portugal Neurological disease Rehab
[153] SG C EPE’14 2014 Portugal Physical Activity Rehab
[154] GA C IWAAL 2014 Ireland Alzheimer’s Disease Prevention
[155] SG C BioRob 2012 USA Rehab (Cerebral Palsy)

* SG: Serious Game, GA: Gamified App.
J: Journal, C: Conference, S: Symposium.
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Table 2.4: Data extracted from the selected papers on gamification of e-Health for RQ5, RQ6 and RQ7

Paper
RQ5 RQ6 RQ7
Research Type Empirical

Research
Type

N Methods of data
collection

Duration F/R P C/Q S O

[110] Solution Proposal Case Study 20 Questionnaire, inter-
views

12 weeks x x

[111] Evaluation Research Experiment 157 Questionnaire 4 months x x
[112] Solution Proposal Case Study 18 Interviews, question-

naire
15 days x x

[113] Review None x x x x x
[114] Evaluation Research Case Study 54 Questionnaire 2 weeks x x x x x
[115] Evaluation Research Experiment 16 Interviews x x
[116] Evaluation Research Case Study 42 Questionnaire 8 weeks x x x
[117] Review/ Evaluation

Research
Survey 200 – – x x x

[118] Evaluation Research Survey 195 – 5 months x x
[119] Solution Proposal Experiment 9 Questionnaire – x x
[120] Solution Proposal None x x x
[121] Solution Proposal None x x
[122] Solution Proposal None x
[123] Solution Proposal None
[124] Evaluation Research Survey 53 – – x x x
[125] Solution Proposal None x x x
[126] Solution Proposal Case Study 6 Interviews – x x x
[127] Solution Proposal Experiment 23 Interviews, question-

naire
4 weeks x x x x

[128] Solution Proposal Case Study 1 (Observation) – x
[129] Evaluation Research Experiment 10 Logs – x x x
[130] Solution Proposal Survey 12 x x
[131] Solution Proposal None x x
[132] Solution Proposal None x x
[133] Evaluation Research Experiment 38 Questionnaire 2 hours x x
[134] Solution Proposal None x
[135] Evaluation Research Experiment 22 Questionnaire 30 min x
[136] Review None x x x x x
[137] Review None
[138] Review None x x x x x
[139] Solution Proposal Experiment 37 Online questionnaire,

interviews
1 week x x x x

[140] Evaluation Research Experiment 59 Interviews, logs 10 days x x
[141] Solution Proposal Experiment 36 Interviews 12 days x x x
[142] Evaluation Research Case Study 1 (Observation) 6 months x x
[143] Evaluation Research None x x
[144] Solution Proposal Survey – – – x x
[145] Solution Proposal None x x x
[146] Solution Proposal None x x x
[147] Solution Proposal Experiment 5 Questionnaire – x x
[148] Evaluation Research Case Study 6 Questionnaire 4 weeks x
[149] Evaluation Research Experiment 71 Interviews x x
[150] Solution Proposal Survey 82 14 weeks x x x
[151] Evaluation Research Experiment 21 Questionnaire x
[152] Evaluation Research Experiment 3 Questionnaire x x
[153] Solution Proposal Survey 160 x x x
[154] Solution Proposal Experiment 146 Logs, daily self-report 6 months x x
[155] Solution Proposal None x x

* F/R: Feedback/Reward, P: Progress bar, C/Q: Challenges/Quests, S: Socialization and O: Others.
Information not specified is marked as “—”.
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The selected papers are distributed throughout a varied range of publication channels.
Of the publication sources identified, three journals are repeated. Four papers were published
in the Journal of Medical Internet Research [110–113], three were published in Games for
Health Journal [114–116] and two papers were published in the Journal of Computer Human
Behavior [117, 118]. Similarly, four conferences were recurrently identified. Six papers
were published in the IEEE International Conference on Serious Games and Applications
for Health in its first [119–122] and third edition [123, 124]. Moreover, two papers were
published in the International Conference on Current and Future Trends of Information for
the year 2015 [125, 126], whilst two more were published in the Pervasive Health conference
in different years: 2012 [127] and 2014 [128]. Two additional papers were drawn from the
International Conference on Advances in Computer Entertainment Technology of the year
2014 [129, 130]. Around 63% of the selected papers were published in conferences, 33% were
presented in journals and only 4% in symposia. Table 2.6 lists the publication sources of all
the selected studies, their types and the number of papers per publication source.

RQ2. How is the research focused on gamification in e-Health distributed over years and
across countries?

Figure 2.2 presents the publication evolution of the selected papers between 2010 and
December 2015. Most of the research was conducted during the past two years (2014–2015)
reaching a peak in 2014 (20 articles). Figure 2.2 also shows the publication trend of empirical
studies. The publication trends of research on gamified apps and Serious games in e-Health
were mostly similar. Figure 2.3 displays the nationality of the first author of each of the
selected papers. This figure provides clear information on the spatial distribution of the
studies tackling gamification and serious gaming in e-Health. A total of 16 nationalities
was identified, of which American, Portuguese and Canadian researchers were the most
dedicated to gamification in e-Health. However, there seems to be a progressive spread of
interest in the field across the world.

RQ3. How easy is it to find recognized papers?

The relevance of the selected papers can be evaluated through the ranking of their
publication sources. In this study, there are five different journals ranked as Q1, Q2 and Q3 in
the JCR 2014 ranking. Although there are 21 conferences, only two of them are ranked as B in
the CORE 2014 ranking: The International Conference on Computer Supported Cooperative
Work in Design (CSCWD) and The International Conference on Advances in Computer
Entertainment Technology.

RQ4. In which health domains has gamification been investigated?

As depicted in Figure 2.4, the most recurrently studied health topic for both gamified
apps and serious games in e-Health is chronic disease management/rehabilitation. Some of
these health conditions are Cancer, Alzheimer’s disease, Stroke and Obesity. For example,
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Cafazzo et al. [110] presented a gamified mHealth app aimed at self-monitoring blood glucose
in adolescents with type 1 diabetes. Imbeault et al. [121] made use of Artificial Intelligence
and game mechanics to create a serious game specifically intended to provide cognitive
training for patients suffering from Alzheimer. While only two papers focused on designing
serious games to promote physical activity, a total of 13 papers investigated the gamification
of physical activity. For instance, Keung et al. [131] integrated gamification elements into a
fitness app intended to motivate young people to exercise outdoors.

Three other studies focused on harnessing gamification techniques in mental health-
related applications [132–134] five papers presented serious games focusing on mental
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disorders, particularly, in children [116, 120, 122, 130, 135]. The remaining two papers tackling
serious games in e-Health were nutrition-related and presented m-Health interventions to
increase children’s vegetable consumption [115] and improve their nutritional outcomes [116],
respectively. Nutrition was also identified in a paper written by Pereira et al. [136], in
which an app was developed to persuade users to change their bad eating habits through
a collaborative gamified experience. While most the papers investigated gamification in
a single health domain, three papers [136–138] reviewed gamified applications related to
multiple health domains including nutrition, hygiene, physical activity and chronic disease
management.

RQ5. What are the research types of the studies related to the gamification of e-Health?

Figure 2.5 shows the three research approaches that were identified in this SLR. Besides
five reviews, around 35% of the selected papers were solution proposal studies and 13% were
undertaken to evaluate existing or new gamified e-Health applications. Even though the
majority of the research was found in the category of solution proposals, the reviews identified
have relied mainly on gamified e-Health applications retrieved from apps stores, namely
App Store and Google Play store, which are not therefore reported in literature. Besides
reviewing the existing gamified exercise application, Hamari, J. & Koivisto, J. investigated the
role of social influence on changing behavior through the evaluation of an application called
“Fitocracy” [117]. By contrast, evaluation research (22%) was slightly more dominant than
solution proposals (19%) for serious gaming in e-Health. However, no review was identified
for this context in this SLR.

RQ6. Are the studies in the area empirically evaluated?

As depicted in Figure 2.5, most of the selected papers were empirically evaluated through
case studies, experiments and surveys. No type of evaluation was provided in 35% of the
studies. In about 33% of the papers, experiments were performed with students, patients or

1

3

3

13

13

2

5

2

10

0 5 10 15 20 25

Hygiene

Nutrition

Mental health

Physical activity

Chronic disease management/
rehabilitation

Number of papers
Gamified apps Serious Games

Figure 2.4: Health topics studied in the selected papers

33



CHAPTER 2. GAMIFICATION IN E-HEALTH: SLR

Table 2.5: Quality assessment results of the selected papers on gamification of e-Health

Paper Pub. Year Pub. Channel Pub. name abbr.
Quality assessment

QA1 QA2 QA3 QA4 QA5 Score

[114] 2015 J Games Health J 1 1 1 1 1 5
[118] 2014 J Comput Hum Behav 1 1 1 0 2 5
[113] 2014 J J Med Internet Res 1 0 1 1 2 5
[111] 2015 J J Med Internet Res 1 1 0 1 2 5
[117] 2015 J Comput Hum Behav 1 1 0 1 2 5
[110] 2012 J J Med Internet Res 1 1 0 1 2 5
[112] 2013 J J Med Internet Res 1 1 0 1 2 5
[140] 2014 J Pers Ubiquit Comput 1 1 1 0 1.5 4.5
[116] 2015 J Games Health J 1 1 0 1 1 4
[130] 2014 C ACE’14 1 1 0 1 1 4
[138] 2014 J Health Inform 1 0 1 1 1 4
[127] 2012 C PervasiveHealth’12 1 1 1 1 0 4
[119] 2011 C SeGAH 0.5 1 1 1 0 3.5
[149] 2013 C SouthCHI 0.5 1 1 1 0 3.5
[129] 2014 C ACE’14 1 1 0 0 1 3
[124] 2013 C SeGAH 1 1 0 1 0 3
[150] 2015 C DH’15 1 1 0 1 0 3
[136] 2014 C DUXU 1 0 1 1 0 3
[142] 2014 J Prod Pediatr Cardiol 1 1 0 1 0 3
[141] 2014 S Chinese CHI’14 1 1 0 1 0 3
[144] 2014 C COLCOM 1 1 0 1 0 3
[139] 2010 C NordiCHI ’10 1 1 0 1 0 3
[154] 2014 C IWAAL 1 1 0 1 0 3
[152] 2015 C ENBENG 0.5 1 0 1 0 2.5
[148] 2011 C ICVR 0.5 1 0 1 0 2.5
[151] 2014 C 121st ASEE Annual Confer-

ence and Exposition
0.5 1 0 1 0 2.5

[147] 2016 S ISCSS’10 0,5 1 0 1 0 2.5
[146] 2014 C CSCWD 0,5 0 0 1 1 2.5
[115] 2012 J Games Health J 0 1 0 0 1 2
[123] 2013 C SeGAH 1 0 1 0 0 2
[122] 2011 C SeGAH 1 0 0 1 0 2
[120] 2011 C SeGAH 1 0 0 1 0 2
[137] 2016 J EntCom 0 0 1 1 0 2
[126] 2015 C ICTH’15 1 1 0 0 0 2
[125] 2015 C ICTH’15 1 0 0 1 0 2
[145] 2014 C BHI 1 0 0 1 0 2
[131] 2013 C IDC’13 1 0 0 1 0 2
[133] 2014 J Clin Psychol Sci 1 1 0 0 0 2
[135] 2015 C WH’15 0.5 1 0 0 0 1.5
[153] 2014 C EPE’14 0.5 1 0 0 0 1.5
[128] 2014 C PervasiveHealth ’14 0,5 1 0 0 0 1.5
[155] 2012 C BioRob 1 0 0 0 0 1
[132] 2015 J INVENT 1 0 0 0 0 1
[134] 2014 C ITAG’14 0 0 0 1 0 1
[143] 2014 C HCII’14 1 0 0 0 0 1
[121] 2011 C SeGAH 0.5 0 0 0 0 0.5

* The abbreviation "Pub." stands for Publication
J: Journal, C: Conference, S: Symposium.

34



CHAPTER 2. GAMIFICATION IN E-HEALTH: SLR

Figure 2.5: Research types and empirical methods

acquaintances who complied with a certain number of conditions, such as being experienced
in the use of mobile devices [139], being of a certain age (20–50) [127] or even being able to
speak and read English [112]. In nine evaluation research papers on gamified applications
and serious games, the participants recruited were asked to sign a consent form prior to
involvement in any phase of the study [111, 112, 114, 116, 127, 129, 135, 140, 141] and in some
of them, they received a gift as compensation for their participation [117, 127, 141]. In
around 17% of the selected papers, the authors conducted case studies to evaluate e-Health
gamified applications and serious games in real-life context. Of the five papers on gamified
applications that conducted case studies, two reported a single-patient-led study [128, 141].
For instance, in one paper a 44-year-old woman with complex congenital heart disease
evaluated a gamification-based exercise monitor over a period of 6 months [142]. The
patient managed the system by herself during the entire study period. The outputs were
consecutively analyzed and interpreted by the researchers. In order to collect data after
the completion of experiments or case studies, authors mostly relied on audio-recorded
structured/ semi-structured interviews and questionnaires. Logs were also used to gather
data about the sequencing of activities and time spent of them by the different participants
[129].
Moreover, two papers evaluated the effectiveness of the gamified e-Health application by
respectively implementing logs, along with interviews or daily self-reports [140,143]. Almost
200 participants were involved in two surveys on gamified apps [110, 118] conducted by
researchers, while one paper did not state the precise number of participants [144]. However,
it did state that a small group of participants was recruited to perform the survey. As for
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surveys that were conducted in serious games’ studies, the least number of respondents
was of 12 participants [130]. Figure 2.6 shows that the number of participants involved in
the empirical processes in both gamified applications and serious games ranges from one
to 200 participants. In six studies [111, 118, 127, 137, 141, 142], users tried out the gamified
applications over a long period ranging from one to six months. Accordingly, the longest
evaluations of gamified applications reported in the selected papers lasted 6 months [142,143],
whereas the longest period stated in studies evaluating serious games was of two months
during which children diagnosed with ADHD played a serious game at home over four
periods of two weeks [116]. Figure 2.7 depicts the duration (in hours) of all the empirical
studies reported in the papers.

RQ7. What game mechanics have been used in gamifying e-Health applications?

As shown in Figure. 2.8, various game mechanics were employed in the selected papers.
However, feedback and rewards were the most frequently used incentives in gamifying
e-Health applications and games. About 93% of the selected papers reported the integration
of an automatic real-time feedback system and/or a variety of collectible virtual rewards
such as badges and points. Miloff et al. [132] used preloaded and personalized rewards
consisting mostly of outing and pampering suggestions. In the same way, different reward
systems were implemented in almost 95% of the investigated serious games.

Social interaction received significant attention among gamified applications; more than
half (16 papers) of the selected papers reported the usage of an embedded social context in the
application via leaderboards or instant messaging system. Zuckerman and Gal-Oz [140] em-
ployed a social comparison element in the form of a leaderboard which ranked users in func-
tion of their accumulated points. Moreover, social interaction in terms of communication has
been identified in nine studies about gamified applications [110,117,118,139,141–143,145,146].
While some applications enabled users to communicate locally (within the application) [110]
with their peers, others handled social media support [127, 147] by ensuring an instant con-
nection with the best-known social networks (e.g. Facebook, Twitter). On the other hand,
social interaction was less frequently employed in serious games. Garde et al. [114] brought

0 50 100 150 200 250
N° of Participants

Serious Games

Gamified Apps

Figure 2.6: Number of users involved in the empirical studies
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to play a variety of game mechanics including those for social engagement, progression and
scheduling. In this SLR, social interaction was achieved by the competition between teams
of players through collection of rewards, thereafter, team members could see their ranking
on leaderboard. Another gamification technique reported in 29% of the selected papers on
gamified applications consists of progress bars that help users visualize their performance
and keep track of their progress.
Challenges and quests were pinpointed in seven studies [113, 117, 125, 138, 139, 146, 148].
Although, most of these studies did not provide details about this category of gamification
elements, it may be surmised that challenges could take place among the users of the applica-
tion in a collaborative mode (group of users) or in single mode.

The serious games investigated in 59% of the selected studies afforded a sense of progres-
sion to the users through levels and missions [129,148–150]. In addition to the aforementioned
gamification techniques, a variety of other game elements was investigated. Trophies, ribbons
and medals were integrated to award users upon the completion of a task or after leveling-
up [127, 142]. Additional incentives were implemented in serious games such as prizes [151]
and in-game currency [116]. In accordance with the findings of the selected studies, gami-
fication techniques were extended to audible modules; sound effects, notifications/alerts,
congratulatory messages and video-taped acknowledgments were also identified in the
selected studies [112,120,145]. Moreover, personalized avatars and animated characters were
used to represent the users [123, 124, 132]. Keung et al. [131] included a narrative context in
their gamified fitness application in which the user is asked to perform a set of workouts so
as to progressively unlock the storylines.

RQ8. Which challenges are the most frequently encountered during gamification?

Only ten of the selected studies discussed the problems encountered in gamifying e-
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Table 2.6: Publication source in the studies included in the SLR

Publication source Type References # %

IEEE International Conference on Serious Games and
Applications for health

Conference [119–124] 6 13.04

Journal of Medical Internet Research Journal [110–113] 4 8.69
Games for Health Journal Journal [114–116] 3 6.52
Conference on Advances in Computer Entertainment
Technology

Conference [129, 130] 2 4.35

Computers in Human Behavior Journal [117, 118] 2 4.35
International Conference on Current and Future Trends of
Information and Communication Technologies in Health-
care

Conference [125, 126] 2 4.35

Pervasive Health Conference [127, 128] 2 4.35
Progress in Pediatric Cardiology Journal [142] 1 2.17
Health Informatics Journal Journal [138] 1 2.17
Entertainment Computing Journal [137] 1 2.17
International Conference on Computer Supported Cooper-
ative Work in Design

Conference [146] 1 2.17

Clinical Psychology Science Journal [133] 1 2.17
Personal and Ubiquitous Computing Journal [140] 1 2.17
International Conference on Design, User Experience and
Usability

Conference [136] 1 2.17

Human-Computer Interaction International Conference Conference [143] 1 2.17
International Work-conference on Ambient Assisted Liv-
ing

Conference [154] 1 2.17

Interaction Design and Children Conference [131] 1 2.17
Interactive Technologies and Games Conference Conference [134] 1 2.17
IEEE International Conference on Biomedical and Health
Informatics

Conference [145] 1 2.17

Nordic Conference on Human-Computer Interaction Conference [139] 1 2.17
Internet Interventions Journal [132] 1 2.17
IEEE Colombian Conference on Communications and
Computing

Conference [144] 1 2.17

The Second International Symposium of Chinese CHI Symposium [141] 1 2.17
International Symposium on Computer Science in Sports Symposium [147] 1 2.17
IEEE Portuguese Bioengineering Meeting Conference [152] 1 2.17
International Conference on Virtual Rehabilitation Conference [148] 1 2.17
Conference on Wireless Health Conference [135] 1 2.17
American Society for Engineering and Education Annual
Conference and Exposition

Conference [151] 1 2.17

The International Conference on Human Factors in Com-
puting and Informatics

Conference [149] 1 2.17

International Conference on Digital Health Conference [150] 1 2.17
International Conference and Exposition on Electrical and
Power Engineering

Conference [153][89] 1 2.17

IEEE RAS & EMBS International Conference on Biomedi-
cal Robotics and Bio-mechatronics

Conference [155] 1 2.17

Health applications and serious games. The majority of these studies have mentioned a
particular weakness, stating that motivating users by means of game elements may not
be sustained in the long run if the gamification solution is not continuously improved
[114, 118, 124, 127, 139, 140]. Another considerable limitation reported in five studies was that
some game mechanics did not provide additional information that may help users clearly
define their level of performance [119, 127, 136, 138, 140] and did not capture the nuances of
content and target users. To put it simply, some game mechanics lacked a certain form of
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customization to match the health purposes of the application and to be fully adapted to
target groups. In this respect, two studies about serious games reported that incorporating
game mechanics is unlikely to be equally suited to people of all ages [114, 149]. Although it
was not massively investigated, cheating can be perceived as a considerable problem that
may undermine gamified e-Health applications [136]; users may input wrong data to obtain
rewards and move up the comparison scale. Table 2.7 presents the main limitations and
challenges that might seriously hinder the efficiency and effectiveness of implementing game
mechanics in both gamified e-Health applications and serious games.

RQ9. What are the benefits of using gamified e-Health applications?

Several studies discussed the benefits of implementing game mechanics in gamified
e-Health applications and serious games. The gameplay afforded in these e-Health inter-
ventions may positively affect users’ emotional experiences and foster their satisfaction and
self-esteem [122,125,131,137]. One important advantage of the use of game mechanics is that
it was perceived to highly motivate users to change their health behaviors and stay engaged
with the application [125,149,150]. Although it was noticed that gamification may fail to keep
the users involved, many studies considered that game elements can be of great assistance in
yielding a regular use of the application [110, 112]. Moreover, the game mechanics help stim-
ulate users’ willingness to continue using the gamified applications or serious games [119].
Another advantage that was recurrently identified was that of promoting the gameplay and
making the application more entertaining and easy to use and intelligible, especially for
children and the elderly. All the benefits drawn from the selected papers are summarized in
Table 2.8.

2.4 Summary and discussion

This section discusses the results obtained and provides implications for practice and
directions for further research in the area of gamification in e-Health.

RQ1. Which publication channels are the main targets for gamification in e-Health?

According to the findings reported in Section 2.3, a great insight has been gained as
regards gamification in e-Health, as it was investigated in different publication channels
including conferences and journals. Nevertheless, the majority of the papers selected in this
SLR were published in journals and conferences focusing on medicine and health research
and/or those that are related to computer interactions. The difference perceived in the
number of journals in comparison with the number of conferences as publication venues
can be explained by the fact that publishing in journals is generally more complicated than
publishing in conferences; this distinction was made clear in the quality assessment phase.
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Table 2.7: Limitations of gamification in e-health

Limitations and challenges
Supporting studies
Gamified apps Serious games

Effectiveness of the gamification solution can lessen when relying on
only one game element.

[136, 156]

There is no unified framework with which to evaluate gamification
principles and outcomes.

[113, 137, 140]

Users might feel motivated and excited about the gamification elements
but the interest declines over time.

[113, 118, 127, 139,
140]

[110, 120, 145]

Gamification elements are sometimes perceived to be meaningless and
not helpful in terms of the system’s healthcare purposes.

[127, 136, 138, 140] [119]

Gamification solutions are not user-centered as they overlook the traits
and demographic characteristics of potential users.

[118, 136, 137, 140] [114, 149]

Some rewards were judged to be irrelevant or exaggerated. [127, 138] [115, 119]

Gamified health solutions do not integrate health professionals in their
development, which may reduce their performance and lower their
credibility.

[136, 137]

Cheating may increase as users might work to achieve higher levels
solely for the sake of rewards.

[136]

There is a significant lack of controls between the elements of gamifica-
tion, and various elements were therefore viewed as a single one.

[140]

RQ2. How is the research focused on gamification in e-Health distributed over years and
across countries?

Although we planned to include studies published during the entire past fifteen years, we
eventually obtained solely those published throughout the last five years (2010 – 2015). From
the second half of 2010, the concept of gamification took off in many areas, particularly those
of industry and education. However, the surge of interest in gamification in e-Health only
started at the beginning of 2014. In comparison, the current wave of serious games started to
gain some momentum in the minds of many researchers by the year 2002, yet various games
were designed for serious purposes before this date [54]. Nevertheless, the reader may note
the slight decrease in 2015, which can be justified by the time period in which this SLR was
conducted. The number of studies that were published in 2015 may, therefore, be biased to a
certain extent. There were no surprises as regards the geographical distribution of research
on gamification and serious games in e-Health. Most of the papers that have been published
in the area are written by authors from the United States of America [111, 113, 131, 133, 141],
Portugal [120, 128–130, 136, 152, 153], Canada [110, 112, 138, 147], Netherlands [116, 119, 124],
England [125, 134, 142] and Finland [117, 118, 139]. A smaller frequency of contributions has
been made by other European countries such as, Ireland [143,154], Italy [122,123], Spain [145],
Greece [126], Sweden [132] and Austria [140], and by Latin America countries, namely
Colombia [144] and Brazil [146]. Although many studies were discarded to meet the IC of
this lSLR, there was little to no frequency of contributions from Asian and African countries.
This spatial inequity could be explained by the development that has occurred at the level of
e-Health in countries across the world. The most highly developed countries were, therefore,
obviously the first to tackle this area and make fruitful contributions in order to enrich it.
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RQ3. How easy is it to find recognized papers?

Even though conferences and symposia outnumbered journals in this study, the majority
of the journals identified were highly recognized. Of the five journals ranked as JCR, three
of them are interested in Medicine and Health informatics. The focus areas of the three
additional JCR journals include cyber-psychology and ubiquitous computing. Regarding
conferences, only two conferences were found in the CORE 2014 ranking and their scopes
include, among others, collaborative approaches in healthcare systems, gamification and
interaction design for games. The percentage of recognized papers (30%) indicates that
gamification and serious games in the e-Health area are considered to be maturing disciplines.
As can be inferred from the QA we performed, the papers included were neither perfect nor
improper in terms of quality and relevance. However, most of the selected studies obtained
scores in the range of [3,6]; seven studies received scores equal to 5 and there were seven
studies whose scores were equal to either 1 or 1.5.

RQ4. In which health domains has gamification been investigated?

Gamified applications and serious games were designed for a variety of health topics, yet
there was a slight difference perceived between the major health topics investigated in both
areas. Chronic disease management and rehabilitation was the most frequently investigated
health domain in the selected studies on both gamification and serious games. Whereas
several studies were found in the area of gamified physical activity interventions, very few
research studies addressed serious gaming in this topic. Physical activity, as it was defined in

Table 2.8: Advantages of gamification in e-health applications

Benefits/advantages
Supporting studies
Gamified apps Serious games

Sustains users’ engagement with the tool. [110, 112, 117, 118, 126, 131,
134, 136, 137, 143, 145–147,
154]

[120, 123, 149, 150]

Increases users’ compliance with health interventions
and improves their ability to self-manage their condi-
tions and adherence to treatment.

[111, 112, 125, 133, 138] [124, 130]

Provides positive emotional states and elevates users’
satisfaction and self-esteem.

[110, 112, 117, 128, 136, 137,
139, 145, 147]

[122]

Game mechanics allow intrinsic and extrinsic users’
motivation to be increased.

[110, 111, 113, 125, 127, 128,
134, 140–145]

[116, 119, 120, 122, 130,
149]

Makes health activities fun, enjoyable and understand-
able.

[112, 125, 134, 137, 139, 140,
143, 144]

[114, 115, 120, 123, 130,
148, 149, 151, 152]

Promotes healthy behavior and reinforces the users’
efforts to change their behavior.

[110, 113, 117, 125, 127, 134,
136, 137, 145, 146, 154]

[124, 148, 150]

Social support was perceived to be appealing and cru-
cial as regards increasing social skills.

[111, 136, 139, 141, 146] [114]
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this study, encompasses both fitness and exercise for people who are not ill. Papers reporting
prescribed exercise for patients with chronic disease, as in [142], were considered in the
category of chronic disease management and rehabilitation. Chronic disease management
and rehabilitation therefore embody specialized healthcare dedicated to help patients regain
strength after illnesses [125] and provide those living with long-term conditions with tools
to manage their health and improve their wellbeing [110]. Some of the health conditions
that the papers in this category dealt with are Stroke, Diabetes, Alzheimer’s disease and
Cardiovascular disease. Mental health also held the interest of researchers in both areas
(gamification and serious gaming); a total of eight papers discussed the design of gamified
applications and serious games dedicated to people suffering from mental disorders. These
papers concentrated particularly on two major health conditions, namely Anxiety [132, 133,
135] and Attention Deficit Hyperactivity Disorder (ADHD) [116, 134]. ADHD is defined as a
mental disorder that is marked by a pattern of behavioural symptoms including inattention,
hyperactivity and impulsivity [134]. Two papers presented serious games intended to
minimize intellectual deficiency and to improve the phonological competencies in children,
respectively [120, 130]. In addition, there were five papers concerning nutrition and personal
hygiene [115, 136, 137, 146, 150]. These studies reported that their objective was to change
eating and hygiene habits and bolster the ability to adopt healthy lifestyles [115, 136, 146].

Bearing in mind the various health domains that were investigated in the selected studies,
there would appear to be a growing interest in the use of gamified health interventions and
serious games in the treatment, rehabilitation and management of chronic disease patients.
In this respect, gamified healthcare applications can ease the burden and provide motivation
to the patients by creating a therapeutic game-like environment [138]. Persevering with
regular healthy activities such as completing a course of medication, maintaining an exercise
routine or sticking to a healthy diet can be a struggling and demoralizing experience. With
the help of gamified tools and platforms, these activities become more enjoyable and easier
to keep on with. Similarly, gamified e-Health applications provide a means to assist patients
with mental health problems and disorders such as anxiety, stress and depression. Beyond
raising awareness and understanding of these mental health issues, gamified tools can deliver
cognitive therapies to reduce stress or tune out negativity and anxiety by displaying avatars
and offering rewards, among others [133]. In a similar vein, serious games for health entertain
and promote better delivery of health care services. The use of tailored games can serve the
purpose of raising patients’ willingness to manage their disease or condition and increasing
their medical adherence. It also provides an opportunity to motivate patients to persevere in
long-term treatments. Gamification and serious gaming are therefore highly promising in the
matter of reducing problems with treatment adherence [157] and boosting engagement with
healthcare interventions.

RQ5. What are the research types of the studies related to the gamification of e-Health?
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The most prevalent research type is solution proposal, which accounts for 54% of the
selected papers. This implies that the design and development of gamified e-Health ap-
plications and serious games are significantly expanding among researchers in the areas
of healthcare and pervasive technologies. The second most frequent research type in the
selected studies is evaluation research. About 35% of the papers analyzed conducted an
evaluation of pre-implemented gamified e-Health interventions and full-fledged serious
games. Some of them additionally provided a set of benefits and drawbacks of the usage of
these interventions. However, this result denotes that evaluation research into gamification
and serious gaming in e-Health is, to some extent, scarce. Indeed, researchers do not focus
primarily on evaluating the existing applications but alternately concentrate their efforts
on proposing new solutions to enhance the area in question. This is mainly owing to the
complexity and difficulties inherent to the evaluation of healthcare systems. In order to
conduct thorough health-related experiments, it is currently necessary to obtain permissions
and extensive consents from various parties, which renders the evaluation even more difficult.
Furthermore, five reviews [113, 117, 136–138] were included in this study. A dozen gamified
applications related to healthcare and wellbeing were examined from different perspectives,
such as design challenges in terms of functionality and privacy [136,137]. Nevertheless, there
was no relevant review of health serious games identified in this study.

RQ6. Are the studies in the area empirically validated?

Empirical investigation is a crucial process in scientific research. Having qualitative data
and measurements to hand can facilitate the decisions made about the efficiency and reliabil-
ity of the systems evaluated [158]. There is a wide range of existing empirical methods. The
selected papers in this study relied principally on experiments (33%), which were performed
mainly by students who showed their willingness to participate in the evaluation. Recruiting
participants from universities, hospitals or through acquaintances was a commonly adopted
strategy when seeking prospective contributors. Five papers [110, 112, 126, 128, 142] carried
out case studies to assess the effectiveness of the gamified e-Health applications. Within this
category, it was noted that two case studies [128, 142] were performed by a single patient
who was observed during a long period of time. Consequently, these findings can hardly be
considered as being based on scientific evaluation.

Research studies on serious games also used case studies to explore the impact of these
games on the improvement of participant’s condition by gathering quantitative data. Fur-
thermore, surveys were endorsed in 15% of the selected papers. With the exception of two
papers [130, 144], surveys were driven by a large sample of respondents and were launched
upon the completion of the project. With regard to data collection methods, researchers es-
sentially opted for questionnaires and audio-recorded interviews that were later transcribed
for better analysis. Around 35% of the studies did not include an empirical validation. Em-
pirical evidence about gamification and serious gaming in e-Health applications is therefore
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progressively emerging [159].
However, gamification has not yet attained the mainstream of any academic discipline.

According to various studies on gamification [66, 160], there is a serious lack of research that
provides well-founded and rigorous empirical evidence of the motivation process driven
by the core elements of gamification. Several studies therefore reported the need for more
substantial research and empirical data on the effectiveness of the gamification elements in-
corporated into diverse contexts such as enterprises [63], education [50] and journalism [161].
In a like manner, it was noted that there is a dearth of studies speculated about serious
games that did not include high-quality empirical evidence concerning positive impacts and
outcomes of serious gaming [162].

RQ7. What game mechanics have been used in gamifying e-Health applications?

A multitude of game mechanics are being integrated into gamified e-Health applications
and serious games. The majority of the selected studies reported the usage of a combination
of game mechanics to encourage users to engage with the application. Of the gamification
elements most frequently used, we found feedback, rewards, progression and social fea-
tures. Most of the studies incorporated a basic game-like feature that rewards users with
numerical values for an action or a combination of actions. This point-scoring system was
generally associated with achievement rewards such as badges, trophies and medals upon
accumulating a certain amount of points. Apart from these virtual rewards, some researchers
opted for more personalized rewards [132]. For instance, the pain assessment application
for adolescents with cancer [112] rewarded its users with a congratulatory video-recorded
acknowledgment upon accomplishing the assessments. Moreover, children were rewarded
real-world prizes such as a jump rope and a Frisbee after the completion of the game’s nutri-
tional activities [150]. Providing instant-feedback was also perceived as a helpful mechanism
as regards informing users about their current progress and alerting them to changes in their
status. Feedback was mainly represented in the form of visual popups [126] (e.g. textual
measures, informative messages) or audible notifications (sound effects) [144].

Serious games also provided constant auditory, visual or textual feedback which directly
react to the patient’s actions and inform on their performance and results [129,148]. It has been
pointed out that the adjustment of the real-time feedback is crucial, because the game needs
to provide a feedback appropriate to the level of the patient [121]. Feedback should therefore
be dynamic and adaptable. Several studies emphasized the positive effect of socialization
on the users’ engagement with the gamified applications. Whilst some applications imple-
mented a socialization component that interacts with the best-known social networks [125]
(e.g. Facebook, Twitter), a private social platform was created in other applications to allow
users to communicate with their peers and receive support from them [110]. Another aspect
of socialization was that of leaderboards. This is based on status, which leads to greater
visibility for the users. This implies a social comparison, which encourages the users of
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applications, especially those related to physical activity, to surpass their fellows [140]. An-
other competition setting was that of creating a collaborative platform on which users can
perform the application’s activities as part of a small group, which ultimately helps people
enhance their physical accomplishment [141]. Although not highly valued in serious games,
social interaction, as presented in two studies [114, 116] consisted on the setup of an in-game
social community of players where they can communicate and support each other in order to
generate competition between them and stimulate a prosocial behavior.

As in the gamified applications, the players were able to see each other’s rank and current
status on a leaderboard. In addition, serious games made an extensive use of leveling-up
and progression mechanics. To advance levels, the players had to perform challenges of a
gradual increasing complexity [114, 120]. On the contrary, progress bars and challenges were
found to be the least commonly used game mechanics in the selected studies on gamified
applications. However, users who participated in the evaluation of applications that employ
these mechanics expressed positivity about and satisfaction with them. They stated that
challenges allowed them to complete a particular set of actions within a time limit, but
they suggested that this mechanism might be more effective if they could set personalized
challenges by themselves [139]. Moreover, a mobile fitness application called BonnyBolt was
based on a fictitious storyline in which users were asked to explore the different episodes of
the storyline while exercising. This quest appeared to be significantly engaging for young
users [131]. Some studies reported the usage of further gamification elements. For instance,
users of a wellness application [139] were disposed to track their progress instantly on a
virtual map. This analogy was considered to be helpful as it added more tangibility to the
achievements.

The effectiveness of some game mechanics in comparison with others is mainly owing
to their role in simultaneously yielding enjoyment, competition and self-evaluation [163].
Social features, rewards and progress tracking were therefore demonstrated to be powerful
mechanics in producing positive effects on users. In line with the studies conducted on
gamification in non-health-related contexts such as education [164] and software engineer-
ing [165], there is a similarity in terms of the most frequently used game mechanics. In fact,
tracking and monitoring progress help users stay focused on their goals and avoid dwelling
on negativity [163]. Pointsification is the core component of gamification, particularly in
progress visibility and leaderboards. Users’ progress is mostly fueled by the amount of
points collected, which are then used to provide a ranking on leaderboards. However, points
could be less appealing and insignificant in terms of gratification. Users tend to prefer
receiving badges [165] for their multiple functions. Beyond advertising one’s achievement,
badges can provide instructions that help users shape their activities and diversify their
participations [156]. Besides encouraging self-improvement, social features are designed to
create a competitive environment in which users can effectively engage to achieve extrinsic
motivations. Nevertheless, these positive effects can be undermined from the perspective of
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users. For example, users may actually feel disheartened if they are not able to surpass their
fellows or they realize that they do not have in-app friends to connect with [163]. As long as
there are different perceptions about the potency of the game mechanics, more research is
needed to understand, exactly, how these gamification elements trigger motivation in order
to implement them more appropriately.

RQ8. What are the research types of the studies related to the gamification of e-Health?

Although the number of studies investigating the limitations of gamification in e-Health
is relatively scarce, it was noted that the implementation of gamification techniques in the
e-Health realm is a critical and demanding process. The authors of the selected papers
addressed several challenges that could undermine the potential success of gamification and
serious gaming. One of the major challenges is related to the long-term viability of the gami-
fication effects on the applications’ users. Researchers argue that the noticeable short-term
effect on users’ motivation and engagement is unlikely to be sustained, as the users’ interest
and enthusiasm in the game-like features seems to decrease in the long run [114, 134, 139].
Moreover, some game mechanics (e.g. points, badges) did not provide a tangible health-
driven meaning in terms of the user’s competence and health skills [140], and they were
sometimes wrongly located on the application’s display. In this respect, the participants in
the evaluation of a nutritional serious game [115] did not understand the purpose of the
partitioned progress bar along with the number associated to it.

