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Abstract

Uchôa, Anderson Gonçalves; Garcia, Alessandro (Advisor). On
Gamifying an Existing Software System: Method, Concep-
tual Model and Lessons Learned. Rio de Janeiro, 2019. 121p.
Dissertação de mestrado – Departamento de Informática, Pontifícia
Universidade Católica do Rio de Janeiro.

Software gamification aims to leverage the user engagement with key fea-
tures of software systems. Engagement is promoted by a conceptual gami-
fication model that associates game elements (e.g., points) and rules (e.g.,
ranking policy) with features. It is quite common to gamify existing systems
that were not originally designed with gamification in mind. Unfortunately,
the development activities required to gamify a system are barely supported
in practice. Gamifying an existing system requires: (i) the definition of a ga-
mification model for guiding the incorporation of game elements and rules
into an existing system; and (ii) the knowledge about key development acti-
vities to gamify this existing system. However, there are only a few models
aimed to support the gamification of existing systems, and none is specific to
software domains such as the prevention of mosquito-borne diseases. More
critically, there is no systematic method aimed to guide the activities of
gamifying existing systems. This Master’s dissertation addressed the afore-
mentioned limitations based on our experience with gamifying the VazaZika
system. VazaZika is a system that encourages the prevention of mosquito-
borne diseases such as Zika, Dengue, and Chikungunya. We introduce a
gamification method that supports key activities during the gamification of
existing systems, plus a gamification model composed of 12 game elements
and 16 rules. Second, we evaluate our model with 20 users by means of ease
of use, user interface, user fun, user motivation, and the potential for both
constant system use and system dissemination. Our results are promising:
(i) after some experience-based refinements, our method was successfully
applied in the VazaZika gamification; (ii) we have identified 22 develop-
ment activities that became challenging for developers to perform along the
VazaZika gamification; these activities helped us to shape our method; and
(iii) our gamification model has resulted in an easy-to-use system that is
able to improve user engagement with critical healthcare-related features,
such as the report of mosquito breeding sites. In summary, this dissertation
contributed with additional guidance for supporting gamification of existing
systems while shedding light on opportunities for future work.
Keywords

Software Gamification; Healthcare System; Gamification Method;
Conceptual Gamification Model; Experience Report.
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Resumo
Uchôa, Anderson Gonçalves; Garcia, Alessandro. Gamificação
de um Sistema de Software Existente: Método, Modelo
Conceitual e Lições Aprendidas. Rio de Janeiro, 2019. 121p.
Dissertação de Mestrado – Departamento de Informática, Pontifícia
Universidade Católica do Rio de Janeiro.

A gamificação de sistemas visa engajar usuários com as principais funciona-
lidades de sistemas. Tal engajamento é alcançado via um modelo conceitual
de gamificação que associa elementos do jogo (pontos, etc.) e regras (po-
líticas de classificação, etc.) às funcionalidades. Vários sistemas existentes,
isto é, que não foram originalmente projetados com gamificação em mente,
precisam ser gamificados. Porém, o apoio prático às atividades de desenvol-
vimento necessárias para gamificar sistemas existentes é precário. Gamificar
um sistema existente requer: (i) a definição do modelo de gamificação que
guia a incorporação de elementos de jogos e regras ao sistema; e (ii) um
conhecimento das atividades necessárias à gamificação desse sistema. Infe-
lizmente, há poucos modelos de gamificação bem definidos, menos ainda
focados no apoio à saúde pública, especialmente na prevenção de doenças
transmitidas por mosquitos. Também não há método sistemático que guie
as atividades específicas da gamificação de sistemas existentes. Esta disser-
tação de mestrado endereça as limitações mencionadas acima com base na
experiência prática de se gamificar o sistema VazaZika. VazaZika é um sis-
tema que encoraja a prevenção a doenças transmitidas por mosquito como
Zika e Dengue. Primeiro, nós refinamos um método da literatura para lidar
com a gamificação de sistemas existentes. Segundo, nós introduzimos um
modelo de gamificação com 12 elementos e 16 regras de jogos para gamifi-
car sistemas de prevenção das doenças acima. O nosso modelo foi avaliado
com 20 usuários em termos de facilidade de uso, interface, diversão, moti-
vação, potencial de uso constante e potencial de disseminação do sistema.
Nossos resultados são promissores: (i) após refinamentos baseados em ex-
periência, o método foi aplicado com sucesso na gamificação do VazaZika;
(ii) identificamos 22 atividades de desenvolvimento que se tornaram desafi-
adoras para os desenvolvedores durante a gamificação; e (iii) nosso modelo
de gamificação apoiou a construção de um sistema fácil de usar e capaz de
engajar usuários em funcionalidades essenciais à saúde, como o relato de cri-
adouros de mosquito. Esta dissertação provê guias adicionais à gamificação
de sistemas existentes e realça oportunidades para trabalhos futuros.
Palavras-chave

Gamificação de Sistemas; Sistema de Assistência à Saúde; Método de
Gamificação; Modelo de Gamificação Conceitual; Relato de Experiência.
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1
Introduction

Gamification means applying game elements and game rules into non-
game contexts in order to engage people with software features (68). Game
elements are basic mechanisms adopted to reward and challenge people,
thereby promoting people engagement (12). An example of a game element
is the point, i.e., the unit of reward that a person earns. Many other game
elements exist, such as badges, i.e., more complex rewards, and ranking policy,
i.e., how to rank system user by performance (12, 63, 68). Game rules define
the interactions of people and game elements, e.g., a person earns points after
completing a given task (63). Tasks are specific actions that people perform
in a given context. In the Brazilian public healthcare context, citizens usually
report issues to the health secretariats. Thus, public health agents are allocated
to address the reported issues (3).

Different domains have taken advantage of gamification for engaging peo-
ple with tasks from varied natures. Previous studies report that gamification
has been successfully used in marketing (67, 68), welfare (26, 46), and inno-
vation (65). In the development of software systems, gamification has been
used by developers for keeping the users constantly engaged with software fea-
tures (45). By incorporating game elements and rules into a system, gamifica-
tion plays an important role in making the system enjoyable to the users (68).
Let us suppose that we have a system aimed to support the public healthcare.
Gamification could be used for promoting a constant report of issues in order
to enable public health agents to address these issues and prevent diseases, for
instance. Thus, the system could assign points to citizens, which are the system
users, whenever citizens report issues, thereby promoting constant reports.

The combination of different game elements aims at making the system
users frequently and effectively engaged with the system features (4, 33). An
example of a successful gamified software system that combines multiple game
elements is Stack Overflow1. This is a popular system that enables developers
to share knowledge through questions and answers. In Stack Overflow, the
system users earn points and badges by performing a variety of tasks, such
as asking and answering questions, commenting on answers and questions

1https://stackoverflow.com/
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Chapter 1. Introduction 14

provided by other users, and up or down voting existing questions and answers.
By accumulating points, the user increases his ranking in the system. As a
result, the incorporation of various game elements into Stack Overflow has
positively impacted the user engagement (4, 33).

Stack Overflow was designed to accommodate game elements and rules
from its early development phases, i.e., from the scratch (28). Gamification
from scratch means planning the system gamification from the initial specifi-
cation of requirements and design. In contrast, there is an emerging need for
introducing game elements and rules into existing systems (55, 58). Such in-
troduction is quite hard because it requires revisiting certain existing software
artifacts, such as requirements and design documentation. Especially, gamify-
ing existing systems also requires a deep understanding of to what extent the
system gamification would impact certain key artifacts, such as source code
and databases. Usually, the incorporation of game elements and rules into an
existing system follows the definition of a conceptual gamification model (68).
This model specifies the interactions of users and game elements into the sys-
tem through game rules (18, 61).

In order to reduce initial gamification effort and long-term software
maintenance costs, development teams have used gamification libraries such as
Bunchball2, GetBadges3, and Open Badges4. These libraries provide features
for enabling the integration of both game elements and rules into an existing
software system. Thus, depending on which software project will be gamified,
one might consider that using these libraries as the only solution to eventual
challenging activities might suffice. However, gamifying an existing system is
much harder than simply using a gamification library. In fact, incorporating
game elements and rules into an existing system often requires many changes
in system requirements, design, implementation, and test suites (18, 61). Most
of these changes are required even when incorporating the simplest game
elements, such as points and badges. Consequently, the developers might
fail to accommodate game elements into an existing software system. Such
failure may occur especially if there is no clear comprehension of the most
challenging activities along the gamification, and the developers do not know
what solutions could properly help coping with each challenging activity.

2https://www.bunchball.com/
3https://getbadges.io/
4https://openbadges.org/
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Chapter 1. Introduction 15

1.1
Problem Statement

There are two approaches to gamifying software systems. The first ap-
proach is the so-called gamification from scratch, which is widely supported
by previous studies (29, 34, 40, 50). These studies provide practical support to
the gamification process (40), architectural design (29, 34), and other activi-
ties (50). The second approach involves the gamification of an existing system.
It consists of redesigning the existing artifacts of an existing system, such as
the requirements specification, architecture design, and the source code, in or-
der to incorporate game elements and rules into the system. Although there is
an increasing demand for gamifying existing systems (55, 58), the current sup-
port to development teams is quite scarce. There is no systematic guidance for
revisiting and refining existing software artifacts. There is even limited knowl-
edge on which development activities often become challenging along software
gamification. Finally, the current conceptual gamification models for software
domains in which user engagement is crucial, e.g., healthcare systems for pre-
venting diseases, are limited if not nonexistent. The scarce support may lead
developers to struggle with gamifying existing systems.

General Problem. Developers lack guidance to support the gamification
of their existing software systems. They lack both: (i) a method that guides
software development activities, and (ii) conceptual gamification models.

In this Master’s dissertation, we have addressed our general problem
in the context of an international research collaboration between Brazilian
and British institutions that aimed to gamifying an existing healthcare sys-
tem called VazaDengue (58) for improving prevention and control of Zika.
VazaDengue consisted of a mobile and a web application, and these applica-
tions intercommunicate via web services. The major system goal is supporting
Brazilian health secretariats in preventing diseases transmitted by the Aedes
aegypti such as Dengue (58). By monitoring the reports of mosquito breeding
sites in real time, public health agents can track disease outbreak and elimi-
nate mosquito breeding sites. After years of system deployment, we observed
a lack of user engagement that affected the number of reports (18, 61). Thus,
public health agents found hard to guide their work through these reports.
Aimed to leverage the user engagement, we gamified VazaDengue for making
it enjoyable and challenging to potential users. The resulting gamified system
is called VazaZika (18). We expect that VazaZika, with its game elements and
rules, will increase the number of reports.
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From our general problem, we derived three specific problems to be
addressed in this Master’s dissertation. We introduce each problem as follows.

Methods for Gamifying Existing Software Systems. While gamifying the
VazaDengue healthcare system (58), we felt the lack of systematic guidance
to the key software development activities of gamifying existing systems. In
fact, there was not method aimed to systematically guide development teams
along the incorporation of game elements and rules into an existing system.
Previous studies propose a few methods aimed to guide the requirements
elicitation, user profiling, design, and implementation of gamified systems from
scratch (29, 34, 40, 50). Unfortunately, they provide little insights about the key
activities required to gamify existing systems. Examples of key activities are:
(i) the refinement of functional and non-functional requirements previously
elicited for the existing system, and (ii) the identification of technological
and architectural constraints that hinder the incorporation of certain game
elements and rules (18, 61). We could not find any method that has been
successfully employed to gamify one or more existing systems and, therefore,
have been shown applicable in practice.

Problem 1. Development teams lack guidance in performing key software
development activities to the gamification of existing systems.

Software Development Activities that Become Challenging along the
Gamification of Existing Systems. Previous studies (29, 34, 40) discuss that
certain software development activities become particularly challenging along
the gamification from scratch. Unfortunately, little is known about the develop-
ment activities that become challenging when developers are gamifying existing
systems. This limited knowledge affected VazaDengue gamification (61). We
considerably struggled with designing and restructuring our system. Similarly,
other development teams may still struggle with performing certain activities
that are key to the gamification of existing systems. Thus, an understanding of
which development activities are considerably challenging along the gamifica-
tion of existing systems may be valuable to other developers. This understand-
ing could also guide researchers in proposing new techniques to better support
these activities. Finally, the knowledge about challenging development activi-
ties faced by developers could support the refinement of methods intended to
guide the gamification of existing systems.
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Problem 2. There is a lack of empirical evidence about development ac-
tivities that become challenging along the gamification of existing systems.

Conceptual Gamification Models for Guiding the Gamification of Health-
care Systems. Some healthcare systems failed in engaging users with critical
system features (5). These systems presented a decrease in numbers of accesses
and users, which is critical in the healthcare domain (5, 54). We have experi-
enced such decrease in the VazaDengue case (58). We observed a significant
lack of user engagement and system dissemination (18). Thus, public health
agents found hard to address health issues due to low rates of issue reports
provided by system users (18). Aimed to leverage the user engagement, con-
ceptual gamification models play an essential role (63). A conceptual gami-
fication model defines how users and game elements interact. Unfortunately,
while gamifying VazaDengue, we only identified models for specific healthcare
domains, such as chronic disease management (6) and physical activity (69).
These models are not intended to support the constant report and validation of
health issues, as well as the cooperation of citizens and public health agents,
which is essential to prevent mosquito-borne diseases such as Zika, Dengue,
and Chikungunya (27). Thus, a well-defined and validated conceptual gamifi-
cation model for the domain of mosquito-borne disease prevention is desired.
Otherwise, it becomes hard to properly gamify certain existing systems in this
domain, such as VazaDengue (61).

Problem 3. Developers lack conceptual gamification models for gamifying
healthcare systems of critical domains such as the prevention of mosquito-
borne diseases.

1.2
A Refined Method for Gamifying Existing Software Systems

Our first attempt to gamify VazaDengue was guided by an existing
method aimed at gamifying software systems from scratch (40). Such method
encompasses certain development phases that range from domain documen-
tation and requirements elicitation to software implementation and testing.
However, as expected due to the purpose of the existing method, we lacked
proper support to certain development activities that are essential to the gam-
ification of existing systems. In particular, we had no support to: (i) revisit the
existing system artifacts; (ii) reason about the limitations of our current im-
plementation; and (ii) understand the impact of incorporating game elements
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and rules into the existing system. Aimed to better support the gamification of
existing systems, we decided to incrementally extend the existing method (40).

For this purpose, we relied on our particular experience with gamify-
ing the VazaDengue healthcare system. Whenever we observed the need for
performing one or another development activities towards the system gamifi-
cation, we refined the existing method to address those needs. Thus, our prac-
tical experience has strongly impacted the method design (i.e., the activities
and execution flow that constitute the method). The resulting method refined
25 activities from the existing method to particularities of gamifying existing
systems; 10 activities were adapted; four were fully reused; nine new activities
were introduced in order to guide developers in revisiting existing requirements
and system features; and two activities were discarded. Our method enables
us to successfully gamify VazaDengue.

Contribution. We have built a gamification method based on successive
experience-based refinements. We have developed the VazaZika gamified
healthcare system aimed to support the prevention of mosquito-borne
diseases. The process of gamifying this system was explicitly supported
by our gamification method. We expect our method to be applicable to
the gamification of similar healthcare systems.

1.3
Systematic Exploration of Challenging Development Activities

Both practitioners and researchers rarely share their experience acquired
with the gamification of existing systems. As a consequence, newcomers on
gamifying existing systems are not able to learn from others’ experience. They
do not become aware, for instance, of what software development activities
may require special attention. In order to fill this gap, we report our practical
experience with gamification of VazaDengue.

Many software development activities were challenging along the
VazaDengue gamification. The lack of experience with software gamification,
summed up with past decisions on design and technology for VazaDengue, led
developers to struggle with certain activities. For instance, adding both game
elements and rules into the existing systems required high effort to: (i) under-
stand the overall impact of implementing certain game elements and rules on
the system requirements, especially the non-functional ones such as interoper-
ability and availability; (ii) make decisions regarding a technological modern-
ization (e.g., API replacement) in order to facilitate the software gamification;
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and (iii) evolve the systems’ architecture to gamify the system. Certain game
elements and rules were postponed and discarded due to the challenging nature
of some activities. From requirements elicitation to software testing, developers
struggled with certain key activities to the system gamification.

Aimed to identify the challenging activities during the gamification of
the existing system, we interviewed 15 developers who collaborated with
the systems’ design, implementation, and testing. We asked them about the
activities perceived as challenging along the VazaDengue gamification. By
applying qualitative analysis procedures (8, 15), we elicited 22 challenging
activities from which 18 are closely related to gamification. Thus we were able
to share our experience with practitioners and researchers.

Contribution. We reported our practical experience with gamifying
VazaDengue. We empirically derived a conceptual mapping of development
activities that became challenging along the system gamification.

1.4
A Conceptual Gamification Model to Prevent Mosquito-borne Diseases

A conceptual gamification model or simply gamification model defines
how system users and game elements interact through well-defined game
rules (63). Due to our lack of experience with the gamification of software
systems before gamifying VazaDengue, we first looked for gamification models
proposed by previous studies. Unfortunately, the majority of existing gamifi-
cation models proposed so far, e.g. (1, 6), are only informally documented and
vaguely described. More critically, these models do not address the gamifica-
tion goals that help to prevent mosquito-borne diseases: (i) to promote the
constant report of health issue such as the mosquito breeding sites, and (ii) to
promote the effective validation of issue reports provided by citizens, so that
public health agents can guide their work.

Aimed to guide the gamification of healthcare systems in the domain of
mosquito-borne diseases prevention, we have followed our gamification method
(Section 1.3) and built a gamification model composed of 12 game elements
and 16 game rules. We have incorporated this model into an existing healthcare
system (VazaZika, in our case). We evaluated our gamification model through
an experiment with 20 citizens focused on the VazaZika mobile application.
Our major goal was assessing our gamification model through ease of use, fun,
motivation, potential for the constant use of key system features, and potential
for disseminating the system use among citizens.
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As a result, we observed that about 55% of citizens found easy to use the
mobile application; a half of citizens associated either game elements or rules
with the ease of use. When asked about the user interface, citizens mentioned
13 aspects from which 69% were positively rather than negatively perceived
(special highlight to the interface simplicity). We identified some opportunities
to improve the information presentation (e.g., due to unclear information into
the mobile application). Most citizens found fun to use the application (65%),
they felt motivated to use the system again (95%), and they would recommend
the system to friends in order to disseminate the system use (85%).

Contribution. We built a conceptual gamification model that guided
the definition of game elements and rules into VazaDengue. Through an
empirical study with 20 citizens, we confirmed that the gamification model
that underlies our mobile application has the potential to improve user
engagement and the system dissemination.

1.5
Research Publications

The empirical studies of this Master’s dissertation were reported in
papers already published or under review. Table 1.1 lists all papers derived
from this dissertation in Rows 1 to 4. Two out of the four papers are not yet
published. The table also lists, in the remained lines, the other papers produced
along with my Master’s in cooperation with other colleagues.

1.6
Dissertation Outline

The remainder of this Master’s dissertation is organized as follows.
Chapter 2 introduces basic concepts and related work aimed to support the
understanding of this dissertation. Chapter 3 introduces our gamification
method aimed to support the gamification of existing systems. This chapter
also discusses the software challenging development activities along the gami-
fication of our existing system. Chapter 4 introduces our gamification model
that aims to support the gamification of healthcare systems in the domain of
mosquito-borne diseases prevention. This chapter also discusses opportunities
for improvement of our gamification model. Finally, Chapter 5 concludes this
Master’s dissertation and suggests future research.
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Table 1.1: List of Research Publications
Type Paper Reference Chapter

Master’s
Research

Fernandes, E.,Uchôa, A. et al. (2019). VazaZika: A Software
Platform for Surveillance and Control of Mosquito-Borne
Diseases. In: 16th International Conference on Information
Technology: New Generations (ITNG), pp. 1–4

(18) 4

Uchôa, A. et al. (2019). On Gamifying an Existing Health-
care System: Method, Conceptual Model and Evaluation.
In: 1st International Workshop on Software Engineering for
Healthcare (SEH) co-located with 41st International Confer-
ence on Software Engineering (ICSE), pp. 1–8.

(61) 3, 4

Uchôa, A. et al. (2019). On Gamifying Service-Oriented
Systems: Experience Report and Challenges Ahead. Software:
Practice and Experience (S:P&E). (To submit)

N/A 3

Other
Contributions

Uchôa, A. et al. (2017). Do Coupling Metrics Help Char-
acterize Critical Components in Component-based SPL? An
Empirical Study. In: 5th Workshop on Software Visualiza-
tion, Evolution and Maintenance (VEM) co-located with VIII
Brazilian Conference on Software: Theory and Practice (CB-
Soft), pp. 46–53

(62) N/A

Sousa, L., de Mello, R., Cedrim, D., Garcia, A., Missier, P.,
Uchôa, A. et al. (2018). VazaDengue: An Information Sys-
tem for Preventing and Combating Mosquito-Borne Diseases
with Social Networks. Information System (IS), 75, 26–42

(58) N/A

Ferreira, I., Fernandes, E., Cedrim, D, Uchôa, A. et al.
(2018). The Buggy Side of Code Refactoring: Understanding
the Relationship between Refactorings and Bugs. In: 40th
International Conference on Software Engineering (ICSE):
Poster Track, pp. 406–407

(20) N/A

de Mello, R.,Uchôa, A., et al. (2019). Investigating the Social
Representations of Code Smell Identification: A Preliminary
Study. In: 12th International Workshop on Cooperative and
Human Aspects of Software Engineering (CHASE) co-located
with 41st International Conference on Software Engineering
(ICSE), pp. 1–8

(10) N/A

Fernandes, E., Uchôa, A. et al. (2019). On the Alternatives
for Composing Batch Refactoring. In: 3rd International Work-
shop on Software Refactoring (IWoR) co-located with 41st In-
ternational Conference on Software Engineering (ICSE), pp.
1–4

(19) N/A

Martins, J., Bezerra, C., Uchôa, A. (2019). Analyzing the
Impact of Inter-smell Relations on Software Maintainability:
An Empirical Study with Software Product Lines In: 15th
Brazilian Symposium on Information Systems (SBSI)

(37) N/A

Uchôa, A., et al. (2019). The Scent of Critical Components:
A Study with Component-based Software Product Lines In:
Software Quality Journal (SQJ) (To submit)

N/A N/A
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2
Background and Related Work

Gamification has been largely adopted for engaging people with tasks
through the incorporation of game elements and rules into non-game con-
texts (12, 68). In the software development context, gamification plays an im-
portant role by leveraging the user engagement with a system through its fea-
tures (63). For enabling the user engagement, gamifying a software may require
a well-defined gamification method. This method systematically guides the de-
velopment activities required to gamify a system, including the requirements
elicitation and the definition of system features and design. Thus, developers
can incorporate game elements (e.g., points) and rules (e.g., ranking policy)
into the gamified system (40). Enabling user engagement also may require the
definition of a conceptual gamification model, which represents how system
users and game elements should interact through the game rules (63, 68).

As discussed in Section 1.1, there are two software gamification ap-
proaches: (i) the gamification from scratch that consists of planning the in-
corporation of game elements and rules into a software system from the early
development phases, and (ii) the gamification of an existing software system
that consists of evolving a non-gamified system by either adding or refining
existing system features to accommodate game elements and rules. The first
approach has been explored and supported by previous studies (25, 40). How-
ever, the second approach remains poorly explored by the literature, though
it is very common in practice (55, 58). Consequently, development teams may
struggle to gamify their existing systems in practice (61).

This Master’s dissertation introduces a series of empirical studies that
enhance the current knowledge about the gamification of existing systems.
This chapter provides background information aimed at supporting the com-
prehension of this Master’s dissertation. Section 2.1 presents the basic concepts
of software gamification. Section 2.2 discusses the existing software gamifica-
tion methods and some development activities that may become considerably
challenging along the software gamification. Section 2.3 discusses about gam-
ification applied to healthcare systems. Section 2.4 discusses limitations of
previous work regarding the support to the gamification of existing systems.
Finally, Section 2.5 concludes this chapter.
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2.1
Basics of Software Gamification

Gamification consists of using game elements and well-defined rules into
non-game contexts with the purpose of engaging people with a variety of
tasks (12, 68). Gamification has been largely adopted by software companies
and developers in different domains. For instance, gamification has been
successfully used for boosting people consumption in market segments (67),
engaging students with learning tasks (41), and promoting the people well-
being and health (46). Gamification has been also applied with the purpose of
supporting the software development tasks (45), by promoting the completion
of eventually repetitive and time-consuming tasks such as writing software
test cases (51). In this Master’s dissertation, we are concerned about the
gamification applied to software systems aimed at engaging users with the
system features, which call software gamification (63).We discuss the basic
constituent elements of any gamified software system as follows.

Game elements. They represent the basic components of any gamified
system. Table 2.1 list some game elements discussed by previous work (12, 68).
The choice for game elements that help to address the gamification goals will
define the possibilities of user interactions with the gamified system (12). For
instance, assigning points to users will not just reward the user interaction,
thereby promoting constant interactions in the future, besides creating com-
petition among users given the points count associated with the user.

Table 2.1: Some Popular Game Elements
Game Elements Characteristics
Avatar : A visual representation of
the system user (12, 68)

It makes the system user more more immerse into the
system.

Badge: Special reward earned by
users (12, 68)

It aims at recognizing the user skills as the user interacts
with the system.

Challenge: Set of tasks with a com-
mon purpose (12, 68)

It represents a set of actions that the system user should
perform to earn more rewards than those provided by a
single task.