A direct, simple and clear set of instructions would thereby be essential to avoid con-
fusions and optimize users’ gameplay experience. Furthermore, it was stated that some
gamification applications offer a valuable reward for an activity that does not require a signif-
icant endeavor and/or vice versa [113]. Regardless of their functionality in a game-context,
gamification elements were sometimes falsely mixed-up as there was no apparent control
between them [140]. To effectively alleviate these challenges, it is necessary to design game el-
ements for meaningful in-system purposes by providing them in response to efforts that users
consider important. It is also significant to assign informative content to the game elements in
order to make them easily intelligible and not confusing [166]. In addition, building an entire
gamified solution on the basis of a single gamification element can reduce the effectiveness of
the solution and therefore lead to a straightforward failure [136]. Because fun and motivation
are not a “one-size-fits-all” proposition, a game element that seems motivational for one
individual may not be persuasive for another. This also holds true for serious gaming as it
was emphasized in different studies [114, 149] that there is a crucial need to understand the
gaming forms which motivate and engage players [149]. This knowledge may therefore help
designers create adaptive games that offer slightly different modes of play for different player
types. Moreover, in order to trigger users’ motivation through gamification, it is important to
allow them to experience a sense of communion, autonomy and competence [167].

Gamified solutions should encompass a well-structured and varied rollout of game
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elements if these motivational needs are to be realized. Another important issue is that
most gamified solutions and serious games are not user-centered since they disregard the
demographic characteristics of the targeted users to a significant extent [159], thus failing
to provide an appropriate solution to the cohort in question. In this respect, researchers
suggest bearing in mind the varied demographic traits and considering children and elderly
cohorts to a much greater extent [136]. Besides the lack of a standardized methodology with
which to assess the potency of gamification [137], there is a paucity of healthcare profession-
als’ involvement in the design and development of the gamified e-Health solutions, which
diminishes their credibility and respect among patients [136].

RQ9. What are the benefits of using gamified e-Health applications?

Despite the challenges that were judged to hamper the potential of gamification in
the e-Health realm, the majority of the selected studies have demonstrated the positive
effects that the user can still attain while using gamified e-Health interventions and serious
games. The major advantage of gamification in the health context is, perhaps, that of
ensuring users’ regular engagement and increasing their immersion into the e-Health solution
[123, 127, 145]. Indeed, gamification seeks to take playful aspects of gaming experiences in
order to restructure a typically boring activity into something enjoyable, competitive and
engaging [134,146]. This implies motivating users to deliberately stick to the application’s
activities [125]. Similarly, the use of visual aesthetics and game mechanics in serious games
promotes the gameplay and the interaction with the players while yielding a great level of
enjoyment and entertainment [122, 151]. Besides providing extrinsic motivation (rewards,
feedback), gamification is also intended to help users experience positive emotional states
such as satisfaction, relatedness and self-esteem [134,136,137]. This results in the inducement
of positive changes in users’ behavior that are beneficial for their overall health and wellness
[126].

Furthermore, gamification was perceived as a successful means to provide a certain type
of assistance to patients with chronic conditions by improving their adherence to medication
and treatment plans [111]. On the other hand, serious games were appreciated and were
seen as a good method to help people induce positive behavioural change in people living
with chronic conditions thanks to the powerful integrated game design [122, 124]. From a
social perspective, gamification has a huge potential as regards improving communication
and bilateral encouragement among users by means of social-sharing (e.g. posts) and instant
messaging [114, 141].

2.4.1 Implications of the results

The findings of this SLR have implications for both researchers and practitioners work-
ing in the area of gamification applied to e-Health. Researchers need to pay considerable
attention to the motivational side of the gamified applications and serious games. Extrinsic
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and intrinsic motivation should be tuned up to yield a permanent engagement with the
application. Moreover, the findings of this review show that the majority of the studies
reported evaluations during a short period of time, which actually diminished the accuracy
of the results. The gamified applications and serious games, especially those dealing with
therapy and prevention, must therefore undergo empirical evaluations that span longer
periods so as to better explore the long-term viability of the game mechanics being integrated.
In addition, patients diagnosed with the health condition in question should be involved
from the first stage of the development of the application or the game. Since the seriousness
of the application might be alleviated owing to the game-like features, receiving medical
approval can reassure the users about the effectiveness of the application from the health
outcome perspective. Practitioners, for their part, need to examine the gamified applications
and serious games rigorously in order to lessen the eventual loopholes that enhance the users’
ability to cheat, i.e., seeking rewards while being oblivious to the actual health outcome. It
may be worth involving experienced game-designers in the whole process of building the
e-Health solution so as to draw on their expertise for the purpose of implementing game-
mechanics that are properly thought through and well balanced. Furthermore, practitioners
need to bear in mind the importance of ensuring security and privacy to the extent that the
users’ personal health data are fully protected.

2.4.2 Study limitations

As with any review, this study has a number of considerations that may limit the
soundness of the conclusions drawn. These biases have been divided into four kinds of
threats to validity, which are described below:

• Construct validity: The most obvious bias that could affect the validity of the conclu-
sions of this study is the incompleteness of the search and the selection of the studies.
Although the trial search was performed in the major digital libraries related to com-
puter science and medicine, relevant studies that investigate gamification and serious
gaming in e-Health may have been missed. In an attempt to mitigate this bias, the
Google Scholar database was first used to retrieve the potentially relevant studies
that are not indexed in the selected sources. Second, the reference lists of the papers
included were checked to identify any further relevant studies. Although the PICO
criteria were used to obtain a rich collection of elements for the search string, it was
impossible to ensure that the search was totally exhaustive. Additional terms related
to ‘gamification’ and ‘serious game’ could have been used to make the search more
comprehensive through performing a rigorous search strategy as reported in [168].
Moreover, since the search was performed only on the metadata of papers (i.e., Title,
Abstract and keywords), it is probable that some papers that did not include a reference
to validation in their metadata were systematically rejected. Another issue that arose
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during the screening phase was that some papers had a potentially valid content, but
an irrelevant abstract could have led to their exclusion.

• Internal validity: Bias during the data extraction phase may have affected the accuracy
of the data extracted. To alleviate this threat, the data items to be extracted in this
study were discussed by the three authors until an agreement was reached. Since
the extraction of data was conducted by just one reviewer, there is a risk of making
mistakes, thus, causing substantial inconsistency in the outcomes. In fact, single data
extraction process can potentially raise the rate of extraction errors such as inadequacies,
incomplete data and omissions [169]. It is true that most of the systematic reviews do
duplicate the data extraction process by having at least two reviewers performing the
extraction independently as recommended in PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines [170], however, there are many
reviews which included single data extraction with double checking and did yield
significant results as in [106, 171]. Single data extraction offer a pragmatic approach
to complete the review to time and cost when the double process is not feasible. All
data extraction details are shown in Tables 2.5 and 2.6 to allow the reader to verify
the reliability and accuracy of the information extracted. Another limitation of this
study is the absence of the assessment of risk of bias in included studies that consist
of evaluating the methodological features of each individual study and assessing the
applicability of their findings. This restriction could plausibly influence the overall
strength of the body of empirical evidence.

• Conclusion validity: Conclusion validity is concerned with biases regarding the exis-
tence or absence of relationships which may lead to incorrect conclusions being reached.
In order to mitigate this threat, any phase of the study during which disagreements
among the authors were likely to occur was thoroughly conducted and discussed until
a consensus was reached. Besides the textual description, the results were plotted using
various charts. This helps enhance the traceability between the data extracted and the
conclusions.

• External validity: External validity is related to the ability to generalize. The validity
of the conclusions drawn holds solely for the context of this study. This threat is not,
therefore, applicable.

2.5 Conclusion

This chapter presents the main results of a SLR on gamification in eHealth. From an
initial set of 562 papers retrieved from seven main publication sources, 46 studies presenting
gamified applications and serious games in eHealth were selected as primary studies for the
SLR. Data were extracted from these papers and then synthetized against nine predefined
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RQs, including publication source and trend, research type, empirical type, gamification
elements, advantages and challenges of gamification in e-Health. The results showed that
gamification and serious gaming began to attract researchers’ attention in e-Health realm
only in the second half of the year 2010, with a peak year in 2014. The principal research types
identified were solution proposals and research evaluations. Roughly half of the papers did
not provide any type of empirical evidence. There is obviously a need for further empirical
evaluations to provide a rigorous validity of gamification’s effectiveness in e-Health. Another
interesting result is that the most frequently investigated health domains in literature are
chronic disease management and physical activity. Concerning game mechanics, most of the
studies reported that rewards, feedback and socialization aspects are recurrently employed
to gamify e-Health. Moreover, the results obtained allowed us to address the benefits and the
issues of gamification in the e-Health realm. The findings of this chapter sheds light on the
importance of thoroughly investigating the potential pitfalls of gamification in eHealth in
order to harness the full potential of this powerful design discipline.
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Chapter3
Analysis of functionalities of mobile
applications for blood donation and
postnatal care

3.1 Introduction

Mobile technology appears to be promising in improving access and efficiency in health
care delivery [26]. Consequently, the mHealth app market has been expanding steadily
over the last few years with the adoption of new technologies and new workflows that are
transforming healthcare [172]. BD and PNC are among the several health domains that have
harnessed the mobile technological advances in that a panoply of apps are increasingly being
released to the public. The structure of this chapter is as follows: Section 3.2 analyses the
functionalities and identifies the gamification techniques employed in the gamified BD apps
available in four app repositories. Section 3.3 proposes a comprehensive set of requirements
for gamified BD apps drawn out from literature and existing apps on the market. Moreover,
this section analyses the influence of these requirements on SPQ characteristics using the
ISO/IEC 25010 standard. Section 3.4 reviews and analyses features and functionalities of
the pool of PNC apps that are currently available in the two most widely used smartphones
applications stores: Apple app store and Google Android play store. Section 3.5 presents the
conclusions of this chapter.

3.2 Review of gamified blood donation mobile applications

BD is one of the most valuable contribution that an individual can make towards the
society. In spite of the significant advances in medical area, no real progress has been made to
develop a substitute for blood [173]. This induces the importance of donating blood. In fact,
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there is a surge demand for blood supplies and blood products [5] each year which are used
in different situations ranging from severe childhood anaemia to cancer therapy depending
on the country’s incomes [174]. Despite the people’s awareness about the need for blood,
90% of people who are eligible to donate blood are not currently doing so [175]. Non-donors
provide different reasons for their non-willingness such as busy schedule, needle phobia
and fear of catching disease [176]. Given this critical situation, many studies investigated
how mobile technology can boost potential donors’ motivation through a multitude released
BD apps. Social networks and text messages have played a leading role in the search and
recruitment of blood donors, respectively [8]. However, it has been affirmed that relying
on social networks and text messages to broadcast the need of BD could be inefficient if the
information is irrelevant to potential donors [177]. Therefore, the BD apps must be developed
with in-built geolocation services and push notifications to instantly inform the donor of
blood need in nearby locations [177].

One of the critical issues that is encountered in BD is the ageing population of most
countries which implies the blood centres to mobilize in order to recruit more blood donors
among youth as well as improving their retention [178]. In this regards, as the young
interaction with mobile devices and game world is significantly high [179], the usage of
gamification techniques in BD apps could be of great help. Actually, gamification lies in
applying game mechanics and dynamics in non-game contexts [45]. A myriad of domains
such as marketing and recruitment have adopted gamification as a strategy to enhance
user’s loyalty and improve user’s motivation [180]. In BD area, gamification can enhance the
retention rate of donors and motivate the non-donors to start donate through offering proper
incentives [9]. Rewarding the blood donors takes several forms. A donor can earn points for
each blood unit donated which can be redeemed for material rewards (e.g. gift cards, T-shirt,
keychain). Considering that the individual is mostly driven by its intrinsic motivations [10],
levelling and acquiring status can have a better influence on donors’ engagement and loyalty.

3.2.1 Methodology

This sub-section describes the methodology used to search for, select and analyse the gamified
BD apps.

A. Review and protocol

A set of recommendations set out by PRISMA [181] has been used to address the
search for gamified BD apps. Prior to the beginning of the search, a review protocol was
developed which sets out the methods of the review including RQs, eligibility criteria
and data extraction.

B. Research questions

In order to guide this review, three RQs were formulated according to a previous
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study on BD apps [182]. Table 3.1 shows the RQs addressed in this study and their
motivations.

C. Eligibility criteria

The following inclusion criteria (IC) have been used to select the BD apps:

• Free or Paid BD apps available in app repositories.

• Apps for human Blood Donation.

• Apps that are gamified.

IC1 selects the BD apps that are available under the four mobile platforms (iOS, Android,
Windows Mobile and Blackberry). IC2 selects the apps that focus only on human BD,
hence discarding those for pets or those that focus on general health. IC3 assesses
the presence of gamification elements in the apps. In this respect, applications were
evaluated through their descriptions and screenshots.

D. Search strategy

The study sample was identified through systematic searches in the following apps
repositories: Apple App store, Google Play, Windows Mobile Store and Blackberry App
World. The apps were identified in June 2016. Search terms were defined using PICO
(population, intervention, comparison and outcome) [105] criteria. The population
considered is that of blood donors; the intervention consisted on gamified apps for BD
and the outcomes encompasses all existing outcomes regarding gamified BD apps. The
‘comparison’ criterion is overlooked since this review does not aim to prove evidence
regarding gamified BD apps not providing alternatives. The search string is defined as
follows: Blood AND (donat* OR give OR bank OR network OR help OR need*).

E. Selection process

The selection process went through the following main steps:

1. Entering the search terms in the aforementioned mobile app stores to identify
candidate apps.

Table 3.1: Research questions

ID Research Questions Motivation

RQ1 Which BD apps are currently available in
app stores and what types of BD apps have
been selected?

To identify the BD apps that are available
in app repositories and the areas of BD that
are covered by the selected apps.

RQ2 What are the functionalities and features
proposed in the installed BD apps?

To study the common functionalities and
characteristics as regards BD apps.

RQ3 How gamification has been employed in the
selected apps?

To analyse which gamification strategies are
mostly used in the BD apps.
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2. Screening and assessment of the apps using eligibility criteria as shown in Figure
3.1.

3. Installing the selected apps in appropriate devices. Since the apps designed for iOS
were also compatible with both iPhone and iPad, an iPad 2 was used to explore
them. Whereas the apps for android were installed to a Samsung GALAXY Note 2
and the windows app was installed on Nokia Lumia 635 smartphone.

The activities described above were carried out between June and July 2016 by one
author. Any discrepancies were resolved through discussion by the rest of authors.
Figure 3.1 illustrates the selection process of the apps for each app repository. Ten
gamified BD apps were selected from a total of 801 apps identified.

F. Data extraction

Data extraction process was performed by the first author through a designed form
and was reviewed by two other authors. A set of data items was extracted for each
selected BD app. These data items were analysed to show:

• ID. The first letter refers to the source of the app; G represents an Android app
available in Google Play, the letter A refers to an iOS app which is available in
Apple App Store while the Windows apps are pointed out with the letter W.

• Name of the App.

• Type of BD App. The following eight types were identified [183].

– Find donors. Apps which help the user find potential blood donors.

– Find centres. Apps which help the used find nearby centres/ hospitals to
donate blood.

Figure 3.1: PRISMA digram of the selected gamified BD apps
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Table 3.2: Characteristics questions of the gamified BD apps

ID Question Motivation

Q1 Does the application use an
authentication method?

Privacy. To pinpoint the authentication method used to access
the data in the application.

Q2 Does the application support
multiple languages?

Internationalization. To identify the languages used in the BD
application.

Q3 Is the application geographi-
cally restricted?

Internationalization. To analyse the intended users of the BD
applications.

Q4 Is the application connected to
a specific medical institution?

User communication. To discover whether the user receives
BD-related data from a specific medical institution.

Q5 Is the application integrated
with Facebook, Twitter or other
social media?

Social Media. To examine whether the application provides
users with the possibility to share BD information via social
network.

Q6 Does the application use maps
to show localizations?

Localization. To inspect whether it is easy to localize donors or
centres in the BD applications.

Q7 Does the application include
notification feature?

User communication. To investigate whether the user receives
notifications from the application and to precise the types of
notification included in the application.

Q8 Does the application include
information about the BD pro-
cess?

Recommendations. To determine whether the user can access
recommendations and tips related to BD process in the applica-
tion.

– Eligibility. Apps which determine whether or not the user is eligible to donate
based on their health condition and the date of their last BD.

– Blood Types. Apps which provide information on the different blood groups.

– Blood Calculation. Apps which estimate the user’s blood type based on their
parental blood types.

– Records. Apps which record and list out the user’s donation history.

– Related to a centre. Apps that offer to the user useful information related to a
medical institution (e.g. hospital, laboratory . . . ).

– General Information. Apps which give general information on the BD process.

• App repository link to the App.

• Developer and Country of origin.

• Current version.

• Latest update.

• Number of installs.

• Number of raters.

• User rating. It is scored out of 5.

A list of 8 functionality items was also extracted and evaluated for each of the gamified
BD apps installed. These characteristics questions along with their rationales are
presented in Table 3.2. The way in which this questionnaire was written was inspired
by previous studies [182, 184]. The extracted data and characteristics corresponding to
each selected app are listed in Tables 3.3 and 3.4.
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3.2.2 Results and discussion

This section describes and discusses the results related to the data extraction process. The
extracted data along with the characteristics of the BD apps selected are presented in table 3.3.
The search for the gamified BD apps was performed in June 2016. A total of 10 gamified BD
apps were selected from the 801 apps identified. As depicted in Figure 3.1, eligibility criteria
were applied separately to apps for each app repository. In the screening phase, 407 of 801
apps were discarded as they were not intended for human BD. Only 10 apps appeared to be
eligible in terms of incorporating gamification elements and were, consequently, selected for
further evaluation in this study.

RQ1. Which BD apps are currently available in app stores and what types of BD apps have
been selected?

Among the four app repositories, Apple App store was the app store that offered most
BD apps (5 apps) followed by Google Play Store (4 apps). In contrast, the number of BD
apps available for Windows and Blackberry devices was less significant. Only one BD app
was identified in Windows Phone Store and no app was found relevant in Blackberry app
store. This could be owing to the fact that Android and iOS are the most used operating
system worldwide [185]. The total of these apps contains duplicates. Actually, three apps are
available in more than OS, Android/iOS platform and Android/Windows respectively and
were hence included because the features they offer may differ between the corresponding
mobile platforms. No restriction was made on the category in which the app figures within
the app store in order to include most available gamified BD apps. The small number of the
apps selected could be explained by the fact that gamification is a novel discipline in health
area in general and BD in particular. Hence, incorporating game mechanics in BD apps has
not been put heavily into practice. Around 70% of the apps selected have been updated

Table 3.3: Extracted data from the selected BD apps

ID App Name BD Type Link Developer/ Country Current
version

Latest
update

Category #Installs Rating #Raters

G1 Blood Donor E, FD, FC, GI, R https://goo.gl/IhJDXS The American National
Red Cross, USA

1.3 23-Sep-15 Medical 100k - 500k 4,1 2658

G2 Daruj krev s
VZP

FC, GI https://goo.gl/WxscET eMan s.r.o, CZE 1.0.1 02-Jul-12 Medical 1k - 5k 2,6 79

G3 Blood donor+ FC, E, R https://goo.gl/grMk4j SmartMobe Solutions,
USA

1.0.1 08-Jun-15 Social
Media

500 - 1k 4,6 31

G4 Bloodstore FC, FD https://goo.gl/g0S0ta Pseudo Labs, IND 1.1 02-Jun-14 Health &
Fitness

10 _ 50 N/A N/A

A1 Blood Donor
by American

Red Cross

E, FD, FC, GI, R https://goo.gl/N9c3ai The American National
Red Cross, USA

1.3 23-Sep-15 Medical N/A 4,3 222

A2 Blood Donor + FC, E, R https://goo.gl/h7NYFP SmartMobe Solutions,
USA

1.0.1 19-Jun-15 Medical N/A N/A N/A

A3 Central Blood
Bank

E, FC https://goo.gl/zO3394 The institute for
Transfusion Medicine,

USA

1.0.3 15-Jun-16 Medical N/A N/A N/A

A4 The Blood
Center Mobile

FC, RC https://goo.gl/twya3K The Blood Center, USA 1.3 17-Sep-12 Health &
Fitness

N/A N/A N/A

A5 Red Cross
Connection

FD, FC https://goo.gl/zWw0AB Singapore Red Cross
Society, SGP

4.0.11 01-Apr-16 Utilities N/A N/A N/A

W1 BloodStore FC, FD https://goo.gl/ULRbqD Pseudo Labs, IND - - Health &
Fitness

N/A 4,0 2
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Table 3.4: Summary results of the assessment of the gamified BD apps

ID App name Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8

G1 Blood donor (American) Yes Yes Yes Yes Yes Yes Yes Yes
G2 Give Blood with VZP No No Yes No No Yes No Yes
G3 Blood donor+ Yes No Yes No Yes Yes Yes Yes
G4 BloodStore Yes No Yes No Yes Yes Yes No
A1 Blood Donor by American Red

Cross
Yes Yes Yes Yes Yes Yes Yes Yes

A2 Blood donor+ Yes No Yes No Yes Yes Yes Yes
A3 Central Blood Bank Yes No Yes Yes Yes Yes Yes No
A4 The Blood Center Mobile Yes No Yes Yes Yes Yes Yes Yes
A5 Red Cross Connection Yes No Yes No Yes No Yes Yes
W1 BloodStore Yes No Yes No Yes Yes Yes No

between 2014 and 2016. The G2 and A4 apps have been ultimately updated in 2012 whether
because the app is stable and has a good functionality compliance or the app is no longer
serving. Table 3.3 shows the latest date of update and the current version of each selected
gamified BD mobile app. Among the eight aforementioned types of the BD apps, finding
centres is the most recurrent type identified in all the selected apps. They help users to find
nearby blood drives and donation centres, thus, bridging the gap between blood donors
and patients in-need. Five apps of those considered help users to find donors. These apps
help meet the constant need of blood by providing an additional support to laboratories and
blood banks, especially in emergency situations [186]. The BD eligibility apps selected in this
study calculate the eligibility date of the next donation and provide a set of criteria to help
the users find out whether they are eligible to donate or not. Considering the World Health
Organization (WHO) guidelines on donor suitability for BD [187] the main eligibility criteria
focus on the lower and upper age limit (18, 65 years old), weight limits (at least 45–50 kg)
and vital signs (Pulse, body temperature and body pressure). As depicted in table 3.3, all the
apps selected cover more than one type to achieve the utmost efficiency. These apps were
counted separately for each type. Around 30% of the apps that combine different types offer
the users general information about the process of donating blood. Only Blood donor+ and
Blood donor by the American Red Cross apps in their both iOS and Android versions allow
the users to maintain a personal record of their BDs. Nonetheless, no app from those selected
was attributed to Blood types and Blood calculation types. This is likely due to the fact that
these activities do not need further incentives as they are considered personal and are not a
matter of general interest. Figure 3.2 shows the types of the gamified BD apps.

RQ2. What are the functionalities and features proposed in the installed BD apps?

This question was discussed by considering the results obtained after installing the ten
selected apps and answering the questions presented in table 3.1. The eight aforementioned
characteristics were evaluated for each selected BD app. The reader may note that installation
problems were not taken into account in order to yield an overview of the existing set of
gamified BD apps in repositories. However, no significant issue was encountered during the
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Figure 3.2: BD type of the selected apps

Table 3.5: Authentication methods in BD apps

Authentication method ID

Login G1 A1 W1
Social network login G3 A2 A4
Login or Social Network login G4 A5
Login + Center ID A3

installation of the apps.

Authentication Method. Around 90% of the apps require the user to provide credentials to
identify them which can be accomplished in many ways. Table 3.5 presents the authentication
methods employed in the BD apps installed. The Daruj krev s VZP is the only app that
provided open access and did not require any login. In the G1, A1 and W1 apps, the user
is required to create an account using an email address whereas a social network login
particularly Facebook or Twitter is requested in the G3, A2 and A4 apps. The possibility of
choosing between a normal login and a social network login is provided by two apps namely
G4 and A5. Using a social login in the majority of the apps installed facilitate the access to the
app. In order to access the content of Central Blood Bank app, the user can enter the app as a
guest although most of the features would not be usable. To harness the app to the utmost, a
specific centre ID is needed to create a login account when registering for the first time. This
condition shrinks the number of the app’s users as it is only accessible for the adherents of
the centre. However, it helps to lessen making random and anonym accounts by non-good
willing people who may access sensitive details of the users [188]. Thanks to technological
advances, the authentication methods are becoming more sophisticated and not easily broken
which can crowd out the social and traditional login, still however widely used in the apps.

Multiple Languages. Perhaps one of the actual challenges of the apps is the globalization.
Building an app in multiple languages promotes its integration in the international market.
However, English remains the most recurrent language supported by the majority of the
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apps as it is considered to be a universal language [189] mainly because it is the most spoken
language worldwide owing to the British and American world economic, political and
military domination aspects. In fact, it is supported in 9 of the apps selected beside Dutch,
French, German, Romanian, Russian, Spanish and Traditional Chinese in A1 and G1 apps.
Although donating blood is frequently made in the surrounding areas [190], developing a BD
mobile app with a multiple languages support could be necessary to widen the target users
of the app living in the country or area in question. The other language that was identified in
the installed apps is Czech available in the Daruj krev s VZP app.

Geographical Restriction. All of the installed apps are dedicated to a specific country.
Although there is no restriction during the installation nor the authentication, some of the
features such as finding blood banks or donors could be without interest if the user is not
located in the targeted area of the app. Four of the apps selected are intended to the people of
USA, while five are for countries of Asia namely Singapore, India and Nepal. The remaining
app is dedicated to people from Czech Republic. Considering the types of the BD apps
selected, their geographical limitation for usage is evident as it would not be plausible to
provide BD services at a worldwide scale.

User Communication with Medical Institutions. Among those selected, five apps are re-
lated to medical institutions. G1 and A1 apps which are the same app developed for Android
and iOS smartphones by the American Red Cross, provide details about nearby Red Cross
blood drives to schedule appointment. Similarly, the A5 app is linked to the Red Cross of
Singapore and gives information about convenient blood banks’ location that are ready to
accept the donation, among others. However, both apps do not inform the user of any per-
sonal blood-related detail after donating. The A3 and A4 are the only apps that are directly
connected with a third party. The Central Blood bank app can only be accessed using a
particular ID that can be requested at the blood bank which means that the user could receive
a feedback after the donation. The A4 app is connected to the blood centre of New Orleans in
USA, the user could receive BD test from a laboratory in USA after donating blood, stating
whether the user is eligible or not to give blood in the future. The gap between the clinical
information of patients and blood banks should be systemically bridged in order to better
exploit the usage of blood according the diagnoses of the patient which can be retrieved from
different sources (e.g. electronic medical record) [5, 9].

Integration with Social Networking Portals. All the apps selected allow the user to share
information via social networks except the G2 App. Facebook is the most predominant social
network that is incorporated into the BD apps followed by Twitter. Apart from the G3 and
A2 apps which are the same app developed for Android and iOS platforms, the BD apps
are integrated with more than one networking site such as Twitter, Instagram, YouTube or
others. The American Red Cross Apps for BD allow the users to share achievements through
the available social platforms on their devices. Sharing BD information in social networks
can be of great help in recruiting new donors, thus increasing the number of voluntary
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donors among youth in an efficient and economical way [191]. Also, there is evidence that
people tend to give a huge importance to their relationships, consequently, they become more
motivated to act in a way that maintains their social status [192]. Owing to the fact that social
influence shapes the one’s behaviour [9], a deeper investigation on the factors impacting
donors’ behaviour change has to be carried out to increase the recruitment and retention of
blood donors.

Geolocation. Geolocation is a paramount feature that should be integrated in mobile apps as
it helps the users search for precise locations using maps that illustrate the most direct routes
and other navigational data [193]. Nowadays, GPS services for emergency or Location-Based
Services are one of the advanced handsets that any smartphone has included which makes
the delivery of information goes seamlessly and rapidly. Around 90% of the apps examined
are developed with a built-in geolocation feature. Donors and centres’ locations are displayed
on a map that can be visualized and optimized based on the real-time location data of the user
to identify the nearest centres or donors. Since GPS services operates with users’ personal
information, malicious implications as well as privacy and anonymization concerns can be
major issues that need to be addressed to prevent the misuse of data [188].

Notifications. Apart from the G2 App, all the apps installed provide the users with noti-
fication feature. The user can be notified in different ways. Among those investigated, a
notification can be an instant alert that the user receives about blood shortage in nearby
locations or a reminder of a donation appointment or the date on which the next donation
is possible. Users can also receive push notifications for upcoming nearby campaigns and
receive instant invitation to donation events. Notifications are a powerful tool that gets
users’ attention in a disruptive manner. However, these notifications may become annoying
and intrusive if they convey irrelevant and interesting messages, thus leading to negative
perceptions about the app.

BD Recommendations. To ensure the safety of BD for both donors and recipients, volunteer
donors must be evaluated to check their eligibility according to the guidelines determined
by the WHO [187]. Countries may adapt these guidelines to the characteristics of their
population. All the apps installed provide BD recommendations to the users except three
apps; G3, A3 and W1. These recommendations mostly focus on explaining the BD process
and eligibility requirements. In addition, users are given tips and guidelines on how to stay
comfortable and safe throughout the donation process. In order to decrease wait times at
blood drives and streamline the donation experience, the users of some of the apps installed
such as A1, A3 and G1 are requested to complete an online health history questionnaire prior
to arriving at the donation centre. Users should complete the questionnaire by visiting the
official websites of the apps [194, 195] from their personal computer and present it at the
blood drive whether printed or scanned to be evaluated.

RQ3. How gamification has been employed in the selected apps?
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Gamification stands on applying game mechanics and dynamics in non-game settings.
There is evidence that this technique is able to engender motivational drivers of human
behaviour in non-game applications [196] by leveraging the users’ natural desire for competi-
tion, status and achievement, among others [197]. This is accomplished through providing
non-monetary incentives and rewards upon performing some actions within the application.
These intrinsic rewards mostly consist on social recognition, appreciation and accomplish-
ment feelings [198]. In fact, gamification seizes its essence through using a mixture of
motivational affordances such as points, badges and leaderboards. Almost 80% of the apps
considered in this study focus on badges and rewards as gamification elements to incentivise
BD. The users of A1 and G1 apps are able to acquire badges depending on their donations’
type and frequency.

The Blood donor app allow the donors to create or join teams and track its ranking on a
national leaderboard. Additionally, through the award-winning engine WeWin, partnered
retailers offer the users of this app diverse array of extrinsic rewards (e.g. coupons, promo
codes) to boost their donations. In the android app Daruj krev s VZP, users can visualize their
donation and sharing’s mark upon which they can receive badges (silver, gold, diamond).
This is also the case of the Android (G3) and iOS (A2) versions of Blood Donor+ app that
award various badges to blood donors (Silver, Gold, Diamond, Platinum) alongside the cham-
pion and lifesaver badges. Nevertheless, no further information on the rewards is provided
within this application. In both android (G5) and windows (W1) versions of the Bloodstore
app, users are awarded points so as to recognize the most devoted donors. While in the A3
app, the points are redeemed for gift cards or items that are available in the online store of
the blood bank such as T-Shirt and prepaid cards. The total of the awarded points differs
according to the donation type. Donors can choose not to redeem their points for external
rewards and have the option to donate them to other partnered non-profit-organisations.
Alike the American Red Cross app, the red cross of Singapore through its app (A5) rewards
the donors an augmented reality video thanking them for their selfless act. In addition, the
loyal donors can be rewarded with special offers and discounts from the partnered merchants.
Besides, the app confers status to users such as Heroglobin and pacemaster according to
the number of lives they have helped save through their donation. The A4 offers external
items such as exclusive T-shirts and Free tickets to attend upcoming events in the current
month. Additional gifts (e.g. smart TV) could be awarded to users by drawing lots. Given
that the secret of behaviour’s change using gamification lies in intrinsic incentives, financial
or extrinsic rewards could generate a straightforward users’ engagement and loyalty towards
the application. However, research [199] shows that excessive cash-rewards are not correlated
with progress and performance and can therefore deflect users’ motivation.
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3.2.3 Limitations of the study

There are four notable limitations to this review. Firstly, the search string used to pinpoint
the gamified BD apps may not have covered all the terms relevant to the study. To alleviate
this threat, PICO criteria were used however no gamification-related term was used in order
to avoid obtaining games in the results. Secondly, the app repositories do not allow advanced
searches due to their limited functionalities thus widening ineffectively the number of search
results. Thirdly, as the apps were finally selected after reviewing their screenshots and
description, relevant apps could have been missed. Lastly, the steady proliferation of mobile
apps is such that the results of this study will no longer portrays the current availability of
the apps.

3.3 Quality evaluation of gamified blood donation apps

The use of gamification in BD has significantly increased during the last decade, therefore,
diverse gamified mobile solutions intended for blood donors have emerged in research
and practice. Typical inherent requirements should be taken into consideration prior the
development of fully-fledged BD apps. Hence, it is necessary to apply SE processes to assure
the development of secure, high-quality BD apps. Besides the specification of functional
requirements, eliciting SQRs represents a crucial part of the SE process as it determines the
overall quality of the software product.

3.3.1 Related work

This subsection draws an overview of studies that approaches the assessment of the
quality characteristics of m-heath apps. Investigators and experts used a myriad of methods to
evaluate the quality of health-related software products. Several studies prioritized usability
as a referential concept for quality evaluation [183, 200, 201]. Reynoldson et al. evaluated
apps for pain self-management using quality assessment criteria and testing usability with
potential users [200]. A study by Ouhbi et al. reported a QA of a total of 133 free BD apps
using a questionnaire concerning the compliance of these apps with mobile OS usability
guidelines [183]. In the same vein, Zapata et al. assessed the accordance of 24 mobile Personal
Health Records with iOS and Android usability guidelines [201]. Another study aimed at the
examination of multiple parameters around the quality of the most popular dietary weight-
loss mobile apps available to the pubic using comprehensive quality assessment criteria [202].
Moreover, a study was about proposing a rating tool to provide a multidimensional measure
of the quality indicators of m-Health apps [203]. Furthermore, papers within the evaluation
of the quality of mobile apps used software quality models proposed by the series of ISO/IEC
standards. Table 3.6 summarizes the main findings of some selected papers on the quality
evaluation of health software products based on ISO-models.
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3.3.2 Requirements of gamified BD apps

This subsection summarises the main requirements of a gamified BD apps considering
system features and gamification aspects. The requirements elicitation phase was processed
through reviewing related literature and evaluating the existing solutions in app repositories
[9, 178, 204–208]. The extraction was, particularly, based on studies targeting BD apps such
as: 1) the study by Foth et al. that proposes a design implications of a BD system based on
their research findings on the necessary features for a BD application [178], and 2) the study
by Yuan et al. in which the authors determined the most relevant functions of BD app to
potential users besides investigating the degree of receptiveness of donors toward mobile
apps [204]. Several studies focusing on gamification in BD solutions were also reviewed.
For instance, Domingos et al. presents the design of a gamified BD app that facilitates the
interaction between users and blood centres [205]. Another study by Sabani et al. which
focuses on integrating gamification elements into iOS BD apps to encourage donors and help
end blood shortage [206]. Furthermore, the findings of a previous review on gamified BD
apps were used to extend the list of system requirements and gamification techniques [209].
Given that the results of the aforementioned review were obtained in 2016, a similar search
was performed between August and September 2017 following the same search procedure
in order to update the pre-obtained list of gamified BD apps. Two more apps were found
relevant on the market. Nine apps, of which five on Android and four on iOS were therefore
included in the current study as depicted in Table 3.7.
The main requirements of gamified BD apps were selected and regrouped in four clusters:
App’s accessibility, donor’s personal information, user’s actions and app’s components.

• App’s accessibility

App’s accessibility is one of the important factors to consider when developing apps. It
gathers a bunch of requirements related to the availability of the app for users either before
or after installation. The accessibility requirements are as follow: AA1. The operating system
(OS) type. This requirement regards the app’s availability in the well-known app repositories
(iOS, Android, Blackberry, Windows Phone). AA2. The OS version. Given that new features
are consistently added to the OS, new versions are being launched accordingly. Although
it is not necessary to upgrade the OS, the user might be obliged to perform the upgrade to
be able to install a specific app. Hence, the AA2 concerns the compatibility of the app with
OS version. AA3. Cost. In app repositories, there are free and paid apps. Although paid
apps have high value content and features, free apps are the most popular because users are
less willing to purchase apps. In-App Purchases (IAPs) remain a prominent alternative for
users seeking low price but advanced features. AA4. Language. Several apps provide the
possibility to change the language from an in-app setting or by adjusting the phone’s selected
language. AA5. Geographical limitation. It is important to define whether the app should
have a restricted availability for users in certain countries, or should be accessible from all
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Table 3.6: Overview of the application of ISO standards to evaluate the quality of health software products

Ref. Software Product Standard Description

[210] General Health mo-
bile environments

ISO/IEC 9126 • An analysis process based on the External Quality Model
ISO/IEC 9126 has been proposed and applied to six quality char-
acteristics.

• A significant influence of limitations of mobile technologies (vari-
able bandwidth, Limited Autonomy, etc.) was identified for Relia-
bility, Usability, Portability and Efficiency.

• The model used was not valuable for assessing the Maintain-
ability and Portability characteristics, additional external should
therefore be supplied to attributes of these characteristics.

[211] Mobile Personal
Health Records

ISO/IEC 25010
(Product Quality)

• A quality evaluation of Mobile Personal Health Records was
performed applying ISO/IEC 25010 model.

• A checklist containing 30 quality characteristics and a compila-
tion of 51 mPHR requirements was established.

• The degree of influence on quality characteristics was calculated
and analysed for each mPHR requirement.

[212] MPHRs for pregnancy
monitoring

ISO/IEC 25010
(Product Quality)

• A framework for evaluating the software product quality of
mPHRs for pregnancy monitoring was designed using ISO/IEC
25010 model.

• A set of mPHRs pregnancy monitoring requirements was ex-
tracted from literature and existing mobile apps.

• The impact of these requirements was calculated for each soft-
ware product quality characteristic and sub-characteristic.

[213] Online HealthAware-
ness System

ISO/IEC 25010
(Quality-in-use)

• A model based on the ISO/IEC 25010 standard was developed
for assessing quality in-use of e-Ebola Awareness System.

• A total of five quality in-use attributes (Effectiveness In Use, Effi-
ciency In Use, Satisfaction In Use, Flexibility In Use and Safety In
Use) were captured by usability testing, observation and attitudi-
nal questionnaire.

• Considering the analysis, the e-Ebola online portal has, to some
extent, a good level of quality in-use.

over the world. AA6. Internet access. This requirement indicates whether the app require
internet connection to function. Building an app that works in both online and offline mode
is considered as an effective feature.

• Donor’s personal information

Mobile apps usually require users to offer up a certain amount of information to get the full
experience with the app. Unregistered donors are therefore requested to create a user profile
that contain their following personal details (PD): PD1. Full name, PD2. Gender, PD3. Date
of birth, PD4. Email, PD5. Address, PD6. Phone number.

• User’s actions

User’s actions (UA) constitute a set of inherent actions that should be specified in the re-
quirements document. It should be indicated whether the user can or cannot perform these
actions: UA1. Be authenticated using login credentials, UA2. Add information, UA3. Modify
information, UA4. Delete information. UA5. Share information, UA6. Upload images.

• App’s components
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Table 3.7: Details about the gamified blood donation mobile applications

Application name OS Latest Update Free/Paid App URL

Blood Donor by American Red Cross iOS 31-Jul-17 Free https://goo.gl/MHVm9x
Blood donor + Android 23-Jun-17 Free https://goo.gl/grMk4j
Red Cross Connection iOS 05-Apr-17 Free https://goo.gl/72L6tL
Central Blood Bank iOS 14-Jul-17 Free https://goo.gl/zO3394
Blood Store Android 02-Jun-14 Free https://goo.gl/4a48XA
Blood Donor Android 29-Aug-17 Free https://goo.gl/EcjM7U
Simply Blood -Find Blood Donor Android 10-Jul-17 Free https://goo.gl/92kG1u
MSBD Mai Sewa Blood Donor Android 18-Jul-17 Free https://goo.gl/SzbKGg

This block of requirements includes both the service-oriented features and the common
gamification elements of BD apps.

– App’s functionalities

App’s functionalities (AF) define the requirements related to the characteristics of the app.
It contains: AF1. Search and geolocation of local blood drives and nearby donation centres.
AF2. Search for blood donors. AF3. Blood calculation. This feature provides users with
their estimated blood type considering their relatives’ blood types. AF4. Connection with
blood centres. AF5. Scheduling and management of donation appointments. AF6. Push
notifications for BD events. The donor may receive alert messages for blood campaigns and
for special blood shortage. AF7. Reminders. These help users remember their scheduled
appointments or their next date of eligibility to donate blood. AF8. Information on blood,
its types and the BD process. These can help donors make their BD experience as safe and
pleasant as possible. AF9. Social media. Users can share BD experience on social media sites,
to raise awareness and encourage others to donate. AF10. Donation history. Users can keep
track of the history of their BDs. AF11. Blood donors’ teams. Users can create/join a team
of donors to AF12. In-App FAQ (Frequently Asked Questions) section that improve user’s
experience.

– Gamification elements

This sub-block identifies the gamification aspects implemented in the app. It includes: GE1.
Points. Users can earn points after each donation. GE2. Special incentives when donating
upon emergency blood shortage calls. GE3. Status. Users obtain a new status every time
they reach a BD milestone. GE4. Rewards for referring others. GE5. Tracking of donations’
progress. GE6. Points redeeming for real-world items. GE6. Users’ ranking on leaderboard
to encourage friendly competition. GE7. Visualization of achievements including collected
badges, points earned and lives saved. These characteristics are further subdivided into sub-
characteristics that can be measured internally or externally. The internal quality measures
are static attributes used to measure inherent properties of a software work product that are
typically available during development. The external quality measures, for their part, are
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dynamic attributes that are used to address properties related to the execution of the software
product in the system environment in which it is intended to operate. The other sub-model
of the IEC/ISO 25010 ‘quality in use’ relates to the outcome of human interaction with the
software and has five characteristics, which are further divided into a set of sub-characteristics.
This sub-model is not tackled in this study.

3.3.3 Analysis of requirements impact on gamified BD apps

This subsection describes the analysis process used to measure the impact of the re-
quirements defined for gamified BD apps on software product quality. It also presents an
illustration example to better understand the process as shown in Figure 3.3. The analysis
process was founded on that of previous studies [210–212], but was readjusted to the field of
gamified BD to answer the following RQ:
RQ. What influence do requirements of gamified BD apps have on SPQ?

The analysis process consisted on carrying out three steps:

Step 1. Analysis of the product quality characteristics and sub-characteristics.
The ISO/IEC 25010 was analysed in order to understand the meaning of each external charac-
teristic and sub-characteristic. In conjunction with this standard, the ISO/IEC 25023 standard
was used to grasp the definitions of the quality measures used for quantitatively evaluating
system and software product quality in terms of characteristics and sub-characteristics.

Step 2. Checklist of gamified BD apps’ requirements using ISO/IEC 25010 SPQ model.
The two first authors built a checklist to determine the potential impact of each pre-identified
requirement on external sub-characteristics of the product quality model. There were no
discrepancies between the authors during the process. The checklist was revised and verified
by the third author in a way that respects the following instruction: A SPQ sub-characteristic
is considered to be affected by a requirement if the variables used in the calculation of the
external metric are affected by this requirement.

Step 3. Calculation of the degree of impact of gamified BD apps’ requirements on SPQ.
Three degrees of impact are calculated.

(i). DI(EC,B): degree of impact of a block of requirements B on an external characteristic
EC. This degree is calculated according to the following equation:

DI(EC, B) = ∑ DI(EC, R)
N(R)

where DI(EC,R) is the degree of impact of a requirement R on an external characteristic
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EC and N(R) is the total number of requirements in the block B.

(ii). DI(EC,R): degree of impact of a requirement R on an external characteristic EC. This
degree is calculated according to the following equation:

DI(EC, R) =
N(EsC, R)

N(EsC)

where N(EsC, R) is the number of the sub-characteristics of the external characteristic
EC that are affected by the requirement R and N(EsC) is the total number of the sub-
characteristics comprised in the external characteristic EC.

(iii). DI(EsC,B): degree of impact of a block of requirements B on a external sub-characteristic
EsC. This degree is calculated according to the following equation:

DI(EsC, B) = ∑ DI(EsC, R)
N(R)

where DI(EsC,R) is the degree of impact of a requirement R on an external sub-
characteristic EsC, and N(R) is the total number of requirements in the block B.

N(EsC) and N(R) are obtained from the checklist established in step 2. After that the calcula-
tion of these degrees was performed, the results were classified into five groups as shown in
Table 3.8.
With the aim to illustrate the analysis process described above, we present the following
example that focus on calculating the degree of impact of the block AF which contains twelve

Figure 3.3: Software quality requirement definition and analysis process
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requirements, on Functional Suitability (FS) characteristic. In order to calculate DI(FS,AF),
we proceed with calculating the degree of impact of each requirement of the block AF on
Functional Suitability following this equation:

DI(FS, AF) = ∑i=12
i=1 DI(FS, AFi)

12

As depicted in table 3.9, the requirements AF8 and AF9 affect solely the Appropriateness
sub-characteristic, thus their degrees of impact are:

DI(FS, AF8) = DI(FS, AF9) = 1/2

The remaining requirements influence both sub-characteristics: Appropriateness and Accu-
racy. For instance,

DI(FS, AF1) =
2
2
= 1

The degree of impact of the whole block of requirement AF on Functional Suitability is
therefore:

DI(FS, AF) =
1 + 1 + 1 + 1 + 1 + 1 + 1 + 1

2 +
1
2 + 1 + 1 + 1

12
=

11
12

= 0.92

On the other hand, we calculate the degree of impact of the block AF on the Accuracy
sub-characteristic (Ac) using the following equation:

DI(Ac, AF) = ∑i=12
i=1 DI(Ac, AFi)

12

From the checklist, we notice that Accuracy is not affected by only two requirements AF8
and AF9, hence,

DI(Ac, AF8) = DI(Ac, AF9) = 0

and

DI(Ac, AF1) = DI(Ac, AF2) = DI(Ac, AF3)

= DI(Ac, AF4) = DI(Ac, AF5)

= DI(Ac, AF6) = DI(Ac, AF7)

= DI(Ac, AF11) = DI(Ac, AF12)

= 1.

Therefore,

DI(Ac, AF) =
1 + 1 + 1 + 1 + 1 + 1 + 1 + 0 + 0 + 1 + 1 + 1

10
=

10
12

= 0.83
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Table 3.8: Classification of the degrees of impact

Degree’s value Group
0.9 – 1 Very high
0.7 – 0.89 High
0.4 – 0.69 Moderate
0.2 – 0.39 Low
0 – 0.19 Very low

Considering the classification given in Table 3.8, the results show that the degree of impact
of App’s features block on Functional Suitability DI(FS,AF) is very high while the degree of
impact of the same block AF on the Accuracy sub-characteristic DI(Ac,AF) is high.

3.3.4 Results

As an attempt to answer the RQ defined for this study, this subsection presents the
results of the impact analysis of gamified BD apps’ requirements on SPQ characteristics. The
checklist presented in table 3.9 comprises 30 external sub-characteristics and a total of 37
requirements specified for gamified BD apps. As shown in Figure 3.4, The block AA has the
lowest degree of impact on software quality characteristics. Compatibility and Maintainability
are the least influenced by the blocks of requirements among eight quality characteristics
as their degrees can be described as low and very low. Functional Suitability is moderately
influenced by AA and PD blocks. All the blocks have low to very low degree of impact of
Security characteristic. Transferability is only influenced by AA block with a low degree.
UA, PD, AF and GE blocks have a moderate degree of influence on Operability and a very
high degree of impact on Performance Efficiency. For Functional Suitability and Reliability
characteristics, the degree of impact of blocks UA, AF and GE is very high. Figure 3.5 presents
the degree of impact of each requirement of gamified BD apps on the external characteristics.
Functional Suitability is the only characteristic that is influenced by all the requirements. 91%
of requirements affect the Operability characteristic. Performance Efficiency is influenced
by 86% and Reliability by 84%. For Maintainability and Security, the impact is measured
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Figure 3.4: Degree of influence of gamified BD apps’ requirements on external quality characteristics
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Figure 3.5: Degree of influence of the block of requirements on external quality characteristics

considering 54% and 35% of the requirements, respectively. The lowest degrees of impact
are obtained for Compatibility (16%) and Transferability (11%). The requirements AF4 and
AF5 have the most impact on software quality followed by UA1 and AF10. In contrast,
AA3 is the requirement that have the least influence on the quality characteristics. Detailed
insight into the impact of the blocks of requirements on each external sub-characteristic is
illustrated in Figure 3.6. Appropriateness is the only sub-characteristic that is affected by
the whole range of requirements. Whereas, none of the requirements has an impact on three
sub-characteristics of Maintainability, namely Analyzability, Changeability and Testability
in addition to one Compatibility sub-characteristic (Replaceability). Confidentiality is the
most affected Security sub-characteristic. PD, UA, AA and GE blocks have an equal degree of
impact on Performance Efficiency sub-characteristic. Among Operability’s sub-characteristics,
Technical accessibility and Appropriateness recognizability are the most affected by all the
blocks of requirements. Maintainability is roughly influenced through Modularity sub-
characteristic. Learnability, Reusability and Modification stability are only influenced by one
requirement: AA3, AA2 and AA6, respectively.

3.3.5 Discussion and implications

This study lists a set of requirements of gamified BD apps that were drawn out from
literature and from the existing gamified BD solutions in app repositories. Among this
compilation of requirements, (AF1) Search and geolocation of donations centres, (AF2) Search
for blood donors were the features that are predominantly included in the gamified BD apps.
One important aim of developing a mobile app in the area of BD is facilitating communication
between blood donors, recipients, and donation centres [214]. All the requirements under-
went the analysis process described in subsection 3.3.3 in order to obtain their degrees of
impact on the external quality characteristics. With the exception of the OS version (AA2) and
cost (AA3), all the requirements can be considered as software quality requirements. After
performing the impact analysis, the blocks UA, AF and GE were found to have an important
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impact on the quality characteristics. Considering the UA block, UA1: to be authenticated
is the requirement that mostly affect software product quality, followed by UA6: Upload
images.
Security and privacy constitute an essential part of apps development, particularly mHealth
apps that store several data regarding patients’ health status [215]. Improper implementa-
tion of security information can have severe repercussions on users and stakeholders alike.
Authentication (UA1) represents a crucial source of security shortcomings and has therefore
a notable impact on SPQ. A secure authentication can be achieved through adding another
layer of security over the user credentials, this can include one of the three authentication’
classes, such as asking a secret question, using a smart card or implementing biometric
authentication [216].
With regard to the requirements considered as apps’ features, connection with donation
centres (AF5) is one of the AF block requirements to have a great influence on SPQ. One of the
most interesting aspects of the mHealth sphere is its ability to promote communication across
the healthcare sector from caregivers and patients. Nonetheless, the lack of a standardized
and efficient form of data exchange is one of the most critical issues encountered by health
apps’ developers [217]. Scheduling appointments (AF4) is another aspect of connecting to
donation centres. The possibility of tracking donations history (AF10) is another requirement
that threaten the software product quality of apps as it implies privacy issues. Lastly, a
notable and equal impact on SPQ was identified for all the requirements of gamification
elements block (GE).

Although the application of gamification to BD apps has various benefits, it can be
rendered ineffective if poorly implemented. Using gamification mechanisms that do not
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Figure 3.6: Degree of influence of each block of requirements on the external sub-characteristics

71



CHAPTER 3. ANALYSIS OF FUNCTIONALITIES OF APPS FOR BD AND PNC

mesh the audience’s need and burdening the app with a plethora of gamification elements are
some of the problems that negatively impact the overall quality of the software product [136].
Moreover, the results show that along with Functional Suitability, Reliability and Performance
Efficiency are the external characteristics which are highly affected by requirements of BD
apps. Frequent disconnection and limited energy autonomy are some of the limitations of mo-
bile environments that have significant influence on Reliability characteristic [210]. Whereas
Performance Efficiency is affected by limited storage capacity and lower bandwidth. On that
account, it is critical to take into consideration these limitations at requirements elicitation
phase. According to the checklist, Operability sub-characteristics were fairly affected by
gamified BD requirements. The limitation of user smartphone interface is one of the obstacles
that may be encountered by Operability characteristics [210].

This study has identified a range of requirements for gamified BD apps, which developers
and evaluators can translate to SQR for the assessment of software product quality. SPQ
evaluation can be undertaken during or after the development or acquisition process. The
requirements of gamified BD apps for external quality characteristics should be quantita-
tively described in the SQR. The checklist established in this study on the influence of BD
requirements on quality characteristics may be of significant use to developers of gamified
BD apps. Stakeholders could take advantage of the suggestions made in this study to draw
up the essential requirements that help augment the overall quality of gamified BD apps.

3.4 Review of mobile applications for postnatal care

The postnatal (or postpartum) period is the most critical, yet the most neglected phase
in the lives of mothers and newborn infants. Beginning immediately after childbirth, the
postnatal period and usually extends for about six weeks as the mother’s body returns to its
pre-pregnant state. Yet, some evidence indicates that the postnatal period is a continuity of
three distinct phases of which the third one lasts up to six months following delivery [11]. The
postnatal period marks an important transition in the lives of parents as it brings about major
changes in parental roles, responsibilities, and identities. During this period, parents are
supposed to make physical, psychological and social re-adjustments to restore balance in their
lives [218]. While most expecting mothers focus on potential risks involved during pregnancy
and up to delivery, few closely consider the risks afterward. In fact, the postnatal period
poses substantial health risks for both mothers and newborn infants and is the period when
most maternal and infant mortalities and morbidities occur. According to recent estimates by
the World Health Organization, upwards of 303,000 women died as a result of pregnancy
and child birth-related complications and approximately 2.7 million newborn babies died
after birth in 2015 [219].

Given that maternal health and newborn health are closely linked, interventions targeting
maternal care can likely also improve fetal and neonatal health [220]. Providentially, most
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Table 3.9: Checklist of the impact of gamified blood donation apps requirements on software product quality
characteristics
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PD1 x - x x - x x x - x - x x x - - - - - - - x - - - - - - - -
PD2 x - x x - x x x - x - x x x - - - - - - - x - - - - - - - -
PD3 x - x x - x x x - x - x x x - - - - - - - x - - - - - - - -
PD4 x - x x - x x x - x - x x x - - - - - - - x - - - - - - - -
PD5 x - x x - x x x - x - x x x - - - - - - - x - - - - - - - -
PD6 x - x x - x x x - x - x x x - - - - - - - x - - - - - - - -
UA1 x x x x x x x - - x - x x x x x x x - - - - - - - - - - - -
UA2 x x x x x x x - - x - x x - - - - - - - - - - - - - - - - -
UA3 x x x x x x x - - x - x x - - - - - - - - - - - - - - - - -
UA4 x x x x x x x - - x - x x - - - - - - - - - - - - - - - - -
UA5 x x x x x x x - - x - x x - - - - - - - - - - - - - - - - -
UA6 x x x x x x x - - x - x x - - - - - - - x - - - - - - - - -
AF1 x x x x x x x x - - - x x - - - - - - - - x - - - - - - - -
AF2 x x x x x x x x - x - x x x x x x - - - x - - - - - - - - -
AF3 x x x x x x x x - - - x x x x - - - - - - - - - - - - - -
AF4 x x x x x x x x - x - x x x x x x - - - x - - - - - - - - -
AF5 x x x x x x x x - x - x x - - x x x - - - x - - - - - - - -
AF6 x x x x x x x x - x - x x - - - - - - - - x - - - - - - - -
AF7 x x x x x x x x - x - x x - - - - - - - - - - - - - - - - -
AF8 x - x x x x x x - x - x x x x x - - - - - - - - - - - - - -
AF9 x - x x x x x x - x - x x - - - - - - - x - - - - - - - - -

AF10 x x x x x x x x - x - x x - - - - - - - - - - - - - - - - -
AF11 x x x x x x x x - x - x x - - - - - - - - - - - - - - - - -
AF12 x x x x x x x x - x - x x - - - - - - - - - - - - - - - - -
GE1 x x x x x x x x - - - x x - - - - - - - - x - - - - - - - -
GE2 x x x x x x x x - - - x x - - - - - - - - x - - - - - - - -
GE3 x x x x x x x x - - - x x - - - - - - - - x - - - - - - - -
GE4 x x x x x x x x - - - x x - - - - - - - - x - - - - - - - -
GE5 x x x x x x x x - - - x x - - - - - - - - x - - - - - - - -
GE6 x x x x x x x x - - - x x - - - - - - - - x - - - - - - - -
GE7 x x x x x x x x - - - x x - - - - - - - - x - - - - - - - -

Imp. SC (%) 100 68 84 84 68 86 84 70 3 62 22 86 86 32 16 14 11 8 0 5 11 51 3 0 0 0 3 5 5 8

Imp. C (%) 100 84 86 92 35 16 54 11
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maternal and infant mortalities are preventable and healthcare solutions to handle and avoid
complications are well-known [221]. In this regard, it is particularly important that all births
are attended by skilled health personnel and that all women have access to the appropriate
level of care before, during and after pregnancy and childbirth. Timely, high quality PNC
is crucial for maximizing maternal and newborn health. Although for most women and
newborn infants, the postnatal period is uncomplicated and manageable, effective and
adequate care during this period needs to address any deviation from expected recovery after
birth and to appropriately intervene in a timely fashion [222]. Nevertheless, PNC services
tend to be poorly covered when compared with other reproductive health care services. The
inadequacy and the underutilization of PNC services likely emanate from several factors
ranging from poor education and poverty to limited access to healthcare facilities [14]. The
void in PNC can also be attributable to differing priorities and perceptions of maternal and
infant needs among healthcare providers, new mothers and their families which is also likely
influenced by regional and cultural practices [223].

On these grounds, mobile technology has the potential to bridge this gap and considerably
advance all the aspects of reproductive health through designing user-centered mobile
solutions that resonate with the international health regulations. In terms of PNC, there is,
currently, an increasing proliferation of apps that bring up new opportunities to improve
maternal and infant health care services [15, 224].

3.4.1 Methodology

The search for PNC apps was addressed through the use of SLR methodology [225]
that ensures the accuracy and completeness of the search and retrieval process. Prior to
performing the search for candidate PNC apps, a protocol which outlines the different
steps constituting the SLR process developed, was designed in accordance with a set of
guidelines delineated by the Preferred Reporting Items for Systematic reviews and Meta-
analysis (PRISMA) [170] statement. The PRISMA guidance is said to improve the quality
reporting in systematic reviews and provide substantial transparency in the selection process.
The review of PNC apps was completed through the following steps: (1) framing the RQs,
(2) defining search strategy, (3) identifying eligibility criteria for the selection process, (4)
determining elements for analysis and (5) formulating assessment questions. Each of these
steps was accomplished independently by the author of this thesis. Any disagreements and
discrepancies were discussed between the rest of the co-authors of this study until consensus
was reached.

Framing the research questions (RQs)

To rigorously yield the purpose of the review, a set of five RQs was identified by the
authors as presented in Table 3.10. These RQs were informed by the scientific literature
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related to the PNC for mother or/and newborns [222, 226–228] and a preliminary analysis of
available PNC apps.

Defining search strategy

The leading app stores namely, Google Play store and Apple app store [229] were
considered to perform the search for candidate PNC apps. The PICO criteria (Population,
intervention, Comparison and Outcome) [105] were used to define a search string that
ensures the maximum coverage. The Population considered was that of new mothers and
their newborns. The Intervention consisted of free and paid apps which are intended to
be used during the postnatal period. Given that the primary focus of the present study
was not comparative and did not seek to find evidence about the existing PNC apps, the
Comparison criterion was disregarded. With respect to the last criterion, all the aspects and
outcomes of PNC apps were of interest in the present study, of which managing the postnatal
period and promoting maternal and infant care were the mostly considered. The following
terms: ‘Postnatal’ OR ‘Postpartum’ OR ‘After childbirth’ OR ‘newborn’ OR ‘(Postnatal OR
Postpartum OR new- born) AND care’ were therefore identified and were primarily applied
to the title and description of the apps using the search tools in both app stores. The search
process took place in January 2019.

Identifying eligibility criteria for the selection process

To identify the candidate PNC apps and discard the disqualifying ones, a set of eligibility
criteria was defined. Apps fulfilling all the IC were included in the present study. These
criteria are the following: IC1. Free or paid apps obtained using the predefined search
terms and available in the reviewed app stores. The paid version of a given app was only
considered if it presents additional features of functionalities when compared to the free
version. IC2. Apps pertaining to categories related to health namely, Health & Fitness or
Medical. Given that the newborn care is inherently encompassed in the PNC, parenting
category was also considered for apps in the Google play store. IC3. Apps that are mainly
focused on any aspect related to PNC for the mother and/or the newborn. Further exclusion

Table 3.10: Review of postnatal care apps: Research questions

Research Question (RQ) Rationale

RQ1. Which are the common types of the PNC
apps selected?

Determine the classification of the apps selected in terms of
their purpose.

RQ2. Which are the predominant characteristics
of PNC apps?

Identify the common functionalities and features among the
PNC apps.

RQ3. To what extent do the PNC apps comply
with the items analyzed?

Examine the comprehensiveness of the apps selected in
terms of functionalities and features.

RQ4. Are user ratings proportionally linked to the
apps’ characteristics?

Investigate the relationship between users’ perception of
the quality of the apps selected and the relevance of the
functional content of these apps.
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criteria (EC) were applied to the apps identified throughout the selection process to eliminate:
EC1. Duplicates. This exclusion criterion aims to discard duplicates either within the same
app store and apps available for both platforms under the same name and have iden- tical
content. EC2. Apps that are not designed with an English interface, EC3. Apps that were
lastly updated before the 1st January 2018. This criterion is intended to keep solely the apps
that release regular updates that include relevant bug fixes and features. EC4. Apps that
cannot be installed or accessed to. This criterion excludes all apps presenting any kind of
bug or error during or after installation that prevent authors from conducting an appropriate
analysis of content.

Determining elements for analysis

Scientific literature and PNC apps available in the app store were reviewed to identify the
main components for the evaluation of features and functionalities of the PNC apps selected.
Two components were determined: (1) app characteristics comprising the common features
of any app; and (2) data items including the fundamental functionalities and features to be
included in a PNC app at a functional and a technical level.

• App characteristics

The app characteristics that should be retrieved from the app store for each app selected
include: the full name, the operating system (Android or iOS), cost (free, paid, in-app
purchases), the app link in the app store or app website (if available), date of the latest update,
user ratings, number of raters and country of origin of app developer.

• Data items

A thematic template was designed containing the data that should be extracted in regard
to the functional content of the PNC apps selected. This template was piloted using a small
sample of published papers, standards and guidelines related to PNC as shown in Table 3.11;
agreement was reached about six blocks for a comprehensive PNC app among the first three
authors.

Postnatal care for mothers and newborn infants. Services providing PNC are supposed
to incorporate all the essential elements required for the health of the mother and of her
newborn infant in an integrated fashion. This category of data includes information related
to the postpartum care and the newborn care. The terms ‘postpartum’ and ‘postnatal’ are
often used interchangeably [231,232] but sometimes the former refers to the issues pertaining
to the mother while the latter refers to those pertaining to the baby. To aid clarity and avoid
confusion, the term ‘postnatal’ was adopted to refer to the care after childbirth for both
mothers and babies [230]. The core pillar of a healthy postnatal period is to tackle all aspects
of mental and physical health and wellbeing of the mother and the newborn infant. A typical
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postpartum care plan provided to new mothers includes tips and advice with regard to
the recovery from childbirth as well as to inform of the danger signs and life-threatening
conditions in the postnatal period such as hemorrhage, infections and pre-eclampsia [222].
The provision of useful information related to the physiological and metabolic changes that
take place during the postnatal period is also of a great importance. New mothers should
be aware of the way the body reverts to the non-pregnant state to ensure optimum health-
management [233]. To cope with pain associated with these changes, mothers tend to use
prescribed medications, adapt some comfort measures or do physical exercises. Physical
activity during the postnatal period is proven to not only improve the health and wellbeing
of the new mothers but also helps in strengthening the woman’s body reducing the risk of
developing lifestyle-related diseases such as obesity and cardiovascular diseases [234].
Besides physiological adjustments, the postnatal period brings about other social and emo-
tional changes that render new mothers vulnerable to a range of mental and behavioral
disorders such as baby blues, postpartum depression and puerperal psychosis [232]. Amid
the postnatal period, many women experience feelings of sadness, anxiety and depressed
mood, especially, in the few days following the childbirth. While many mothers suffer from
brief to a mild bout of maternal blues, others suffer from long-lasting and severe depression.
If not treated, these mental disorders may carry significant lifetime consequences for mother
themselves and for their newborns [231]. Appropriate screening and treatment are subse-
quently paramount [235]. A myriad of coping strategies should be introduced to new mothers
during the postnatal period to lessen the severity of depression. Yet, these strategies should
not interfere with their cultural and religious preferences [236]. With regards to newborn
infant care, the provision of a complete parenting guide to new mothers is necessary to avoid
neonatal morbidities during the postnatal period. This has to include recommendations
and advices on how to care for the baby in the first few days and throughout the postnatal

Table 3.11: Review of postnatal care apps: Relevant sources of information for each block of items.

Data items Relevant sources of information

Postnatal care for mothers and
newborn infants

X Recommendations and guidelines on postnatal care [222, 230]
X Studies about maternal health during the postpartum period [231–237]

Postnatal counselling X Counselling guides for maternal and newborn health care [12, 238–240]
Reminders and push notifica-
tions

X Studies tackling the use of reminders in mobile apps for maternal health
medication adherence [241, 242]

Notes and records X A study analyzing functionalities of personal health records for prenatal
care [184]

Social support X Studies endorsing the importance of social support in improving maternal
well-being during the postpartum period [243, 244]

App technical features

X Studies about security and privacy concerns in mobile health applications
[215, 245, 246]
X Internationalization requirements catalog for health applications [247]
X Studies evaluating mobile health applications’ compliance with usability
guidelines and standards [183, 201, 248]
X Reusable usability requirements repository for mobile health applications
[249]
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period. It is important to provide new mother with practical tips on umbilical cord care,
hygiene, and routine practices such as changing diapers, baby holding, feeding, burping and
swaddling [230]. Moreover, new mothers should be taught essential instructions to detect
and handle suspected and manifest neonatal complications [237].

Postnatal Counselling. Throughout the postnatal period, new mothers should be coun-
selled on various topics including nutrition, hygiene, family planning and infant feeding [12].
To provide positive and successful counselling which engender a considerable support for
the new mothers, it is always important to put into practice the following skills: listening;
learning; building confidence and giving support [238]. It is recommended to perform coun-
selling session before and after childbirth during the postnatal visits. Cards are often used by
counsellors and health specialists to cover all the essential postnatal topics [12, 238]. Since
PNC is usually considered as the weakest health program among all reproductive and infant
health programs [223, 230], postnatal counselling sessions are unlikely to take place. By
taking advantage of mobile technologies, new mothers can be counselled on the postnatal
health issues to maintain their health and that of their newborns. After delivery, new mothers
should increase their food intake to cover the energy cost of breastfeeding and for her to
recover her normal energy and health. Counselling on maternal nutrition includes advices
and recommendations on adopting a balanced and varied healthy food and drink plenty of
clean water [239]. Moreover, new mothers should be provided with recommendations about
infant feeding and should be encouraged to exclusively breastfeed their newborns up to six
months after birth [240]. Besides nutrition and breastfeeding, attention should be drawn to
maternal hygiene. New mothers should be counselled on how to take care of their personal
hygiene (e.g. Perineal and breast hygiene) to prevent infections [241]. Sexuality is perhaps
one of the important elements to be addressed during the postnatal period. Therefore, coun-
selling should cover the resumption of sexual intercourse along with the postpartum family
planning. New mothers should be taught about the appropriate contraceptive methods to
use to avoid unwanted pregnancies. Research suggests waiting at least 24 months before
attempting the next pregnancy to reduce the risk of maternal and infant complications [239].

Reminders and push notifications. Most of new mothers become busy and frustrated during
the postnatal period owing to the multiple needs underlying motherhood. Consequently,
they become less attentive to their postnatal check-ups, their newborns’ pediatric visits and
vaccinations appointments. In this respect, reminders based on a pre-scheduled events can
considerably improve medical appointment attendance [242]. Given that a number of drugs
and medicines can be prescribed for both the mother and the newborn during the postnatal
period, push notification reminders can play a great role in improving medical adherence
and uptake [250].
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Notes and records. Similarly to pregnant women [184], new mothers can record ma-
jor milestones of their postpartum period and their newborns’ development. As regards to
newborns, it is important and practical to record routine activities (e.g. diapers changes, bot-
tle feeding and sleeping patterns), the medical care received (vaccination shots, medications)
and to keep track of the developmental milestones by entering measurements such as height
and weight of the newborn. This can objectively indicate accelerated or delayed newborn
growth. New mothers can make use of diary and recording features to take control of some
of vital settings in their wellbeing, such as weight and sleep. Recording weight regularly can
help the mother remain alerted and effectively manage their postnatal weight so as to avoid
obesity [251]. Likewise, keeping a sleep diary on hand is important in evaluating sleeping
patterns in order to detect and diagnosis some discomforts such as fatigue, insomnia and
anxiety [252].

Social support. To buffer the fluctuations associated with the postnatal period, new
mothers need a large social and emotional support. In addition to providing social support,
social media offer another venue for social learning and behaviour acquisition through obser-
vation, interaction and encouragement [243]. Sharing experiences with others can be of great
help in addressing certain issues about motherhood and raising kids. Social support proved
to reduce levels of postanal stress and panic [244] as well as improving the overall health and
quality of life [243].

App technical features. Convenient, secure and easy-to-use mHealth apps have the poten-
tial to increase adherence and engagement with the health system as a whole [245]. Security
and privacy are considered as the most challenging risks encountered when developing
mHealth solutions [215]. Health-related apps, in particular, are dedicated for tracking, record-
ing and managing personal health information (PHI) of users. PHI is extremely sensitive and
needs to be highly protected through robust security and confidentiality mechanisms such as
encryption and authentication methods. In fact, unauthorized access to health information is
a serious threat to privacy and security. Moreover, for users of mHealth apps, the existence
of a privacy policy is an important baseline standard to know why, where, and how personal
details and PHI will be collected, used, shared and protected [246]. Another app feature
worth mentioning is internationalization (i18n). The i18n is the process of designing a soft-
ware product that is able to adapt to different languages, regions and cultures. Health-related
programs and practical guides are often elaborated to respond to all people’s needs regardless
their cultural environment. Thus, i18n is a relevant aspect that renders mHealth solutions
valuable for a wider number of users [247]. The usability, for its part, is identified as one
of the decisive factors in building efficient and intuitive apps [201]. It relates to the ease
with which users can complete their tasks in a specified context of use [183]. Task structure
and interaction style should be optimal to minimize usability flaws [249]. Besides, usability
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aspects have a great impact on improving users’ interaction with the apps, and ultimately,
enhancing the overall user experience [248].

Formulating assessment questions

To extract relevant data for an optimal analysis of the functional content of the PNC apps
selected, a set of Yes/No questions was developed as shown in Table 3.12. The developed
questionnaire was drawn on the predefined data items and was validated by a gynecologist
and pediatrist who are both highly acquainted with mobile technologies. The data obtained
using the questionnaire were employed in answering the RQs. Each app was assessed
separately for all the questions. The scoring was performed as follows: Yes (Y) = 1 point, the
app offers the feature described in the question. No (N) = 0 points, the app does not offer the
feature described in the question.

3.4.2 Results and discussion

This section presents and discusses the principal findings of the assessment conducted
in the present study. Characteristics, functionalities and technical features of PNC apps
were retrieved and evaluated using a questionnaire of 37 items. The findings are sorted and
grouped by RQ.

Selection process

The selection process of PNC apps and the resulting number of apps after applying
the IC and EC is shown in Figure 3.6. The app repository search identified 1596 free and
paid apps, of which 45% (n=719) were excluded for not pertaining to the categories defined
in the present study. After reviewing the in-store description and screenshots of the 877
remaining apps, only 73 apps were retained for further eligibility assessment. Ten apps were
excluded after installation and full review of their contents. Apps designed for Android
were downloaded in an OPPO A37 fw while iOS dedicated apps were downloaded in an
iPhone 6 Plus. Among the 63 apps reviewed, 15 apps were available in both repositories and
duplicates were therefore excluded. These apps were counted as one since they provided
similar functionalities. However, some differences with regard to the visual design and
layout of cross-platform apps were observed. For instance, the menu of BabyTime app was
displayed in the top and the bottom of the screen in the iOS version while it was fixed as a
three-bar menu icon in the top left of the screen in the Android version. The multi-platform
publishing is currently considered a norm in mHealth app market [253], which justifies the
number of cross-platform apps selected in the present study. A total of 48 apps were selected
for analysis of functional content, of which 25 apps were found in the Google Play Store, 8
apps originated from the Apple App Store and 15 apps were available for both platforms.
The disparity across the Android and iOS platforms in terms of the number of PNC apps is
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Table 3.12: Review of postnatal care apps: Assessment questionnaire.

Data items Questions

Postnatal care for mothers
and newborn infants (PN)

1. Does the application require specifying the newborn’s birthdate?
2. Does the application provide tips for the postpartum recovery process?
3. Are postpartum life-threatening conditions identified in the application?
4. Does the application inform about physiological and metabolic changes occurring
during the postnatal period?
5. Does the application include physical exercises and workouts for women in the
postnatal period?
6. Does the application offer information about postpartum mental disorders such
as Postpartum depression and baby blues (e.g. symptoms, coping strategies)?
7. Does the application provide practical tips on how to take care of the newborn
(e.g. hygiene, diapers’ changing, burping)?
8. Does the application include information about manifest neonatal complications
and warning signs?
9. Does the application inform about the immunizations that newborns need?

Postnatal counselling (PC)

10. Does the application provide postnatal nutritional counselling for mothers?
11. Does the application include infant feeding counselling?
12. Does the application recommend breastfeeding?
13. Does the application provide a breastfeeding guide and support?
14. Does the application include personal hygiene practices for women in the post-
natal period?
15. Does the application encompass methods for postpartum family planning and
birth spacing?

Reminders and push
notifications (R)

16. Does the application allow to set reminders for medical appointments (e.g. post-
natal check-ups, pediatric visits, vaccination)?
17. Does the application include push notification reminders for scheduled medica-
tions/Vaccines?
18. Does the application allow to schedule reminders for routine activities (e.g. dia-
pering, feeding, pumping, sleep)?
19. Does the application allow users to change reminders and notifications settings?