Level: A control of the user
progress (12, 68)

Usually counted in terms of earned points and badges.
Levels can control how certain system feature are un-
locked for the users to interact with.

Ranking: A sorted list of users (12,
68)

It provides a general view of the system users’ progresses.
Usually computed by the users’ levels and points. It aims
at promoting the user competition.

Point: A unit of reward earned by
users (12, 68)

It usually reflects the user progress in the system. Points
are commonly assigned to users after completing tasks.

Task: An atomic user action (12, 68) It represents a specific type of user action. Each task
should have a clear and reward the system users when-
ever completed successfully.

Team: Group of users with a common
purpose (12, 68)

It aims at promoting a user group engagement with
the system. Teams usually promote competition and
cooperation among users.

Game rules. The game rules define the interactions of people and game
elements towards people engagement. Basically, there are two types of game
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rules as follows. The first type of rules defines the relations between the system
and its users. Let us exemplify these rule types via points and rankings. In
our gamified software system, named VazaZika (Chapter 4), each report of a
mosquito breeding site rewards the user (18, 61). These report awards aim at
keeping the user engaged with the system. Thus, the system has to acknowledge
the user with points that are accumulated in a points count. The second type
of rule defines the relations between game elements. Based on the previous
example, the points assigned to a user that has reported a mosquito breeding
site are aggregated for determining the user ranking. In this case, there is a
relation between points and ranking.

Conceptual gamification model. The gamification model defines the
game elements (e.g., points) and rules (e.g., ranking policy), and associates
them with the system’s features (63). The model can also be visually repre-
sented. In this Master’s dissertation, we have defined a graphical represen-
tation of gamification models as follows. The system user is represented by
a blue-colored box. The game elements that should be incorporated by the
gamified system are represented by green boxes with rounded corners. The
game rules are represented by arrows. Continuous arrows represent actions
performed by the system user on the system (user-system actions). Dashed
arrows represent actions performed by one game element on another (inter-
elements actions). Dotted arrows represent dependencies between two game
elements (inter-elements dependencies). Figure 2.1 illustrates an example of
gamification model. We describe this gamification model as follows.

creates
(R1)

performs
(R2)

generates
(R6)

controls
(R7)generates

(R5)

System-user 
(SU) rule

updates
(R3)

User

Team

ChallengeBadge Point

Social Activity

updates
(R4)

Ranking

System user Game element
Element-element
(EE) rule

Legend

Figure 2.1: Gamification Model Notation used in this Master’s Dissertation

This gamification model is defined by six game elements, namely badge,
team, social activity, challenge, point, and ranking, besides seven game rules
(R1 to R7). The system user can create a new team for performing activities
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together with other system users (R1). The system user can also perform a
particular type of task called challenge, which consists of two or more tasks
aggregated within a unit task (R2). To create a new team triggers the social
activity of the software systems, which means that the team creation will be
informed to all system users (R3). Similarly, to engage a challenge updates
the social activity (R4). Whenever a system user completes a challenge, he is
rewarded with a badge (R5). The challenge completion also gives points to the
system user (R6). Finally, the points count of a user is used to control the user
ranking (R7).

2.2
Existing Methods for Supporting Software Gamification

We have found some studies (29, 34, 40, 50) that introduce methods for
guiding software gamification, i.e., the incorporation of game elements and
rules into a software system. Unfortunately, none of these methods aimed to
target the particularities of gamifying existing systems. Thus, all the existing
methods guide development activities that concern the software gamification
from scratch rather than the gamification of systems that were previously im-
plemented without gamification in mind. Particularly, the existing gamification
methods are quite limited in scope: most methods targeted the business con-
text and they were conceived as user-centered designs, i.e., the user and their
goals are the central focus of the design and development (39). In addition,
the existing methods are highly abstract and provide little implementation
support to developers. We discuss each study as follows.

One study (50) introduced a gamification method composed of five
phases: (i) business objectives definition; (ii) game model and characteristics
definition; (iii) methodology and tools of software development; (iv) game
design and software development; and (v) gamification quality control and
feedback. In a general view, this method sounds quite comprehensive because
it encompasses activities from requirements elicitation to implementation and
quality control. However, this method does not support some key activities
required to gamify existing systems. An example of a key activity is revisiting
the existing software artifacts, such as requirements documentation, in order
to reason about the impact of incorporating game elements and rules into the
system. In addition, the proposed method was shaped to address major needs
of designing web systems from the e-business domain.

Other two studies (29, 34) did not actually introduce gamification
methods but they provide insights to developers in charge of defining the
system architecture and implementing the gamified software systems. Both
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studies focused on sharing guidelines that can be useful to design the internal
component organization of gamified systems, besides the component inter-
communications. For instance, they describe an architecture for systematically
gamifying a software system with service-oriented and event-driven principles.
Nevertheless, these studies did not intend to systematically define a method
with development activities and their execution flow.

Finally, a recent study (40) introduced a method, named here as
Morschheuser’s method, for guiding the software gamification from scratch.
The method is structured in seven phases: 1) Project Preparation aims to de-
fine the system gamification goals. The Project Preparation phase encapsulates
five activities, i.e., identify and list objectives, rank objectives, justify objec-
tives, assess gamification applicability and identify requirements; 2) Context
Analysis aims to elicit and discuss the development organizational context,
including business processes, organization culture, and technology available
to implement the gamified system. The Context Analysis phases encapsulate
three activities, i.e., identify context, understand the context, and define suc-
cess metrics; 3) User Analysis aims to define and characterize the target users.
The User Analysis phase encapsulates four activities, i.e., define target users,
identify the user needs, identify the user motivations, and create personas.

The fourth phase Idealization guides gamification design thinking and
documentation. This phase encapsulates two activities, i.e., brainstorm ideas
and consolidate ideas; 5) Design aims to build the system prototypes that
realize the gamification design. This phase encapsulates four activities, i.e.,
create user journey, design prototype, create the prototype, and evaluate
prototype; 6) Implementation guides the system implementation, testing, and
incremental refinement. This phase encapsulates six activities, i.e., decide
implementation, prepare development, advise and manage implementation,
implement the design, playtesting, and pilot. 7) Evaluation aims to assess if the
gamification goals have been successfully addressed, and 8) Monitoring aims
to monitor the system use in order to track opportunities for improvement. We
further discuss the limitations of this method (and those others also discussed
here) in Section 2.4.

2.3
Software Gamification in the Healthcare Domain

We mined the literature on the application of software gamification to
healthcare systems, especially in the context of mosquito-borne disease preven-
tion, such as Dengue, Zika, and Chikungunya. As a result, we have found only
a few studies on this topic, thereby confirming previous literature observa-
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tions (54). Most of the studies found by us introduce non-gamified healthcare
systems, i.e., systems that do not incorporate game elements and rules. We
discuss below some of the previous studies that are more closely related to ours.

Non-gamified healthcare systems. InfoDengue (7) is an information
system that analyzes social media data collected from Twitter to track Dengue.
This system relies on data about climate changes posted by social network
users. Citizens are not allowed to report data manually in order to comple-
ment the data mined from social media. “Observatorio do Aedes aegypti”1 is
another information system aimed to track Aedes aegypti-borne diseases. The
system supports citizens in reporting mosquito breeding sites and suspected
cases of Dengue, Zika, and other related diseases. Through geo-located data,
public health agents can plan and execute strategies for preventing diseases.
Contrarily to InfoDengue, this system does not explore social media data. Fi-
nally, VazaDengue (21, 58) is an information system that combines social media
data with manual reports of mosquito breeding sites provided by citizens. The
major system goal is supporting public health agents in tracking Dengue.

Serious games for healthcare. We did not find studies that introduce
gamified software systems for healthcare in the domain of prevention of
mosquito-borne diseases. The closest we found to gamified systems are the
so-called serious games. Basically, a serious game is a video game that holds
a serious (e.g., education or instruction) purpose (54). Aedes Game (11) is a
serious game aimed at raising the awareness of citizens in combating the spread
of Dengue and other related diseases. Players answer a variety of questions,
e.g., In which locations Aedes aegypti mosquitos more likely to spread?, For
each correctly answered question, a virtual mosquito is hit by an electric racket,
points are given to the player, and a new game level is unlocked. X-Dengue (35)
is a serious game with a quite similar purpose. Players are guided through
phases in which mosquito breeding sites have to be eliminated. Finally, Zika
Gamification (22) implements points, badges, and rankings aimed at training
public health agents in tasks of disease prevention and control. However, this
application does not focus on engaging citizens in critical healthcare-related
features, such as the report of mosquito breeding sites.

This Master’s dissertation exploits the gamification of an existing system
called VazaDengue (58). The gamification resulted in the VazaZika gamified
version (18). Our gamified system is innovative because it promotes healthcare-
related activities that directly support disease prevention including the con-
stant report and validation of mosquito breeding sites. In addition, our system

1http://observatoriodadengue.telessaude.ufrn.br/
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differs from the aforementioned systems by incorporating game elements and
rules aimed to leverage user engagement with key healthcare-related features.
We explain in detail how our gamified system has aimed at improving user
engagement by incorporating game elements and rules in Chapter 4.

2.4
Limited Support to the Gamification of Existing Systems

We have found many limitations of previous studies concerned with
the gamification of existing software systems. These limitations were mostly
observed along the gamification of an existing healthcare system called
VazaDengue, as mentioned in the previous section. We discuss the major limi-
tations and how there were addressed by this Master’s dissertation as follows.

2.4.1
Lack of a Systematic Method for Gamifying Existing Systems

This section summarizes the limitations of the existing methods for
gamifying existing systems, which were previously described in Section 2.2.
Before gamifying the VazaDengue system, we have searched in the literature
for methods and frameworks that could assist the developers in gamifying our
existing system. Unfortunately, we have found only a few methods (29, 34,
40, 50) that only aimed at supporting gamification from scratch. A previous
work (50) introduces a method composed by five steps that range from defining
the system goals to defining and validating the system gamification design.
There are two major limitations of this method: (i) no guidance to revisiting
the existing software artifacts targeting their adaptation and the identification
of constraints to the system gamification, and (ii) too much focus on the e-
banking domain, which makes it hard to apply the method to other domains.

Studies such as (29) and (34) provide guidelines to drive system gami-
fication in certain phases. Herzig et. al (29) focus on requirements elicitation
and architectural design. As far as requirements elicitation is concerned, the
authors discuss non-functional requirements that should be considered when
designing an architecture for gamified systems (simplicity, reusability, and de-
coupling of functionality). The authors also discuss certain requirements that
are specific of the gamification domain, e.g., a gamified system should provide
immediate feedback and promote challenges among users. Regarding architec-
tural design, the authors propose a service-oriented architecture to support
the gamification of systems. Kardan and Arani (34) overview certain related
activities with software gamification, and different situations in which game
elements might be used in practice. However, both aforementioned studies
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do not provide methods that guide the gamification of existing systems from
requirements to testing. Instead, these studies focus on general guidance to
architecture design and system implementation.

Fortunately, we have found a previous work (40) whose gamification
method that encompasses various phases though aimed to support the system
gamification from scratch. Such method encompasses certain development
phases that range from domain documentation and requirements elicitation to
software implementation and testing. Contrary to previous work (29, 34, 50),
this particular study introduces a well-documented method, whose phases are
scrutinized by means of well-defined development activities. Given guidelines
about how to conduct each phase to gamify a software system. As we discuss
in Chapter 3, we chose the method proposed by Morschheuser et. al. (40) for
refinement along with the VazaDengue system gamification.

2.4.2
Challenging Development Activities along Software Gamification

We did not find studies that systematically discuss the challenging de-
velopment activities along the gamification of existing systems. Nevertheless,
we found a study (40) that discusses some challenging activities related to the
design of gamified software systems in general. The authors claim that gami-
fying a software system is complex and requires multidisciplinary knowledge,
which ranges from psychology to design and coding. Besides, the authors dis-
cuss the role of gamification in influencing human behavior rather than just
entertaining people. This study discusses that the understanding of technolog-
ical constraints is often mentioned as a key requirement to successfully design
gamified systems. In fact, in Chapter 3 we discuss how the lack of such knowl-
edge affected the gamification of our system.

Another study (29) has discussed six challenges that affect developers in
designing and implementing service-oriented gamified systems. An example of
a challenge is called Front-end Integration. This challenge regards the problems
that emerge from the integration of the back-end of a gamified system (which
includes the implementation and data persistence of game elements and rules)
with the front-end that provides a visual representation to the system users.
As we discuss in Chapter 3, the developers of the VazaDengue system have
faced challenges from this nature in real settings. Similarly, other study (34)
elicited four hypothetical challenges faced by developers along the architecture
design of web systems, mostly related to organizational and human aspects
that hinder the gamification process. An example of a challenge elicited by the
authors is Engineering Infrastructure. This challenge regards the massive data
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processing due to the incorporation of game elements and rules into the system
that requires an appropriate infrastructure. We also discussed in Chapter 3 the
challenges faced from this nature in real settings.