Notes and records (N)

20. Does the application allow to record routine activities of the newborn (e.g. dia-
pers changes, bottle feeding, sleeping patterns)?
21. Does the application allow to take note of the medical care the newborn has
received (e.g. medications and vaccination shots)?
22. Does the application allow to track the newborn’s developmental milestones?
23. Does the application record anthropometric measurements of the newborn (e.g.
height, weight and head circumference)?
24. Does the application record measurements of the mother’s postnatal weight?
25. Does the application allow the mother to create a sleep diary?

Social support (S)
26. Is the application integrated with social networks (e.g. Facebook, Twitter)?
27. Is there an FAQ page in the application?
28. Does the application provide users with social mechanisms to interact with each
other and share experiences (e.g. Community, forum, chat)?

App technical features (A)

29. Does the application ask users for authentication?
30. Does the application present a privacy policy?
31. Is there a possibility to back-up/restore data within the application?
32. Does the application have a multi-language support?
33. Does the application allow users to update their unit preferences?
34. Does the application use a tone that is simple, informal and friendly?
35. Does the application adapt to screen orientation (portrait and landscape)?
36. Does the application learn user’s preferences over time?
37. Does the application implement intuitive and predictable navigation patterns?

mainly due to the advantages of the Android platform in terms of the global reach of the
market and the simple guidelines and system reviews of the Google play store.
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Figure 3.7: Review of postnatal care apps: Results of the selection process of postnatal care apps.

General app characteristics

The overall characteristics of the apps selected are presented in tables A.1 and A.2 in
AppendixA. Among these, 25 apps were focused on the Health & Fitness category, 9 apps
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were considered medical and parenting apps accounted for 7. The 7 remaining apps were
found in different categories across Android and iOS platforms: (1) Baby tracker-feeding,
sleep and diaper app was found in parenting category in Android platform and in Health &
Fitness in iOS platform; (2) Six apps (e.g. Baby+, Glow Baby Newborn Tracker App) were
found in the parenting category for the Android platform and were considered medical in iOS
platform. Among the apps selected, 26 apps were free, 7 apps were paid, and 15 apps offered
additional features for purchase. With regard to the country of origin, 22 apps originated from
the United States while the remaining apps were developed in various countries including
Netherlands, United Kingdom, India, Canada, Egypt, Germany. This confirms the growing
interest in developing mobile solutions for the management of the postnatal period across
the globe.

Analysis of functional content

The results obtained from the assessment questionnaire are presented in table A.3
in Appendix A. The total score percentage for each app evaluated which illustrates the
assessment of its functional content in addition to the total percentage of each question
referring to the number of apps fulfilling this question can also be depicted in table A.3 in
Appendix A. For better analysis and interpretation, Figures 3.7 and 3.8 illustrate these results.
Figure 3.7 presents the scores obtained by the 48 PNC apps for each of the six blocks of
assessment questions while Figure 3.8 displays the number of apps fulfilling each of the 37
assessment questions. Based on these results, the maximum score (22 points) was obtained by
three apps; Baby+, you+baby and baby & me, while Postnatal pilates by reform app obtained
the lowest score (3 points).

With regards to the assessment questions, the highest score (83%) was reached by the
informal writing style question (A34), followed by the intuitive navigation patterns question
(A37) which attained a score of 79%. Moreover, the presence of a privacy policy question
(A30) achieved a score of 63% and the specification of the newborn’s birthday (PN1) was
included in 58% of the PNC apps. The question related to the ability to create a sleep diary
(N25) attained the lowest score (0%). Prior to answering the RQs, it is worth mentioning that
given the complexity of the postnatal period and the various elements it gathers, the PNC
apps selected in the present study are likely to yield relatively low scores with regard to the
features they implement.

1. Which are the common types of the postnatal care apps selected?

Facilitated by the technological advances, the range of mHealth solutions being designed
is constantly expanding. This fundamental shift in mHealth landscape resulted in informed
decision-making, improved self-management and increased practice’s efficiency and effec-
tiveness. Moreover, mHealth apps have proven to enhance access to basic levels of healthcare
and save time for both patients and healthcare providers [172]. There is a particularly broad
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Figure 3.8: Review of postnatal care apps: Classification score of the 48 selected postnatal care apps.
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Figure 3.9: Review of postnatal care apps: Number of apps fulfilling each of the assessment questions.

array of mHealth apps that serve different purposes such as providing a clinical diagnosis,
remote monitoring, self-management, in addition to promoting healthy living and raising
healthcare education and awareness. Correspondingly, the PNC apps selected fall into three
main categories (Figure. 3.10). Forty percent of apps exclusively included features to track,
monitor and record different information of infant development such as routine activities
(e.g. diapering, feeding and sleeping), medical history and anthropometric measurements,
in addition to the postnatal weight of the mother as in Baby+ app. Along with WebMD
Baby app, Baby+ provide valuable information related to the development milestones of
the infant as a reference for growth tracking. Another prevalent category is the provision of
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information and tips related to the postnatal period. Accounting for 35% of the apps selected,
information is generally displayed into categories related to a single postnatal aspect as post-
partum haemorrhage (e.g. Bleeding after birth app), or multiple aspects encompassing the
health-management of the mother and the infant, postnatal counselling (e.g. Essentia baby
app) and providing parenting tips (e.g. Pregnancy, parenting advice & baby care tips app).
Of the 17 informative apps, eight offered features of tracking and recording the newborn
measurements, doctoral appointments and feeding as in Telfair baby and MH Motherhood
apps. Lastly, a total of 12 apps were designed to encourage weight loss during the postnatal
period through physical exercises, nutritional and diet recipes and recommendations (e.g.
Burn fat after pregnancy - weight loss app). With the aim to hasten postpartum recovery and
assist with muscle strength and toning, these apps offer a selection of postnatal workouts
through videos as in After birth exercise app or step-by-step visual and audio instructions as
in FitMama Lite 5 Minute Workouts app.

2. Which are the predominant functional characteristics of postnatal care apps?

To answer this RQ, the results obtained through the assessment of the functional con-
tent of the apps selected were used. As shown in table A.3 in Appendix A, 58% of apps
implemented the specification of the newborn’s birthday feature (PN1) which stands upon
specifying the birthdate of the newborn. This characteristic was found in all apps specially
dedicated to the newborn care management. Besides allowing to constantly track the age of
the infant, this characteristic helps in providing straightforward developmental milestones
as a function of the infant age as in Baby+ and Sprout apps. In these same apps, additional
details were required such as the name and the gender of the infant. Another recurrently
covered functionality is recording of infant anthropometric measurements (N23) including
height, weight and head circumference. At birth, the evaluation of these parameters is per-
formed to mark out fetal growth restriction among newborns [254]. Throughout the postnatal
period, recording accurately these measurements is important in monitoring and tracking
infant health and growth.

Thus, it may be observed that most of the PNC apps analyzed in the present study are

25%

40%

35%
Fitness and weight loss
Monitoring and tracking
Information and tips

Figure 3.10: Review of postnatal care apps: Types of the selected postnatal care apps.

85



CHAPTER 3. ANALYSIS OF FUNCTIONALITIES OF APPS FOR BD AND PNC

limited to the management of PNC of the newborn. Significant efforts are required to address
the needs of mothers during the postnatal period. With regards to the technical features, two
usability aspects were largely present in the PNC apps, namely informal writing style (A34)
and intuitive navigation patterns (A37). Familiar writing style and intuitive layout accounted
for 83% and 79% of the apps analyzed. Another prevalent feature (A30) which achieved a
score of 63% was that of including a privacy policy that clearly and comprehensively discloses
how the app collects, uses and shares information.

3. To what extent do the postnatal care apps comply with the items analyzed?

This RQ approaches the main objective of the present study, which consists on measur-
ing the compliance of the PNC apps with the functional characteristics analyzed. Using
the assessment results presented in table A.3 in Appendix A, each block of data items was
separately investigated.

Postnatal care for mothers and newborn infants. The characteristics of PNC were addressed
to a large extent (78%) in 9 apps that were predominantly informative. The provision of
postnatal fitness recommendations and awareness on postpartum metabolic changes and
complications were the features the most commonly disregarded among these apps as in
Telfair baby and Pregnancy, parenting advice & baby care tips apps, respectively. The apps designed
for postnatal fitness and weight loss (e.g. postnatal workouts app) yielded the lowest score
in this category of characteristics (12%). Furthermore, only 6 out of 48 apps (e.g. guide to
newborn care app) provide practical tips on the basic everyday care of the newborn such as
bathing, feeding and soothing. Only 27% of apps addressed maternal mental health. Apps
like WebMD Baby and Post pregnancy recovery help in acquiring knowledge about symptoms,
signs and remedies of postpartum depression and associated anxieties. Besides, Moment
Health was found to be the unique app to offer a clinically-approved screening tool for post-
natal depression. By combining symptoms’ checking and tracking of emotional changes, this
app is said to likely allow a rapid mental recovery. Ultimately, 15 apps provide users with
important information on immunizations recommended to newborn infants. Breastfeeding
Tracker Baby Log app offers the possibility to display the immunizations’ list according to the
recommendations of 19 countries including United States, France and Brazil.

Postnatal Counselling. This block of data refers to the features designed to cater support
on nutrition, hygiene and family planning. Twenty-seven apps did not include counselling
features, while only three apps were found to be extensively supportive, yielding a score of
83% on postnatal counselling characteristics. It was observed that support for family plan-
ning and birth spacing was the least addressed among the apps analyzed. Accordingly, Ovia
Parenting: Baby Tracker, Breastfeeding Timer was the unique app to tackle this topic through
placing emphasis on the postnatal contraception and listing the major safe and efficient
birth control options to choose during the postnatal period, namely, Lactational Amenorrhea
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method, implant and Intrauterine Device. This lack of interest with respect to the postnatal
contraception is perhaps owing to the existence of fully-fledged family planning apps. What
is more, family planning is often closely associated to ethnic and cultural beliefs which hinder
the usefulness of the counselling. Further, 38% of the apps analyzed recommend and en-
courage breastfeeding by highlighting its multiple short and long-term benefits in improving
mother’s health as well as health of the infant. Breastfeeding was therefore considered as the
most recurrently approached topic in postnatal counselling.

Reminders and push notifications. Principally considered as a promising strategy for en-
hancing users’ engagement, push notifications prompts with contextually tailored messages
have proven to be extensively effective in sustaining repeat use of health-related apps [255].
Reminders is one of the most encountered form of notifications. Only one app (Baby care plus)
implements all the characteristics comprised in this block. Moreover, merely 10% of the apps
analyzed allow to schedule reminders for routine and basic needs of the newborn such as
feeding (e.g. WebMD Baby), sleeping and tummy time (e.g. ParentLove: Baby Tracker Feedings
Diapers Pumping). In addition to reduce forgetfulness, reminders have a considerable impact
on maintaining medical adherence [256]. Therein, five apps include reminders for scheduled
medications (e.g. Baby loggy-newborn log) and vaccines (e.g. Baby care plus). Moreover, it was
noted that 38% of apps analyzed give greater control on in-app notifications and reminders.
Most of these apps allow to enable or disable notifications by means of a toggle button while
barely a few apps offer the possibility to customize the frequency between notifications as in
Baby manager and You+Baby apps. With the possibility to change notification settings, users
are able to prioritize their tasks according to their preferences and to cut down on useless
notifications.

Notes and records. Thirty apps provide the users with recording features. With the ex-
ception of the N25 characteristic that stands for the ability to create a sleep diary, Baby+ was
the only app to fully implement postnatal records. Tracking vital parameters of newborn
growth was present in 22 apps while only five apps (e.g. After birth exercise) offer the pos-
sibility to record the postnatal weight of the mother. Among the 22 apps, users are able to
add growth details for weight, height and head circumference and visualize these measures
plotted on a graph as in Glow Baby New-born Tracker App. Moreover, eight apps allow to track
and check the developmental milestones of the newborn infants according to a range of age
like 2 months, 4 months and so forth. Each development milestone is shown with reference
photo or a video of kid with the reference age (e.g. Growth chart), or descriptive information
(e.g. Ovia Parenting: Baby Tracker, Breastfeeding Timer). The feature of recording basic newborn
needs such as feeding including breastfeeding and bottle feeding, diaper changes and sleep
patterns was offered in 38% of the apps analyzed (e.g. Baby tracker- feeding, sleep and diaper).
What is more, these apps allow users to log pumping and play time activities. The medical
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history of the newborn infant was another recurrently encountered feature. For instance,
UW Baby app allow users to log vaccinations already given to the newborn and monitor
those still needed. Also, it is possible to log temperature and to take note of administered
medications by entering the name of the medication, the dosage and date of the first dose,
as in Baby nursing app. In contrast, none of the apps selected include a sleep diary for the
mother. Consequently, these findings highlight the limitation of recording features to the
newborn care management in the PNC apps.

Social support. In the light of the overwhelming changes mothers go through after giv-
ing birth, social support is perceived as a powerful mechanism in buffering the effects of
postnatal anxieties [243]. Nonetheless, only 21 apps include at least one aspect of social sup-
port. Among these apps, fifteen apps are integrated with social networks such as Facebook
and Twitter through social login as in parentlove: baby feeding tracker, diapers, pumping app.
Other apps (e.g. Baby+ and Sprout Baby) provide link to their proper pages on social networks,
namely Facebook, Twitter and Instagram. Social sharing is also possible in FitMama Lite 5 Min
app where users can share fitness achievements on Facebook. Included in nine apps, the FAQ
section is generally accessible through app settings (e.g. MyMedela). Moreover, eight apps
allow users to interact with others through in-app community as in Moment Health app, or
integrated social media community as in Postnatal pilates app, while real-time chat is provided
by a single app called Fit Mommy Project challenge. Another feature that was perceived to
likely enhance social support is friends or family members’ referral. Ovia Parenting: Baby
Tracker, Breastfeeding Timer and Baby tracker-Newborn Feeding, Diaper, Sleep log apps allow users
to invite their family members to access app content in order to gain further social, emotional
and organizational assistance and help.

App technical features. In light of the massive attention drawn to mHealth industry, privacy
and security issues still pose significant challenges for developers and researchers. Among
the apps analyzed, only 14 apps offer an authentication mechanism. In addition to the
standard authentication using email and password, WebMD Baby implements a pin login
which allows users to access their data only by typing a 4-digit authentication pin. In contrast,
privacy policy is included in a total of 30 apps. With the ongoing proliferation of mHealth
apps, privacy policies become increasingly important [246]. This feature was particularly
found in apps dealing with private and sensitive data of the mother and/or the newborn.

Table 3.13 summarizes all important information about the privacy policies available
for the PNC apps assessed. While most of the privacy policies discovered (n=13) apply to
multiple apps or all services offered by the developer, a total of 11 privacy policies is limited
to the single app in question, such as Baby care plus and Lactapp+. Moreover, six privacy
policies assessed were found to be inherently associated with the hospital’s website to which
certain apps are affiliated (e.g. Baby & me and Telfair Baby). It was observed that eight privacy
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policies assessed comply with international and federal laws including "European Union’s
General Data Protection Regulation (GDPR) 2018" (e.g. Glow Baby Newborn Tracker App)
and The Health Insurance Portability and Accountability Act of 1996 (HIPAA) (e.g. Your
baby’s birth and beyond). Accordingly, the extant guidance and regulation as regards privacy
policies are scarce and only apply to a narrow scope. Endeavors are therefore required to
harmonize data protection legislation and broaden the scope of the current policies [246].

Table 3.13 presents an overview of the content categories addressed by the privacy policies
discovered. It was observed that 93% of the privacy policies assessed inform users about
the information collected while only 60% disclose the ways information collected is being
gathered, used and shared. A total of 22 privacy policies describe the security measures that
are likely to protect and ensure the safety of the information collected as shown in table 3.13.
In addition, 53% of the privacy policies assessed include a section that covers cookies and
precisely half of the privacy policies focused on privacy of the child which one (Breastfeed-
ing Tracker Baby Log app) complied with the US Children’s Online Privacy Protection Act
(COPPA). Correspondently, these privacy policies assume that individuals under the age 13
are not allowed to gain access to the app in question without a prior consent of a parent or a
guardian (e.g. Glow Baby Newborn Tracker App).

Almost 27% of the privacy policies assessed offer information with regard to the control
of personal information. Means for notifying users on changes to privacy policies or privacy
practices are mentioned in 70% of the privacy policies assessed. In view of the importance
of privacy policies in mHealth solutions, there remains a significant lack of standardization,
transparency and harmonization of their contents. Furthermore, the security of data was
addressed in only 4 apps which allow users to back-up and restore the app’s content into a
local storage (e.g. Baby care plus) or into a cloud platform (e.g. Baby tracker-feeding, sleep and
diaper). Even though cloud platforms offer enormous advantages such as cost-effectiveness,
speed, elasticity of resources and dynamic scaling [257], they inherently raise a host of con-
cerns about security threats. Cloud storage, in particular, faces major challenges when it
comes to data protection and security of which data segregation and data leakage are of great
impact. Besides traditional attacks ranging from data breaches, data loss, account hijacking
and Distributed denial-of-service attacks, the multi-tenancy nature of the cloud platforms
create new attack surfaces for malicious actors. In view of these various security issues,
IT leaders and security professionals are waging a constant battle to ensure proper data
security. Along with the privacy policy statement, four apps (e.g. Ovia Parenting: Baby Tracker,
Breastfeeding Timer) include a disclaimer of liability which attests that the content of the app
in question is provided for educational and informational purposes only and should not be
used for diagnosing or treating a health problem or disease.

While security measures help gain users’ trust and confidence, the internationalization
practices are considered a key element that make users feel prioritized and substantially
considered. In this direction, only 8 apps were found to support multiple languages such as
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Table 3.13: Review of postnatal care apps: Assessment of the privacy policies available in 30 postnatal care
apps.

Privacy policy content Total of privacy
policies N (%)

Categories Sub-categories

Collection and disclosure
of data

Type of information collected 28 (93%)
Rationale for collection 16 (53%)
Use and sharing of information collected 18 (60%)
Third party services 16 (53%)
Data transfer 5 (17%)

Security and privacy

Security practices 22 (73%)
Retention 6 (20%)
Children’s privacy 15 (50%)
Use of cookies 16 (53%)

Users’ controls
Rights of users 9 (30%)
Controlling personal data 8 (27%)

Changes to the privacy policy 21 (70%)

French, German, Spanish (e.g. MyMedela) and Hindi (e.g. Pregnancy, parenting advice & baby
tips). Another aspect of internationalization that is provided by 15 apps (e.g. Baby Tracker
- Newborn log) consists of the possibility to change preferences with regard to the units of
measurements related to the growth parameters of the newborn, feeding and temperature
units. With respect to usability, four main features were considered (assessment questions
A34-37) to evaluate the writing style, layout and learnability of the apps selected. These
features were mainly extracted from previous empirical studies that apply iOS and Android
usability guidelines to digital health applications. On the whole, only 12 apps complied
with all these usability features. Although, 83% of the apps contained simple and friendly
writing style. Keeping the terminology and writing style consistent will help users follow
and comprehend the app easily and effectively [183]. Moreover, users feel more engaged
with the app when this latter employs a conversational tone. This was approached through
the use of contractions (e.g. Ovia Parenting: Baby Tracker, Breastfeeding Timer app), the second
person (e.g. Glow baby newborn tracker app) and the baby’s real name as in Sprout baby app.
Familiar writing is proven to echo a friendly tone [249] and mimic a natural conversation,
which by then contribute in seamlessly engaging users.

Ensuring that an app’s content displays in the orientation (portrait or landscape) preferred
by the user is fundamental to gain user’s accessibility and satisfaction. Considering their
mounted devices, users with dexterity impairments are likely to depreciate apps that restrict
the screen to a particular display orientation.

Besides, supporting both screen orientations will allow users with low-vision to view
content in the orientation that works best for them as to make the text easily readable. In
this regard, only a total of 26 apps handled screen orientation (e.g. Baby care plus, Essentia
baby). Another feature that affects usability consists of recalling users’ preferences over time
so that they do not input information each time they gain access to the app’s content. A
total of 20 apps do not include this feature either because they are purely informative, thus
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do not implement any kind of settings as in Skin care after pregnancy app or require users
to re-enter their preferences, for example, as regards measurement units (e.g. Baby Tracker
-Newborn log app). Lastly, discoverable and accessible navigation patterns were encoun-
tered in 37 apps. Users value the layout of an app that is efficient, intuitive, and allows for
easy content navigation. Accordingly, hamburger menus (e.g. Lactapp+) and tab bars (e.g.
Breastfeeding tracker baby log) were the mostly present navigation patterns in the apps analyzed.

Extra features. In conjunction with the characteristics analyzed, auxiliary features were
encountered in different apps. It was noted that most of the apps dealing with newborn
care support multiple children and multiple caregivers. In fact, these apps (e.g. BabyTime)
allow users to synchronize with family members or relatives in regard to the care given to
the newborn infant. Another extra feature that was included in the apps selected consists
of the ability to upload photos illustrating the development and the special moments of the
newborn infant (e.g. Baby+). Further, the possibility to export app data (e.g. records) into a
CSV, PDF or HTML formats was granted in 10 apps (e.g. Breastfeeding Tracker Baby Log).

4. Are user ratings proportionally linked to the apps’ characteristics?

The answer to this question will help determine whether there is a relationship between
the users’ ratings for the apps selected and their corresponding assessment scores. One of
the most interesting aspects of the mobile marketplaces (e.g. Google Play Store and Apple
App store) is the emphasis on user feedback. In fact, these platforms allow the users to
review-comment and rate the published apps between one to five stars according to the
level of satisfaction about the app and its features [258]. This process helps developers in
obtaining an insight into the users’ opinions about their app(s). A recent paper [259] found
that star-ratings are a crucial factor in the overall ranking of an app and can drastically affect
user downloads. Table 3.14 presents the ratings achieved by each of the apps selected along
with the total number of raters as displayed in the app store at the time of the data extraction.
As portrayed in Table 3.14, all apps that provided star-ratings were considered, including
those available for both platforms. An independent-samples t-test was used to check the
existing variances in the user ratings and the total number of raters for the PNC apps between
the Android and iOS platforms. The t-test did not yield a statistically significant difference
between the two platforms neither for the users’ ratings t(45)=−1.581, p=.06 >.05, nor for the
number of raters t(45) = −1.207, p = .055 > .05. Thus, it is likely assumed that the ratings
of the apps being studied are similarly distributed to a normal distribution. In an attempt
to examine the compliance between the app functional content and user satisfaction, we
conducted a Pearson product-moment correlation coefficient. As shown in Table 3.15, the
coefficient (r=−.072) denotes that the linear association between the two variables studied
is very weak. Nevertheless, there is insufficient evidence to assume that this correlation
exists given the statistically non-significant p-value (p=.629). The scatter plot in Figure 3.11
illustrates the distribution of the PNC apps analyzed around the line of best fit. It can be

91



CHAPTER 3. ANALYSIS OF FUNCTIONALITIES OF APPS FOR BD AND PNC

observed that two apps (NKCH moments and MH Motherhood) yielded a great assessment
score but obtained a low user-rating (1 star). Furthermore, some apps (e.g. Skin care after
pregnancy and Maternal and newborn care plans apps) with five star-ratings only attained a
score of 9%. This inconsistency between user feedback and the characteristics of the apps
is perhaps due to the relatively low number of raters in such apps given their contingent

Table 3.14: Review of postnatal care apps: Users’ ratings of the apps selected.

ID Application name OS Ratings (Number of stars) Total of raters

A1
Ovia Parenting: Baby Tracker, Breastfeeding Timer

Android 4.7 7188
A2 iOS 4.7 1109
A3

WellMama free post pregnancy yoga poses
Android 3.9 5

iOS - -
A4

FitMama Lite 5Min
Android 4 31

iOS - -
A5

Glow Baby Newborn Tracker App
Android 4.7 6790

A6 iOS 5 3975
A7

Baby tracker - Newborn Feeding, Diaper, Sleep log
Android 4.6 15925

A8 iOS 4.5 41773
A9

Baby manager
Android 4.8 13680

A10 iOS 2.8 29
A11

Baby+
Android 4.5 8056

A12 iOS 5 2979
A13

Fit Mommy Project Challenge
Android 4.9 11

iOS - -
A14

Postnatal workouts
Android 3 3

iOS - -
A15

BabyTime
Android 4.7 11769

A16 iOS 4.7 75
A17

WebMD Baby
Android 4.1 5497

A18 iOS 4.3 384
A19

Breastfeeding Tracker Baby Log
iOS 4 658

A20 Android 4.1 507

Moment Health
iOS - -

A21 Android 4.1 9

Baby tracker - feeding, sleep and diaper
iOS - -

A22 Android 4.9 22444

MH motherhood
iOS - -

A23 Android 1 1
A24 Baby loggy -newborn log iOS 4.5 158

30 day fit mommy Challenge iOS - -
Oh baby! Mom and baby exercise iOS - -
Caring for a newborn baby iOS - -

A25 MyMedela iOS 4.5 844
Postnatal pilates iOS - -
Postnatal pilates by reform iOS - -

A26 Sprout Baby iOS 5 11943
A27 Guide to newborn care Android 4.7 31
A28 After birth exercise Android 4.5 109
A29 Pregnancy, parenting advice & baby care tips app Android 4.1 2795
A30 Bleeding after birth Android 2.1 3
A31 Burn fat after pregnancy - weight loss Android 3 2

Losing weight after pregnancy Android - -
Telfair baby Android - -

A32 Post pregnancy recovery Android 5 5
A33 Growth Chart, Development Milestones & Vaccination Android 4.9 189
A34 LactApp+ Android 1 1
A35 NKCH moments Android 1 1
A36 Parentlove: baby feeding tracker, diapers, pumping Android 4.7 277
A37 Maternal & newborn care plans Android 5 2
A38 Essentia baby Android 4 7
A39 Your baby’s birth & beyond Android 2.5 9
A40 Baby care plus Android 4.3 644

The postpartum cure Android - -
A41 UWBaby Android 3.5 9
A42 Skin care after pregnancy Android 5 6
A43 Elebaby simple Android 4 16

Baby Tracker - Newborn Log Android - -
A44 Mother and baby 2019 Android 4.3 19
A45 C-section recovery Android 4 2
A46 You+Baby Android 3 1
A47 Baby & me Android 3.1 10
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Figure 3.11: Review of postnatal care apps: Scatter plot for the apps’ scores and ratings.

unpopularity. Device-specific problems determine another plausible factor that creates the
discrepancy between the quality and users’ reviews of apps, especially for Android platform.
It was noted that device-specific problems could impact the ratings assigned to an app, given
the varying capabilities of devices (e.g., hardware and software) [260]. Users are likely to
complain about the incompatibility of a given app with their device or OS version which
negatively influence their feedback as regards the overall quality of the app despite its actual
functional richness and responsiveness.

Table 3.15: Review of postnatal care apps: Person correlation results.

User’s rating Assessment score (%)

Users’ rating
Pearson Correlation 1 -.072

Sig. (2-tailed) .629
N 47 47

Assessment score (%)
Pearson Correlation -.072 1

Sig. (2-tailed) .629
N 47 47

93



CHAPTER 3. ANALYSIS OF FUNCTIONALITIES OF APPS FOR BD AND PNC

3.4.3 Threats to validity

Although the present study was conducted with the aim to yield the most possible
accurate and objective findings, there may have been some threats to the validity of the
process. Given the limited filtering features in both app stores and the redundancy of the
apps resulting from each search round, there were likely some relevant PNC apps that were
unknowingly discarded. Moreover, the search string used to gather the PNC apps may have
overlooked pertinent terms leading to an uncomplete set of apps. To alleviate this threat to
construct validity, the PICO criteria were used to enrich the search string to the utmost extent.
During the elicitation phase of the assessment questions, some important characteristics may
have been omitted, therefore threating the internal and conclusion validity. However, this
bias was substantially reduced through performing a thorough review in scientific literature
and app repositories to select the most significant characteristics in relation to the postnatal
period. Moreover, both the development of the assessment questionnaire and the evaluation
of the apps selected were performed independently by the first two authors and reviewed by
the remaining authors. Another threat to conclusion validity concerned the accuracy of the
results obtained. To mitigate this issue, the findings were presented textually and graphically.
Lastly, the external validity may have been biased by the unavailability of users’ ratings for
certain apps. This was solved by only considering the apps that provided users’ ratings.

3.5 Conclusion

This chapter has studied the functionalities and gamification aspects of ten gamified BD
apps selected from a total of 801 apps available in four mobile app repositories. The results of
this study showed that the majority of the apps were present in Android and iOS related app
stores. Among the investigated functionalities, notifications, geolocation and social network-
ing were the most commonly integrated in the analyzed BD apps. Despite its significance in
user audience expansion, the support for multiple languages was provided in only one app.
The results also showed that gamification was applied in different ways combining points
with badges or badges with leaderboards, or even opting for financial rewards (e.g. coupons,
gift cards) to enhance the retention rate of blood donors. Moreover, a software QA was
performed using the ISO/IEC 25010 quality model to calculate the degree of influence of the
most prevalent requirements in gamified BD apps on 30 quality characteristics. According to
the outcomes of this research, some quality characteristics, through certain sub-characteristics,
were more impacted by BD apps requirements than others, namely, Functional Suitability,
Operability, Reliability, Performance Efficiency and Security.

Further, this chapter has evaluated the relevance of the functionalities and features of-
fered by the PNC apps available in Google play store and Apple app store. A total of 48 apps
was, therefore analyzed based on a set of 37 assessment questions covering postnatal-related
characteristics together with security, usability and internationalization aspects. The find-
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ings of this review revealed that in large part, PNC apps mostly focused on monitoring the
newborn infant development and activities or providing valuable information and guidance
with respect to newborn and postpartum care. It was also noted that the compliance of
these apps with the assessment items was relatively very low in that the highest score (59%)
was only yielded by three apps. This clearly points out the incompleteness of these apps
in terms of features and functionalities, particularly as regards mothers’ needs during the
postnatal period. In this regard, this research can provide a baseline for developing qualified
and effective apps that are suited to the needs of new mothers to effectively take care of
themselves and their newborns. App developers, on the other hand, are required to utilize
proper measures and safeguards to minimize the usability flaws and security issues in the
PNC apps.

As future work, it is intended to comprehensively measure the compliance of the BD
and PNC apps with usability guidelines and quality characteristics using eminent quality
assessment tools (e.g. Mobile App Rating Scale MARS) and international standards. Being
particularly important in facilitating user experience and promoting efficiency, effectiveness
and user satisfaction, usability is still widely recognized as a key quality factor in the develop-
ment of successful interactive software applications. In this regard, assessing the fulfillment
of usability attributes in these apps can be particularly helpful for researchers and developers
to improve the design and ergonomics of PNC apps which thereby enhances their overall
quality.
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Chapter4
Gamification applied to blood donation
and postnatal care

4.1 Introduction

In the last decades, an increasing emphasis has been placed on gamification in mHealth
settings. Accordingly, many apps are utilizing gamification techniques to drive positive health
behaviour change. Notwithstanding this increasing interest, mHealth app developers should
ground their solutions on well-founded strategies that effectively cater to the users’ needs in
terms of improved health care, appealing and more engaging user experience. This chapter
is organized as follows: Section 4.2 reports the results of a survey conducted among Spanish
individuals to understand blood donors’ behaviour change using TTM. Section 4.3 describes
the design of a user-dependent mobile solution to promote BD through gamification and TTM
principles. Section 4.4 presents the requirements specification, design and implementation of
a mobile solution intended to improve access to practical guidance and valuable information
related to PNC. A potential design of integrating gamification techniques in this solution is
also proposed in this section. Section 4.5 presents the conclusions of this chapter.

4.2 Understanding blood donor’s behaviour change using TTM: A
survey

In recent decades, researchers have identified a range of sociodemographic, organiza-
tional, psychological and physiological factors that impact the individual’s willingness to
donate blood [261–263]. Although BD is considered as a purely prosocial behaviour, altruism
and empathy were portrayed among the less significant motivations driving the BD deci-
sion [7]. Moreover, many studies have emphasized that social influence, personal norms,
awareness of the need of blood and perceived psychological and health benefits, each play a
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prominent role in motivating individuals to donate blood [92, 264]. Yet, there is a disparity
among the motivators that stand out across the four donors’ profiles (first-time donor, repeat,
lapsed and eligible non-donor) [265]. It stands to reason that understanding the factors that
influence donors to donate blood can be of particular benefit to blood collection agencies [264].
Different theories and models of behaviour change have been applied to health contexts to
assist in the design of behaviour change interventions. In this respect, six main theoretical
perspectives to boost adherence to health behaviours have been identified (biomedical, be-
havioural, communication, cognitive, self-regulatory and stage perspectives) encompassing,
each of them, different theories [74]. The most recurrently used theories are those within
cognitive and stage perspectives. The cognitive perspective includes theories that consider
attitudes and beliefs as the locus of the individual’s behaviour. Of those theories, TPB is the
most widely cited and applied theory in predicting BD behaviour and intentions [75]. On the
other hand, stage-based theories contend that individuals go through distinct stages as they
learn and develop. TTM is the most prominent and widely applied among stage models [76].

Specifically, this study aims at applying TTM to BD behaviour among a Spanish popula-
tion. To this end, five research questions (RQ) were investigated:

RQ1. How are the recruited participants distributed over the five stages of change?

RQ2. How do the Processes of Change vary across stages of change?

RQ3. How do and Decisional balance (Cons/Pros) differ across stages of change?

RQ4. How does Self-efficacy vary/differ across stages of change?

RQ5. How is the correlation between the Processes of changes and Decisional balance, and
Processes of changes and Self-efficacy?

4.2.1 Materials and method

Study design and participants

This study is cross-sectional in design and consisted of the dissemination of a paper-
based survey among a population to gather their data with regards BD behaviour. All
the procedures employed in this study were approved by the Ethics Committee of the
University of Murcia. The recruitment phase led to the recruitment of 602 participants from
the University of Murcia and Reina Sofia Hospital in Murcia. A total of 158 first and second-
year students from the Faculty of Nursing were approached during lectures and were asked
to fill in a survey designed to develop and validate processes of change, self-efficacy and
decisional balance measures. The remainder of the sample (N=444) was recruited at Reina
Sofia Hospital where hospital staff, patients and their companions were handed the same
questionnaire to fill in after giving their written informed consent to take part in this study.
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The questionnaires were completed under the supervision of the researcher who resolved
any doubts. All participants were assured of anonymity and confidentiality.

Data collection instruments and procedures

The study was quantitative, with data gathered through self-administered questionnaires.
These questionnaires were designed such that they help to measure the four constructs of
the TTM. A review of the literature in TTM and BD was conducted and integrated into the
development of the questionnaire’s items to derive salient beliefs about BD [74, 262, 263, 266].
An adaptation to measures developed for BD and other content areas in previous studies [84,
86,93,267,268] was conducted to refine the questionnaire’s items. The resulting questionnaire
as presented in Appendix B was translated into Spanish and consisted of five categories:

a) Demographic characteristics
Various socio-demographic characteristics were assessed including age, gender, marital
status and education level. Participants were also asked about their blood type.

b) Stages of Change
Participants were asked to answer a short series of questions (Q1-Q4) regarding their
past BD behaviour and their future intention to donate. Accordingly, a staging algorithm
was developed and followed to place the participants in one of the exclusive five clusters
for stage of change as shown in Figure 4.1.

c) c) Processes of Change
A total of thirty items representing the ten Processes of Change (three items per process
of change) were randomly comprised into the questionnaire. Participants were given a

Q1. Are you eligible to 
donate blood?

Yes
Q2. How many times 

have you donated 
blood in the past 
twelve months?

0

Once or 
twice

more than 
twice

Q3. Are you seriously 
considering giving blood in 

the next six months?

Yes

Q4. Do you intend to donate blood in 
the next month or when next eligible?

Yes

Maintenance
Action

Preparation

No

Contemplation

No

Pre-contemplation

No

Excluded from 
further 

assessment

Figure 4.1: Algorithm of TTM Stages of Change for blood donation.
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five-point scale ranging from “Never” to “Repeatedly” to rate the frequency in which
they make use of a situation, thought and feeling to enhance their readiness to donate
blood. Table 4.1 presents the description and the three proposed items for each process
of change.

d) Self-efficacy
Self-efficacy is a measure of the extent to which an individual is confident in their

Table 4.1: Description of the processes of change and their corresponding items.

Processes of Change Items

Ex
pe

ri
en

ti
al

Pr
oc

es
se

s

Consciousness Raising
I recall articles, posts and/or TV messages about donating blood.
I look for information related to blood donation process.
I seek out groups of people who can raise my awareness about how to
become a blood donor.

Dramatic Relief
Portrayals of people whose lives are saved by blood donation affect me
emotionally.
I am moved by a person who helped save lives by donating blood.
I get upset when I hear stories about people whose lives depend on
regular blood transfusions.

Environmental Reevaluation
I am considering the idea that I could save lives by donating blood.
I stop to think about how donating blood would be beneficial for people
in my community.
I realize that people who donate blood are a great source of inspiration
to others.

Self-Reevaluation
I think that being a blood donor supports my view of myself as a caring
and responsible person.
I feel very competent and proud when I (decide to) donate. blood.
Being a non-donor makes me feel disappointed and helpless.

Social Liberation
I am aware that society is actively encouraging and supporting people
to become blood donors.
I notice that there are more opportunities to donate blood in my commu-
nity.
I see more companies and organizations hosting and sponsoring blood
drives.

B
eh

av
io

ur
al

Pr
oc

es
se

s

Self-Liberation
I make commitments to myself to donate blood.
I recognize I have the energy needed to be a blood donor.
I tell myself that I can be a blood donor despite the fact that my relatives
and friends don’t support my decision.

Reinforcement Management
I can expect to be praised and appreciated by others for donating blood.
I feel respected in society for being a blood donor.
I reward myself with a treat after donating blood.

Helping Relationships
I share with someone my thoughts and feelings about blood donation.
There are special people around me that encourage me and improve my
willpower to continue donating blood.
I have a friend on whom I can count to come with me when I want to
donate blood.

Counter Conditioning
I keep in mind that blood donation is a simple and safe process to over-
come the fear of donating.
When I am hesitant to donate blood, I remind myself that it helps save
lives.
Whenever I feel tempted to reassess being a blood donor, I begin to
think about all the health benefits it offers.

Stimulus Control
I make sure I know when and where nearby blood drives are held.
I schedule my blood appointments.
I keep around any source of information associated with blood donation
to reconsider my reasons for donating blood.
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ability to donate blood in the face of prospective hard situations (e.g. When I am
feeling a physical discomfort). Eight items were designed to develop the self-efficacy
scale. Responses were made on five-point scale, ranging from 1=” Not at all confident”
to 5=” Extremely confident”. Table 4.2 shows the eight statements used to measure
self-efficacy.

e) Decisional Balance
Twelve items were designed to assess how an individual evaluates the pros and cons
of BD. Six items were employed to reflect the Pros of BD (e.g. I will be helping to
prevent blood shortages) and the remaining six items were evenly distributed among
Physical Cons (e.g. I am likely to faint at the sight of blood) and Eligibility Cons (e.g. I
might be told I am not eligible to donate blood). Participants responded on a five-level
scale ranging from 1=” Not at all important” to 5=” Extremely important” to rate the
importance of each item is in their decision to donate blood. Items used to measure the
pros and cons of BD are depicted in Table 4.3.

Statistical analysis

Frequency analysis was primarily performed to explore the distribution of the recruited
individuals across Stages of Change with respect to BD behaviour. Multivariate and Uni-
variate Analysis of Variance (MANOVA and ANOVA) tests along with post-hoc analyses
were conducted to identify the differences in Process of Change subscales, Decisional Balance
scales and Self-Efficacy scale with the five Stages of Change. For all TTM constructs, raw
scores were converted to T-scores (Mean = 50, standard deviation [SD] = 10) in order to make
comparisons easier in the magnitude of differences. In addition, Pearson correlations were
examined between the different TTM variables. All statistical analyses applied in this study
were performed using IBM SPSS 21.0.

4.2.2 Results

Sample

Of the 602 participants, 98 individuals were excluded from further assessment as they
failed to answer (either by refusal or answering ‘I don’t know’) to the question concerning
their eligibility to donate blood. The remainder sample (N=504) was predominantly consti-
tuted by female (62.9%), and ages ranged from 18-80 with a mean of 27.32 (SD=11.134). The
reported education level showed that 46.8% of participants completed high school degree
and 36.7% are currently enrolled or completed undergraduate degree program. Regarding
blood types, A+ and O+ were the prevailing blood types among participants, accounting for
27.98% and 29.36% respectively. Table 4.4 depicts the frequency distribution of the recruited
sample in relation to the demographic characteristics.
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Table 4.2: Items developed for measuring self-efficacy.

Self-efficacy items

1) When I am very anxious and stressed.
2) When I am feeling a physical discomfort.
3) When I witness a bad blood donation experience (e.g. Someone fainting).
4) When I realize I have not donated for a long while.
5) During or after experiencing personal problems (e.g. family, financial).
6) When I have other time commitments.
7) When I remember having a negative reaction to donating that caused me light-headedness and nau-
sea.
8) After recovering from an illness or an injury

Stages of change

All 504 participants were placed into four exclusive categories based on their responses
to the aforementioned algorithmic staging questionnaire. The distribution by stage of change
for the entire sample was as follows: Pre-contemplation 36.9% (N=186), Contemplation 41.7%
(N=210), Preparation 9.3% (N=47), Action 10.3% (N=52) and Maintenance 1.8% (N=9).

Processes of Change by Stage of Change

A one-way Multivariate Analysis of Variance (MANOVA) was conducted to test the
hypothesis that there would be one or more mean differences between the ten Processes
of Change and the five Stages of Change. A statistically significant MANOVA effect was
obtained, Wilk’s Λ = .697, F(40,1814) = 4.54, p<.001, partial η2 = .086. These results revealed
that the ten Processes of Change subscales were not equally and similarly triggered by Stage
of Change. A series of one-way Analysis Variance (ANOVA) on each of the ten dependent
variables was conducted as a follow-up tests to the MANOVA. Except for the experiential
process of change ‘Dramatic Relief’, all effects were found to be statistically significant where
the largest portion of variance was derived from Helping Relationships (η2 = .18), followed by
Counter Conditioning (η2 = .17). The ANOVA values obtained were as follow: Consciousness

Table 4.3: Items developed for measuring decisional balance.

Decisional balance items

Pros

I may help save someone’s life.
Donating blood will reduce the risk of getting serious health conditions.
I will get a free of cost health check-up.
Donating blood will help me burn calories
I will be helping to prevent blood shortages
I will set a good example and inspiration for people around me.

Physical Cons
I am likely to faint at the sight of blood.
Donating blood depletes the calcium levels in the body.
Donating blood is an uncomfortable experience because I am afraid of needles.

Eligibility Cons
The blood bank might reject my blood due to low level of my Haemoglobin.
I may find out I have a disease.
I might be told I am not eligible to donate blood.
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Raising F(4,487) = 13.4, p <.001, η2=.099; Dramatic Relief F(4,487) = 2.27, p = .061 ns, η2=.018;
Environmental Reevaluation F(4,487) = 11.62, p<.001, η2 = .09; Self-Reevaluation F(4,487) =
10.26, p<.001, =.08; and Social Liberation F(4,487) = 20.52, p <.001, η2 = .05, Self-Liberation
F(4,487) = 20.52, p<.01, η2 = .14; Reinforcement Management F(4,487) = 3.74, p<.05, η2 = .03;
Helping Relationships F(4,487) = 25.46, p<.001, η2=.18; Counter Conditioning F(4,487) = 24.46,
p<.001, η2 = .17; and Stimulus Control F(4,487) = 16.08, p<.001, η2 = .12. Figures 4.2 and 4.3
show the experiential and behavioural Processes of Change comparison by Stage of Change,
respectively.

Table 4.4: TTM Survey: Demographic characteristics of participants by stage of change.

TTM Stages

Characteristic
Pre-contemplation
N=186

Contemplation
N= 210

Preparation
N= 47

Action
N= 52

Maintenance
N= 9

Total
N=504

n % n % n % n % n % N %

Gender
Female 101 54.3 137 65.24 35 74.47 38 73.08 6 66.67 317 62.9
Male 85 45.7 73 34.76 12 25.53 14 26.92 3 33.33 187 37.1

Age range
<21 43 23.12 81 38.57 22 46.81 20 38.46 5 55.56 171 33.92
21-30 76 40.86 82 39.05 11 23.4 23 44.23 3 33.33 195 38.7

31-40 18 9.68 20 9.52 4 8.51 4 7.69 0 0 46 9.12
41-50 26 13.98 13 6.19 8 17.02 1 1.92 0 0 48 9.52
51-60 15 8.06 1 0.48 0 0 1 1.92 0 0 28 5.56
>60 2 1.08 0 0 0 0 0 0 0 0 2 0.4

Don’t know/ No answer 6 3.23 5 2.38 2 4.25 1 1.92 0 0 14 2.77
Education level

Primary 8 4.3 7 3.33 2 4.25 0 0 0 0 17 3.37
Secondary 84 45.16 96 45.71 27 57.45 26 50 3 33.33 236 46.83
Undergraduate 57 30.64 91 43.33 14 29.79 18 34.61 5 55.56 185 36.71
Postgraduate 36 19.35 14 6.67 2 4.25 8 15.38 1 11.11 61 12.1

Don’t know/ No answer 1 0.54 2 0.95 2 4.25 0 0 0 0 5 0.99
Marital Status

Single 129 69.35 175 83.33 36 76.6 46 88.46 7 77.78 393 77.98
Married 45 24.19 31 14.76 9 19.15 5 9.61 1 11.11 91 18.05
Divorced 8 4.3 2 0.95 1 2.13 1 1.92 0 0 12 2.38
Separated 3 1.61 1 0.48 1 2.13 0 0 1 11.11 6 1.19
Widowed 1 0.54 1 0.48 0 0 0 0 0 0 2 0.4

Blood type
A- 8 4.3 9 4.28 0 0 1 1.92 0 0 18 3.57
A+ 45 24.19 59 28.09 12 25.53 20 38.46 5 55.56 141 27.98
O+ 50 26.88 66 31.43 14 29.79 17 32.69 1 11.11 148 29.36
O- 15 8.06 29 13.81 6 12.76 5 9.61 0 0 55 10.91
B- 4 2.15 2 0.95 0 0 1 1.92 0 0 7 1.38
B+ 12 6.45 11 5.24 3 6.38 5 9.61 3 33.33 34 6.75
AB+ 12 6.45 14 6.67 1 2.13 1 1.92 0 0 28 5.56
AB- 0 0 1 0.48 1 2.13 0 0 0 0 2 0.4

Don’t know/ No answer 40 21.5 19 9.05 10 21.28 2 3.85 0 0 71 14.09
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Decisional Balance by Stage of Change

MANOVA revealed that individuals in different stages of change varied significantly on
the Decisional Balance scales (Pros, Eligibility and Physical Cons) of BD F(12,1272) = 5.819;
p<.001; Wilks Λ = 0.868, partial η2 = .046. Follow-up ANOVA was conducted to compare
the main effects of Decisional Balance scales across Stages of Change. All effects were found
to be statistically non-significant at the .05 significance level except for Physical Cons. The
main effect for Physical Cons yielded an F ratio of F(4,483) = 11.01; p<.001, the strength of
the relationship, as indexed by η2 was equal to .084. For Eligibility Cons, the main effect
yielded an F ratio of F(4,483) = .808; p = .52 ns; η2 = .007 while the Pros of BD obtained an F
ratio of F(4,483) = 1.966, p = .099 ns; η2 = .016. A Tukey HSD post-hoc tests further indicated
that mean scores for the Pros and Eligibility Cons did not differ significantly across the five
stages of change. The mean scores for Physical Cons were statistically significantly different
between Pre-contemplation and Contemplation (p<.001), Pre-contemplation and Action
(p<.001) and Pre-contemplation and Maintenance (p<.05) but not between Pre-contemplation
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Figure 4.2: Experiential Processes of Change across Stages of Change.
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Figure 4.3: Behavioral Processes of Change across Stages of Change.
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and Preparation (p = .069). A graphical representation of T-scores on the decisional balance
scales across the stages for BD is shown in Figure 4.4.

Self-Efficacy by Stage of Change

Self-efficacy scores yielded statistically significant differences across the five Stages of
Change F(4.489) = 38.091 p<.001 with an effect size as indexed by η2 equal to .238. Post-hoc
Tukey tests were performed to examine Self-efficacy mean comparisons across the five Stages
of Change. The results revealed that Self-efficacy score were significantly higher in Action
and Maintenance stages than in Pre-contemplation Stage. The variation of Self-Efficacy
T-scores across stages is graphically shown in Figure 4.5.

Processes of Change, Decisional Balance and Self-Efficacy

Table 4.5 illustrates the results of the correlation analysis to assess the relationships among
the TTM constructs. Whilst all the correlation results were statistically significant, scores
on both subscales of Processes of Change were not related to those on the Physical Cons.
In addition, both behavioural and experiential Processes of Change for BD were positively
correlated with Pros, Self-efficacy and Eligibility Cons. Physical Cons were positively related
to Pros and Eligibility Cons. Overall, the strongest correlation yielded was that of Experiential
Processes with Behavioural Processes (r = .793) followed by that of Eligibility and the benefits
of BD (r = .525).

4.2.3 Discussion

The Stages of Change construct is one of the pillars of TTM theory. It reflects the individ-
ual’s motivational readiness to make a specific behaviour change. Accurate staging is perhaps
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Figure 4.4: Decisional Balance scales across Stages of Change.
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Figure 4.5: Self-Efficacy scale across Stages of Change.

the most crucial aspect of using TTM for developing health-related interventions [269]. To
date, two major methods have been used for assigning stage classifications: staging algorithm
and multidimensional questionnaire [270]. The staging algorithm approach uses a small
number of questionnaire items to determine the participant’s stage. In the second approach,
each Stage of Change is measured through a set of questionnaire items. With few exceptions
(e.g. 17), a number of applications of TTM to various health behaviours employed staging
algorithms [88, 92, 271]. The staging algorithm used in this study to classify participants into
one of the five stages of change depends on the assessment of recent past behaviour and the
willingness to change behaviour. In fact, in order to be allocated to one of the earlier stages
(Pre-contemplation, Contemplation, Preparation), participants are required to state their in-
tent to donate blood in the near future. Nevertheless, Action and Maintenance stages require
the demonstration of both intention and regular past experience of BD. Research suggests
that past behaviour is a significant predictor of future behaviour for regular and experienced
donors (5 or more previous donations), and intentions were predictive of occasional donors
(4 or fewer previous donations) [83, 272]. For this reason, intentions outweigh past behaviour
in the earlier stages of TTM. Consistent with previous research (e.g. [88, 92]), participants
in this study were predominantly categorized into the pre-preparation stages accounting

Table 4.5: Correlations between TTM constructs

TTM constructs EP BP Pros EC PC SE

Experiential Processes (EP) – .793** .389**. .324** .010 .379**
Behavioural Processes (BP) – .320** .278** -.036 .494**
Pros – .525** .254** .240**
Eligibility Cons (EC) – .272** .261**
Physical Cons (PC) – -.193**
Self-Efficacy (SE) –

Note. ** . Correlation is significant at the 0.01 level (2-tailed)
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for 78.6% which mirrors the deterrence of participants in donating blood and the need to
trigger a range of motives to induce progression across stages of change. This shall therefore
contribute in the development and promotion of stage-matched interventions that harness
the relevant and modifiable stage transitions determinants.

With regards to domination of the processes of change across the five stages of change,
previous studies based on TTM demonstrated that experiential processes benefit progression
through the earlier stages of behaviour change while behavioural processes have greater
importance during later stages. In the current study, both sets of Processes of Change were
significantly lower for individuals in Pre-contemplation than those in further stages. This
result supports the hypothesis of the TTM, which is that the more advanced an individual is
in Stage of Change, the more frequently they will use the Processes of Change. Indeed, pre-
contemplators are unmotivated and unaware of the need to change, thus harnessing fewer
strategies towards behaviour change [93, 273]. Moreover, individuals in Preparation stage
were active on almost every process of change owing to the fact that prepared individuals
are acutely motivated to experiment with changing behaviour employing therefore various
methods that combine intention and behaviour criteria to improve their determination in
favour of change. Aside from Consciousness raising and Self-liberation, all the processes
of change peaked in the Maintenance stage. It is presumed that people in Maintenance
stage do not apply Processes of Change as frequently as do people in earlier stages, yet, they
need to stabilize their behaviour and work to avoid temptation and prevent relapses. In
fact, most of the Processes of Change (e.g. counter conditioning, stimulus control) play a
crucial role in helping individuals cope with high-risk situations that are associated to relapse.
Based on ANOVA’s findings, Dramatic relief has no effect on the staging progress. Excepting
Reinforcement Management, all the behavioural processes obtained very large effect sizes.
Additionally, individuals in Action stage reported using Self-liberation strategy more often
than those in other stages. This is not surprising, as people in Action stage need to learn how
to consolidate their commitments, hence seeking interventions that strengthen their belief
and increase their autonomy to change [274]. In accordance with previous studies, results
demonstrated that people in Action and Maintenance stages emphasize the usage of both
counter-conditioning and stimulus control for coping with temptations [270, 271]. Processes
of Change offer theoretical valid strategies to help individuals progressively acquire new
healthy behaviours. Given that specific Processes of Change are optimally effective at each
stage of change, delivering tailored interventions that integrate the appropriate processes
with the stages will promote behavioural change. However, failing to match processes of
change to an individual’s stage of change can hamper the expected usefulness of interven-
tions [275].

Alike processes of change, decisional balance also varies significantly across stages
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of change. The construct of decisional balance refers to the individual’s weighing the po-
tential benefits and costs involved with changing behaviour. While most TTM studies put
emphasis on two-dimensional scale to measure decisional balance [90], some TTM appli-
cations yielded a different scale of more than two factors [276, 277]. In the current study,
the patterns of change in the pros and cons across the stages of change were found to be
revealing. It was speculated that pros increase, and cons decrease from earlier to later Stages
of Change defining a crossover pattern between Contemplation and Action stages. This result
was achieved in Physical Cons and Pros and the crossover pattern occurs in the Preparation
stage. However, the magnitude of change was not as large as expected. Physical cons of
BD behaviour change significantly outweighed the pros in the Precontemplation stage and
were lower than pros in the advanced stages. Indeed, individuals in earlier stages recall
physical cons more often than those in further stages. In contrast, eligibility cons and pros
did not yield a significant statistical difference across stages. Nonetheless, the pros increase
slightly as individuals move toward the later stages with a small decrease in the Preparation
stage. This result confirms that the progression across stages requires additional motivation
by outbalancing the advantages of BD behaviour change over possible barriers. Moreover,
eligibility cons did not decrease significantly across stages as did physical cons. This finding
may have resulted from the possibility that regardless of their Stages of Change, blood
donors may face rejection and deferral due to low haemoglobin level, high blood pressure
and medication intake, to cite but a few [278]. Overall, Decisional Balance has demonstrated
to be a good predictor through the stages of change.

Another major construct of TTM is Self-efficacy which refers to the perception and
situational confidence that individuals have in their abilities to adopt and maintain the
desired behaviour change even in difficult circumstances that often trigger relapse [81]. Re-
search on TTM suggests that Self-efficacy increases in an almost linear fashion as the Stages
of Change advances. Consistent with this, the Self-efficacy scores in the present study varied
and rose significantly across stages. Contemplators had higher baseline of Self-efficacy scores
than pre-contemplators and lower level than participants in advanced Stages of Change. In
addition, participants in Preparation stage reported similar level of confidence to those in
Contemplation stage. Perhaps individuals in preparation stage demonstrate ambivalence
about their readiness to engage in the behavioural change. Moreover, participants identified
in action and maintenance stages expressed the highest levels of self-efficacy with regard
to BD in high-risk situations. This indicates that Self-efficacy is strongly influenced by per-
forming the behaviour and that individuals in later stages are, by default, acting towards
the behaviour change. The results obtained in this study provide evidence supportive of the
applicability of the self-efficacy construct to actively change BD behaviour. This construct is
genuinely considered a crucial resource to maintaining behaviour changes and preventing
stage regression.
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With respect to the associations among the TTM constructs, significant positive cor-
relations were observed between the two dimensions of Processes of Change and Pros and
Self-efficacy. Hence, TTM-based interventions that promote the usage of behavioural and
cognitive Processes of Change should increase Pros and Self-efficacy accordingly. Eligibility
cons were positively related to all TTM constructs and particularly to the pros of donating. A
possible explanation is that even though individuals have eligibility concerns to donate blood,
they outbalance their perception of the benefits of donating over these concerns. Moreover,
scores on both cognitive and behavioural processes were not correlated with physical cons of
BD. Consistent with this outcome, many studies have reported that physical concerns are less
prominent in behaviour change [90, 279]. Additionally, a significant negative correlation was
found between self-efficacy and physical cons. Therefore, it may be the case that as individu-
als gain confidence in their ability to donate blood, they start to attach little importance to the
associated physical barriers. The highest correlation was found between the two dimensions
of Processes of Change further supporting prior studies in which a tight association was
perceived among processes [280].

Study limitations

Despite the interest of this research, several limitations that had likely impacted the
application or interpretation of the results of the present study are worth mentioning. First,
due to the lack of a standardized measurement instrument for stage classification, the validity
and reliability of staging algorithms have not yet been established [281]. To mitigate this
constraint, the staging algorithm used in this study was elaborated on the basis of validated
measures [88,268]. Moreover, the items developed to measure Processes of Change, Decisional
Balance and Self-efficacy were derived from a selection of validated TTM measures in various
health behaviours including BD. Despite the attempt to refine and adapt these measures
to our study population, they may not have appropriately captured TTM constructs from
the participants’ perception. Second, the questionnaire used in this study to gather data
relied on a self-report format, leading to possible response bias due to a lack of validity and
reliability [282]. Nevertheless, self-report measures are largely considered as a pertinent
tool in health behavioural research [283, 284]. Finally, the size of the final sample was
convenient, however, it comprises somewhat a restricted range of donors in advanced
stages which was not representative of the rest of the blood donors’ population. This may
jeopardize the generalizability of the findings of this study. It is, therefore, necessary to
conduct further assessment that includes greater percentages of regular donors to benefit the
yielded measures.
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4.3 Requirements specification of a gamified mobile application
for blood donation

To reach self-sufficiency in blood products, efforts must focus on recruiting and retaining
more regular, volunteer blood donors. BD apps are considered a promising approach for
promoting donors’ behavior and enhancing their motivation to donate [182, 204]. Moreover,
the features of mHealth apps are now strengthened by means of gamification techniques [285]
that nurture users’ loyalty and commitment to the foreseen health behavior change while
ensuring an entertaining experience through game mechanics.

Nonetheless, there is a paucity of mobile solutions that incorporate gamification tech-
niques in that only ten gamified BD apps were found in the four app repositories as reported
in a recent review [209]. In contrast, several researchers have proposed BD solutions that
implement gamification principles. For instance, Domingos et al. [205] designed an appli-
cation that combines gamification techniques and social networking elements in order to
make possible the interaction and information exchange between donors and blood centers.
Another BD system proposed by Fotopoulos et al. [9], combines cloud-computing and mobile
technology to empower blood agencies to effectively recruit and retain a healthy donors pool.
This system is also expected to take advantages of gamification to bolster donors’ motivation
and minimize volunteer relapses. Despite the growing attention given to gamification in BD
apps, many researchers reported that the positive effect of gamification is appeared to fade
over time [140, 286]. In fact, most of gamified systems do not adopt a user-centered approach
as they fail to cater different users’ needs. Thus, it is important to understand the users and
grasp the determinants of their behavior change for better implementation of gamification
techniques. In this section, we propose the design of a gamified mobile solution for BD
that can be tailored to any donor profile through the integration of TTM constructs.

4.3.1 Requirements specification and gamification principles

A Software Requirements Specification (SRS) covering functional and non-functional
requirements for Blood4Life solution, has been elaborated according to the IEEE 29148 stan-
dard [287]. Initially, the following functional requirements were implemented:

• User registration: The user should be able to register using Google or Facebook creden-
tials or by filling in the registration form including email, password, full name, phone
number, age, gender and blood type.

• Login: A registered user should be able to log in to the app using login credentials
(email and password). The login information will be stored on the phone and in the
future, the user should be logged in automatically.

• Retrieve password: A user should be able to retrieve his/her password by email.
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• Visualize and edit profile: A user should be able to edit his/her profile information
including email, password and phone number.

• Take TTM Quiz: Once a user gets registered, he/she should take TTM quiz to obtain
his/her stage of change upon which the app will be adapted.

• Find nearby blood centers: Given that a user is logged in to the mobile app, he/she
should be able to search for nearby blood centers. The search results should be viewed
on a map. The closest blood centers according to the users’ location are displayed using
specific pins.

• Schedule appointments for BD: The user should be able to schedule an appointment
for donating blood (when eligible) at the selected blood center.

• View donation history: The user should be able to visualize the list of his/her past
donations including date, center and type of BD.

• Share donations on social media: The user should be able to share his/her BDs on
Facebook and Twitter.

• Receive eligibility notifications: The user should be notified about their eligibility to
donate blood based on his/her history of donations.

• Receive appointment reminders: Given that a user has scheduled an appointment,
he/she should receive a push notification to remind him/her of the upcoming BD
appointment. The user shall set the frequency by which he/she wants to receive
reminders.

• Receive alerts during blood shortages: The user should be able to receive notifications
when his/her own blood type is needed.

• Change notifications settings: The user should be able to choose how and when
he/she would like to receive notifications.

• Create/Join teams: The user should be able to create and/or join teams of blood donors
and to visualize the prevalence of different donors’ teams across the city.

In line with previous research studies on the application of ISO/IEC 25010 standard [98]
to health-related software products including BD apps and m-health records [211, 288, 289],
a set of non-functional properties has been determined to improve the product quality of
Blood4Life solution. The core quality requirements that were considered are the following:

• Functional suitability: Blood4Life solution should meet users’ needs through well
integrated functions and appropriate content.
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• Performance efficiency: Blood4Life solution should have a short response time to en-
hance user experience (UX).

• Reliability: Blood4Life solution should remain operational and accessible in a specific
manner under the possible circumstances (background/foreground, with/without
internet connection).

• Operability: Blood4Life solution should be scalable, it should be able to handle a large
number of users or quantities of data.

• Security: Blood4Life solution should ensure encrypted communication, protection and
security of users’ accounts and sensitive information.

• Compatibility: Blood4Life solution should work well on different mobile devices with
various features and appliances.

• Maintainability: Blood4Life solution should have a readable and extendible code to
easily implement new functions and to avoid increasing maintenance cost.

• Transferability: Blood4Life should support the common mobile platforms.

4.3.2 Integration of TTM principles and gamification techniques

To effectively help individuals progress throughout TTM stages, a broad range of gami-
fication elements has been implemented to trigger the TTM processes of change specific to
each transition. These gamification elements comprise the following:

• Status. Status determines the relative position of the user in relation to others and is
considered one of the most desired and sticky potential prize to win as it incorporates
pride and motivation dynamics. Four statuses are to be obtained according to the stage
of change of the user. The status should be systematically attributed to the user after
obtaining TTM Quiz result as shown below:

– No status is attributed to the user if her/his quiz result is ‘Precontemplation’.

– The user should be attributed ‘Blood Noob’ status if his/her quiz result is ‘Con-
templation’.

– The user should be attributed ‘Good Samaritan’ status if his/her quiz result is
‘Preparation’.

– The user should be attributed ‘Red Ninja’ status if his/her quiz result is ‘Action’.

– The user should be attributed ‘Red Blooded Hero’ status if his/her quiz result is
‘Maintenance’. Status should also be applicable during inter-stages progression
which means that whenever the user progress towards the next stage, he/she
receives the corresponding status.
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• In-app point system. Being one of the most used gamification elements, point system is
a powerful and important gamification element since it gives the users the extra nudge
they need to get actively involved. Nonetheless, rewarding points may be wrongly
utilized if they don’t align with the desired behavior. Blood4Life solution primarily aims
to increase BD, three point-based rewards are therefore implemented:

– The user should earn 100 Donation Points (DPs) if he/she make a BD appointment.

– The user should earn 150 DPs if he/she make a BD appointment particularly when
blood stocks are running low.

– The user should lose 50 DPs if he/she cancels the donation appointment. The
user’s score should be incremented or decremented accordingly.

• Badges. Badges are a visual and a collectible reward that marks tasks completion. Six
badges are implemented in Blood4Life solution:

– The user should win ‘Welcome’ badge upon their registration.

– The user should win ‘Let them know’ badge for sharing BD appointments on
social networks.

– The user should win ‘Be a member of’ badge for joining a team of donors.

– The user should win ‘Spread the good will’ badge for referring three friends within
a week.

– The user should win ‘Red hat-trick’ badge for taking the third BD appointment
within one year.

– The user should win ‘Be there when needed’ badge for donating when blood
stocks are running low.

• Trophies. Trophies are recognition items that are commonly used in games owing
to their versatility. Three types of trophies can be obtained in Blood4Life solution as
described hereafter:

– The user should win ‘bronze trophy’ upon unlocking three badges within a month.

– The user should win ‘silver trophy’ upon collecting 500 DPs.

– The user should win ‘gold trophy’ upon collecting 1000 DPs.

• Progress bar. People are inherently driven to have goals and then accomplish them.
Progress bar is therefore an effective visual element that allows users track their progress
towards goal attainment. In Blood4Life solution, the progress bar was conceived in a
way that displays the milestones (stages of change) reached by the user.

• Leaderboard. The purpose of leaderboards is to show the ranking of users. In order
to render it more social yet competitive, the leaderboard in the Blood4Life solution will
display the ranking of users in each team based on their total earned DPs.
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Given the characteristics of each stage of change, the inter-stage progression will be possi-
ble upon the fulfilment of a condition specific to each transition as depicted in Figure 4.6. The
specified gamification aspects align well with the definition of the processes of change that are
appropriate to each stage-transition. On the whole, the progression from Pre-contemplation
to Contemplation primarily requires enhancing knowledge and awareness about BD process
and its importance, in addition to emotionally levelling up the urge to donate blood through
real videos and testimonies of people in need of blood transfusions or/and those whose
lives were saved thanks to blood transfusions. Both transitions Contemplation-Preparation
and Preparation-Action entail regular rewarding and increasing social influence whilst the
progression towards maintenance stage implies substantial recognition through obtaining
real-world items.

4.3.3 Implementation

Blood4Life solution consists of a cross-platform app being currently developed through
Angular and Ionic framework and deployed using Apache Cordova. Hybrid development
allows to develop apps that are consistent across different mobile platforms where only a
single codebase is used. Several advantages come along hybrid app development such as
cost-effectiveness, easy scalability and maintenance.
In the actual development phase, this application is solely dedicated to blood donors. Figures
4.7 to 4.11 show a few snapshots of user interfaces of the app. The user will be firstly asked to
register and answer a short Quiz to determine her/his stage of change as detailed in Figures
4.7 and 4.8. At this point, the user might be ineligible to donate blood, hence, he/she can
access the application in Guest Mode where only very limited functionalities are available
such as consulting nearby blood centers and referring new friends to use the application.
Once registered, the user will be able to schedule a BD appointment in the blood center
he/she prefers from the list of the available blood centers (see Figure 4.9). Besides accessing
his/her BD history, the user will be able to create or join a team to build a pervasive and
competitive ambiance to further promote BD (see Figure 4.10).

Figure 4.6: Conditions to transition between the five stages of change.

113



CHAPTER 4. GAMIFICATION APPLIED TO BD AND PC

As shown in Figure 4.11 all the obtained virtual rewards will be systematically updated and
displayed to the user. Moreover, the user will be able to switch on/off blood shortage alerts
and eligibility notifications along with precising the frequency of which he/she would prefer
to receive appointment reminders.

Figure 4.7: Screenshots of the Blood4Life app’s interfaces: Sign in/up.

Figure 4.8: Screenshots of the Blood4Life app’s interfaces: TTM Quiz.

114



CHAPTER 4. GAMIFICATION APPLIED TO BD AND PC

Figure 4.9: Screenshots of the Blood4Life app’s interfaces: BD Appointment.

Figure 4.10: Screenshots of the Blood4Life app’s interfaces: User’s donation history and teams’ creation.

4.4 Requirements specification of a gamified mobile application
for postnatal care

Albeit the critical importance of PNC in the lives of mothers and newborns, it consistently
has the lowest coverage of interventions on the continuum of maternal and infant care. Poor
communication, lack of awareness and information, financial difficulties are among the most
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Figure 4.11: Screenshots of the Blood4Life app’s interfaces: User’s rewards and settings.

prevalent factors hampering the utilization of PNC services [290]. A potential intervention
that could reduce some of these modifiable factors is the incorporation of mobile technology.
A significant attention is being drawn to leveraging mobile technology in the promotion of
reproductive health care services including contraception and family planning, pregnancy
monitoring and PNC [184, 291]. As stated in a recent review [292], most of PNC apps
available in app repositories overlook addressing mothers needs during the postnatal period,
specifically as regards to postpartum weight monitoring, mental wellbeing support and
family planning.

In this section, we propose a mobile solution that provides a functional content that
combines newborn and maternal care along with the counselling sections on all aspects
underpinning the postnatal period. A persuasive strategy based on gamification and game-
like principles is also portrayed to foster engagement with the solution and induce pleasant
user-experience.

4.4.1 Requirements specification

Purpose of the solution

Mamma&Baby is the name given to the m-Health solution for PNC proposed in the
present study. Being fully-fledged for women during the postnatal period, Mamma&Baby is a
comprehensive user-centered app that is intended to accompany new mothers throughout
their postnatal journey. The central objective of this app is to promote PNC through the
provision of helpful tips for postpartum recovery and recommendations and advices on baby
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care. The postnatal period is often considered as an emotional roller coaster for new mothers
who require attentiveness and social support. Therefore, Mamma&Baby app promises to
alleviate the emotional burden that is correlated with the postnatal period by means of social
integration and counselling on mental wellbeing.

Requirements development process

The development of requirements is a software engineering process that consists of four
main activities:

1. Requirements elicitation: In order to build an m-Health solution that caters the needs
of women in Morocco, a few visits to the Maternity Les Orangers that belongs to the
University Hospital Avicenne of Rabat has been organized to closely observe the clinical
intervention in terms of PNC. With the consent of the director of the maternity, several
interviews have been conducted with the clinical staff (i.e. Doctors, interns and nurses)
at the maternity to gather the maximum of information with regards PNC in Morocco.

2. Requirements analysis: The requirements identified in the first activity have been ana-
lyzed to ensure coherence and resolve conflicts between them. A scrupulous analytic
review has been performed on existing apps for PNC to expand the set of requirements
of the solution and assure its functional completeness [292].

3. Requirements specification: A Software Requirements Specification (SRS) covering func-
tional and non-functional requirements for the m-Health solution for PNC has been
elaborated according to the IEEE 29148 standard [287].

4. Requirements validation: The SRS developed has been finally presented to the clinical
staff of the maternity for further validation.

The SRS

Initially, the following functional requirements have been specified:

• Baby management:

– The user shall be able to add multiple babies to her profile.

– The user shall be able to select one of her babies to track her or his activities.

• Newborn’s daily habits recording:

– The user shall be able to record the daily habits of her newborn including diaper
changes, feeding and sleep patterns.

– The user shall receive alerting messages if her newborn’s feeding and sleep pat-
terns are alarming or the number of diapers changes that her newborn needs
significantly exceeds the average number.
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• Growth measurements:

– The user shall record the anthropometric characteristics of her newborn including
weight, height and head circumference.

– The user shall be able to track her baby growth and compare it to standard child
growth percentiles.

• Health checkups and medication:

– The user shall be able to schedule appointments for postnatal and pediatric check-
ups. Three postnatal checkups are considered by default at the 6th day, 6th week,
6th month after delivery.

– Given that a user has scheduled an appointment, she shall receive a push no-
tification to remind her of the upcoming medical visits (pediatric or postnatal
visits).

– The user shall be able to manage and record medications.

– The user shall receive reminders of medication intake.

• Immunization:

– The user shall be able to track her newborn’s vaccines.

– The user shall be able to consult the immunization schedule as recommended by
the ministry of health in Morocco.

– The user shall schedule appointment for her newborn’s vaccines and receive
reminders accordingly.

• Postpartum recovery:

– The user shall be able to record and track her postpartum weight at any time.

– The user shall be able to access information about postpartum recovery tips
including nutrition, physical exercises and hygiene.

• Mental health:

– The user shall be able to learn more about the symptoms and signs of Postpartum
Depression (PPD) and baby blues.

– The user shall be able to acquire effective manners and strategies to cope with
postpartum mental disorders.

– The user shall be able to screen for postpartum depression by filling in a 10-
item self-report measure based on the Edinburgh Postnatal Depression Scale
(EDPS) [293]. Note that users can fill in this self-report only once a week.
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• Community:

– The user shall be able to access the FAQ section to get answers about common
doubts and concerns that new mothers have during their postnatal period.

– The user shall be able to share her experiences and feelings with other new mothers
through a forum.

– The user shall be able to view and comment other users’ posts.

• Guides:

– The user shall be able to get basic baby care tips including burping, bathing,
soothing, swaddling, etc.

– The user shall be able to access useful information on how to improve her breast-
feeding experience.

– The user shall be able to learn more about baby development milestones as regards
the age of her baby.

– The user shall be able to acquire information about signs and symptoms of poten-
tially life-threatening postpartum conditions.

• Settings

– The user shall be able to update her preferences with regards the unit of measure-
ment.

– The user shall be able to change language preferences.

Along with these functional requirements, a number of non-functional requirements have
been identified to enhance the quality and design of the m-Health solution Mamma&Baby
based on the international standard ISO/IEC 25010 [98] and mobile design guidelines [294].
The core aspects of quality that have been considered are as follows:

• Functional suitability: Mamma&Baby solution should cater users’ needs through well
integrated functions, useful and appropriate content.

• Performance efficiency: Mamma&Baby solution should take a short time to load and
provide onscreen feedback to the user.

• Availability: Mamma&Baby solution should remain operational and accessible in a
certain manner under possible circumstances (e.g. unavailable network, limited band-
width).

• Scalability: Mamma&Baby solution should be able to deal with increasing use and
handle more data as time progress.
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• Usability and user interaction:

– Mamma&Baby solution should support both landscape and portrait orientations.

– The user should be able to understand the flow of the solution easily without
further training or help.

– Mamma&Baby solution should use intuitive and predictable navigation patterns.

– Mamma&Baby solution should use common icons’ system.

• Visual quality:

– Mamma&Baby should use familiar and simple tone along with an intelligible
writing style.

– Mamma&Baby should display graphics, text and images without noticeable distor-
tion.

– Mamma&Baby should use a coherent color theme that recalls its purpose.

• Security and privacy:

– Mamma&Baby should use a strong authentication mechanism.

– All private data should be stored in the solution’s internal storage.

– Mamma&Baby must protect any stored sensitive personal data from unauthorized
access.