Part of this Master’s dissertation is dedicated to systematically explore
the development activities that became challenging along the gamification of
the VazaDengue system. VazaDengue is a healthcare system aimed to support
public health agents in tracking outbreaks of diseases transmitted by the Aedes
aegypti mosquito, such as Dengue, Zika, and Chikungunya. This system is
composed of a web and a mobile application, so that some challenging activities
pointed out by previous work have been empirically confirmed and others were
revealed for the first time. More details can be found in Chapter 3.

2.4.3
Lack of a Gamification Model to Prevent Mosquito-borne Diseases

A recent systematic review (54) summarized 46 studies that propose some
form of using games or game elements in healthcare systems. More than half,
i.e. 26 out of the 46, of the studies involve gamified systems. The other 20
studies explore serious games, i.e., systems with a serious purpose (12). Only
15 out of the 26 gamified systems support some sort of disease prevention,
but none targeted at mosquito-borne disease. They aim to combat non-borne
diseases such as diabetes (6) and rheumatoid arthritis (1), for which prevention
and control are significantly different from mosquito-borne diseases such as
Dengue, Zika, and Chikungunya (27).

Even worse, most of the conceptual gamification models in such studies
are not explicitly defined. They present an overview of the system’s features
and interface, but the game elements and rules (as well as their relationships)
are not systematically defined. In any case, they are not focused on assisting
the prevention of mosquito-borne diseases such as Zika by promoting the
citizen’s engagement to constantly report of mosquito breeding sites. As well
as performing collaborative prevention tasks, helping the public health agents
tracking disease outbreaks and eliminating the reported sites. Besides, these
models encompass a few game elements (e.g., points and ranking policy).

2.5
Summary

This chapter provided background information aimed to support the
understanding of this Master’s dissertation. We presented and discussed the
basics of software gamification, gamification methods, and gamification applied
to healthcare. We expect to provide readers with key concepts, so that they
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can properly read this dissertation and understand its major contributions.
As much as possible, we discussed the limitations of previous studies in
order to emphasize the novelty and importance of our work with respect to
the current knowledge on software gamification. Especially, we discuss how
previous studies guided our study on the gamification of existing software
systems rather than gamification from scratch.

In the next chapter, we introduce the first study of this Master’s dis-
sertation. We present action research aimed to refine an existing gamification
method aimed to support the specific needs of gamifying existing software
systems. We present the various refinements applied to the existing method
and how our practical experience with the gamification of a real-world system
shaped the new proposed method.
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3
A Refined Method for Gamifying Existing Software Systems

The support to gamification from scratch has been extensively exploited
by previous studies, as we discussed previously in Section 2.2. In fact, we have
found a relevant number of gamification methods aimed to guide developments
teams in gamifying systems from the early phases, including requirements
and elicitation and domain analysis. However, there is an increasing demand
in industry for gamifying existing systems that were not originally designed
with gamification in mind (55, 58). Unfortunately, the current support to the
gamification of existing systems is scarce if not nonexistent. Thus, developers
can incorporate game elements and rules into these systems with the support of
a gamification method, thereby making the system enjoyable and challenging.

A desired gamification method should guide the reasoning about existing
software artifacts and how they should be refined in order to accommodate
gamification (61). Current methods tend to support requirements elicitation
and design of gamified systems from scratch (29, 34, 40, 50), i.e., those systems
originally developed with gamification in mind. However, these methods are
not tailored to situations where gamification needs to be integrated into an
existing system. Consequently, development teams may significantly struggle
with gamifying their existing systems (61).

This chapter introduces a method aimed to support the gamification
of existing systems. Our method refines a previously gamification method
proposed by Morschheuser et. al. (40) (Section 2.2). We relied on a particular
experience with gamifying the VazaZika healthcare system from the domain
of mosquito-borne disease prevention. We have employed a participatory
action research (16) for adapting, discarding, adding, and reusing development
activities from the Morschheuser’s method.

The action research was composed of two complementary studies: a self-
observational study (17) whereby two researchers engaged in meetings to rea-
son about refinements to apply on the existing gamification method, and an
interview-based study (66) aimed to capture the feedback of developers on the
development activities that constitute the method and identify opportunities
for additional refinements. By performing the interview-based study in about
half of the self-observation process, we were able to enhance our gamification
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method based on developers’ perceptions about challenging development ac-
tivities and how to cope with these activities in practice.

Our method has six development phases (e.g., User Analysis and Require-
ments Elicitation) composed of: 25 activities adapted from the Morschheuser’s
method to the needs of gamifying an existing system; four activity fully reused
from that method; and nine new activities introduced for guiding developers
in revisiting existing system artifacts. The study reported in this chapter is
covered by our papers published in the 16th International Conference on In-
formation Technology: New Generations (ITNG) (18) and the 1st International
Workshop on Software Engineering for Healthcare (SEH) (61), co-located with
41st International Conference on Software Engineering (ICSE).

The remainder of this chapter is organized as follows. Section 3.1
overviews the need for proposing the gamified version of an existing health-
care system called VazaDengue. Section 3.2.1 describes our participatory ac-
tion research aimed to refine a previously gamification method (40). Section 3.3
presents our self-observational study aimed to incrementally refine the method.
Section 3.4 presents the interview-based study from which we identified chal-
lenging development activities along the VazaDengue gamification. We used
the developer feedback for refining our method whenever possible. Section 3.5
introduces the final version of our gamification method. Section 3.6 discusses
the limitations of our gamification method. Finally, Section 3.7 summarizes
the contributions of this chapter and introduces the next chapter.

3.1
The Need for Gamifying a Healthcare System

In this Master’s dissertation, we used an existing healthcare system called
VazaDengue (58), as an object of analysis of the two studies presented in this
chapter. We discussed the need for gamifying a healthcare system as follows.

The success of many healthcare systems largely depends on the engage-
ment of their users, such as health professionals and citizens (5, 18, 42, 61).
Thus, the incorporation of game elements and rules in existing healthcare sys-
tems has been recently explored in a wide range of domains (54). Examples
of game elements include points and badges. Rules define the interaction of
system users and game elements, and examples include policies for ranking
users and assigning points to them while exploring a certain system’s feature.

Only a few healthcare systems assist the prevention of diseases such as
Zika, Dengue, and Chikungunya (58), which are transmitted by the Aedes
aegypti mosquito. This mosquito is a global threat that has rapidly spread
in economically emerging countries due to poor basic sanitation plus warm
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and humid weather (27). Traditional prevention solutions have been shown
insufficient to engaging citizens (18, 27). Engaging citizens with healthcare-
related tasks is challenging in practice (54). In this context, a system called
VazaDengue (21, 58) was proposed: a healthcare system that collects reports
of disease cases and mosquito breeding sites. The system also automatically
mines post in social networks, i.e., Twitter and Instagram, to collect reports
from citizens. The main system goal is to provide real-time monitoring of such
reports for public health agents and citizens so that prompt action could be
taken to eliminate mosquito breeding sites.

Unfortunately, over three years that VazaDengue system had been de-
ployed, was observed the decay in the number of new system users, views,
and installations (18). Such decay suggested a lack of continuous user engage-
ment with the system. Thus, public health agents had an insufficient number
of reports to cope with disease outbreaks. As a response to the lack of user
engagement, we have decided to gamify this existing system (12) for making
VazaDengue enjoyable and motivating, while not making the system more diffi-
cult to use. This decision was driven by our major long-term goal of promoting
a constant report of mosquito breeding sites. The gamification of VazaDengue
resulted in the VazaZika gamified version (18).

The VazaZika system resulted of an international research project enti-
tled Leveraging Gamification and Social Networks for Improving Prevention
and Control of Zika. This project was performed by researchers in Software
Engineering and Data Analytics from Brazil and the United Kingdom (UK).
A total of 25 members participated in the project: one project manager; four
development team leaders, one per team; 15 software developers, including the
team leaders, distributed in two Brazilian cities, each with at least one devel-
oper per team, and; seven senior researchers, five from Brazil and two from
UK. The project counted on the active contribution of a dozen Brazilian public
health agents, which assisted many development activities.

The project members were allocated to at least one out of the four fol-
lowing teams. Design Team: responsible for eliciting the system requirements,
conceiving the gamification design, and prototyping both user interface (UI)
and user experience with the system (UX). Implementation Team: responsible
for programming the back-end and front-end layers of the web and mobile ap-
plications that constitute the VazaZika system. This team was also responsible
for implementing the specific layer that supports the system gamification. Test-
ing Team: responsible for programming and running unit test cases, besides
conducting interface testing. Research Team: responsible to conduct academic
research on gamification and data analytics applied to healthcare.
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This Master’s dissertation systematically exploits our experience with
gamifying the VazaDengue healthcare system from its start. Our major goal
was, from a practical perspective, some key needs of a particular development
team in gamifying an existing system that was not originally designed with
gamification in mind. We have used the VazaDengue gamification as a study
case to investigate our research questions, as further described in the next
section. In other words, we analyzed the VazaDengue gamification for (i)
shaping a gamification method that guides the gamification of existing systems
and (ii) proposing a gamification model aimed to incorporate game elements
and rules into healthcare systems for preventing mosquito-borne diseases.

3.2
Research Methodology

When we started the VazaDengue gamification, we did not find methods
for guiding us in gamifying our existing system. However, we needed to
gamify VazaDengue aimed to leverage both the constant report and the
validation of mosquito breeding sites in Brazil. Thus, we decided to rely
on an existing method proposed in a previous work (40) as first guidance.
We discussed in detail the existing method in the Section 2.2. We opted
by conducting a participatory action research (47) in order to incrementally
refine the Morschheuser’s method. For this purpose, we have conducted two
complementary empirical studies. Figure 3.1 provides a general view of how
both studies complement one another with respect to their inputs and outputs.
The figure also indicates the number of developers involved in each study.

Refinements in the first 
half of the gamification

Study 1: Self-observation

Study 2: Interviews with 
developers

Developers (15) + Researchers (4)

Refinements in the 
second half of the 

gamification

Our refined method

Start End

2 Researchers

Morchheuser’s 
method

...

Key

Artifact

Study

Start

Participant

End

Figure 3.1: Overview of the Participatory Action Research

The first study consists of a self-observational study (17), whose goal
is to observe how the VazaDengue development team behaved along the
system gamification, which needs have emerged and how Morschheuser’s
method should be refined to overcome the developers’ needs. In this case,
two researchers engaged in meetings to reason about refinements to apply on
the existing method based on a weekly observation of the gamification process.
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The second study was an interview-based study (66), which consisted of
interviewing the 15 VazaDengue developers about the employed gamification
method. Four researchers conducted the interviews, from which three are
included in the set of 15 developers that were interviewed. Our major goal was
capturing those development activities that became more challenging along
the system gamification. Thus, we could identify opportunities for refining the
gamification method towards a more comprehensive and lightweight one. At
the end, we expected to derive a method specifically tailored to support the
introduction of gamification in existing systems. To achieve the expectation, we
needed to analyze to what extent the Morschheuser’s method was appropriate.

3.2.1
Goal and Research Questions

We describe our study goal as follows (66): analyze an existing method for
gamifying systems from scratch (40); for the purpose of refining this method,
named Morschheuser’s method, in order to guide developers in gamifying
existing systems; with respect to the key development phases and activities
for the gamification of an existing system; our analysis is performed from the
viewpoint of software engineering researchers and developers; in the context
of the VazaDengue healthcare system gamification performed by developers
along software gamification. Table 3.1 lists our research questions (RQs).

Table 3.1: Research Questions of the Action Research
RQ Description
RQ1 What needs to be refined in the Morschheuser’s method to support the

gamification of existing systems?
RQ1.1 Which activities need to be refined to support the gamification of existing

systems?
RQ1.2 What were the development activities perceived as challenging by the develop-

ers along the system gamification?

Through RQ1.1 we aim to identify which activities of the Morschheuser’s
method (40) should be refined to support the gamification of existing systems.
We considered four types of method refinement: discard, full reuse, adaptation,
and the addition of an activity not yet supported by the method. Each
development activity corresponds to part of the software gamification process.
For addressing RQ1.1, we designed a self-observational study (17), named
Study 1, to promote discussions on the activities currently supported by the
Morschheuser’s method and the required refinements (Section 3.3).

With RQ1.2 we aim to understand the feasibility of the method. In other
words, we were concerned to what extent the development teams were able to
follow our method without major issues that hinder the software gamification.
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By understanding which software development activities became challenging
to perform along the VazaDengue gamification, we can track if factors that are
associated with these challenging activities are related or not with the method.
Challenging activities are those considered hard to perform with success by
developers. It may be the case that activities tend to become challenging
for reasons that extrapolate the followed method, e.g., the lack of supporting
tools to perform key activities such as gamification design conformance. For
addressing RQ1.2, we designed semi-structured interviews (66), named Study
2, with developers from the VazaZika gamification teams (Section 3.4).