– Mamma&Baby should ensure encrypted communications.

– Mamma&Baby should include a privacy policy that is detailed, comprehensive and
understandable.

• Modifiability and maintainability: Mamma&Baby should have a readable and ex-
tendible code to easily modify functions and implement new ones to avoid increasing
maintenance cost.

With the aim to make the tedious and repetitive tasks included in the solution more fun,
interactive and engaging, a gamification strategy is proposed to be implemented in the
solution, and typically works in the following ways:

• Point-based scoring: Being one of the core gamification mechanics, allocating scores to
users can motivate their willingness to continue to use the solution. Three point-based
incentives are therefore proposed:

– A user shall earn 15 points for filling in the self-report measure for postpartum
depression screening.

– A user shall earn 20 points for each medical appointment attended (gynecologic,
pediatric or immunization visit).
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– A user shall earn 10 points for taking medication properly by marking the medica-
tion intake as complete.

– A user shall earn 5 points for each measurement recorded; including baby growth
parameters and mother’s weight.

• Badges: These are simple virtual elements that symbolize rewards given to users for
their achievements. Badges act as a target setting and as a recognition tool that motivate
users to get actively involved in the solution and work hard towards gam-ification
objectives. Four various achievements need to be completed to unlock badges and
trophies as described below:

– Once registered, the user shall receive a ‘Welcome’ badge.

– A user shall be able to unlock the ‘Best nursing Mamma’ badge for breastfeeding
her baby at least during his or her six first months.

– A user shall be able to unlock the ‘Super Mamma’ badge when she attends five
medical appointments.

– A user shall be able to unlock the ‘Fit Mamma’ badge for losing at least 6 Kgs (13
pounds) during the first six months of her postnatal period.

• Progress bar: It is perhaps one of the most straightforward gamification elements
that displays operations’ wholeness. It gives information about the progress users are
making towards attaining a specific goal. In Mamma&Baby solution, the progress bar has
been thought with regards baby growth measurements. In this respect, Mamma&Baby
solution shall display the percentage users have completed as they enter values of their
babies’ vital parameters (height and weight) at a monthly basis during a twelve-month
period.

• Leaderboards: The very presence of a leaderboard can elicit the desire to play. The
simple goal of raising up the rankings serves as a powerful motivator to continue.
Based on the amount of the points collected, users shall be able to see how they stack
up against other users in the solution. The leaderboard is supposed to be displayed in
the Community section where social interaction is endorsed.

• Virtual goods: Earned points can be exchanged for instant virtual rewards. Users
shall be able to choose whether to redeem their points in the form of rewards and
subsequently reset their score to the remaining points or keep on accumulating points
without spending them. Three virtual rewards are proposed in Mamma&Baby:

– A user shall be able to redeem ’50 points’ for a new display theme.

– A user shall be able to redeem ‘100 points’ for an electronic personalized photo
frame for a specific photo of her baby that she will uploads.
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– A user shall be able to redeem ‘200 points’ for a customized electronic photo album
of ten uploaded photos.

4.4.2 Implementation

Tools and technologies used

From this initial system requirements specification, the structural and behavioral aspects
of the system have been modeled using an open source UML (Unified Modeling Language)
called StarUML. The main purpose is to fill the gap between documents written in natural
language and use cases by modeling requirements in a graphical and tabular way, which can
significantly improve the requirements representation and enrich the relationship between
them. In this vein, high-level requirements have been captured using Use cases and the
domain model has been represented using a class diagram. The control flow drawn from an
operation to another has been represented using activity diagrams. In conjunction with these
UML diagrams, user interfaces have been sketched to explore the design space of the solution
more fully and to openly investigate multiple design directions at low cost. In parallel,
the SRS document has been transformed into logical structure, which contains detailed
and complete set of specifications that can be implemented in a programming language.
Afterwards, the design has been implemented into source code in Android studio being the
official integration environment for Android app development. To build a powerful solution,
Firebase; considered a Backend as a Service (BaaS) has been used to leverage its numerous
features including real-time database, hosting, cloud storage and social authentication, among
others.

User interfaces

At the current stage of the development cycle, only the functional and non-functional
requirements are fully implemented. The gamification aspects are now being analyzed in
order to be incorporated in an updated version of the solution. Figures 4.12 and 4.13 depict a
few screenshots of user interfaces of Mamma&Baby. Once launched, the user will be primarily
asked to complete the registration form to create a new account. When logged in, the user
gets access to the home page where she can choose the section she is interested of. Six menu
cards are available, assembling each of them two to four functionalities or features such
as tracking baby’s daily activities, setting appointments’ reminders, learning tips on baby
care, screening for postpartum depression and sharing experiences and concerns with other
mothers, to cite but a few. It is possible to keep health records and tracking measurements of
multiple babies, at any moment the user can switch between her tracked babies. Also, the
user can change her preferences with regards language and measurement units from the
drawer menu.
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Figure 4.12: Screenshots of user interfaces of Mamma&Baby app (Dashboard, category’s menu, medication
details, postpartum weight monitoring).
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Figure 4.13: Screenshots of user interfaces of Mamma&Baby app (Guide, TTM Quiz, FAQ, settings).

4.4.3 Quality assessment of the gamified app: An experiment design

Following the development of Mamma&Baby solution and testing its different functional-
ities using specification-based testing, the clinical staff at the Maternity Les orangers have
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examined the different features and functionalities of the solution and have studied the
overall content coherence in order to validate the solution from a clinical perspective. With
the aim to assess the quality, effectiveness and usefulness of the solution, an experiment with
real participants will be conducted at Maternity Les orangers under the close supervision of
the same clinical staff already involved.

Participants and study procedures

Participants. A total of sixty-five puerperal women are expected to be enrolled in this
experiment. These women have to fulfill the following inclusion criteria to guarantee their
participation: IC1) Being aged between 20 and 45 years old, IC2) being resident in the region
of Rabat, IC3) having an Android smartphone, IC4) having a moderate level of experience
with apps, IC5) willing to comply with the evaluation study procedures. A written informed
consent form shall be administered to the prospective participants to be signed prior their
effective enrollment in the evaluation. This informed consent will answer the common
concerns and questions that cross participants’ mind about the purpose of the evaluation,
participation conditions, study procedures, confidentiality and withdrawal, before taking
part of the study.

Evaluation study procedures. Before starting the experiment, all the participants enrolled
will be initiated to the solution. The purpose and the main functionalities included in the
solution will be explained in details and a quick video demonstration will be displayed to the
participants to have a concrete idea on how to use the solution. Afterwards, the participants
will be requested to have the Mamma&Baby solution running on their Android smartphone
for up to six months of their postnatal period. They will have to complete all the tasks’
instructions presented in Table 4.6 at a regular basis so that they will be able to provide
a credible and well-founded feedback about the overall quality of the solution. After six
months of use, the participants will be asked to complete two self-report questionnaires of
quality assessment of the mobile solution.

Assessment criteria

In order to assess the quality of the resulting gamified solution, two self-report question-
naires will be at disposal of the participants at the end of the experiment. The effectiveness
and potential of the solution in promoting PNC and improving access to PNC services in
Morocco will also be evaluated through a short questionnaire in which they will be asked to
give their remarks and suggestions to improve the quality of the solution.

Product quality. It refers to the degree to which a product or a service fits patterns
of users or customers’ expectations and preferences. The international standard IEC/ISO
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Table 4.6: Mamma&Baby Empirical evaluation: Participants’ tasks.

Tasks Participants will be instructed to: Participants will be informed
that:

Task 1: Sign up/Create an
account then log in.

– Enter their personal information (Full
name, phone number, weight, type of
delivery, email, password)

– Enter baby’s details: Name, gender,
birthday.

– Use their login credentials (email and
password) to sign in.

– The details entered should be
accurate.

– Their personal details will be
kept secured in our database.

Task 2: Record regularly
their baby’s routine activi-
ties

– Have their smartphones at hand
to record their baby’s habits (feed-
ing/sleep) with an accurate timing.

– Switch breasts multiple times when
nursing and record the time spent on
each breast until the breastfeeding
session is over.

– Track daily diaper output.
– Get their baby’s growth (height, weight

and head circumference) measured at a
monthly basis at each checkup or at any
pharmacy,

– All the records made can be
visualized on plots.

– Month-over-month measures
can be compared with the
OMS charts.

Task 3: Set reminders for
health checks appoint-
ments and medication
intakes.

– Enter information about their postnatal
checkups’ appointments or those of
their baby’s pediatric visits.

– Set a reminder for their appointments.
– Mark complete when the appoint-

ment is attended and add note if
needed/preferred.

– Set a reminder to take their meds.

– All the information related to
the doctor visits or the medi-
cations should be correct.

Task 4: Track the vac-
cine schedule and set
reminders for upcoming
shots.

– Set reminders of upcoming vaccines in
advance.

– Record/mark as complete the vaccines
that babies received.

– All the vaccines presented
in the vaccine schedule are
mandatory and should not be
delayed or skipped.

Task 5: Monitor postpar-
tum weight

– Track their postpartum weight regu-
larly.

– All the postpartum weight
measurements are graphi-
cally displayed.

Task 6: Screen for postpar-
tum depression

– Screen for PPD at least two times dur-
ing the first 6 months after delivery.

– Seek medical attention immediately
is the quiz’s result shows a possible
presence of PPD symptoms.

– Their answers to the quiz’s
questions should be honest
and correct to receive the
most accurate feedback.

Task 7: Become a member
of new mothers’ commu-
nity

– Share their problems/concerns with
other new mothers.

– Their posts will be visible to
all users.

Task 8: Learn more about
postnatal period.

– Use our guides to acquire more infor-
mation about numerous aspects of
postnatal period such as: baby care,
postpartum recovery, danger signs,
postpartum mental health, etc.

– Quickly get the answer to the most com-
monly asked questions by puerperal
women.

25010 defines a model for software product quality that is composed of eight characteristics
which are further subdivided into sub-characteristics that are related to static and dynamic
properties of the software product [98]. Several studies have used this model to evalu-
ate health solutions as for cardiology [295, 296], BD [289] and pregnancy monitoring [288].
Four characteristics pertaining to this model have been considered to develop the product
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quality questionnaire which are: Functional suitability, Operability, Reliability and Secu-
rity. These characteristics have been found to significantly affect the quality of mHealth
solutions [288, 289, 296]. The number of items per each characteristic depended on both the
number of its sub-characteristics and the degree of its impact’s relevance on the quality of the
software product. However, despite having only three sub-characteristics, eleven items have
been developed for functional suitability characteristic. In fact, functional suitability is one
of the most important quality characteristics as it entails the ability of a software product to
match the needs and requirements of its users [297].

On the other hand, operability has also included eleven items given its numerous
sub-characteristics that are mainly focused on the degree to which the software product
is attractive, easy to learn and appropriate to use [98]. Five additional items have been
determined to cover reliability which bears on the capability of a software product to perform
failure-free operation for a specified period of time. Security, for its part, has comprised
three items primarily relying on data integrity, confidentiality and privacy. Considering the
personal and sensitive information used and shared in healthcare solutions, several security
and privacy concerns have arisen and have significantly disturbed the course of the software
development cycle. This has obliged the developers to take into consideration a number
of security requirements from the early stages of the software development [298]. Table 4.7
summarizes the items of the product quality questionnaire. The possible answers to these
items are either Yes/No or a 5-point Likert scale. The corresponding score to each of these
answers are provided in Table 4.8. The resulting participants’ scores will be obtained for each
characteristic by summing all the scores obtained for their underpinning sub-characteristics.
Further, they will be classified into five categories:

i). Very high if the score is between 4.5 and 5

ii). High if the score is between 3.5 and 4.5

iii). Moderate if the score is between 2.5 and 3.5

iv). Low if the score is between 1.5 and 2.5

v). Very low if the score if between 1 and 1.5

Quality-in-Use. The concept of quality in-use corresponds to the user’s perception of the
quality of the software product in its context of use. It can therefore be used to validate the
degree to which the software product meets the users’ needs [299]. According to the ISO/IEC
25010 standard, the quality in-use model is decomposed into the following five characteristics:
Effectiveness, Efficiency, Satisfaction, Freedom from risk and Context coverage [98]. Given
the gamification aspects that are expected to be implemented in the solution before the
evaluation, an adapted model of the quality-in-use model presented in the ISO/IEC 25010
standard has been used to define the questions of the quality-in-use assessment questionnaire.
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Table 4.7: Mamma&baby empirical evaluation: Product quality assessment questionnaire.

ID Question Answer

FS1 Did you find the various functions on this solution were well integrated? 5-pt Likert
FS2 Did you think there was not much inconsistency in this solution? 5-pt Likert
FS3 Did you find this solution feature-rich? 5-pt Likert
FS4 How useful did you find the ‘Tracking’ section? 5-pt Likert
FS5 How useful did you find the ‘Reminder’ feature? 5-pt Likert
FS6 Did you find the ‘Guides’ section very informative? 5-pt Likert
FS7 Did you find the ‘community’ very supportive? 5-pt Likert
FS8 Did the solution accurately report your data? Yes/No
FS9 Did you find the solution unnecessarily complex? 5-pt Likert
FS10 Were there any restrictions on inputs? Yes/No
FS11 Would you recommend this solution to a friend? Yes/No
OP1 Did you think the font styles used in this solution were easily legible? 5-pt Likert
OP2 Did you find the content of the solution presented in a logical order? 5-pt Likert
OP3 How appropriate and consistent did you find the color theme of the solu-

tion?
5-pt Likert

OP4 How professional did you feel the solution was look at? 5-pt Likert
OP5 Was this solution available in other languages? Yes/No
OP6 Did you think this solution had an ergonomic design? Yes/No
OP7 Did you find your measurements well presented? 5-pt Likert
OP8 Did you think the solution was easy to use? 5-pt Likert
OP9 Did you find the solution was interactive and responsive? Yes/No
OP10 Did you find the solution used a tone that is simple, informal and friendly? Yes/No
OP11 Did the solution adapt to screen orientation (portrait and landscape)? Yes/No
R1 Did the solution allow to edit your profile? Yes/No
R2 Did the solution allow you to update your preferences with regards to unit

measurements or language?
Yes/No

R3 Did the solution remember your preferences and settings? Yes/No
R4 Were all the measurements entered stored in the solution? Yes/No
R5 Did you find the solution was bug-free? Yes/No
S1 Did you think the solution protects your data? 5-pt Likert
S2 Did the solution include a privacy policy? Yes/No
S3 Did the solution support a back-up/restore feature? Yes/No

*FS: functional suitability, OP: operability, R: Reliability, S: Security

Table 4.8: Mamma&Baby empirical evaluation: Score of the possible answers to the product quality assessment
questionnaire.

Question’s ID Possible answers/scores

FS1-3, FS6-7, FS9, OP1-2, OP8, S1 From ‘Strongly disagree’ (scored 1) to ‘Strongly
agree’ (scored 5)

FS8, FS10-11, OP5-6, OP9-11, R1-5,
S2-3

‘Yes’ (scored 5) or ‘No’ (scored 1)

OP3-4, OP7 From ‘Poor’ (scored 1) to ‘Excellent’ (scored 5)
FS4-5 From ‘Not useful’ (scored 1) to ‘very useful’

(scored 5)

The QU-GamSoft model has be constructed taking into consideration the specific elements
in gamified software [300]. A total of thirteen items has been developed to cover three
characteristics, namely: Effectiveness, efficiency and satisfaction as shown in Table 4.9.

These characteristics have been found to be significantly influenced in gamified soft-
ware [300]. Effectiveness refers to the accuracy and completeness with which users achieve
specified goals owing to the engagement caused by the gamification elements whereas ef-
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ficiency designates the resources exploited as regards the completeness with which users
achieve those goals [98]. Besides, satisfaction implies the extent to which user needs are
satisfied and fulfilled when gamified software is used in specific context of use. Unlike the effi-
ciency and effectiveness characteristics, satisfaction is further divided into sub-characteristics
including: enjoyment, usefulness and user trust [300]. The scoring system for this question-
naire is exactly similar to that of the product quality evaluation questionnaire. Accordingly,
Table 4.10 displays the possible answers to this questionnaire’s items along with their corre-
sponding scores.

Potential. The potential of the solution in promoting and improving PNC in Morocco will be
assessed through the participants’ evaluation of a few aspects of the solution as presented
below:

• The solution provides valuable information on parenting and baby care.

• The solution offers useful advices and recommendations about postpartum recovery.

• The solution helps to track the vaccine schedule of your newborn.

• The solution leverages socialization in a way that it allows you to share your experiences
with others.

Participants are invited to freely choose a value between 0 and 100% that better accommo-
date their perception with respect to these aspects. An additional open question is included

Table 4.9: Mamma&Baby empirical evaluation: Quality in-use assessment questionnaire.

ID Question Answer

E1 Did you find that game elements made the solution more complex? Yes/No
E2 Did you find the game design elements of the solution were fun and pleas-

ant?
Yes/No

E3 Do you think you would use this solution frequently because it is gamified? Yes/No
E4 Did you find gamification increased your engagement with the app? Yes/No
EF1 How did you find the time taken to be assigned a game element? 5-pt Likert
EF2 How did you find the number of game elements you were assigned while

performing a task?
5-pt Likert

SA1 Overall, did you find the gamification aspects were well integrated into the
activities performed?

Yes/No

SA2 How useful did you find the proposed game design elements in motivating
you to use the solution?

5-pt Likert

SA3 Did you find the solution was fun to use? Yes/No
SA4 To which degree did earning game achievement make you happy? 5-pt Likert
SA5 How did you find being able to earn game design elements increased your

enjoyment of using the solution?
5-pt Likert

SA6 Did you think trying to earn game elements had a positive effect on your
behavior?

Yes/No

SA7 Would you prefer to use this app with game design elements than without
them?

Yes/No

*E: Effectiveness, EF: Efficiency, SA: Satisfaction
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Table 4.10: Mamma&Baby empirical evaluation: Score of the possible answers to the quality in-use assessment
questionnaire.

Question’s ID Possible answers/scores

EF1 From ‘Extremely long’ (scored 1) to ‘Immediate’
(scored 5)

E1-4, SA1, SA3, SA6-7 ‘Yes’ (scored 5) or ‘No’ (scored 1)
EF2, SA4-5 From ‘Poor’ (scored 1) to ‘Excellent’ (scored 5)
SA2 From ‘Not useful’ (scored 1) to ‘very useful and

complete’ (scored 5)

in the questionnaire to give to the participants the opportunity to make critics, remarks and
suggestions to enhance the overall quality of the solution.

Research questions

The results of this empirical evaluation will be used to answer the following research
questions:

RQ1. To what extent the solution adheres to quality characteristics?
The aim of this question is to determine the degree of fulfillment of product quality

characteristics (e.g. Functional suitability, Reliability and Security) by the solution. The
overall average score for each product quality characteristic will be analyzed to answer this
research question.

RQ2. To which degree does gamification elements enhances the quality-in-use of the
solution?

This research question aims to investigate the importance of gamification aspects in
improving user experience and user satisfaction with the solution. In order to answer this
question, the overall score obtained in the quality-in-use assessment will be analyzed.

RQ3. Is there a compliance between the solution’s product quality, its quality-in-use and
its potential as perceived and reported by the participants?

The goal of this research question is to compare between the perceived product quality
and quality-in-use of the solution and its potential as reported by the participants. First, the
correlation between the overall scores obtained in the product quality and quality-in-use as-
sessments will be studied. Then, these overall scores will be contrasted, one by one, with the
results of the solution’s potential assessment. This will likely indicate whether the potential
of the solution in improving PNC is tightly linked with its overall quality and vice versa.
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4.5 Conclusion

This chapter has reported the results of a cross-sectional study performed among a
Spanish sample of 602 individuals on the application of TTM model to BD behaviour. A
number of measures were developed to explore the relationships among TTM constructs.
Overall, the results obtained showed a general accordance with the findings reported in
previous studies which, therefore, supports the applicability of TTM to BD behaviour. On the
basis of these measures, a stage-matched gamified mobile solution; Blood4Life was developed
to aid in the recruitment and retention of motivated young blood donors. The purpose,
design, and requirements specification of the solution have been described in this chapter.
Taking advantage of gamification techniques and TTM principles, Blood4Life represents a
novel approach in the development of tailored BD mobile solutions. It offers a unique
experience to users based on their initial stage of change by triggering the processes of
changes that are assumed to help them transition to the next stages by means of gamification
elements and social influence. This research could be a starting point to investigate better
ways of implementing tailored solutions for the promotion of BD on a global scale.

In addition, this chapter has presented the SRS and implementation of a comprehensive
solution Mamma&Baby intended to promote PNC in Morocco in collaboration with Maternity
les orangers in Rabat. The requirements identified in this chapter are fully aligned with
actual women’ needs drawn from the multiple visits to the maternity. Given the paramount
role of persuasive strategies in enhancing engagement and inducing pleasant experiences, a
gamification strategy has been proposed for further implementation in the PNC solution. In
addition, this chapter has described the experiment design of a 6-months quality evaluation
of Mamma&Baby with real participants to analyze the overall quality of the solution and
assess the potential of gamification in yielding better outcomes. In this respect, the set of
tasks to be performed by the participants and the three questionnaires they shall complete
have been provided.

For future research, greater attention should be devoted to the implementation of the
principles of behaviour change theories in the solutions intended to promote healthy lifestyle
or/and induce permanent behavioural changes. By the same token, gamification techniques
should be considerably adopted in these solutions to enhance users’ experience. Nonetheless,
it is advised that future proposed solutions should construct a well-grounded and appropriate
gamification strategy that suits both the purpose of the solutions and the user.

131



Chapter5
Reusable requirements catalog for
gamified mobile health applications

5.1 Introduction

The success of a software product is often defined as one that is delivered on time, on
budget and with all the features as originally specified. In this context, requirements reuse
has been proposed as an advanced requirements elicitation technique that has a great deal of
potential in terms of achieving maximum productivity, quality and consistency throughout
the product development lifecycle [301, 302]. The remainder of this chapter is structured as
follows: Section 5.2 sheds the light on the concept of requirements reuse and summarizes
the major findings of studies dealing with the construction of reusable requirements catalogs
in the realm of healthcare. Section 5.3 presents the process of development of the reusable
catalog for gamified mHealth apps and provides a description of the characteristics of interest
included in this catalog. Section 5.4 identifies the main artifacts, activities and roles involved
in an effective audit process as regards gamification and quality characteristics in the catalog.
Section 5.5 shows two mHealth application examples that serve as a validation strategy of the
applicability of the catalog GHA-CAT and the audit method. Section 5.6 discusses the results
of the audit process on both apps. Finally, Section 5.7 draws some concluding remarks.

5.2 Requirements reuse

A variety of different approaches have been developed and used for enabling reuse of
requirements such as structuring, matching, ontology, domain analysis and parameteriza-
tion [303]. Pacheco et al. has proposed a structuring approach using software requirements
catalogs (SRC) to support software reuse [304]. This approach structures requirements be-
longing to the same domain in sorted lists (i.e. catalogs), in which each one of the software
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requirements has to be described in terms of its functionality and classified conforming to its
importance. Moreover, these requirements must be identified in a unique way in order to
facilitate the search within the catalog. A requirements catalog is versatile as it can be adapted
into different projects. The SRC approach is oriented to small-sized software enterprises that
develop custom-built software products. Health apps are a good instance of this specific type
of software products.

The ubiquity of mHealth apps and their tremendous utility have driven many researchers
to propose reusable requirements catalogs that are likely to improve the quality of the
mHealth app being built. For instance, Ouhbi et al. [247] have defined an internationalization
requirements catalog for audit purposes. A reusable requirements catalog that gathers sus-
tainability requirements from relevant software engineering standards for connected health
apps was presented by Ouhbi et al. [305]. Based on these two catalogs, Ouhbi et al. [306]
have proposed a requirements catalog for internationalized and sustainable BD apps. Belén
et al. [249] have presented an audit method to assess usability in mHealth apps based on a
reusable requirements catalog. More specifically, Bachiri et al. [307] have defined a standard-
based sustainability and internationalization requirements catalog limited to prenatal care
apps. This catalog also included requirements related to additional quality characteristics,
namely operability, performance efficiency, reliability and functional suitability. A reusable
requirements catalog to improve security in healthcare applications has been presented by
Jensen et al. [308]. With respect to gamification, a reusable catalog of gamification specifica-
tions for educational software has been recently proposed [309]. Table 5.1 summarizes the
main findings of some of these related works.

5.3 Development of a reusable requirements catalog

The elaboration of the requirements catalog for gamified mHealth apps ‘GHA-CAT’
builds on a requirements engineering approach called SIREN (SImple REuse of software
requiremeNts). Proposed and developed by a research group from the University of Mur-
cia [310], this practical approach aims at reducing the total effort and cost of software devel-
opment along with increasing the overall software productivity and quality [304], through
the creation, selection and elicitation of reusable requirements. Several studies in the health
area have used SIREN methodology for the development of reusable requirements cata-
logs [247, 249, 306]. The GHA-CAT was developed following the process depicted in Figure
5.1. First, the main information sources were identified. Literature and formal documents
such as standards and guidelines were considered. Next, relevant requirements for the
development of gamified mHealth apps were extracted from the sources previously selected.
Then, the catalog GHA-CAT was generated from these requirements following the IEEE
standards’ structure. Finally, the generated catalog is maintained and updated regularly
upon changes and/or modifications in standards, policies and legislations. This last phase is
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Table 5.1: Main findings of related reusable requirements catalogs

Ref. Context Quality
characteristics

key findings

Ref 26 Connected
Health
apps

Internationalization • To bridge cultural and linguistic diversity, connected health apps should
take into account internationalization aspects.

• A standard-based reusable i18n requirements catalog for eHealth apps
‘eHI-C’ has been proposed.

• An internationalization audit method ‘eHIA-M’ has been designed to
enable a systematic assessment of e-health applications with regard to
i18n, including a qualitative and quantitative evaluation.

• A renowned ehealth app named SHealth has been used to assess the
applicability of both the catalog eHI-C and the audit method eHIA-M.

• A 25-items questionnaire has been generated from the eHI-C as part
of the audit method to help analyse to what extent the i18n aspects are
covered by the application administered.

Ref 27 Connected
Health
apps

Sustainability • Addressing sustainability in connected health apps engenders their
large-scale adoption.

• A reusable catalog ‘SCH-CAT’ presents inherent properties of connected
health regarding sustainability.

• The catalog contains requirements that cover the individual, social,
environmental and technical dimensions of sustainability.

• Requirements related to operability, i18n should be considered in the de-
velopment or/and evaluation of sustainability since they substantially
influence the acceptability and adoption of connected health apps.

• To illustrate the evaluation process, the SCH-CAT has been applied to
the Android version of a free blood donation app called Blood Donor+.

• Based on the evaluation scores obtained, a list of recommendations has
been provided to improve the overall sustainability of the app.

Ref 29 Health care
apps

Usability • Usability enhances user experience and improves interaction with the
app.

• A software requirements catalog USB-CAT for usable mobile health
applications has been proposed.

• All the requirements of the catalog have been drawn from software
engineering recommended standards, popular guidelines and related
papers.

• Usability requirements are focused on the next 4 characteristics: Ease of
use, Personalization and internationalization, Learnability, Understand-
ability and politeness, and Accessibility.

• An audit method has been provided to check the applicability of the
catalog.

• A 133-item checklist has been generated from the catalog.
• A health application created by Samsung Electronics Co, denominated

S Health has been used to validate the catalog along with the audit
method.

• The audit report has provided a number of usability-related deficiencies
and a set of recommendations to improve the application S Health.

Ref 30 Postnatal
care apps

Sustainability, In-
ternationaliza-
tion, Operabil-
ity,Performance
efficiency, Relia-
bility, Functional
suitability

• Mobile Personal Health Records for prenatal care are mobile applica-
tions that allow women to track, manage, access data related to their
pregnancy through a mobile device.

• A standard-based requirements catalog for the inherent properties of
mPHRs for prenatal care has been developed.

• Requirements concerning functionalities, sustainability, internationaliza-
tion in mPHRs for prenatal care have been included in the catalog.

• Operability, Performance efficiency, Reliability and Functional suitabil-
ity belonging to the ISO/IEC 25010 product quality model have been
found as the characteristics mostly influenced by the requirements of
mPHRs for prenatal care.

• A 30-item questionnaire has been generated from the catalog to evaluate
the Android version of a highly downloaded mPHR for prenatal care,
denominated Pregnancy+.
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Figure 5.1: Catalog generation process.

paramount as it facilitates requirements’ adaptation into new projects. Further, it addresses
catalogs’ incompleteness and performs a change control strategy for establishing a baseline
for each developed catalog before potential modifications [304].

5.3.1 Information sources

Requirements for the GHA-CAT have been derived from literature on gamified solutions
(e.g. [35, 58, 65, 285, 309, 311–315]) and from a number of studies dealing with software
quality particularly with regards Usability, Operability and Security, including requirements
catalogs [249, 308, 310, 316], evaluation studies [183, 201, 248, 297] and reviews [215, 298]. In
addition, the following international standards and technical reports have been used to
specify these requirements.

• ISO/IEC 25010 standard for software product evaluation which defines a quality in-use
model and a product quality model that are relevant for all software products and
computer systems [98].

• ISO/IEC 25023 standard providing quality measures for quantitatively evaluating
system and software product quality in terms of characteristics and sub-characteristics
defined in ISO/IEC 25010 [101].

• ISO/IEC 25040 standard providing a process description for evaluating software prod-
uct quality and clarifies the general concepts [317].

• ISO/IEC 27799 standard for information security management in health [318].

• CEN/TR 15640 standard providing measures with which to ensure the safety of patients
using health software [319].

• ISO 9241-210 standard for ergonomics of human-system interaction [320].
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• The W3C standards for web and mobile devices [321].

5.3.2 Catalog Requirements specification

Following the identification of relevant standards and information sources, requirements
related to the focal areas of the present study were analysed and specified. The requirements
specification process was conducted based on recommendations and guidelines provided
by the IEEE 29148 standard [287] which not only describes in a comprehensive manner the
processes related to requirements engineering activities but also defines a complete and
normative guide for the proper preparation of Software Requirements Specification (SRS). A
thoughtful and well-organized SRS document reduces significantly the development cost
and is a prerequisite to high-quality software product [322]. Drawing on this guidance, the
general structure of the catalog was organized in a way that complies with the contents of an
SRS recommended by IEEE 29148 as shown in Table 5.2.

Based on the structure presented in Table 5.3, all requirements of the GHA-CAT are
encompassed in Specific requirements section and are organized under their corresponding
subsection. On the recommendation of the IEEE 29148 standard with regards additional
requirements, gamification requirements are organized under a separate section labelled
‘other requirements’. What follows is the presentation of each category of these requirements.

Gamification requirements

Perhaps the core pillar delineating the success and effectiveness of gamified mHealth apps
is the efficient use of appropriate game-design elements. Gamification requirements therefore
constitute an important section in GHA-CAT. Due to the absence of a standardized guidance
on building gamified mHealth apps, some developed gamified apps may negatively impact
the overall user experience resulting in unintended or unethical behaviour. An effective
gamified health solution should include a combination of game-design elements that promote

Table 5.2: Table of contents (IEEE 29148-2011)

1. Introduction
1.1. Purpose
1.2. Product scope
1.3. Product overview

1.3.1. Product perspectives
1.3.2. Product functions
1.3.3. User characteristics
1.3.4. Limitations

1.4. Definitions
2. References
3. Specific requirements
4. Appendices

4.1. Assumptions and dependencies
4.2. Acronyms and abbreviations
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most of the following persuasive strategies [58]:

• Relatedness and social influence: Relatedness is one of the three basic intrinsic needs
postulated within the Self-Determination Theory (SDT) [323]. The need for social
connectivity represents the innate desire of individuals for integration with the social
environment.

• Purpose and goal setting: Gamification is inherently a goal-oriented discipline; aimed
at inducing motivation. Conjointly with the SDT, the goal-setting theory, which posits
that setting and monitoring goals affect performance [324], may be considered as a
theoretical and conceptual platform for gamification.

• Mastery: is the process of becoming skilled and competent. It is assumed that every
human strives for mastery and superiority due to an inherent tendency towards feeling
competent and achieving perfect completion. Mastery is another human psychological
need of the SDT [64].

• Reinforcement and progress-tracking: According to Skinner’s Reinforcement Theory
[325], the individual’s behaviour is a function of its consequences. Based on the
principles of causality, this theory implies that an individual’s behaviour is regulated
by the type of reward or reinforcement. Given that gamification is reward-oriented, the
reinforcement theory may be regarded as another important theoretical background for
gamification.

Table 5.3: Specific requirements section structure.

3. Specific requirements
3.1. External interfaces
3.2. Functions
3.3. Usability requirements

3.3.1. Learnability
3.3.2. Operability
3.3.3. User interface aesthetics

3.4. Performance requirements
3.5. Logical database requirements
3.6. Design constaints
3.7. Software System quality attributes

3.7.1. Functional Suitability
3.7.1.1. Functional appropriateness

3.7.2. Reliability
3.7.3. Availability
3.7.4. Security

3.7.4.1. Confidentiality and privacy
3.7.4.2. Integrity
3.7.4.3. Authenticity

3.7.5. Maintainability
3.7.6. Portability

3.8. Supporting information
3.9. Other requirements

3.9.1. Gamification requirements
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• Autonomy: Considered as a salient psychological need that everyone strives to achieve,
autonomy refers to one’s perception of having freedom to make meaningful choices
[326]. Its inclusion in the gamification process should foster engagement, sustainable
motivation, enjoyment, and better performance [327].

• Fun and playfulness: Fun is the key to create motivation, addiction and virality. Con-
ceptually, this is the fundamental process of gamification that induces pleasant feelings
and enjoyable experiences. Because of this goal, it is very important that using the
system is ultimately fun and the user has a positive experience, otherwise it does not
matter how well it should theoretically work.

Functional suitability requirements

Functional suitability is one of the most important quality characteristics, since it entails
that a software product meets the needs and requirements of its users. Besides functional
appropriateness, it covers functional correctness which alludes to the degree of the system to
generate correct results with the needed level of precision, and functional completeness that
stands for the system’s capacity to provide all the functions specified by the user [98].

• Functional appropriateness requirements

Functional appropriateness is understood as the capacity of the system to facilitate the
accomplishment of the different tasks and usage objectives that have been specified through
carrying out the necessary requirements [98, 297]. It is one of the three sub-characteristics of
functional suitability as defined in the ISO/IEC 25010 Product Quality Model. The functional
appropriateness of a given software system is measured through assessing the outcomes’
appropriateness of all the identified usage objectives that can be pursued in the system,
individually and collectively [100]. With respect to gamified apps, functional appropriateness
is a crucial quality attribute that should be covered to strengthen the intended persuasive
benefits of the gamified software.

Usability requirements

Usability has long been recognized as an influential factor affecting the productivity and
the success of interactive systems and products [320, 328]. As a product quality characteristic,
usability is defined in the ISO standard [98] as “the extent to which a product, system, or
service can be used by specified users to attain specified goals with effectiveness, efficiency,
freedom of risk and satisfaction in a specified context of use”. Six attributes are encountered
under the usability characteristic which are: appropriateness recognizability, learnability,
operability, user interface aesthetics, user error protection and accessibility.

• Learnability requirements

138



CHAPTER 5. REUSABLE REQUIREMENTS CATALOG FOR GAMIFIED HEALTH APPS

Learnability is, in some respect, the most fundamental usability attributes that not
only leads to better productivity but also plays a central role in adopting or rejecting a
software application upon the first use. It implies the ease with which a software product
can be grasped and understood by users. Learnability encompasses three major measure
dimensions: simplicity, description and user guidance completeness and error messages
understandability [100]. Simplicity entails a genuine and self-explanatory user interface that
enables user perform common tasks without prior training or seeking external assistance.
The second dimension denotes the integrity of the details present in user documentations that
are supposed to facilitate the use of the software product. Error messages understandability,
for its part, points to the clarity, language appropriateness and placement of error messages.
Error messages should acutely define the problem, the cause of it and presents possible
solutions.

• Operability requirements

Operability is another essential sub-characteristic of usability. It delineates the capability
of the software product to enable the user to operate and control it [98]. A highly operable
software system is one that minimizes the time and effort needed for unplanned actions in
order to keep the system running; similarly, a software system with good operability will
make diagnosis and anticipation of errors straightforward. Assessing operability revolves
around several metrics including system consistency and suitability, self-explanatory mes-
sages, undoability, customisability and familiarity [100]. System consistency implies the
coherence between appearance and operational behaviour while performing interactive tasks.
Self-explanatory messages depict the self-descriptiveness of the software product through
all the available messages that could eventually help the user in making good use of the
software and/or resolving a potential error. While undoability marks the capability of the
software product to allow users cancel or undo actions without harmful effects to the normal
operation, customisability points out the ability of the software system to enable users to
customize interface elements and system functionalities to match their specific preferences
and conveniences. Familiarity, for its part, refers to whether the interface of the software
product has elements that are familiar to the users and convenient for their tasks that can
likely improve the user experience.

• User interface aesthetics requirements

Whereas most of usability sub-characteristics fall into inherent usability assessment, user
interface aesthetics is considered an apparent usability attribute and one of the determinants
of user satisfaction. It is defined as “the extent to which the user interface enables pleasing
and satisfying interaction for the user” [98]. The aesthetic-usability effect which refers to the
tendency to perceive attractive software products as more usable has been first studied in
the field of human–computer interaction in 1995 [329] and it was concluded that aesthetic
appeal is strongly correlated to perceived ease of use rather than to the actual one. Thus, it is
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necessary to state that users are positively influenced by an aesthetically appealing interface
which is likely to make them more tolerant of minor usability issues, yet, not of more serious
ones. Measuring user interface aesthetics of a given software product requires a scrupulous
evaluation of factors such as the visual appeal of the user interface, the clarity and size
adequacy of objects, the font suitability and the colour combinations employed [330].

Security requirements

Security and data privacy issues are one of the major hurdles threatening the effectiveness
of mHealth apps. Being one of the central quality characteristics, security is defined as the
degree of information and data protection provided by a software product so that users have
a level of data access appropriate to their types and levels of authorization [98, 319]. It covers
five sub-characteristics which are confidentiality, authenticity, integrity, non-repudiation,
accountability.

• Privacy and confidentiality requirements

Although the terms privacy and confidentiality are commonly used interchangeably,
they are related but not identical concepts. While both are rooted in law, confidentiality is
particularly rooted in ethics. In digital healthcare, confidentiality serves to protect users
from inappropriate disclosure of personal health information hence limiting access to only
authorized parties [98]. Privacy, on the other hand, refers to the legal protection of data
through granting users the right to have some control over the acquisition, uses, or disclosure
of their personal (and personal health) information [215]. Two essential elements are used to
measure the confidentiality and data privacy of a given software product: access controllabil-
ity which restricts the accessing grants of any illegal users to data, and data protection which
is tightly associated with the level of correctness and strength of encryption algorithms and
mechanisms [100].

• Integrity requirements

Integrity is another crucial sub-characteristic of security. When it comes to data, integrity
demands maintaining and assuring their overall completeness, accuracy and completeness.
This implies that the data should not be illegally tampered, improperly modified, deliberately
deleted, or maliciously counterfeited. Therefore, integrity can be assessed through measuring
the extent to which the software system prevents violations through user errors and mali-
cious intrusions by unauthorized entities [100]. Additionally, the robustness of protection
mechanisms that eradicate data corruption and ensure data longevity highly affects the level
of data integrity [100, 308].

• Authenticity requirements
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Authenticity is an integral component of information security. It involves proof of
identity [100], thus helps to reduce instances of illegal intrusions by way of misrepresentation.
It can be verified through identification acuteness and the strength of the authentication
mechanisms implemented [308].

Generation of the catalog

With the purpose of simplifying the search and reuse of the requirements identified
in the GHA-CAT and in conjunction with their integration with the existing requirements
documents, each category of requirements investigated in the present study is incorporated
in the corresponding subsection of the SRS. Requirements for each subsection are shown
in Table 5.4 to 5.7. The identification of requirements has been performed in a way that
adheres to ‘loose coupling and high cohesion’ guideline, in order to ensure a high degree
of flexibility of the whole system. Each requirement has a unique identifier and a clear
description. Additional attributes may be completed to capture further information about the
requirement such as source, date, priority, status, rationale and risk [331]. These attributes
can subsequently be used to manage both the requirements and the project along with helping
to track the status of the project and its underlying engineering activities throughout the
system lifecycle. Requirements traceability is an overarching requirements management
practice that not only defines requirements dependencies but also allows for analysis of how
potential changes in requirements impact other requirements and the project as a whole.
Tracing requirements can take different forms such as dependency, derivation, inclusion,
exclusion, satisfaction, validation, among others [332]. Table 5.7 presents some examples of
requirements extracted from the aforementioned information sources. For each example, the
source, original texts and final requirement description are indicated.

5.4 Audit method

Using the GHA catalog as a starting point, an audit method has been defined on the basis
of previous audit approaches for requirements engineering [247,249,333] to systematically and
comprehensively evaluate gamified mHealth apps. Artifacts, activities and actors involved
in the audit method are depicted in Figure 5.2.

Artifacts and roles of the audit method

During the audit process, an adapted version of the catalog CHA-CAT* is generated
to suit the specific gamified health app and its working context in which the audit is to
be applied. The CHA-CAT* artifact may include only a subset of requirements presented
in the catalog but should keep all their properties intact. Afterwards, a customized and
user-friendly checklist is obtained from the GHA-CAT* to ensure the fulfillment of each item
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Table 5.4: Gamification requirements.

ID Requirement description
G-G1 The app shall be user-centered in that it reflects user perceptions.
G-G2 The app shall integrate a combination of game mechanics.
G-G3 Gamification elements shall be well and seamlessly integrated.
G-G4 The app shall stand upon a clear set of guiding rules to avoid reward-driven behavior and

cheating.
G-G5 Gamification elements shall not crowd out intrinsic motivation for performing interesting

tasks.
G-RSI1 The app shall enable social discovery between users.
G-RSI2 Basic information in user profiles shall be public within the app community to promote social

interactions.
G-RSI3 The app shall provide at least one social interaction mechanism (commenting, tagging, instant

messaging, etc).
G-RSI4 The app shall enable users to build and/or join communities of users that truly match their

areas of interest and goals.
G-PG1 The app shall scale the difficulty and help users acquire new skills.
G-PG2 The app shall scale the challenges according to the user’s current abilities.
G-PG3 The app shall provide constant and actionable feedback which not only inform users about

their performance but also hints at the potential next actions towards the goals.
G-PG4 The app shall help users identify the importance of their goals in order to facilitate goal com-

mitment.
G-PG5 The app shall encourage users to fail and try again to foster persistence.
G-PG6 The app shall include small attainable goals to help users begin new behaviors and keep com-

mitments.
G-M1 The gamification strategy employed in the app shall lead to a sense of mastery.
G-M2 The app shall show users a path to mastery.
G-M3 The gamification elements shall remain tangibly motivating users toward total mastery.
G-M4 The app shall offer a challenging environment and guidance for users to achieve their mastery

interests.
G-M5 The app shall implement levels in that they strengthen competence and mastery.
G-RP1 The app shall provide users with an immediate feedback on their performance.
G-RP2 The app shall enable users to constantly track their progress.
G-RP3 The app shall reward each user’s progress through extrinsic incentives (e.g. points, badges,

trophies).
G-RP4 The app shall display rewards in real time.
G-RP5 Rewards shall not be overwhelming.
G-A1 Users shall have the ability and freedom of choice, decision and/or customization
G-A2 The app shall allow users create their own visual character (avatar).
G-A3 The app shall enable users to choose from a set of predefined challenges.
G-A4 The app shall grant users with the possibility to redeem virtual rewards.
G-A5 Tasks implemented in the app shall be meaningful for the user.
G-FP1 The app shall induce a sense of game-like playfulness while serving a serious purpose.
G-FP2 The app shall include a roster of quests that update on a daily basis
G-FP3 The app shall be fun to use.

*G: General, RSI: Relatedness and Social influence, PG: Purpose and Goal-setting, M: Mastery, RP: Reinforcement and progress tracking, A:
Autonomy, FP: Fun and Playfulness.

Table 5.5: Functional suitability requirements.

ID Requirement description
FS-FA1 The functional content of the app shall be useful for users in a way that matches their needs

and expectations.
FS-FA2 The features and functionalities of the app shall be clear and simple to access and use.
FS-FA3 The features and functionalities of the app shall be consistent and well-integrated.
FS-FA4 Through its different sections, the app shall provide utile and adequate content to the users.

*FA: Functional appropriateness
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in the app under study. The last artifact is the audit report which is created to synthesize
the results of the evaluation made. The actors or roles implied in the audit process are the
following:

- Audit client: Person or organization that requests the audit for a given gamified
mHealth app.

Table 5.6: Usability requirements.

ID Requirement description
U-L1 The user shall be able to easily learn to use the app and its features.
U-L2 The design of the app shall be comprehensible by the user.
U-L3 The interaction design of the app shall be intuitive, easy to learn and equally easy to remem-

ber.
U-L4 The design elements and controls shall be placed in familiar locations and similar functions

shall behave similarly.
U-L5 The app user interface should be simple with succinct elements and clear features.

U-L6

The app shall include a help section.
[U-L6-1] The help section shall be well complete, easy to scan and effortlessly searchable.
[U-L6-2] The help section shall have all resources and contact information accessible at any
given point.
[U-L6-3] The help section shall be context sensitive and shall explain how to achieve common
tasks.

U-L7 The app shall handle errors in a right way.
U-L8 The error messages shall be polite, friendly and jargon-free.
U-L9 The error messages shall be placed next to the user interface elements they are related to.
U-L10 The app shall use a visual design that make error messages easily noticeable.
U-OP1 The interface actions and elements of the app shall be consistent.
U-OP2 The app informational content shall be categorized adequately.
U-OP3 All in-app messages available in the application shall be clear, concise and understandable.

U-OP4
The error messages shall be helpful to fix system’s issues and recover from the error.
[U-OP4-1] The error messages shall be specific to the situation
[U-OP4-2] The error messages shall be constructive and precise.

U-OP5

The app shall provide users with the ability to back track and with means to undo or reverse
actions.
[U-OP5-1] Undo function shall be available for most operations.
[U-OP5-2] Actions which cannot be undone shall ask for confirmation.

U-OP6

The app shall be customizable to meet specific user needs.
[U-OP6-1] The app shall enable users to configure language settings to suit their preferences.
[U-OP6-2] The app shall enable users to change the units of measurement when convenient.
[U-OP6-3] The app shall be built to handle both screen orientations (vertical and horizontal).

U-OP7 The user interface design of the app shall contain recognition patterns which give slight hints
on how the apps works.

U-OP8 The app shall use a simple and natural dialogue that speaks the language of the user.
U-UIA1 The app content shall be well-presented and well-ordered.
U-UIA2 The overall app user interface shall have an appropriate outlook.
U-UIA3 The design of the app user interface shall suit the purpose of the app.

U-UIA4
The objects of the app user interface shall be appealing to the user.
[U-UIA4-1] The objects shall be visually identifiable.
[U-UIA4-2] The objects shall occupy an appropriate area.

U-UIA5
The fonts used for text in the app shall be appropriate.
[U-UIA5-1] The font styles shall be easily legible.
[U-UIA5-2] The font styles shall be attractive.

U-UIA6

The color scheme used on the app’s user interface shall be adequate.
[U-UIA6-1] The colours used shall be logically related.
[U-UIA6-2] The colours theme shall be consistent.
[U-UIA6-3] The colours shall be attractive.

*L: Learnability, OP: Operability, UIA: User interface Aesthetics
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Table 5.7: Security requirements.

ID Requirement description

S-PC1

The app shall provide a privacy policy.
[S-PC2-1] The privacy policy shall be understandable and conspicuously posted.
[S-PC2-2] The privacy policy shall clearly inform users of the information accessed, collected
or transmitted by the app and how that information is used, secured and disclosed.

S-PC2 Functionality that may infringe the privacy and security of users shall not be activated before
the user voluntarily and in the knowledge of the related risks gives his/her consent.

S-PC3 The app data stored in the user device shall be encrypted to prevent leakage.

S-PC4
The personal data shall be adequate, relevant and limited to what is necessary in
relation to the purposes for which they are processed.
[S-PC4-1] Only personal data necessary for the purpose(s) shall be processed.

S-PC5 Personal data shall be processed in a manner that ensures appropriate security, including
protection against un-authorized or unlawful access and processing.

S-I1
Personal data shall be processed in a manner that ensures appropriate protection against
accidental loss, destruction or damage.
[S-I1-1] Data transit (Sending and receiving) inside the app shall be via secure mediums.

S-I2 The app shall consider data portability to leverage the security level of bigger companies and
save the hassle to collect and protect user’s data.

S-I3 The app shall allow input validation to check the data supplied by the user in order to prevent
malformed data.

S-AUT1 The app shall verify the identity of users before allowing them access to its functionalities.

S-AUT2

The app shall provide a strong authentication mechanism (at least a two-factor authentication
such as Username/password identification).
[S-AUT4-1]. The password should contain at least eight characters and should expect at least
one uppercase, one digit and one special character.
[S-AUT4-2]. The app shall not allow users to use the exact same previous password when
resetting a new password.
[S-AUT4-3]. The app shall provide an additional layer of security (e.g. biometric identifica-
tion) when it comes to authentication on devices that support it (e.g. iris/facial recognition,
fingerprint).

*PC: Privacy and confidentiality, I: Integrity, AUT: Authenticity.

- System administrators: People assigned to install and manage the gamified mHealth
app.

- RE team: People responsible for the creation of the CHA-CAT and supposedly the
generation of the GHA-CAT* and the checklist. These two artifacts can be managed by
the RE team and audit team conjointly or by one of them.

- Audit team: Person or group of people in charge of performing the audit process.

Phases and activities of the audit method

The four different artifacts are either created or used by the actors throughout the audit
process. The main activities and phases that constitute the audit method are described as
follows:

Phase 1. Initial analysis of the situation

In this first phase, the environment of the system to be audited is thoroughly inspected
to grasp the settings that are triggered when the system is running. The audit client, audit
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Table 5.8: Examples of requirements for gamified eHealth apps as extracted from some information sources.

Sources Original text Extracted requirements
Example 1. Gamification requirements -Relatedness and Social influence

[285] “From a social perspective, gamification has a huge
potential as regards improving communication and
bilateral encouragement among users by means of
social sharing (e.g. posts) and instant messaging.”

[G-RSI3]. The app shall provide at least one
social interaction mechanism (commenting,
tagging, instant messaging, etc).

[G-RSI4]. The app shall enable users to build
and/or join communities of users that truly
reflect their connections of interest and goals.

[49] “Social influence, through the identification and in-
ternalisation processes relevant for group-formation,
affects attitude to using the service.”

[334] “Receiving recognition from others positively affects the
user’s attitude to using the service.”

[335] “Relatedness can be supported by various social interac-
tions, such as tagging, rating, commenting and sharing
with communities.”

Example 2. Functional suitability -Functional appropriateness
[336] “A releasable product should cover a coherent set of

tasks and objectives and meet clear needs.”
[FS-FA1]. The functional content of the app
shall be useful for users in a way that matches
their needs and expectations.[296, 307] “Each section in the app shall be complete and useful

for users.”
Example 3. Usability – Learnability

[337, 338] “Keep the interface simple. The best interfaces are al-
most invisible to the user. They avoid unnecessary
elements and are clear.”

[U-L5]. The user interface of the app should be
simple with succinct elements and clear
features.

[339] “Keeping the user interface lightweight, so it does not
delay work.”

[340] “Over-crowded features or over-precisely arrangement
of objects may lose spontaneity and dilute focus.”

Example 4. Security – Authenticity
[308] “Services should identify and verify the identity and of

all of its human users before allowing them access to
their resources.”

[S-AUT2]. The app shall provide a strong au-
thentication mechanism (at least a two-factor
authentication such as Username/password
identification).
[S-AUT2-1]. The password should contain at
least eight characters and should expect at
least one uppercase, one digit and one special
character.
[S-AUT2-2]. The app shall not allow users to
use the exact same previous password when
resetting a new password.
[S-AUT2-3]. The app shall provide an addi-
tional layer of security (e.g. biometric identi-
fication) when it comes to authentication on
devices that support it (e.g. iris/facial recogni-
tion, fingerprint).

[215] “The authentication must be done with a unique ID and
a password only known by the user. The password used
must be complex, with at least seven characters and
a combination of letters and numbers, including one
capitalized letter and a special character.”

[337] “Give people a simple and secure way to sign in.”

team and system administrators are all involved in the activities of this phase. The audit
client is interviewed to determine and reach an agreement on the budget and schedule of
the audit process. A questionnaire is, then, administered to the system administrators in
order to demarcate the scope of the system, its functional and non-functional specification,
its documentation and its users’ profiles. The last activity of the first phase deals with the
analysis of the questionnaire submitted by the system administrators to assist the RE team in
specifying the particular needs of the client in terms of characteristics to be audited.

Phase 2. Expert audit of the system
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This is the core phase of the whole audit process and is divided into three major activities.
First, the RE team creates an adapted and a more concise version of the catalog GHA-CAT*
using reusable requirements approach and the audit team proceeds to orderly map all the
requirements onto items of a checklist to conduct the audit. Subsequently, the audit team
checks the system to verify the fulfilment or non-fulfilment of the requirements contained in
the GHA-CAT* and to assess the items included in the checklist. Although it is not necessary,
the user audit validation is the last activity of this phase which consists of completing the
checklist by real results and compare their results with those obtained in the second activity.

Phase 3. Final audit report and conclusions

To wrap up the audit process, the audit team collects the assessment results and write the
final audit report in which weaknesses of the system, threats for the users and recommenda-
tions are identified. Once the report has been completed and delivered to the audit client, an
interview is held between the audit team and the system administrators. This interview has a
dual purpose. On the one hand, the audit team should explain to the system administrators
the information contained in the report and describe the deviations detected in the e-health
system. On the other hand, the system administrators are supposed to understand the threats
pointed out in the audited system and adopt the corrective measures proposed by the audit
team.

5.5 Audit illustration

This section illustrates the applicability of the catalog GHA-CAT and the audit method
described previously using two mHealth apps illustrations. The selected apps; Blood Donor

Figure 5.2: Audit process.
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and Move it Mama are dedicated for BD and PNC, respectively. The Blood Donor app is
perhaps the most gamified app in BD field. The Move it Mama app, in contrast, does not
employ gamification in a comprehensive manner, however it is the only app for PNC that
include at least one gamification element. Note that the design, development and evaluation
of BD and PNC apps represent one of the main investigation areas of the authors. Moreover,
evaluating two applications pertaining, each, to different health aspect rather than a large
discipline, will likely emphasize the pertinence of the evaluation and refine the resulting
conclusions.

Illustration 1: Blood donation App
Blood Donor is a free app developed by the American Red Cross to motivate people to

donate blood through gamification principles. The app is available in both Google play and
Apple app stores. For the sake of this evaluation, the iOS version of the Blood Donor app has
been used. Some characteristics of the app can be found in Table 5.9. The Blood Donor app
offers plenty of features that help users geolocate nearby blood drives and donation centers,
schedule and manage their donation appointments, track their donation history and earn
virtual rewards, to cite but a few.

Illustration 2: Postnatal care App
Move it Mama is a paid app developed for both platforms; Android and iOS which offers a

7-day trial. In this study, only the iOS version has been considered. This application provides
guided and personalized training for puerperal women towards an easy and fast postnatal
recovery. Besides, it gives information on all pregnancy and postnatal phases. Table 5.10
displays some of the characteristics of this app. Both apps have been installed on an iPhone
X, iOS 13.3.1. Given that both apps are gamified, they have been analysed, separately, using
the audit method previously described to check whether they properly integrate gamification
principles and adequately cover the aspects included in the GHA-CAT. The results of these
analyses may be helpful in the identification of potential gaps in the features offered by the
apps and the improvement of their capabilities with regards the characteristics embodied in

Table 5.9: Characteristics of the Blood Donor app

Name Blood Donor
Developer American Red Cross
Website https://www.redcrossblood.org/blood-donor-app.html
Category Medical
iOS Requires iOS 12.0 or later
Version 1.10.0
Last update January 23, 2020
Rating 3.7 out of 5
Number of raters 931
Downloads 500 000+
Languages English
Login Mandatory (Password)
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Table 5.10: Characteristics of the Move it Mama app

Name Move it Mama
Developer MO BIG GmbH
Website https://www.moveitmama.de/
Category Health & Fitness
iOS Requires iOS 11.0 or later
Version 1.4.0
Last update February 25, 2020
Rating Not enough
Number of raters -
Downloads -
Languages English
Login No

the GHA-CAT. Each phase of the audit process is detailed in the following paragraphs. All
the individuals involved in this audit are IT professionals and highly acquainted with quality
evaluation of mobile software.

Initial analysis of the situation. As a first step of the audit process, a preliminary
analysis of the app work environments has been performed. The user documentation and
information available in the official website of the app [341, 342] and in the app’s website at
Apple app store [343, 344] have been studied to gain insight into the purpose of the app, its
functionalities and features.

Expert audit of the e-Health system. The RE team has then carried out an expert audit
of the two apps. In this respect, a checklist has been generated from the adapted catalog GHA-
CAT* which included major aspects in terms of gamification, functional suitability, usability
and security. To facilitate the audit process, the checklist took the form of a questionnaire
regrouping 29 items. The possible answer to these questions is either ‘Yes’, ‘No, ‘Partially’
or ‘N/A’ which means not applicable. Table 5.11 displays the results of the audit performed
on both apps. The results obtained are supposed to draw conclusions on the inclusion of
gamification elements and the degree to which the two apps fulfil most of the quality aspects
previously described. Accordingly, there was a variance in the answers obtained for the two
apps. For Blood Donor app, twenty-six questions (89.7%) received positive answers and three
questions received negative answers. It became clear that this app has gone through iterative
tests and evaluation to yield this large coverage in terms of gamification and quality aspects.
With regards Move it Mama app, a total of eighteen questions received positive answers and
five questions got negative answers. Four other questions were rated as ‘partially’ fulfilled
such as for Q1 and Q11. Indeed, Move it Mama app relies solely on badges as the gamification
element which substantially impacts the perceived playfulness of the application. The two
remaining questions were judged not applicable for this application. The Move it Mama app
does not provide an informational content, nor it handles utilization errors.

Final audit report and conclusions. As a final step in system audit, the RE team gathered
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all the assessment results obtained to write a final audit report for each app. A simple instance
of this output is presented in Table C.1 in Appendix C. In this table, the audit report for both
apps are displayed separately for a better space optimization.

5.6 Discussion

Despite the growing popularity of gamification in mHealth apps, no specific standard
has been found to clearly define reusable requirements in terms of the integration of gamifi-
cation elements. Thus, the GHA-CAT is very useful for developers and designers of gamified
mHealth apps. Conjointly with gamification core pillars, the GHA-CAT also includes reusable
relevant quality requirements of which developers can elicit and specify their needs with
regards functional suitability, usability and security as being considered highly effective
within gamified systems [300].

The primary common use of reusable requirements catalogs is to serve as a leadoff for
the efficient development of recurring software products in order to achieve better quality,
reduce time-to-market and lower development cost [302]. Yet, they may also be exploited
to perform an audit on a specific software feature. Accordingly, the GHA-CAT was used to
conduct an audit on two gamified mHealth apps dedicated for distinct health disciplines.
Auditing software product is a unambiguous process that is easy to learn and apply. The
expertise of the auditors in the domain is important but not imperative thanks to the use of
checklists. The use of checklists in auditing is progressively gaining attention given its multi-
ple advantages in terms of time efficiency, easiness and effectiveness. In fact, the checklist
approach is considered as a basic tool for auditors and it is remarkably convenient to use in
that it helps to assure the full coverage of software requirements along the systematization of
the whole audit process and the uniformity between the auditors [345] . On this wise, the
checklist generated from the GHA-CAT includes the most relevant requirements among the
categories addressed in the present study. In what follows, the results of the audit conducted

Considering the fulfilled items among those in the checklist, the Blood Donor app yielded a
coverage score of 89.7% whereas the Move it Mama app has obtained a score of 74.1%. Perhaps
the main reason behind the difference between these scores is the infancy of gamification
use in PNC apps. However, after completing a search of apps for PNC, the Move it Mama
app was found to be the unique app that employs at least one gamification aspect. It has
been noted that Move it Mama app integrates a poor combination of gamification elements
consisting of badges and challenges which certainly bolster the sense of mastery and auton-
omy. Correspondingly, several other game mechanics shall be implemented to yield user
motivation and engagement with this app, such as in-app points system, leaderboards and a
social community. Earning points in real time for accomplished missions and losing them
for unaccomplished or missed goals are considered a great practice to efficiently encourage
users to loyally use the app [285]. Moreover, enhancing social influence by means of social
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Table 5.11: Generated audit checklist applied to Blood donor and Move it Mama apps.

ID Question
Results Corresponding

requirement IDBlood Donor
App

Move it Mama
App

Q1 Does the app integrate a combination of game me-
chanics?

Yes Partially G-G2

Q2 Are the gamification elements well and seamlessly
integrated into the application?

Yes Yes G-G3

Q3 Does the app provide at least one social interaction
mechanism (commenting, tagging, instant messag-
ing, etc.)?

Yes No G-RSI3

Q4 Does the app enable the user to build and/or join
communities of users that truly match their areas of
interest and goals?

Yes No G-RSI4

Q5 Does the app scale the challenges according to the
user’s current abilities?

Yes Yes G-PG2

Q6 Does the app include small attainable goals to help
users begin new behaviors and keep commitments?

Yes Yes G-PG6

Q7 Does the app provide the user with an immediate
feedback on their performance?

Yes Yes G-RP1

Q8 Does the app enable the user to constantly track
their progress?

Yes Yes G-RP2

Q9 Does the app reward user progress through extrin-
sic incentives (e.g. points, badges, trophies)?

Yes Yes G-RP3

Q10 Does the app grant users with the possibility to
redeem their virtual rewards?

Yes No G-A4

Q11 Does the app include a sense of game-like playful-
ness while serving a serious purpose?

Yes Partially G-FP1

Q12 Are the features and functionalities of the app clear
and simple to access and use?

Yes Partially FS-FA2

Q13 Are the features and functionalities of the app con-
sistent and well-integrated?

Yes Partially FS-FA3

Q14 Is the design of the app easily comprehensible by
the users?

Yes Yes U-L2

Q15 Is the interaction design of the app intuitive, easy to
learn and equally easy to remember?

Yes Yes U-L3

Q16 Does the app include a help section? Yes No U-L6
Q17 Does the app handle errors in a right way? Yes N/A U-L7
Q18 Are the error messages polite, friendly and jargon-

free?
Yes N/A U-L8

Q19 Is the informational content of the app categorized
adequately?

Yes Yes U-OP2

Q20 Is the undo function available for most operations? Yes Yes U-OP5-1
Q21 Does the app enable users to configure language

settings to suit their preferences?
No No U-OP6-1

Q22 Does the app enable users to handle both screen
orientations?

No Yes U-OP6-3

Q23 Is the content of the app well-presented and well-
ordered?

Yes Yes U-UIA1

Q24 Are the fonts used for text in the app appropriate? Yes Yes U-UIA5
Q25 Is the color scheme used on the user interface of the

app adequate?
Yes Yes U-UIA6

Q26 Does the app provide a privacy policy? No Yes S-PC1
Q27 Does the app process only relevant personal data? Yes Yes S-PC4-1
Q28 Does the app allow input validation to check the

data supplied?
Yes Yes S-I3

Q29 Does the app provide a strong authentication mech-
anism?

Yes Yes S-AUT2
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interaction and sharing is essential to create engaging gamified services [49]. In that, getting
recognized for completing challenges is likely to strengthen commitment towards them and
induce friendly competition and social connectivity. While gamification is still in its infancy
in PNC arena, the BD arena, has already taken advantage of the benefits of the various
persuasive strategies of gamification through several apps [209]. Moreover, gamifying BD
has gained attention from many researchers who have clearly reported their usefulness and
effectiveness in promoting BD [205, 206, 292].

Accounting with twenty-six positive answers, the Blood Donor app has only a few minor
flaws with regards usability and security. Therein, this app lacks the ability of screen orienta-
tion which it is not only helpful for users with low vision but also provides opportunities to
create better user experience as it offers an additional layout with a simple turn of the device.
Further, the Blood Donor app does not implement a multi-language support, undoubtedly,
because it is intended for American residents, however, the United States has always been a
country noted for its linguistic diversity. It goes without saying that English language apps
tend to fare well in many parts of the world but adopting the native language of users is
paramount as it avoids miscommunication, widens reachability and builds loyalty and user
trust. Furthermore, the absence of the privacy policy in this app may lead in violation of user
privacy. Although being included in the website of the app, it is highly recommended to
present an in-app privacy policy that accessible for the user at any moment [215].

The Move it Mama app however, obtained eighteen positive answers due to the poor
gamification implementation and numerous usability issues. The overall design of the app
rendered it confusing and difficult to comprehend. With redundancy of content among
sections, inconsistent features and ambiguous navigation, the user experience is likely to be
negatively affected. Thus, in order to enhance the user experience, it is advisable to follow
certain design practical guidelines such as simple navigation, concise and clear content, easily
readable text and appropriate colour scheme. Another flaw noticed in the Move it Mama app
is the absence of an in-app help section that shall clearly displays help and useful instructions
for the users. This section shall be easily reachable, and its content shall be straightforward
and concise. Analogous to the Blood Donor app, the Move it Mama app also lacks the
multilingual support which may significantly hamper its ability to reach wider audience.

On the average, both apps have been found to suffer from a few usability and security
issues that are likely to impact their user experience regardless of their popularity and the
health purpose they aspire to. In contrast, it has been elucidated that gamification has gained
more popularity in BD area and still in its early emergence when it comes to PNC. App
developers shall therefore endorse the persuasive strategies of gamification in order to render
PNC apps more playful and enjoyable while still assisting the mothers in their postnatal
journey.
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Study limitations

This study may have several limitations. First, it may have overlooked a number of
requirements relevant for gamified mHealth apps. However, to mitigate this issue, many
recommended standards, guidelines and pertinent scientific researches have been considered
in the elicitation of the most common requirements for gamified mHealth apps. Second,
this study has only investigated two mHealth apps as examples to evaluate the catalog and
assess the applicability of the audit process. As an attempt to alleviate this issue, the two
apps belong to different health disciplines and have been used essentially to illustrate the
application of the GHA-CAT in the evaluation of gamified systems. Third, the efficiency
of the audit method may appear too straightforward and draws biased conclusions. In an
attempt to mitigate this issue, the auditors have a significant level of practical knowledge
in terms of requirements engineering and auditing and have conducted the process in the
utmost objectivity and credibility. Finally, the checklist generated may have omitted certain
valuable requirements for one or both application examples. Notwithstanding, this checklist
has covered all the main categories of requirements. Importantly, the checklist remains
adaptable to any gamified health system as long as an adjusted version of the catalog is
generated.

5.7 Conclusion

This chapter has proposed a reusable requirements catalog for gamified mHealth apps,
denominated as GHA-CAT, that can be adapted to various health disciplines. Originated from
recommended standards and multiple information sources, this catalog has encompassed
the most relevant requirements as regards gamification, functional suitability, usability and
security that should be considered in the design and development of effective gamified
mHealth apps.

This chapter has also introduced an audit method to harness the utility of the catalog. A
checklist has been established to demonstrate the practical applicability of the catalog and
the audit method on real gamified mHealth apps. In this respect, two mHealth apps have
been selected, namely Blood Donor which is a famous app for BD promotion, and Move it
Mama which focuses on PNC. The checklist that has been used for the evaluation of these
two apps, contained 29 requirements that were retrieved from the catalog and plainly apply
to the specification of both apps.

The results show that the two apps yielded two different scores, however, both of them
had a few issues in terms of usability. Contrary to the important presence of gamification
elements in Blood Donor, an poor and inadequate implementation of gamification has been
perceived in the Move it Mamaapp which has significantly lessen its coverage degree (74.1%).
Based on these results, a number of valuable recommendations and encountered deficiencies
have been formulated for a better improvement of the overall quality of the apps.
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For future work, it is intended to prioritize the catalog items using an appropriate
requirements prioritization technique in order to guarantee the usefulness of the catalog even
in critical circumstances (i.e. tight deadlines, budgetary constraints). It is also expected to
continuously improve the content of the catalog using additional information sources such
as new standards or other stakeholders’ needs.
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Chapter6
Conclusions and future work

"It always seems impossible until it’s done."

- Nelson Mandela

This chapter summarizes the main findings of the research described in the thesis. The
aim and objectives of the research are reviewed and an emphasis is placed on the research
achievements and contributions. Moreover, this chapter outlines broad implications for
researchers and practitioners, along with some possible directions for future work.

6.1 Review of research objectives

This thesis investigated the use of gamification in mHealth solutions. A particular
attention has been drawn towards BD and PNC areas. To gain a deep insight into how
gamification is being applied to the digital health environment, a thorough SLR has been
conducted. In this regard, a number of relevant papers have been selected and critically
scrutinized. Moreover, the functionalities and gamification aspects of existing BD apps have
been analyzed. The impact of these requirements on the overall quality of the BD app has
been calculated using the ISO/IEC 25010 quality model. Besides, a proper understanding
of donors’ behaviour has been gained through the application of TTM principles. On these
grounds, a gamified mobile solution to enhance the recruitment and retention of blood donors
has been developed. Another review has been carried out to explore the functionalities and
features of available PNC apps. Geared to respond to women’s real needs in terms of PNC
in Morocco, a comprehensive mobile solution has been developed and fully implemented
as part of a collaboration with Maternity Les orangers in Rabat under a research PEER
project. Owing to the novelty of gamification PNC context, a practical strategy to implement
gamification elements in the PNC solution has been proposed. Based on the foregoing, a
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catalog of reusable requirements for gamified mHealth apps has been constructed including
key gamification aspects and some important usability and security measures. Finally, an
audit approach has been proposed to evaluate the compliance of gamified mHealth apps
with the requirements presented the catalog, when applicable.

6.2 Achievements

The purpose of the thesis is to develop a greater understanding of applying gamification
techniques to mHealth solutions. Hence, this research has produced a number of original
scientific contributions that are indicated in the following:

1. Investigating the use of gamification in the health context. Chapter 2 has presented
the state-of-the-art research on the use of gamification in digital health solutions. Rele-
vant papers in this area, published between 2000 and 2015 were identified. A total of 46
papers were therefore selected. It was noted that the rapid emergence of gamification
into healthcare area has gained a major interest among researchers and practitioners
in the field. According to the results obtained, it was found that the majority of the
papers analyzed were solution proposals or research evaluations. However, almost half
of these studies lack some empirical evidence. The findings of this SLR also indicated
the particular presence of gamification elements in contexts mostly related to chronic
disease management and physical activity. Rewards, feedback and social integration
were the gamification elements predominantly investigated. Further, a few challenges
facing the use of gamification were pointed out. The predominant concerns as regards
gamification were associated to the questionable long-term viability of its effect on the
users and to the non-significance of some incentives to the users. In contrast, couple of
perceived benefits of gamification were highlighted, of which yielding a regular user’s
engagement and immersion into the health solution was the mostly stated.

2. Analyzing functionalities and features of BD apps and PNC apps. In chapter 3, a
review of existing BD apps has been conducted. A total of 10 gamified BD apps were
selected out of 801 candidate apps and went through an 8-item questionnaire to assess
their functional comprehensiveness. It was found that the majority of these apps
included notifications, geolocation feature and social networking as a way to motivate
users to donate blood. As regards gamification, various elements were implemented
in these apps including points, badges, leaaderboards and financial rewards. Chapter
3 has also scrutinized the functionalities and technical features in existing PNC apps.
Using the SLR process, a total of 48 apps was analyzed based on a set of 37 assessment
questions covering postnatal-related characteristics together with security, usability
and internationalization aspects. The findings of this review showed that PNC apps
mostly dealt with monitoring the baby’s development and providing guidance and
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information as regards baby care and postpartum care. Besides, it was noted that the
highest assessment score obtained was of 59%, denoting the low compliance of the
apps with the characteristics. Accordingly, functionalities related to postpartum care
such as weight tracking and mother’s sleep diary were not found in the apps analyzed.
The privacy policies encountered in 63% of these apps were also studied resulting in
an unstandardized guidance and regulation on addressing users’ privacy concerns.
Moreover, only 12 apps were found to fully conform with the usability features assessed
whilst the multi-language support was implemented in merely 8 apps.

3. Evaluating the influence of BD apps’ requirements on SPQ using ISO/IEC 25010.
Chapter 3 has provided a general overview of gamified BD apps’ requirements which
have been retrieved from literature and existing apps on the market. These require-
ments were then regrouped in four categories: App’s accessibility, donor’s personal
information, user’s actions and app’s components. Using the ISO/IEC 25010 quality
model, a checklist was established to calculate the degree of impact of these require-
ments on 30 external sub-characteristics. The results of this study showed a significant
variability in the degree of impact of the requirements identified. In particular, users’
actions and app’s features were the blocks of requirements that reached a very high
degree of influence on quality characteristics. Moreover, functional suitability and oper-
ability were the mostly influenced quality characteristics contrary to compatibility and
transferability who reached a very low degree of influence; 16% and 11% respectively.

4. Specifying the requirements to develop a stage-matched gamified BD mHealth so-
lution. Chapter 4 has explored the applicability of TTM constructs to blood donors’
behaviour change. A cross-sectional survey was therefore conducted on a sample of
504 Spanish individuals. These respondents shared their perceptions on the factors
that likely motivate them and/or discourage them from voluntarily giving blood. The
results obtained indicated that most of the TTM constructs differentiated participants
across the stages of change, particularly processes of change, self-efficacy and phys-
ical cons. Besides, significant correlations were observed between TTM constructs
except for the physical cons and the processes of change. Chapter 4 has also presented
the requirements and characteristics of a tailored gamified BD apps, denominated
‘Blood4Life’ which aims at targeting all types of users in terms of their stage of change
which defines their readiness and willingness to donate blood. By means of a variety
of gamification elements and according to the initial stage of change of the user, the
solution is likely to trigger the processes of change that are assumed to encourage users
to progress towards later stages.

5. Developing and implementing a comprehensive mobile solution to promote PNC
in Morocco. In chapter 4, a set of requirements has been identified to build a solution
dedicated to assist new mothers during their postnatal period. These requirements were
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mainly formulated based on the findings of the review presented in chapter 3 and were,
then, enriched with real needs elicited at maternity Les orangers in Rabat. In addition
to these functional and non-functional requirements, chapter 4 has also proposed a
gamification strategy to boost user engagement and turn the postnatal rollercoaster into
a fun, enjoyable and appealing experience. After the analysis and design phases, a pilot
version of the solution called ‘Mamma&Baby’ has been implemented using android
framework. Moreover, chapter 4 has presented the core activities and questionnaires to
perform an empirical quality evaluation of the solution with real participants.