3.3
Study 1: A Self-Observation of the Refined Method

In the next sections, we describe the refinements applied on the
Morschheuser’s method (40) along a period of 24 working months. Two re-
searchers with practical experience in Software Engineering (especially in the
management of small development teams) have contributed to a retrospective
analysis aimed to track these refinements along the VazaDengue system gami-
fication. Section 3.3.1 details the study steps. Section 3.3.2 presents the study
results. Finally, Section 3.3.3 discusses threats to validity.

3.3.1
Study Steps

Figure 3.2 illustrates the five study steps that we defined based on
previous works (47, 48). Due to the incremental nature of action research,
Steps 1 to 4 were performed by development phase along the VazaDengue
gamification. Additionally, Step 5 was designed to be performed at the end of
the system gamification. We describe each step as follows.

Analyze feedback 
and refine the 

method if 
necessary

Step 3

Collect feedback 
from developers 
and researchers

Step 2

Reason about 
limitation of the 
existing method

Step 1

Document the 
applied 

refinements via 
technical report

Step 4

Formalize the 
evolution history

Step 5

End of the 
development cycle

By 
development 

phase

Key

Step

Development 
phase

Figure 3.2: Study Steps of the Self-Observation Study
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Step 1: Reason About Limitations of the Existing Method. Two
researchers reasoned about the Morschheuser’s method in order to characterize
to what extent each prescribed phase can support the gamification of existing
systems. For this purpose, we initially observed the development context
of our existing system. As aforementioned, VazaDengue was gamified by
developers organized in a small and distributed development team. Based on
our development context, we have discarded certain activities that do not fit the
gamification of existing systems. After that, we have grouped the activities that
could be adapted and reused to support the gamification of existing systems.
Finally, we identified which activities were missing and, therefore, they should
be added to properly support the gamification of existing systems.

Step 2: Collect Feedback from Developers and Researchers.
We have conducted some meetings, face to face as far as possible, with
current and former VazaDengue developers, and researchers involved during
the gamification of the existing system. We aimed to capture the developers’
needs that could be better addressed by the gamification method.

Step 3: Analyze Feedback and Refine the Method if Necessary.
Based on the collected feedback, we were able to track which activities of the
Morschheuser’s method needed some type of refinement, i.e., adaptation, reuse,
or discard. We were also able to identify opportunities for adding key activities
to gamify existing systems. For this purpose, two researchers held several
meetings aimed to validate the necessary refinements of the Morschheuser’s
method. Thus, for each activity included in refined method, we minimized
biases and reached a consensus in a pair of researchers.

Step 4: Document the Applied Refinements via Technical Re-
port. We have documented the applied refinements in four technical reports
that encompass the main development phases, i.e., design, development, and
testing. Each report describes the process and activities performed by develop-
ers along the VazaDengue system gamification. These reports also describe the
main results obtained from each activity performed. Additionally, along with
the system gamification, we managed requests (e.g., the addition of new fea-
tures and bug fixes) through issues reported via GitHub. These issues contain
information about architectural design and interface design decisions.

Step 5: Formalize the Evolution History. Two researchers have
formalized the evolution history of our new gamification method based on
milestones (60). The milestones represent a clear sequence of activities or
events that incrementally build up until a specific goal is complete (60). In
our case, we have taken each development phase of our refined method as a
milestone because we have considered each phase as a specific goal. By phase,
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the respective activities were classified as adapted (ADP), reused (REU),
added (ADD), or discarded (DIS). We preserved as much as possible the
activity names assigned by the Morschheuser’s method (40). An example of a
classified activity is (ADP) Identify and List Objectives. Thus, we were able
to define a systematic representation of how our method was incrementally
refined throughout the development phases.

3.3.2
Results and Discussions

We discuss the main results of RQ1.1 regarding the refinements applied
on the Morschheuser’s method (40) as follows.

Evolution History of the Gamification Method. We answer RQ1.1 as
follows. Figure 3.3 illustrates a overview of the evolution history of our
new gamification method based on the Morschheuser’s method (40). We also
explain how our new gamification method was incrementally refined by each
milestone as follows.

(ADP) Identify and List objectives

(ADP) Rank Objectives

(DIS) Identify Requirements

(ADP) Define Target Users

(ADP) Identify User Needs

(ADP) Identify User Motivations

(ADP) Create Personas

(REU) Identify Context
(REU) Understand the Context
(DIS) Define Success Metrics

(ADD) List Existing System Features

(ADD) Define Features to Gamify

2 Adapted; 1 Reused
0 Added; 1 Discarded

4 Adapted; 0 Reused
0 Added; 0 Discarded

0 Adapted; 2 Reused; 
2 Added; 1 Discarded

(REU) Justify Objectives

(ADD) Elicit Gamified 
Requirements

(ADD) Evolve Functional 
Requirement

(ADD) Evolve Non-Functional 
Requirement

(ADD) Elicit Game Elements 
Elsewhere

(ADD) Define Game Rules

(ADD) Pick Useful Game 
Elements

(ADD) Create the Visual 
Representation for the Conceptual 
Model

(ADP) Design Prototype

(DIS) Create User Journey
(ADP) Consolidate Ideas

(ADP) Brainstorm Ideas

(ADP) Create Prototype

(DIS) Evaluate Prototype

0 Adapted; 0 Reused
3 Added; 0 Discarded

0 Adapted; 0 Reused
4 Added; 0 Discarded

4 Adapted; 1 Reused
0 Added; 1 Discarded

(M1) System 
Preparation (M2) User analysis

(M3) Context 
Analysis 

Morschheuser
et al. (IST 2018)

(M4) Requirements 
Elicitation

(M5) Gamification 
Design

(M6) Software 
Design

(M3) Context 
Analysis 

Legend

Activity Evolution history
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Activity 
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ADP - Adapted
REU - Reused
ADD - Added
DIS - Discarded

Figure 3.3: Overview of the Evolution History of the Gamification Method
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System Preparation. Figure 3.4 illustrates the refinements applied to
conceive the System Preparation Phase. During this phase, we felt the need to
adapt two activities of the Morschheuser’s method. Adapting (ADP) Identify
and List Objectives, and (ADP) Rank Objectives – The original definition of
these activities did not guide the reasoning about gamification goals based on
existing system goals. When gamifying systems from scratch, goals are elicited
from the expectations of new users. Differently, when gamifying existing
systems, it becomes necessary to discuss to what extent the system gamification
affects the existing system goals. By overlooking these goals, the gamification
may lead to existing system users to abandon the system usage.

System 
Preparation

Elicit gamification goals

Rank goals by priority

Justify goals

Project 
Preparation

Identify and list 
objectives

Rank objectives 

Assess if gamification is 
applicable

Justify objectives 

Identify requirements

Go 
decision?

Yes
No

Adapted

Adapted

Feasible?

Yes
No

Fully reused

Discarded

Morchheuser’s method The refined method

Figure 3.4: Refinements Applied in System Preparation Phase

In addition, for the first activity (Identify and List Objectives), we
decided to split this activity into two other more specific activities, i.e.,
elicit gamification goals and rank goals by priority. We reused the (REU)
Justify Objectives activity. Discarding (DIS) Identify Requirements – In the
earliest gamification phases, we decided not to elicit requirements for the
gamified version of our systems, because we do not consider convenient, in the
systems preparation phase, to focus on the requirements elicitation. Thus, we
conducted workshops with public health agents to understand their needs, and
to understand how gamification could help us address these needs. In addition,
we have decided to discuss the profiles of potential system users before eliciting
the requirements. Thus, we decided to discard this activity at this point, but
we considered to reuse this activity in future development phases.
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User Analysis. Figure 3.5 illustrates the refinements applied to conceive
the User Analysis Phase. During this phase, we felt the need to adapt
all activities of the Morschheuser’s method. Adapting (ADP) Identify User
Motivations, (ADP) Identify User Needs, (ADP) Define Target Users, and
(ADP) Create Personas – The original definition of these activities did not
guide the reasoning about the expectations and needs of the existing system
users. When gamifying systems from scratch, this reasoning is unnecessary
because there is not an existing system to use as a basis. Conversely, when
gamifying existing systems, it is important to consider those who currently
use the existing system. Otherwise, these users can eventually leave the system
because their needs are not properly addressed anymore. Therefore, we decided
to adapt all four activities to include missing reasoning. We highlight that
(ADP) Identify User Motivations and (ADP) Identify User Needs were merged
into a single activity called List User Needs and Motivations.

User
Analysis

Elicit target users

List user needs and 
motivations

Elicit personas

User 
Analysis

Define target users

Identify user needs

Create personas*

Identify user motivation*

Adapted

Adapted

Merged

*Optional activities

Morchheuser’s method The refined method

Adapted

Figure 3.5: Refinements Applied in User Analysis Phase

Context Analysis. Figure 3.6 illustrates the refinements applied to
conceive the Context Analysis Phase. During this phase, we decided to fully
reuse two activities, add two activities and discard one activity. Reusing
(REU) Identify the Context and (REU) Understand the Context – Eliciting
and understanding context information, e.g., employed technologies and design
decisions, is important for gamifying either systems from scratch or existing
systems. Thus, we decided to fully reuse both activities. We have been
motivated by the need for characterizing the limitations of an existing system
regarding the planned gamification. In fact, gamifying an existing system
requires understanding to what extent the incorporation of game elements
and rules will affect the current development context. We highlight that both
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activities were merged into a single activity called Elicit Existing System
Context.

Context
Analysis

Elicit existing system 
context

List existing system 
features

Context
Analysis

Identify context

Understand the context

Define success metrics

Merged

Define features to gamify

Discarded

Fully 
reused

Morchheuser’s method The refined method

Added

Figure 3.6: Refinements Applied in Context Analysis Phase

After performing the aforementioned activities, we felt the need to add a
new activity to support the elicitation of the existing system features. Adding
(ADD) List Existing System Features – In our particular case, eliciting the
existing system features was necessary because the system documentation was
scarce, and most of the developers involved along the system gamification were
not familiar with the existing source code and system features. In addition, we
decided to add a specific activity to support the definition of which existing
system features should be gamified. Adding (ADD) Define Features to Gamify
– We added this activity to reason about the system features that succeeded
or not in their purpose. The decision by gamifying a system feature strongly
depends on the gamification goals defined in the System Preparation phase.
Discarding (DIS) Define Success Metrics – We decide to discard this activity
because we do not consider it a priority. In addition, the system had not been
deployed yet, making it impossible to compute such metrics.

Requirements Elicitation. Figure 3.7 illustrates the refinements ap-
plied to conceive the Requirements Elicitation Phase. After performing the
context analysis phase, we felt the need to revisit the existing system require-
ments that concern the system features that could be gamified. However, the
Morschheuser’s method does not have a specific phase to guide developers
to evolve the existing system requirements to incorporate the gamification.
Adapting (ADP) Identify Requirements – We adapted this activity from the
System Preparation phase by transforming it into a new phase to guide the
evolution of existing system functional and non-functional requirements in or-
der to achieve the gamification goals. We called this new phase of Requirements
Elicitation phase – We have designed three activities to compose this phase
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– (ADD) Evolve Functional Requirements, (ADD) Evolve Non-Functional Re-
quirements, and (ADD) Elicit Gamified Requirements. In our case, performing
these three activities have become extremely necessary. This is because of the
evolution of certain existing functional requirements affected some of the sys-
tem’s business rules. In addition, some existing non-functional requirements
have become more critical with the incorporation of gamification, such as per-
formance and usability.

Requirements
Elicitation

Evolve functional 
requirements

Evolve non-functional 
requirements

Elicit gamified 
requirements

Added

Ideation

New

User 
Analysis

Context 
Analysis

Ideation

User 
Analysis

Context 
Analysis

Morchheuser’s method The refined method

Figure 3.7: Refinements Applied in Requirements Elicitation Phase

Gamification Design. Figure 3.8 illustrates the refinements applied to
conceive the Gamification Design Phase. During this phase, we were inspired
by discussions provided by the original method on the difficulty of designing
a gamified system. Then, we decided to formalize a specific phase that guides
developers to conceive the gamification design. Due to our lack of expertise
in the gamification design, we felt the need to systematically define the game
elements and rules that could be incorporated into our existing system. For
this purpose, we have added a new phase, called Gamification Design. We have
designed four activities to compose this new phase, namely (ADD) Elicit Game
Elements Elsewhere, (ADD) Pick Useful Game Elements, (ADD) Define Game
Rules, and (ADD) Create the Visual Representation for the Conceptual Model.
Our major goal was guiding the gamification design in its entirety, especially in
the case of developers not familiar with the definition of game elements, rules,
and conceptual models. We provide more details about each added activity in
Section 3.5 while introducing the final version of our gamification method.
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Gamification
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Requirements
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Ideation

Ideation
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Morchheuser’s method The refined method

Figure 3.8: Refinements Applied in Gamification Design Phase

Software Design. Figure 3.9 illustrates the refinements applied to
conceive the Software Design Phase. During this phase, we decided to adapt
four activities and discard two activities. Adapting (ADP) Brainstorming Ideas
and (ADP) Consolidate Ideas – We changed the original purpose of both
activities to focus on discussions regarding the system visual aesthetics. This
phase aims to guide fruitful discussions about: (i) visual aspects that worked
fine for the existing system and, therefore, they could be reused in the gamified
system version; and (ii) what should be modified in order to leverage the system
attractiveness and enjoyability.