6. Constructing a reusable requirements catalog for gamified mHealth apps. Chapter
5 has presented a catalog of reusable requirements related to gamification, functional
suitability, usability and security. These requirements are deemed to be crucial in
building effective gamified mHealth apps. A number of international standards, guide-
lines and multiple information sources were used to formulate these requirements.
To illustrate the practical applicability of the catalog, an approach of software audit
has been performed. Chapter 5 has therefore outlined the key methodological steps
to perform this audit method and it has described the entire audit process. In this
vein, a gamified BD app and a gamified PNC app were selected to undergo the audit
process. A checklist was generated from the catalog and contained 29 items. The results
obtained indicated a noticeable lack of usability aspects in both apps and gamification
was poorly integrated in the PNC app. An audit report was elaborated to summarize
all details as regards the apps’ characteristics, deficiencies, and recommendations for
potential improvements.

6.3 Implications for research and practice

The research achievements synthetized above arise several implications and recommen-
dations for researchers and practitioners working in the mHealth field.
These implications include:

• The findings of the SLR can be beneficial for researchers to draw considerable attention
to the long-term effect of gamification on user engagement through conducting longitu-
dinal empirical studies that are likely to yield more accurate results. On the other hand,
practitioners, are advised to be more aware about the possible gaps in the gamified
applications that may lead to cheating and overlooking the health outcomes aspired.
Whilst involving game-designers in the building process of gamified applications is
extremely important, developers should imperatively address the security and privacy
issues.

• The analysis of functionalities and features of BD and PNC apps may help researchers
and practitioners in the identification of pertinent requirements to develop evidence-
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based and tailored solution to promote BD and PNC. Further, the checklist used in the
quality evaluation of BD apps can serve as a tool to draw up the essential requirements
that help enhance the overall external quality of gamified BD apps.

• The TTM measures developed to understand blood donors’ behaviour may be useful
in the development of stage-matched interventions aiming at increasing individuals’
intention to give blood. Accordingly, practitioners should learn techniques that can
potentially drive positive behaviour change an implement them on well-founded
theoretical strategies. For instance, developers may combine gamification elements and
TTM constructs as proposed in Blood4Life to build solutions geared toward changing
behaviour.

• The design of the gamified postnatal mobile solution may be useful for developers
and clinical researchers in the digitalization of this crucial reproductive service. In
this direction, the requirements specification proposed for this solution can serve as
a starting point to develop more persuasive solutions that cater to the needs of both
mothers and newborns during the postnatal period.

• Researchers, developers and evaluators can all benefit from the reusable requirements
catalog and the audit approach proposed. On the one hand, the requirements catalog
may open a wide room of investigation and improvement to researchers as regards
the use of gamification in mHealth apps. On the other hand, this catalog may support
developers in the elicitation of vital requirements of such apps. Moreover, the audit
approach suggested may be useful for all parties. Researchers and developers should
focus on the deficiencies encountered in the apps audited as a way to enhance them,
and evaluators can benefit from the entire audit process to assess the conformity of
other gamified mHealth solutions with some predefined requirements.

6.4 Future work

The results in this thesis lay the groundwork for a proper understanding of the use of
gamification in mHealth apps. There are some natural and immediately accessible avenues
for future research that would help expand and support the results.

Therefore, it is intended to complete the implementation of the BD solution and develop
a related facet for blood centers in order to efficiently track eligibility and manage blood
appointments of prospective donors. Following implementation, we will perform a longitu-
dinal empirical evaluation with real participants to assess the effectiveness of the solution in
BD behavior change and measure its potency in the optimization of donors’ recruitment and
retention.

As regards the PNC solution, we plan to complete the implementation of the solution
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by integrating the gamification elements. Afterwards, we will conduct an empirical evalua-
tion with a group of puerperal women (real users) to gather their perceptions and credible
feedback as regards its overall quality and potential. Further features are expected to be
continuously included to improve the effectiveness of the solution in facilitating access to
PNC such as a geo-targeted feature to locate nearby healthcare providers, pharmacies and
street hospitals. Moreover, we plan to enhance the security and privacy measures of the
solution.
Future research will also involve the prioritization of the requirements enclosed in the catalog
using an adequate prioritization technique in order to ensure the usefulness of the catalog
even in critical circumstances (i.e. tight deadlines, budgetary constaints). It is also expected
to continuously improve the content of the catalog using additional information sources such
as new standards or other stakeholders’ needs.

Note. A part of the research described in this thesis was conducted within the context of a re-
search project on "Facilitating Access to Reproductive Healthcare Services for Refugee Women in
Morocco". This project is supported by Partnerships for Enhanced Engagement in Research (PEER)
program and funded by the US Agency for International Development and the National Academies of
Sciences.

... every doctoral thesis should have an end. Thus, I rest my case!
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AppendixA
Complementary data on postnatal care
apps

This appendix provides all the assessment results of the postnatal apps selected in Chapter 3.
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APPENDIX A. COMPLEMENTARY DATA ON POSTNATAL CARE APPS

Table A.1: Review of postnatal care apps: Characteristics of the 48 apps evaluated for postnatal care

Application name OS Category Latest
update

Free /Paid App website/ URL Country of
origin

Ovia Parenting: Baby Tracker,
Breastfeeding Timer

Android
Medical

07-Jan-19
Free https://www.oviahealth.com/ USA

iOS 24-Jan-19
WellMama free post pregnancy yoga
poses

Android Health &
Fitness

31-Mar-18
Free http://www.behappymum.com/ UK

iOS 05-Apr-18

FitMama Lite 5Min
Android Health &

Fitness 15-Jan-18 Free http://www.behappymum.com/ UK
iOS

Glow Baby Newborn Tracker App
Android Parenting 23-Jan-19 In-app

purchase https://glowing.com/ USA
iOS Medical 18-Dec-18

Baby tracker - Newborn Feeding,
Diaper, Sleep log

Android Parenting 11-Mar-18 In-app
purchase http://nighp.com/babytracker/ Hong Kong

iOS Medical 10-Dec-18

Baby manager
Android Parenting 13-Jun-18

Paid http://babymanagerapp.tumblr.com/ Canada
iOS Medical 25-Apr-18

Baby+
Android Parenting 26-Sep-18

Free https://www.health-and-
parenting.com/ Netherlands

iOS Medical 20-Sep-18

Fit Mommy Project Challenge
Android Health &

Fitness
06-Dec-18

Paid https://www.kimmysmithfit.com/ USA
iOS 20-Mar-18

Postnatal workouts
Android Health &

Fitness
21-May-18 In-app

purchase
https://bit.ly/2Nx3xnK

USA
iOS 01-Jun-18 https://apple.co/2IIfR62

BabyTime
Android Parenting 28-Jan-19 In-app

purchase https://www.babytime.care/ Republic of
KoreaiOS Medical 15-Jan-19

WebMD Baby
Android Health &

Fitness
24-Jan-19

Free https://wb.md/2H9W50D USA
iOS 12-Dec-18

Breastfeeding Tracker Baby Log
iOS Medical 26-Feb-18 In-app

purchase
https://apple.co/2RA8XjF

USA
Android Parenting 30-Nov-18 https://bit.ly/2NToVUm

Moment Health
Android Health &

Fitness
23-Jul-18 In-app

purchase https://momenthealth.io/ UK
iOS 06-Jul-18

Baby tracker - feeding, sleep and diaper
Android Parenting 24-Jan-19 In-app

purchase https://amila.io/ Canada
iOS Health &

Fitness
20-Nov-18

MH motherhood
Android

Medical
11-Oct-18

Free https://bit.ly/2EmtQJm USA
iOS 03-Oct-18

Baby loggy -newborn log iOS Medical 03-Jan-19 In-app
purchase

http://babyloggy.com/ USA

30-day fit mommy Challenge iOS Health &
Fitness

22-Dec-18 In-app
purchase

https://apple.co/2VuS62X USA

Oh baby! Mom and baby exercise iOS Health &
Fitness

02-Mar-18 In-app
purchase

https://apple.co/2tGmsn5 USA

Caring for a newborn baby iOS Health &
Fitness

17-Apr-18 Paid https://apple.co/2UbUDyz USA

MyMedela iOS Health &
Fitness

15-Nov-18 Free https://apple.co/2SwUG6v Switzerland

Postnatal pilates iOS Health &
Fitness

18-Jan-18 Paid https://apple.co/2EmTaPh Australia

Postnatal pilates by reform iOS Health &
Fitness

01-Oct-18 Paid https://apple.co/2EDEDzW Ireland

Sprout Baby iOS Health &
Fitness

16-Jan-19 In-app
purchase

https://apple.co/2UaF8XG USA

Guide to newborn care Android Parenting 13-Nov-18 Free https://bit.ly/2Nz3kk9 India
After birth exercise Android Health &

Fitness
08-Jan-18 In-app

purchase
https://www.rueckbildung-app.de/ Germany

Pregnancy, parenting advice & baby care
tips app

Android Parenting 19-Jan-19 Free https://www.parentune.com/ India

Bleeding after birth Android Health &
Fitness

02-Oct-18 Free https://bit.ly/2TpHt3O Egypt

Burn fat after pregnancy - weight loss Android Health &
Fitness

24-Oct-18 Free https://bit.ly/2T92JvB N/A

Losing weight after pregnancy Android Health &
Fitness

24-Sep-18 Free https://bit.ly/2IL4R7U Pakistan

Telfair baby Android Health &
Fitness

7-Apr-18 Free https://www.sjchs.org/default.aspx USA

Post pregnancy recovery Android Health &
Fitness

19-Jun-18 Free https://bit.ly/2EDEOLI Kenya

Growth Chart, Development Milestones
& Vaccination

Android Parenting 07-Dec-18 Free https://www.growthbookapp.com/ India

LactApp+ Android Health &
Fitness

28-Feb-18 Free https://bit.ly/2XqT026 Philippines

NKCH moments Android Medical 21-Oct-18 Free https://www.customizedinc.com/ USA
Parentlove: baby feeding tracker, diapers,
pumping

Android Parenting 13-Jan-19 In-app
purchase

https://parentlove.me/ USA

Maternal & newborn care plans Android Medical 10-Oct-18 Free https://bit.ly/2NxSWct Singapore
Essentia baby Android Medical 26-Jan-18 Free https://www.essentiahealth.org/ USA

Continued on next page
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Continued from previous page

Application name OS Category Latest
update

Free /Paid App website/ URL Country of
origin

Your baby’s birth & beyond Android Health &
Fitness

11-Oct-18 Free https://www.pinnaclehealth.org/ USA

Baby care plus Android Medical 29-Jan-18 Paid https://bit.ly/2TmQBpP China
The postpartum cure Android Health &

Fitness
12-Jul-18 Paid http://thepostpartumcure.com/ USA

UWBaby Android Medical 21-Oct-18 Free https://bit.ly/2EGhWeR USA
Skin care after pregnancy Android Health &

Fitness
18-Sep-18 Free https://bit.ly/2IHI90g India

Elebaby simple Android Parenting 07-Aug-18 In-app
purchase

https://bit.ly/2tIPsL2 USA

Baby Tracker - Newborn Log Android Parenting 24-Nov-18 In-app
purchase

https://bit.ly/2H8ZkW9 Netherlands

Mother and baby 2019 Android Parenting 05-Oct-18 Free https://bit.ly/2EnJJz5 Egypt
C-section recovery Android Health &

Fitness
13-Oct-18 Free https://bit.ly/2EjDwEf India

You+Baby Android Medical 26-Jan-18 Free http://www.gundersenhealth.org/ USA
Baby& me Android Health &

Fitness
26-Feb-18 Free https://www.slhn.org/ USA
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Table A.2: Review of postnatal care apps: Extra features of the apps selected.

Application name Extra features

Ovia Parenting: Baby Tracker, Breastfeed-
ing Timer

– Take or upload pictures (newborn’s special moments).
– Support multiple children.
– Track developmental milestones.

Glow Baby Newborn Tracker App – Take or upload pictures (newborn’s special moments).
– Plot growth measures.
– Support multiple children.
– Export data into PDF report.

Baby tracker - Newborn Feeding, Diaper,
Sleep log

– Take or upload pictures (newborn’s special moments).
– Compare growth measures measures against World Health Organization averages.
– Plot growth measures.
– Adjust growth chart for premature baby.
– Support multiple children.
– Export data via email.

Baby manager – Plot growth measures, feeding, diapering and pumping.
– Support multiple children.
– Export data into CSV file.

Baby+ – Activities and Toys by Age information.
– Take or upload pictures (newborn’s special moments).
– Support multiple children.
– Create a yearbook.
– Lullabies and white nose to help baby sleep.
– Compare growth measures measures against World Health Organization averages.
– Doctor visit planner.

Postnatal workouts – Workout challenges.
BabyTime – Take or upload pictures (newborn’s special moments).

– Health record information.
– MusicBox to help baby sleep.
– Plot growth measures, feeding, diapering and pumping.
– Support multiple children and caregivers.
– Export data.

WebMD Baby – Take or upload pictures (newborn’s special moments).
– Support multiple children and caregivers.

Breastfeeding Tracker Baby Log – Take or upload pictures (newborn’s special moments).
– Plot growth measures.
– Track location to know where the baby has been fed.
– Support multiple children and caregivers.
– Export data into CSV or HTML format.

Baby tracker - feeding, sleep and diaper – Plot growth measures.
Baby loggy -newborn log – Support multiple children.

– Send an email summary of all the baby’s care to a caregiver or a doctor.
– Apple watch support.

MyMedela – Upload baby’s picture.
– Breastfeeding Confidence Assessment.

Sprout Baby – Plot growth measures.
– Compare growth measures against WHO averages.
– Support multiple children.
– Export data via email.

Growth Chart, Development Milestones
& Vaccination

– Plot growth measures.

LactApp+ – Plot growth measures, feeding, diapering.
– Back to work preparation.

Baby care plus – Support multiple children.
– Plot growth measures.
– Export data into CSV file.

Skin care after pregnancy – Tips to take care of the skin after having a baby.
Elebaby simple – Support Android wear watch.

– Plot growth measures.
– Support multiple children and caregivers.

Baby Tracker - Newborn Log – Plot growth measures.
– Take or upload pictures (newborn’s special moments).

C-section recovery – Information about pregnancy, labour and birth.
MH motherhood
Telfair baby
NKCH moments
Your baby’s birth and beyond
UW Baby
You+Baby
Baby&me
Essentia Baby

– Pregnancy monitoring.
– Information on labor and birth.
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Table A.3: Review of postnatal care apps: Assessment results

Application name PN1 PN2 PN3 PN4 PN5 PN6 PN7 PN8 PN9 PC10

Ovia Parenting: Baby Tracker, Breastfeeding
Timer

Y N N N N Y N N Y N

WellMama free post pregnancy yoga poses N N N N Y N N N N N
FitMama Lite 5Min N N N N Y N N N N N
Glow Baby Newborn Tracker App - Breastfeeding
Timer Diaper Log

Y N N N N N Y Y Y N

Baby tracker - Newborn Feeding, Diaper, Sleep
log

Y N N N N N N N N N

Baby manager Y N N N N N N N N N
Baby+ Y N N N Y N Y N N Y
Fit Mommy Project Challenge N N N N Y N N N N N
Postnatal workouts N N N N Y N N N N N
BabyTime Y N N N N N N N N N
WebMD Baby Y N N N Y Y Y Y Y N
Breastfeeding Tracker Baby Log Y N N N N N N N Y N
Moment Health Y N N N N Y N N N N
Baby tracker - feeding, sleep and diaper Y N N N N N N N N N
MH motherhood Y Y Y Y N Y N Y Y Y
Baby loggy -newborn log Y N N N N N N N N N
30-day fit mommy Challenge N N N N Y N N N N N
Oh baby! Mom and baby exercise Y N N N Y N N N N N
Caring for a newborn baby N N N N N N Y N N N
MyMedela Y N N N N N N N N N
Postnatal pilates N N N N Y N N N N N
Postnatal pilates by reform N N N N Y N N N N N
Sprout Baby Y N N N N N N N N N
Guide to newborn care N N N N N N Y Y Y N
After birth exercise N N N N Y N N N N N
Pregnancy, parenting advice & baby care tips app Y Y N N Y Y Y Y Y Y
Bleeding after birth N N Y N N N N N N N
Burn fat after pregnancy - weight loss N N N Y Y N N N N N
Losing weight after pregnancy N N N N Y N N N N Y
Telfair baby Y Y Y Y N Y N Y Y Y
Post pregnancy recovery N Y Y Y Y Y N N N Y
Growth Chart, Development Milestones & Vacci-
nation

Y N N N N N N N Y N

LactApp+ N N N N N N N N N N
NKCH moments Y Y Y Y N Y N Y Y Y
Parentlove: baby feeding tracker, diapers, pump-
ing

Y N N N N N N N N N

Maternal & newborn care plans N N Y N N N N Y N N
Essentia baby Y Y Y Y N Y N Y Y Y
Your baby’s birth & beyond Y Y Y Y N Y N Y Y Y
Baby care plus Y N N N N N N N N N
The postpartum cure N N N N Y N N N N Y
UWBaby Y Y Y Y N Y N Y Y Y
Skin care after pregnancy N Y N N N N N N N Y
Elebaby simple Y N N N N N N N N N
Baby Tracker - Newborn Log Y N N N N N N N N N
Mother and baby 2019 N N N N N N N Y N N
C-section recovery N Y N N Y N N N N Y
You+Baby Y Y Y Y N Y N Y Y Y
Baby& me Y Y Y Y N Y N Y Y Y
Total (N) 28 12 11 10 18 13 6 14 15 15
Total (%) 58% 25% 23% 21% 38% 27% 13% 29% 31% 31%

Continued on next page
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Continued from previous page

Application name PC11 PC12 PC13 PC14 PC15 R16 R17 R18 R19 N20

Ovia Parenting: Baby Tracker, Breastfeeding
Timer

Y Y Y Y Y N N N Y Y

WellMama free post pregnancy yoga poses N N N N N N N N N N
FitMama Lite 5Min N N N N N N N N N N
Glow Baby Newborn Tracker App - Breastfeeding
Timer Diaper Log

N N N N N N N N N Y

Baby tracker - Newborn Feeding, Diaper, Sleep
log

N N N N N N N N N Y

Baby manager N N N N N N Y Y Y Y
Baby+ N Y Y N N Y Y N N Y
Fit Mommy Project Challenge N N N N N N N N N N
Postnatal workouts N N N N N N N N N N
BabyTime N N N N N N N N N Y
WebMD Baby Y Y Y N N N N Y Y Y
Breastfeeding Tracker Baby Log N N N N N Y Y N Y N
Moment Health N N N N N N N N N N
Baby tracker - feeding, sleep and diaper N N N N N N N Y N Y
MH motherhood N Y Y Y N Y N N Y N
Baby loggy -newborn log N N N N N N Y N Y Y
30-day fit mommy Challenge N N N N N N N N N N
Oh baby! Mom and baby exercise N N N N N N N N N N
Caring for a newborn baby N N N N N N N N N N
MyMedela N Y Y N N N N N Y Y
Postnatal pilates N N N N N N N N N N
Postnatal pilates by reform N N N N N N N N N N
Sprout Baby N N N N N Y N N Y Y
Guide to newborn care Y Y Y N N N N N N N
After birth exercise N N N N N N N N N N
Pregnancy, parenting advice & baby care tips app Y Y Y N N N N N N N
Bleeding after birth N N N N N N N N N N
Burn fat after pregnancy - weight loss N N N N N N N N N N
Losing weight after pregnancy N N N N N N N N N N
Telfair baby N Y Y Y N Y N N Y N
Post pregnancy recovery N Y N Y N N N N N N
Growth Chart, Development Milestones & Vacci-
nation

N N N N N N N N Y N

LactApp+ N Y Y N N N N N N N
NKCH moments N Y Y N N N N N Y Y
Parentlove: baby feeding tracker, diapers, pump-
ing

N N N N N Y N Y Y Y

Maternal & newborn care plans N N N N N N N N N N
Essentia baby N Y Y Y N Y N N Y N
Your baby’s birth & beyond N Y Y Y N Y N N Y N
Baby care plus N N N N N Y Y Y Y Y
The postpartum cure N N N N N N N N N N
UWBaby N Y Y Y N Y N N Y N
Skin care after pregnancy N Y N N N N N N N N
Elebaby simple N N N N N N N N N Y
Baby Tracker - Newborn Log N N N N N N N N N Y
Mother and baby 2019 Y Y Y N N N N N N N
C-section recovery N N N N N N N N N N
You+Baby Y Y Y Y N Y N N Y Y
Baby& me Y Y Y Y N Y N N Y Y
Total (N) 7 18 16 9 1 12 5 5 18 18
Total (%) 15% 38% 33% 19% 2% 25% 10% 10% 38% 38%

Continued on next page
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Application name N21 N22 N23 N24 N25 S26 S27 S28 A29 A30

Ovia Parenting: Baby Tracker, Breastfeeding Timer N Y N N N N N Y Y Y
WellMama free post pregnancy yoga poses N N N N N Y Y N N Y
FitMama Lite 5Min N N N N N N Y N N Y
Glow Baby Newborn Tracker App - Breastfeeding
Timer Diaper Log

Y Y Y N N N N Y Y Y

Baby tracker - Newborn Feeding, Diaper, Sleep log Y N Y Y N Y Y N N Y
Baby manager Y N Y N N Y N Y N Y
Baby+ Y Y Y Y N Y Y N Y Y
Fit Mommy Project Challenge N N N N N N N Y N Y
Postnatal workouts N N N N N N N N N N
BabyTime Y N Y N N Y Y N Y Y
WebMD Baby N Y Y N N N N N Y Y
Breastfeeding Tracker Baby Log Y N Y N N N N N Y Y
Moment Health N N N N N N Y Y Y N
Baby tracker - feeding, sleep and diaper Y N Y N N N N N N Y
MH motherhood Y N Y N N Y N N N N
Baby loggy -newborn log Y N Y N N N N N N N
30-day fit mommy Challenge N N N N N N N N N N
Oh baby! Mom and baby exercise N N N N N N N N N N
Caring for a newborn baby N N N N N Y N N N N
MyMedela N N Y N N Y Y N Y Y
Postnatal pilates N N N Y N Y Y Y Y N
Postnatal pilates by reform N N N N N N N N N N
Sprout Baby Y Y Y N N Y N N N Y
Guide to newborn care N N N N N N N N N N
After birth exercise N N N Y N N Y N N N
Pregnancy, parenting advice & baby care tips app N Y N Y N Y N Y Y Y
Bleeding after birth N N N N N N N N N Y
Burn fat after pregnancy - weight loss N N N N N N N N N Y
Losing weight after pregnancy N N N N N N N N N N
Telfair baby N N Y N N N N N N Y
Post pregnancy recovery N N N N N N N N N N
Growth Chart, Development Milestones & Vaccina-
tion

Y Y Y N N Y N N Y Y

LactApp+ N N N N N Y N Y Y Y
NKCH moments N N Y N N N N N N N
Parentlove: baby feeding tracker, diapers, pumping N N Y N N Y N N Y Y
Maternal & newborn care plans N N N N N N N N N Y
Essentia baby Y N Y N N N N N N N
Your baby’s birth & beyond N N Y N N N N N N Y
Baby care plus N N Y N N Y N N N Y
The postpartum cure N N N N N N N N N N
UWBaby Y N Y N N N N N N Y
Skin care after pregnancy N N N N N N N N N N
Elebaby simple N N N N N N N N Y N
Baby Tracker - Newborn Log N N N N N N N N N Y
Mother and baby 2019 N Y N N N N N N N Y
C-section recovery N N N N N N N N N Y
You+Baby Y N Y N N N N N N Y
Baby& me Y N Y N N N N N N Y
Total (N) 15 8 22 5 0 15 9 8 14 30
Total (%) 31% 17% 46% 10% 0% 31% 19% 17% 29% 63%

Continued on next page
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Continued from previous page

Application name A31 A32 A33 A34 A35 A36 A37 Total (N) Total (%)

Ovia Parenting: Baby Tracker, Breastfeeding
Timer

N N N Y N Y Y 17 46%

WellMama free post pregnancy yoga poses N N N Y N Y N 6 16%
FitMama Lite 5Min N N N Y N Y N 5 14%
Glow Baby Newborn Tracker App - Breastfeeding
Timer Diaper Log

N N Y Y N N Y 14 38%

Baby tracker - Newborn Feeding, Diaper, Sleep
log

N N Y N N Y N 10 27%

Baby manager N N Y Y N Y Y 14 38%
Baby+ N Y Y Y N Y Y 22 59%
Fit Mommy Project Challenge N N N Y Y Y Y 7 19%
Postnatal workouts N Y N N Y Y Y 5 14%
BabyTime N N Y Y N Y Y 12 32%
WebMD Baby N N N Y N N Y 18 49%
Breastfeeding Tracker Baby Log Y N Y Y N N Y 13 35%
Moment Health N N N Y N N Y 7 19%
Baby tracker - feeding, sleep and diaper Y N Y Y N Y Y 11 30%
MH motherhood N N N Y Y Y Y 20 54%
Baby loggy -newborn log N N Y N N Y N 8 22%
30-day fit mommy Challenge N N N Y Y Y Y 5 14%
Oh baby! Mom and baby exercise N N N Y Y N Y 5 14%
Caring for a newborn baby N N N Y Y N N 4 11%
MyMedela N Y Y Y N Y Y 15 41%
Postnatal pilates N N Y Y Y N N 9 24%
Postnatal pilates by reform N N N Y N N Y 3 8%
Sprout Baby N Y Y Y N Y Y 14 38%
Guide to newborn care N N N Y Y N N 8 22%
After birth exercise N N Y Y N Y Y 7 19%
Pregnancy, parenting advice & baby care tips app N Y N Y N Y Y 21 57%
Bleeding after birth N N N N Y N Y 4 11%
Burn fat after pregnancy - weight loss N N N Y Y N Y 7 19%
Losing weight after pregnancy N N N Y Y N Y 5 14%
Telfair baby N N N Y Y Y Y 19 51%
Post pregnancy recovery N N N Y Y N N 10 27%
Growth Chart, Development Milestones & Vacci-
nation

N Y N Y N N N 11 30%

LactApp+ N N N N Y N Y 8 18%
NKCH moments N N N Y Y Y Y 17 39%
Parentlove: baby feeding tracker, diapers, pump-
ing

Y N Y Y N Y Y 14 33%

Maternal & newborn care plans N N N N Y N Y 5 14%
Essentia baby N N N Y Y Y Y 19 51%
Your baby’s birth & beyond N N N Y Y Y Y 19 51%
Baby care plus Y Y Y Y Y Y Y 16 43%
The postpartum cure N N N Y N N Y 4 11%
UWBaby N N N Y Y Y Y 20 54%
Skin care after pregnancy N N N Y Y N Y 6 16%
Elebaby simple N N N N N Y Y 5 14%
Baby Tracker - Newborn Log N N Y N Y N Y 6 16%
Mother and baby 2019 N Y N Y Y Y Y 11 30%
C-section recovery N N N Y Y N N 6 16%
You+Baby N N N Y Y Y Y 22 59%
Baby& me N N N Y Y Y Y 22 59%
Total (N) 4 8 15 40 26 28 38
Total (%) 8% 17% 31% 83% 54% 58% 79%
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AppendixB
TTM Questionnaire

This appendix presents the survey questionnaire on the application of Trans-Theoretical
Model on blood donation behaviour as discussed in Chapter 4.
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Blood Donation Survey     Date: ____/____/______ 
 

Demographic Characteristics                                                

 

Gender:        ☐ Male                ☐ Female 

Age:      

Marital status:       ☐ Single                                       ☐ Married                     ☐ Divorced
  ☐ Separated                 ☐ Widowed 

Education level:  ☐ Primary     ☐ Secondary  
    ☐ Undergraduate   ☐ Postgraduate 

Job:                   ☐ Directors of enterprises with more than 10 employees, professions associated 
with 2nd ,3rd cycle university qualification 

☐Directors of enterprises with less than 10 employees, professions associated 
with a   1st cycle university qualification, Senior technicians, artists and 
sportspeople. 

☐Financial and administrative management support professionals, personal and 
security services, self-employed and supervisors  

☐Skilled manual workers         ☐ Semi-skilled manual workers 

☐Non-skilled workers              ☐Retirees or Unemployed   

Blood type:   ☐ A-  ☐ A+   ☐ O+  ☐ O-   
   ☐ B-   ☐ B+    ☐ AB+ ☐ AB- 

 

Blood Donation Experience 

 

To the best of your knowledge, are you eligible to donate blood?  ☐Yes ☐No 

How many times have you donated blood in the past twelve months?    

Are you seriously considering donating blood in the next 3 months? ☐Yes ☐No 

Do you intend to donate blood in the next 30 days?    ☐Yes ☐No 

 

Figure B.1: TTM applied to BD: Survey questionnaire (Page 1)
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Blood Donation Processes of Change Scale                                    
                                                                                                         

PLEASE READ EACH STATEMENT AND RATE HOW OFTEN YOU MAKE USE OF A 
PARTICULAR SITUATION OR THOUGHT TO HELP YOU DONATE BLOOD. THERE ARE 
FIVE POSSIBLE RESPONSES TO THE ITEMPS OF THIS QUESTIONNAIRE: 

1=Never 
2=Seldom 
3=Occasionally 
4=Frequently 
5=Repeatedly 

 Response 
1) I can expect to be praised and appreciated by others for donating blood.  
2) I make sure I know when and where nearby blood drives are held.  
3) I am aware that society is actively encouraging and supporting people to become blood 
donors.  

4) I am considering the idea that I could save lives by donating blood.  
5) I think that being a blood donor supports my view of myself as a caring and responsible 
person.  

6) I notice that there are more opportunities to donate blood in my community.  
7) I recall articles, posts and/or TV messages about donating blood.  
8) Portrayals of people whose lives are saved by blood donation affect me emotionally.  
9) I stop to think about how donating blood would be beneficial for people in my community.  
10) I share with someone my thoughts and feelings about blood donation.  
11) I feel respected in society for being a blood donor.  
12) I keep in mind that blood donation is a simple and safe process to overcome the fear of 
donating.  

13) There are special people around me that encourage me and improve my willpower to 
continue donating blood.  

14) I see more companies and organizations hosting and sponsoring blood drives.  
15) I am moved by a person who helped save lives by donating blood.  
16) I feel very competent and proud when I (decide to) donate blood.  
17) I look for information related to blood donation process.  
18) When I am hesitant to donate blood, I remind myself that it helps save lives.  
19) I make commitments to myself to donate blood.  
20) I reward myself with a treat after donating blood.  
21) I recognize I have the energy needed to be a blood donor.  
22) Whenever I feel tempted to reassess being a blood donor, I begin to think about all the 
health benefits it offers.  

23) I tell myself that I can be a blood donor despite the fact that my relatives and friends don’t 
support my decision.  

24) I realize that people who donate blood are a great source of inspiration to others.  
25) I seek out groups of people who can raise my awareness about how to become a blood 
donor.  

26) I schedule my blood appointments.  
27) I keep around any source of information associated with blood donation to reconsider my 
reasons for donating blood.  

28) Being a non-donor makes me feel disappointed and helpless.  
29) I get upset when I hear stories about people whose lives depend on regular blood 
transfusions.  

30) I have a friend on whom I can count to come with me when I want to donate blood.  

Figure B.2: TTM applied to BD: Survey questionnaire (Page 2)
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APPENDIX B. TTM QUESTIONNAIRE

Blood Donation Self-Efficacy Scale                                                                                                                                                       
                                                                                                        

A NUMBER OF SITUATIONS ARE DESCRIBED BELOW THAT CAN MAKE IT HARD TO 
DONATE BLOOD. PLEASE RATE HOW CONFIDENT YOU ARE IN YOUR ABILITY TO 
DONATE BLOOD IN THE FACE OF THESE SITUATIONS. THERE ARE FIVE POSSIBLE 
RESPONSES TO THE ITEMS OF THIS QUESTIONNAIRE: 
 

1 = Not at all confident 
2 = Not very confident 
3 = Moderately confident 
4 = Very confident 
5 = Extremely confident 

 Response 
1) When I am very anxious and stressed.  
2) When I am feeling a physical discomfort.  
3) When I witness a bad blood donation experience (e.g. Someone fainting).  
4) When I realize I have not donated for a long while.  
5) During or after experiencing personal problems (e.g. family, financial).  
6) When I have other time commitments.  
7) When I remember having a negative reaction to donating that caused me light-
headedness and nausea. 

 

8) After recovering from an illness or an injury.  
 

Blood Donation Decisional Balance Scale                                                                                                                                             
 
 
THE FOLLOWING STATEMENTS REPRESENT DIFFERENT OPTIONS ABOUT BLOOD 
DONATION.  PLEASE RATE HOW IMPORTANT EACH STATEMENT IS TO YOUR 
DECISION TO DONATE BLOOD ACCORDING TO THE FOLLOWING FIVE POINT 
SCALE 
 
1=Not important at all 
2=Slightly important 
3=Moderately important 
4=Very important 
5=Extremely important 

 Response 
1) The blood bank might reject my blood due to low level of my Haemoglobin.  
2) I may help save someone’s life.   
3) I am likely to faint at the sight of blood.  
4) Donating blood will reduce the risk of getting serious health conditions.  
5) I will get a free of cost health check-up.  
6) I may find out I have a disease.  
7) Donating blood depletes the calcium levels in the body.  
8) Donating blood will help me burn calories.  
9) I might be told I am not eligible to donate blood.  
10) Donating blood is an uncomfortable experience because I am afraid of needles.  
11) I will be helping to prevent blood shortages.  
12) I will set a good example and inspiration for people around me.  

Figure B.3: TTM applied to BD: Survey questionnaire (Page 3)
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AppendixC
Audit report

This appendix provides the detailed audit report of Move it Mama and Blood Donor apps using
the reusable requirements catalog presented in Chapter 5.
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APPENDIX C. AUDIT REPORT

Table C.1: Requirements catalog for gamified eHealth apps: Audit summary.

Actors
Auditor: Lamyae Sardi
RE team: Lamyae Sardi, Ali Idri and José Luis Fernández-Alemán
Application information
Name: Blood Donor Move it Mama
Developer: American Red Cross MO BIG GmbH
Price: Free Paid (7-days trial)
Mobile OS: Android/iOS Android/iOS
Audit summary
Carried out on March 5, 2020.
Both applications were installed in an iPhone X, iOS 13.3.1.
The purpose of this audit is to evaluate the apps’ compliance with the requirements stated in the GHA-CAT regarding
gamification and relevant quality characteristics in gamified health systems namely Functional suitability, usability
and security. These characteristics’ assessment has been limited in a small number of attributes that have been found
to be significantly influenced in gamified health systems. The audit was conducted using the audit method previously
described.
– Blood Donor app
In general, the application fulfills most of the assessed characteristics. In terms of gamification, various game elements
(points, badges, leaderboards and redeemable rewards) are seamlessly incorporated into the application which largely
enhance the playfulness of the application and encourage social interaction. On the other hand, the features and func-
tionalities of the application are well-integrated and the color scheme and fonts match exactly the main purpose of the
application which lies in promoting blood donation. Besides, the design of the application is very intuitive and consid-
erably eases the navigation throughout the application’s sections. With regards the security of users’ personal data, the
application is endowed with a strong authentication mechanism and it is tightly linked to American Red Cross blood
drives.
– Move it Mama
On the whole, the application does not comply with more than half of the assessed characteristics. First, the application
is fairly gamified as it only includes levels and badges as a game element. With the absence of gamification’s central pil-
lars, it is roughly impossible to achieve gamification goals consisting of playfulness, fun, social interaction and others.
Second, the features and functionalities of the application are not very well integrated and can be even confusing for
users. Although, the application is very limited in terms of functional content, there is no clear structure of the applica-
tion’s content and the lack of a help section makes the whole application a bit challenging to comprehend. Third, the
application does not enable users to change their preferences with regards language settings which, therefore, restrains
its wide use.
Coverage score
Total questions: 29. Yes: 26. No: 3. Yes: 18. No: 5. Not Applicable (N/A): 2. Partially: 4

26 × 100/29 = 89.7% 20 × 100/27 = 74.1%
Deficiencies
– Blood Donor app
D1. The application does not adapt to screen orientation (portrait and landscape).
D2. The application does not support multiple languages.
D3. The privacy policy presented in the application repository (Apple store) is not included in the app.
– Move it Mama app
D1. The application does not include various gamification elements.
D2. The application does not harness social interaction and group influence.
D3. Although there is a limited number of functionalities in the application, the overall layout is not well designed
which substantially affects accessibility and efficiency of use.
D4. The application is not multilingual.
D5. The application lacks in-app help and support.
Recommendations
– Blood Donor app
R1. The application shall handle screen change orientations to make the text easily readable by users with low vision.
R2. Despite being dedicated solely for American citizens, an exhaustive list of the main preferred languages to this audi-
ence shall be supported by the application.
R3. A detailed and well-described privacy policy shall be included in the application to inform users on how their per-
sonal data are being stored, used and shared.

Continued on next page
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Continued from previous page

Recommendations
– Move it Mama app
R1. To enhance the playfulness of the application, the application shall enrich its instant reward system and feedback
through the integration of a points system and a progress tracking (e.g. Users can therefore earn a certain amount of
points according to their daily performance, at the end of each day, the sum of their collected points is interpreted on a
curve to display users’ progress).
R2. The application shall embed at least one social mechanism to initiate interaction between users and keep them en-
gaged within the app (e.g. easy-to-share action, friends’ referral, in-app community, etc.)
R3. The layout of the application shall be revised to avoid redundancy and ambiguous content. The exercises and
phases sections look similar but are different in terms of accessibility, in that, one is fully accessible and flexible while
the other one is regulated by the pregnancy or postnatal phase of the user.
R4. The application shall be tailored for various languages to target potential users whose first language is not English.
R5. An in-app help and support section that is consistent and clear shall be included in the application to instruct and
display help for users.
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