Discarding (DIS) Create User Journey – We discarded this activity
because the user’s journey was described informally during the brainstorming
activity. Adapting (ADP) Design Prototype and (ADP) Create Prototype –
We have adapted these activities in order to consider the user interface of the
existing system, e.g., we have evaluated the visual aesthetics elements that
might be reused from the existing system, before creating a new prototype.
In addition, we have discarded the activity of (DIS) Evaluating the Prototype
because we have conducted the evaluation along with the software design. We
highlight that (ADP) Brainstorming Ideas and (ADP) Consolidate Ideas were
merged into a single activity called Brainstorming Ideas.
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Software Design
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Figure 3.9: Refinements Applied in Software Design Phase

Summary of RQ1.1. A total of 25 activities were refined from the
Morschheuser’s method (40) to support the gamification of existing sys-
tems. For instance, List the Existing System Features and Evolve Func-
tional Requirements. In which, 10 activities were adapted. Three activities
were fully reused by considering that they apply to the gamification of ex-
isting systems as well to the gamification from scratch. Nine new activities
were introduced. Three activities were discarded, one of which was adapted
to posteriori, e.g., Identify Requirements. Additionally, three mergers were
performed, each merger occurred between two activities, and one activity
was split into two more specific ones.

3.3.3
Threats to Validity and Concluding Remarks

We discuss threats to validity (66) regarding the first study as follows.

Construct Validity. We have carefully based on the participatory
action research procedures to document the applied refined via technical
reports. We have also conducted biweekly follow-up meetings and workshops
with the developers along the gamification of our existing system. Thus, we
expect to avoid the lack of observation of the researcher involved in the action
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research. For instance, during the execution of any activity, some observation
may not have been captured, and some information may have not been
mentioned by developers during meetings. This particular threat was also
minimized through our interview-based study (Section 3.4), once we collected
the developers’ feedback in order to refine the gamification method whenever
possible.

Internal Validity. We followed strictly the procedures to analyze the
Morschheuser’s method and conducting the retrospective analysis to built the
evolution history map of the existing method. We have conducted the analysis
in pair in order to reduce biases in the building of the evolution history map.

Conclusion Validity. We carefully performed the analysis and refine-
ment of the Morschheuser’s method. We validated all steps following our
methodology in a pair. Thus, we expect to avoid an incorrect representation of
the evolution history of the Morschheuser’s method and interpretation of the
reasons why the activities of the Morschheuser’s method were refined.

External Validity. We have following the participatory action research
and counted on the developers’ feedback along the VazaDengue gamification to
refine the Morschheuser’s method. Best practices documented by the literature
were employed whenever possible to incorporate gamification. Particularly, our
method is independent of implementation and testing practices – its focus
on gamification design makes it applicable to companies that employ varied
development practices. Additionally, our method is based on the feedback of
real developers and from a practical experience. Thus, we expect that the
refined method is applicable to similar development contexts – i.e., small to
medium-sized development teams with the support of agile practices, which
represents the reality of various companies and start-ups, for instance (14).
This particular threat was also partially mitigated through our interview-
based study (Section 3.4) by capturing as many limitations of our gamification
method as possible via the developers’ perceptions.

3.4
Study 2: An Interview-based Experiment Report

To answer ourRQ1.2, we performed an interview-based experience report
with developers from each VazaZika development team, i.e., design, implemen-
tation, testing, and research. Our major goal was tracking the development
activities that became significantly challenging along the system gamification.
In totally, we applied 15 semi-structured interviews (52). The interviews were
conducted when the system was about 50% completed, and they helped us
to refine our method. After interviewing each VazaZika developer, we have
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applied two Grounded Theory (GT) procedures (8, 15) to analyze the inter-
viewees’ responses: open coding for identifying topics of interesting from the
interview data, and axial coding for grouping topics that are interrelated. Sec-
tion 3.4.1 details the study steps and artifacts. Section 3.4.2 presents the results
of our second study. Finally, Section 3.4.3 discusses threats to validity.

3.4.1
Study Steps and Artifacts

Figure 3.10 illustrates our two study phases. Phase 1 aimed to define
the interview design protocol, including interview artifacts and forms. Phase 2
was proposed to guide the data analysis, from the tabulation of interview notes
to the data extraction. We describe each study phase as follows.

Phase 1: Interview Design

(1) Define the Interview 
Artifacts

(3) Conduct the Interviews

(2) Apply the Participant 
Characterization Form

Forms

Phase 2: Data Analysis
 (1) Tabulate the Interview 

Notes

 (2) Perform the Interview 
Notes Coding

 (3) Analyze Audio 
Records

Key ArtifactStepStart End

Audio

Notes

Forms

(4) Build a List of 
Challenging Activities

Audio

Notes

Figure 3.10: Study Steps and Artifacts of the Interview-based Study

Phase 1: Interview Design. We have designed an interview with developers
from each VazaZika development team. Interviews are an effective way of
understanding not easily observable phenomena such as developers’ feelings
and perceptions (52). We have chosen a semi-structured interview design (52)
aimed at allowing high flexibility along the interviews. We explain the three
steps conducted to design the interviews as follows.

Step 1 aimed to define and review the following artifacts. The Par-
ticipant Characterization Form aimed to collect the developers’ background,
allowing us to derive the information presented in Figure 3.11. The Interview
Script follows a funnel structure (52) that starts with general questions and
ends with specific ones. Our seven-question script has: two questions aimed to
confirm the teams in which the participant has been involved with; one ques-
tion to elicit all challenging activities; and four questions to understand each
challenging activity. All artifacts are presented in Appendices A and B.

Step 2 consisted of inviting all 17 developers from the four gamification
teams to fill out this form. Two participants were discarded because they
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have contributed to only one development team (design, implementation,
testing, and research). Thus, a total of 15 developers remained to participate
as interviewees. Step 3 aimed to conduct the interviews with the 15 VazaZika
developers. We strictly followed the Interview Script and were asked to avoid
influencing the interviewees’ responses. We have prioritized interviewing the
developers through face-to-face meetings in a laboratory environment as far
as possible. We have taken notes of the interviewees’ responses during the
interview. In addition, we asked for permission to record the interviews’
audios. Each interview lasted one hour and twenty-five minutes at most.

Phase 2: Data Analysis. After interviewing each VazaZika development
team, our next step consisted of analyzing the interviews data. Due to the
qualitative nature of our study, we have partially relied on the well-known
procedures of Grounded Theory (GT) (8, 15) to analyze the interviewees’
responses. Those procedures were useful for both eliciting and understanding
each difficulty faced by the developers while gamifying our existing system.
We explain the four steps to conduct data analysis as follows.

Step 1 aimed to tabulate all interviewees’ responses into a spreadsheet.
After, we validated in pair the tabulation results. Step 2 consisted of coding
the interview notes by applying two phases of data analysis GT (15) as follows.
Open coding aimed to elicit the data item about challenging activities. We have
identified the data from the tabulated interviews. Example of a challenging
activity: choosing game elements to implement aimed at engaging users.
Second, we have labeled the data item with a code. Example of code to the
aforementioned challenging activity: [GRP03c] Elicit Game Elements aimed
to Engage Users. Axial coding was applied for labeling groups of challenging
activities with categories, such as [GRP03] Specify the Gamified Systems.

Step 3 consisted of listening to each audio record in order to validate
the interview notes, correct inconsistencies and extract interviewee quotes,
which help justify why an activity development become challenging. These
researchers did not listen to their own interview audios. Step 4 aimed to build
a list of challenging activities. For this purpose, we discarded redundant data
items, refined the code and category labels, and validated the two types of
relationships mentioned in Step 2. We have built a list of challenging activities
that represent: each group with the respective label based. Table 3.2 introduces
the list of challenging activities.
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Participant Background. Before presenting our study results, we discuss
the self-assessed interviewed developers’ skills collected from the Participant
Characterization Form as follows. We observed that the developers have
different backgrounds. Figure 3.11 summarizes the background of our 15
developers numbered from D1 to D15. In this background, we present their
skills, regarding eight software engineering concepts, e.g., gamification.

Figure 3.11: Self-assessed Developer Skills

Our results suggest that the developers have high to very high skills in
basic concepts like software testing (41%), requirements engineering (59%), and
web development (65%). Conversely, the developers have either low, very low,
or none skills in gamification (82%) and game design (89%). This observation
has helped us in drawing the generality scope of our study results. Additionally,
41.2% of developers holds a bachelor’s degree and 29.4% holds a Master’s
degree. Their average development experience equals six years.

3.4.2
Results and Discussions

In this section, we present and discuss the study results regarding RQ1.2.
We discuss below the challenging activities perceived by the VazaDengue de-
velopers along the system gamification, and how the interview data supported
the refinement of our gamification method.

Challenging Activities of Gamification. We answer our RQ1.2 as follows.
Table 3.2 presents all development activities perceived as challenging by
the VazaZika developers along the software gamification. For each group,
we provide a description, the list of challenging activities that compose the
group, and when each challenging activity emerged along the gamification
of the VazaDengue systems. For instance, [GPR01] is a group of challenging
activities related to decision-making about the gamified systems, e.g., service
decomposition. [GPR01] is composed of challenging activities such as [GPR01a]

DBD
PUC-Rio - Certificação Digital Nº 1712653/CA



Chapter 3. A Refined Method for Gamifying Existing Software Systems 50

Define the VazaZika systems, which has emerged from the project beginning
and along the project execution. In total, we have elicited 22 challenging
activities, categorized into eight groups of challenging activities.

Although we have found eight groups of challenging activities in our
study, only six of them are mainly related to the difficulty of gamifying an
existing software system: [GRP01, GRP02, GRP03, GRP04, GRP05, GPR08].
The remaining groups are composed of challenging activities that often oc-
cur during the development of non-gamified systems. We discuss the afore-
mentioned five groups of challenging activities as follows. For each group, we
explained how the development activities that compose it was challenging. Al-
though [GPR04, GPR08] are related to the difficulty of gamifying an existing
software system, we do not describe these groups because it depends on the
development techniques adopted by the VazaZika development team.

We explain the four group of challenging activities as follows. For each
group we provide: (i) a discussion about the challenging activities that compose
the group; (ii) context, i.e, the factors that are associated with these challenging
activities along the VazaDengue gamification; and (iii) insight about how
certain challenging activities helped us to identify opportunities for refining
the gamification method towards a more comprehensive and lightweight one.
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Table 3.2: Groups of Challenging Activities Elicited from the Interviews
[GRP01] Define the Gamified System [GRP02] Conceive the System Art &

Design
[GRP03] Specify the Gamified System

Description: Related to decision-making
about the gamified systems in terms of source
code organization, service decomposition, and
data persistence.
Challenging activities: [GRP01a] Define
the VazaZika System; [GRP01b] Model the
VazaZika Web Architecture; [GRP01c] Design
the Database
Emerged when: (a) from the project begin-
ning and along the project execution; (b) along
the gamification implementation; (c) after the
first gamified system specification

Description: Related to the creative process
of art & design aspects (visual metaphors, col-
ors, etc.) of the gamified system.
Challenging activities: [GRP02a] Conceive
the Systems Art & Design
Emerged when: (a) from the project begin-
ning of the project, especially after proposing
the gamification model

Description: Related to definition of game el-
ements and rules to engage the users through
gamification.
Challenging activities: [GRP03a] Specify
the Gamified System; [GRP03b] Ensure the
Gamification Design Conformance; [GRP03c]
Elicit Game Elements aimed to Engage Users;
[GRP03d] Insufficient Stakeholders to Provide
Feedback; [GRP03e] Integrate Social Networks
into Gamified System
Emerged when: (c) from project beginning,
especially along the system implementation;
(d) from project beginning; (e) along the sys-
tem implementation

[GRP04] Implement the Gamified Sys-
tem

[GRP05] Understand the Existing Sys-
tem

[GRP06] Manage the Development
Teams

Description: Related to the implementation
of the gamified system.
Challenging activities: [GRP04a] iOS De-
velopment; [GRP04b] Mobile Development;
[GRP04b] Inexperience with Hybrid Mobile
Development; [GRP04c] Understand the Gam-
ification Domain; [GRP04c] Manual Systems
Deploy; [GRP04d] Synchronize System User
Data
Emerged when: (a) from project beginning;
(b) from mobile implementation beginning; (c)
from implementation beginning; (d) along the
system implementation

Description: Related to the difficulties
faced by the developers to understand the
VazaDengue system in terms of context, archi-
tectural design, technologies, and source code.
Challenging activities: [GRP05a] Under-
stand the VazaDengue API; [GRP05b] Under-
stand the Back-end Layer; [GRP05c] Under-
stand the System Domain
Emerged when: (a) along the system imple-
mentation; (b) after a development specialist
in VazaDengue left the project; (c) from the
implementation beginning

Description: Related to the management of
team members tasks.
Challenging activities: [GRP06a] Assign
Tasks to Team Members
Emerged when: (a) first task delays and
from the project beginning

[GRP07] Communicate the Development Teams [GRP08] Test the Gamified System
Description: Related to the communication among members of different development
teams.
Challenging activities: [GRP07a] Communicate Team Members; [GRP07b] Neglect
the Gamified System Specification
Emerged when: (a) from the definition of members per development team and from
the project beginning; (b) from the first implementation outputs

Description: Related to the unit test writing
and execution.
Challenging activities: [GRP08a] Write
Test Cases
Emerged when: (a) while changing the im-
plementation of existing system functionalities
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[GRP01] Define the Gamified System was challenging for the
developers due to several limitations of the VazaDengue existing system.
Indeed, the original architecture designers acknowledged that VazaDengue
was not designed to accommodate gamification features, i.e., game elements
and rules. It has become evident when game elements and rules defined by
the design team could not be addressed by the implementation team due
to the high maintenance costs required [GRP01a]. Moreover, the naturally
incremental definition of game elements and rules to be implemented by
the architecture has generated additional costs to redesign the database
several times [GRP01b], [GRP01c], which has delayed the implementation of
game elements that inter-depend, such as team and challenges. We present a
developer quote about [GRP01c] Design the Database as follows.

A major challenge was restructuring the architecture’s infrastructure to
accommodate gamification. – Developers 7 about [GRP01c]

Context: Along the VazaDengue gamification, the unstable definition of
game elements and rules has led to several changes in the relational database
model. For instance, changes in database design to optimize the management
of game rules and their respective game elements. Besides that, the rotation
of certain developers members of the development team has made difficult to
understand the existing database and identify reuse opportunities for the new
architecture’s database.

Insight: The challenging activities faced in [GRP01] gave us insights
of possible refinements of the Morschheuser’s method, e.g., the addition
of two new activities in the Context Analysis phase: (ADD) List Existing
System features and (ADD) Define Features to Gamify. By complementing
the discussions in Section 3.3.2, the need to adding these two activities was
due to given the excess of rework in architecture changes of the existing system
realized without the prior understanding of the technological, functional and
architectural constraints that could be impeded to incorporate game elements
and rules into the existing system.

[GRP02] Conceive the System Art & Design was challenging due to
the difficulty to design an attractive user interface that engages our stakehold-
ers, i.e., Brazilian citizens and public health agents. In fact, various VazaZika
developers struggled with defining what visual elements and metaphors (49)
should compose the user interface and how to represent them [GRP02a]. Due
to project budget constraints, both design and implementation teams were
responsible for evaluating the user interface in terms of attractiveness. How-
ever, the lack of feedback from user interface specialists has led to rework in the
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front-end layer implementation. We present a developer quote about [GRP02a]
Conceive the System Art & Design as follows.

While gamifying the existing system, it was difficult to find a trade-off
between the system’s serious purpose and the system’s attractiveness from the

viewpoint of its users. – Developers 3 about [GRP02a]

Context: The VazaZika is a healthcare system aimed to support health
agents in disease prevention and control, which was at a first moment con-
sidered a too serious purpose for gamification. For instance, the variety and
complexity of both game elements and rules, which made difficult to design
the system that is sufficiently attractive to its users. In addition, the lack
of guidelines for designing gamified system made it difficult to adopt recom-
mended gamification practices, which led to difficulties in understanding what
is necessary to gamify the system.

Insight: The challenging activities faced in [GRP02] gave us insights of
refinements of the Morschheuser’s method, e.g., the adaptation of three ac-
tivities that compose the User Analysis phase: (ADP) Identify User Motiva-
tions, (ADP) Identify User Needs, (ADP) Define Target Users and (ADP)
Create Personas to considerate the existing system users. As discussed in Sec-
tion 3.3.2, this insight became more evident, due to the need to understand
different needs of the existing system users and the new ones, before conceiv-
ing the system art & design. Another insight is related with the adaptation
of two activities which are part of the Software Design phase: (ADP) Design
Prototype, and (ADP) Create Prototype in order to consider the user interface
of the existing system, along with the conceiving the system art & design.

[GRP03] Specify the Gamified System was particularly challenging
due to the constant need for validating the conformance between the game
elements elicited by the design team and the ones implemented by the imple-
mentation team [GRP03b]. Misalignment between teams, due to communica-
tion noise among team members, combined with the underlying architectural
constraints of VazaZika, made difficult to reason about what game elements
and rules were feasible to implement and reach a satisfactory user engage-
ment [GRP03c]. We present a developer quote about [GRP03c] Elicit Game
Elements aimed to Engage Users as follows.

Elicit functional and non-functional system requirements, besides
understanding what requirements should be gamified was found challenging –

Developer 11 about [GRP03c]

Context: Some of the reasons that did make [GRP03] a group of challeng-
ing activities is related to general issues of technical knowledge in gamification.
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This has caused a delayed specification of certain game elements and rules, es-
pecially those that inter-depend, such as teams and challenges.

Insight: The challenging activities faced in [GRP03] gave us insights of
refinements of the Morschheuser’s method, e.g., the addition of three activities
that compose the Requirements Elicitation phase: (ADD) Evolve Functional
Requirement, (ADD) Evolve Non-Functional Requirement, and (ADD) Elicit
Gamified Requirements. By complementing the discussions in Section 3.3.2, this
insight became more evident when the addition of game elements and rules,
have made the specification of existing system requirements inconsistent. For
instance, the requirements of reporting a mosquito breeding sites needs to be
evolved to address as certain rules.

Another insight obtained through the interviews is related with the
addition of a new phase, called Gamification Design which is composed of
four activities: (ADD) Elicit Game Elements Elsewhere, (ADD) Pick Useful
Game Elements, (ADD) Define Game Rules and (ADD) Create the Visual
Representation for the Conceptual Model. This insight became more evident,
due to the need to reason more specifically about the game elements that
could be incorporated into the system, and what types of game rules (system-
user or element-element) could be specified to leverage the user engagement.
Moreover, how these game elements and rules could be documented.

Finally, [GRP05] Understand the Existing System became chal-
lenging mostly because of the poor and outdated VazaDengue API document
[GRP05a]. In fact, the API has more than 500 methods, which suggests a cer-
tain complexity for developers to understand and properly use it, especially
without the documentation support. We present a developer quote about the
[GRP50a] Understand the VazaDengue API as follows.

Make decisions towards the gamification of existing system and evolve a
simple software infrastructure into a more complex one. – Developer 7 about

[GRP05a]

Context: Unfortunately, the documentation available for the existing
system was overall poor and outdated. The lack of documentation was a real
issue because the existing system’ architecture was quite complex, composed
of thousands of lines of code that lack comments and documented rationale. In
the context, the group [GRP05a] regards the difficulty to understand how the
existing system was designed by means of architecture. A key factor to that
difficulty was the limited support that old team members were able to provide
to new team members in understanding the existing system.

Insight: The challenging activities of [GPR05] gave us insights of refine-
ment of the Morschheuser’s method, e.g., the reuse of the activity of (REU)
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Understanding the Context. By complementing the discussions in Section 3.3.2,
this insight became more evident, given the poor and outdated documentation
of our existing systems making it difficult for some members of the development
team to understand the existing system from requirements to implementation.

Summary of RQ1.2. We elicited 22 challenging development activities
from which 18 explicitly relate with the systems gamification. Design and
development teams have the highest numbers of challenging activities. Poor
design decisions, complex architecture, and lack of software documentation
had a negative impact on gamification implementation.

3.4.3
Threats to Validity

We discuss threats to validity (66) regarding the second study as follows.

Construct Validity. We designed the Participant Characterization
Form aimed to capture the interviewees’ expertise in basic software engineering
activities from requirements elicitation to testing. We then minimize threats
regarding the interviewees’ sampling variety. In addition, we have interviewed
only developers engaged with at least two development teams aimed to avoid
a poor elicitation of challenging activities. Thus, we expect to interviewed
developers that faced challenges in varied software engineering activities, from
requirements elicitation to testing. We designed our interview protocol based
on the funnel structure aimed to avoid missing relevant information about the
challenging activities during the interviews. Thus, we have conducted a more
flexible interview starts with general questions and ends with specific ones.

Internal Validity. We conducted each interview in isolation in order to
make interviewees comfortable with reporting their perceptions about challeng-
ing activities. We also have recorded interview audios in order to complement
the interviews notes and avoid missing data. We preferred face-to-face inter-
views rather than online aimed to control the interviewees’ attention whenever
possible. The interviewers were trained to strictly follow the Interview Script
and were asked to avoid influencing the interviewees’ responses.

Conclusion Validity. We have partially relied on our data analysis
protocol on GT (15). We aimed to reduce the inherent subjectivity of coding
interview notes. We analyzed all data in a pair to minimize biases and reach
a consensus about the elicited challenging development activities. Although
the researcher that coded the interviews was also an interviewee, four other
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researchers have validated the coding – only one was not an interviewee due
to the limited set of interviewees. We have analyzed challenges regarding the
gamification of both mobile and web applications to make our findings varied.

External Validity. We have interviewed 15 developers only, but they
mostly lacked gamification expertise. It might have boosted the relevance
of the elicited challenges. Since developers with expertise in gamification
may face different challenges from those that have been elicited. From these
15 developers, we have recruited interviewees engaged with two or more
development teams: design, implementation, testing, and research. We expect
that our challenges encompass varied software engineering activities, from
requirements elicitation to testing. Therefore, we elicited challenges with
different natures during the gamification process. Most interviewees showed
inexperience with gamification. Although it might have biased the reported
perceptions of challenging activities analyzing the interviewees’ background
has helped us characterize the generalization scope of our study results
according to the expertise of the developers.

3.5
A Method for Guiding the Gamification of Existing Software Systems

Our two empirical studies enabled us to derive our method aimed to
guide the gamification of existing software systems. Figure 3.12 illustrates the
phases and activities of our refined method; it also depicts their relationships.
The figure relies on the Business Process Model and Notation (BPMN) (43)
and it represents the following six method phases: 1) System Preparation
consists of preparing the environment for gamifying the existing system; 2)
User Analysis aims to elicit potential system users based on the existing system
users; 3) Context Analysis aims to characterize the existing system domain;
4) Requirements Elicitation aims to refine existing requirements and defining
gamification-specific requirements; 5) Gamification Design aims to design
the conceptual gamification model; and 6) Software Design aims to design
and prototype the system. We do not describe the Proceed with Coding and
Testing activity because it depends on the development techniques adopted
by companies and developers. We also illustrate the challenging development
activities of each phase with a star. We explain each method phase as follows.
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Figure 3.12: A Method for Gamifying Existing Systems

System Preparation. The first phase aims at promoting discussions about
the goals that developers expect to accomplish when gamifying the existing
system. A gamification goal is any concrete need for making the system
enjoyable and challenging for its users. In the specific case of VazaZika, we
have tried to answer questions such as How do mosquito-borne diseases spread
in economically emerging countries such as Brazil?, How do citizens and public
health agents contribute to the disease prevention?, and What tasks are critical
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to the disease prevention and, therefore, should be constantly performed by the
citizens? This phase consists of three activities described as follows.

– Elicit Gamification Goals consists of listing what the existing users
and potentially new users should expect from the gamified version of the
existing system. We recommend the developers to meet internally and
promote workshops with existing and new system stakeholders, such as
(but not limited to) health authorities, institutions, and the system users.
Our experience in gamifying VazaZika has benefited from meetings with
health agents (18) and other types of stakeholders.

– Rank Goals by Priority consists of ranking the elicited gamification
goals by priority. Each software project has particular priorities. We
recommend the developers to define a prioritization criterion. In the
VazaZika case, rewarding the reports of mosquito breeding sites had the
highest priority. That is because, without these reports, the public health
agents cannot prevent the disease outbreaks.

– Justify Goals means documenting the rationale behind each goal. A
well-documented rationale can help to understand the enjoyability and
the effort required to incorporate gamification into the existing system.
If the system gamification is sufficiently justified, then the developers
can proceed with the next phase. Otherwise, it may be the case that
gamifying the existing system is not actually the best solution to leverage
the user experience. We recommend the constant support of system
stakeholders, as we had from the health authorities (18).

User Analysis. The second phase aims to characterize the users that inter-
acted with the existing system. While gamifying VazaZika, we aimed to address
questions like What were the VazaDengue users? This phase also aims to rea-
son about additional users that could be interested in the gamified system. In
the VazaZika case, we tried to answer questions like Who would be the potential
users of the gamified system? and Is there any chance of losing users after the
existing system is gamified? This phase has the three following activities.

– Elicit Target Users consists of listing the candidate users of the
gamified system. We recommend the developers to first list the current
users of the existing system. Thus, developers can consider the risks of
these users leaving the system after gamifying the existing system.

– Elicit User Needs and Motivation consists of listing the needs by
candidate system user. We recommend the developers to meet with the
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stakeholders and ask them about their practical needs, but also track the
motivations behind the user interaction with the existing system.

– Elicit Personas consists of summarizing the lists of target users,
needs, and motivation into personas (24). Personas are mechanisms for
abstracting user profiles in terms of human characteristics, such as age,
sex, and professional background. We recommend describing the daily
routine of each persona aimed to highlight the context in which they
would be engaged with the system features.

Context Analysis. The third phase aims to characterize the context in which
the existing system was developed. Context includes the human resources and
technologies employed for developing the system. While gamifying VazaZika,
we tried to answer questions like What development process has guided the
VazaDengue development? and What technological constraints affected the
system development? Our experience suggests that the clearer the context
analysis, the easier is for developers to cope with challenges along with the
system gamification. This phase consists of the three following activities.

– Elicit Existing System Context consists of documenting any con-
text information, e.g., employed technologies and design decisions. While
gamifying VazaZika, an incomplete context elicitation has led to exces-
sive rework. For instance, poor design decisions led to database and web
service redesign too many times.

– Elicit Existing System Features consists of listing the main features
that constitute the existing system. Our experience shows that, especially
if the existing system documentation is scarce or outdated, the feature
elicitation is essential to perform the next activity.

– Define Features to Gamify means selecting the existing system
features that should be gamified. We recommend asking the system
stakeholders about: (i) system features that succeeded in their purpose
without gamification; and (ii) system features that failed in their purpose
and could be gamified.

Requirements Elicitation. The fourth phase has the purpose of systemat-
ically documenting the functional, non-functional, and gamification-specific
requirements of the gamified systems. This phase consists of three activities
described as follows.
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– Evolve Functional Requirements (FR) consists of refining the FR
elicited for the existing system. In contrast to eliciting requirements for
a non-existing system, there are features that developers should consider
before gamifying the system. In the VazaZika case, we reused the elicited
personas for refining the FR. We elicited five FR, e.g., The citizen can
report mosquito breeding sites through text, pictures, and geolocation data.

– Evolve Non-functional Requirements (NFR) means refining the
NFR elicited for the existing system. In the VazaZika case, these re-
quirements have significantly changed. For instance, both performance
and availability have become critical due to the addition of gamification
features. Such addition has increased the number of web requests. We
recommend to consider the technological constraints for performing this
activity. We elicited six NFR, e.g., The system must inter-operate through
a shared communication protocol.

– Elicit Gamified Requirements complements the two previous ac-
tivities by specifying the gamification-specific requirements. These re-
quirements encompass the features that emerged from the incorporation
of game elements and rules into the existing system. We elicited four
gamification-specified requirements. An example of requirement is: The
citizen can perform tasks either alone or as part of a team.

Gamification Design. The fifth phase has the major goal of building the
gamification conceptual model to be incorporated into the existing system.
For building this conceptual model, developers have to carefully define the
game elements and rules they aim to implement in the existing system.
During the VazaZika gamification, we have debated questions like What game
elements could help us in leveraging the enjoyability and challenge levels
of VazaDengue?, How should these game elements interact for realizing our
gamification goals?, and How the system users should interact with these game
elements? This phase consists of the four following activities.

– Elicit Game Elements Elsewhere means searching for game elements
to incorporate into the existing system. For gamifying VazaZika, we
tabulated the game elements used by 10 successful gamified systems we
are familiar with, e.g., Duolingo andWaze. We present more details in our
previous work (18). We recommend this activity for developers without
experience with gamification.

– Pick Useful Game Elements means picking game elements that will
help in achieving the gamification goals.
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– Define Game Rules aims at defining how the system users and game
elements should interact into the system.

– Create the Visual Representation for the Conceptual Model
aims to document the conceptual model based on the picked game
elements and defined game rules. We strongly recommend a careful
modeling of the relationships between game elements and rules, so that
developers can avoid rework while gamifying a system.

Software Design. The sixth phase consists of defining the aesthetics of the
gamified system. While gamifying VazaZika, we have tried to answer questions
like What aesthetics elements may be reused from the existing system? and
What changes should we apply for incorporating game elements into the
existing system interface? This phase has the three following activities.

– Brainstorming Ideas aims at promoting discussions regarding the
gamified system aesthetics. In VazaZika, we have designed different
interfaces for the mobile and the web application. We recommend the
developers to list all ideas and ask the stakeholders’ opinions about color
schemes, layout items, and screen navigation preferences.

– Design Low-Fidelity Prototypes consists of elaborating either man-
ual or tool-supported interface drafts. When gamifying a system with
many applications, we recommend to design similar drafts that share
elements, so that users can easily migrate across applications.

– Design High-Fidelity Prototypes consists of drawing high-fidelity
interface prototypes. We recommend to validate and refine these proto-
types with stakeholders.

3.6
Limitations of the Proposed Method

We are aware of a few limitations of our method, which are either related
to development activities that we decided to omit from the method on purpose
(Expected Limitations), or related to aspect observed through the empirical
validation of the proposed method (Observed Limitations). We summarize
the major limitations for both types as follows.

Expected Limitations. In an intentional way, we decided that our method
would not guide developers along the system coding and testing. This decision
was taken because coding and testing practices vary a lot across software
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projects, development teams, and organizations. In the particular case of the
VazaDengue system gamification, we have followed agile practices, for instance,
the use of version control systems and bi-weekly follow-up meetings. Thus,
although the Morschheuser’s method that we have refined (40) has prescribed
activities for writing, validating, and testing code, we have omitted these
activities from our method.

Nevertheless, we acknowledge that full support for development teams
to gamify their existing systems would require at least a general view of
how coding and testing would look like. In fact, we observed two groups
of challenging development activities that are strongly related to coding,
i.e., [GPR04], and testing, i.e., [GPR06]. One opportunity for improving our
method would be to propose a guide to the test and development practices
we use in our particular context. Another opportunity would be to propose a
guide with different techniques that support the developers in evaluating the
prototypes with the stakeholders. For instance, usability testing (2).

Observed Limitations. Through our empirical studies, we observed that
certain activities of our method may not have been addressed in the most
appropriate manner. For instance, the techniques that we used to characterize
the system users, i.e., Personas, may not have been sufficient to represent the
means of how potential users would interact with the system. The literature
reports other techniques with a similar purpose, e.g., user journey (13) and
empathy map (44). One opportunity for improving our method would be to
adapt the user analysis phase to include the empathy map technique (44).
Empathy map aims to create an empathy degree of developers with the target
system users. Thus, this technique could support the developers to better
characterize the target users regarding their needs and motivations (44).

Another limitation of our current method is related to the visual repre-
sentation of the relationships between the system users, game elements and
rules through the gamification model. This is because the gamification model
may not be the best option to systematically represent these relationships. Due
to the existence of other notations better known by developers. For instance,
the literature reports other techniques with a similar purpose, e.g., decision
trees (36), storyboard (30), and use-case modeling to support the specifica-
tion and the gamification design (9, 29). One opportunity for improving our
method would be to adapt the gamification design phase to provide one of
the aforementioned techniques for representing the relationships between the
system users, game elements and rules.
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3.7
Summary

In this chapter, we report on the refinement of an existing method
aimed to gamify software systems from scratch (40). With this purpose, we
conducted a participatory action research. Our aim was analyzing and refining
the existing method to guide developers on performing key activities to gamify
their existing systems. For that, we incrementally refined the existing method
according to the needs of gamifying an existing system. We also present
the evolution history of refinements that we have conducted to building our
method. As a result, our resulting method adapts ten activities from the
existing method to particularities of gamifying existing systems; one activity
was fully reused from that method; and nine new activities were introduced
in order to guide developers in revisiting existing requirements and system
features, for instance. Our method successfully supported the VazaDengue
gamification. We expect our method is applicable to existing systems being
gamified by developers with limited experience and following agile development
practices (56) (as in the VazaDengue case).

An artifact that is essential to the software gamification is the so-called
gamification model (63). This model can be derived with the application
of our gamification method. Along VazaZika gamification, we did not find
gamification models that target mosquito-borne diseases as VazaZika does.
Moreover, many of the resulting gamification models for healthcare domains
are not explicitly defined, thereby making their reuse quite challenging. To
address this gap, the next chapter introduces and empirically assesses a
gamification model for guiding developers teams in gamifying their existing
healthcare systems that share similar goals with VazaZika.
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4
A Gamification Model to Prevent Mosquito-borne Diseases

Gamifying a software system consists of the incorporation of game
elements and rules into systems to engage users with system features (12). Also,
consist in defining a conceptual gamification model and incorporating it into
the system (12). Gamification models are intended to make the use of a system
more attractive and enjoyable, thereby promoting user engagement (63). This
model defines how system users and game elements interact through well-
defined game rules (63). An example of game elements are the point, i.e., an
unit of reward that system user earns, and ranking policy, i.e., how to rank
system user by performance. Examples of game rules are a system user earns
points after completing a given task and, as a complement the system users the
point count earned by a given user for determining the user ranking (18, 61).

Promoting user engagement is particularly important in certain health-
care domains (54), such as the prevention of mosquito-borne diseases (18, 61).
Healthcare systems of this domain also largely depend on the wide engage-
ment of health agents and authorities (58). In most cases, the citizens have
to report mosquito breeding sites so that the public health agents can cope
with these sites. Unfortunately, this modus operandi has been shown ineffective
to prevent diseases. Indeed, citizens are poorly motivated to constantly report
mosquito breeding sites in healthcare systems (18, 64). More critically, dissem-
inating the use of healthcare systems, like any other software system, is quite
hard (18). Thus, proposing attractive and enjoyable systems is a key to the
success of these systems in practice. Aimed to leverage the user engagement,
gamification models play an essential role (63).

Existing gamification models for healthcare domains are focused on
non-borne diseases such as diabetes (6). However, they are not explicitly
defined, thereby making their reuse quite challenging (61). More critically,
these gamification models are not focused on the constant report and validation
of health issues, as well as the cooperation of citizens and health agents,
which is essential to prevent mosquito-borne diseases such as Dengue, Zika,
and Chikungunya (27). We struggle with the lack of gamification models when
gamifying a healthcare system for preventing these diseases (Chapter 3). Thus,
well-defined and evaluated gamification models for the domain of mosquito-
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borne disease prevention are desired to gamify certain existing systems (61).
This chapter introduces and assesses a conceptual gamification model for

healthcare systems in the specific domain of mosquito-borne disease preven-
tion. Our gamification model is composed of 12 game elements and 16 game
rules. We have incorporated this model into an existing healthcare system
(VazaZika, in our case). We have evaluated our gamification model through an
experiment with 20 citizens focused on the VazaZika mobile application. We
evaluated six aspects concerning the incorporation of our gamification model
into the VazaZika healthcare system: (i) user interface; (ii) ease of use; (iii)
fun; (iv) motivation; (v) potential for the constant use of key system features;
and (vi) potential for disseminating the system use among citizens. Our results
suggest that our gamification model has resulted in an easy-to-use system with
the potential of truly engaging users with critical healthcare-related features.

The study reported in this chapter corresponds to the extension of our
paper accepted in the 1st International Workshop on Software Engineering for
Healthcare (SEH) (61). The remainder of this chapter is organized as follows.
Section 4.1 introduces and describes our gamification model built by following
our method described in Chapter 3. Section 4.2 introduces the study goal
and research questions regarding the assessment of our gamification model
through the VazaZika mobile application. Section 4.3 details the study steps
and artifacts. Section 4.5 presents the study results and discussions. Section 4.6
discusses additional evaluations and the potential reuse of our gamification
model. Section 4.7 discusses threats to the study validity. Finally, Section 4.8
summarizes this chapter and introduces the following chapter.

4.1
Design of the Conceptual Gamification Model

In the particular context of the VazaDengue gamification, the develop-
ment team had little experience with software gamification (18, 61). There-
fore, a gamification model serving our specific system domain would be ideal
to support the gamification of our existing system. Unfortunately, we do not
found any gamification model in the literature. Thus, we decided to propose
our gamification model in order to support the VazaDengue system gamifica-
tion. We expected that the proposed gamification model would assist other
development teams in gamifying their healthcare systems, in particular for the
mosquito-borne diseases domain.

We have followed our gamification method presented in Chapter 3 to
build our gamification model. Our model aims at (i) addressing the need for
constantly reporting mosquito breeding sites, (ii) promoting the collaborative
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work of citizens towards the disease prevention, and (iii) promoting a fruitful
competition among citizens. Healthcare systems that share these gamification
goals could eventually benefit from reusing our model. The model consists
of 12 game elements and 16 rules. We detail each step followed to build the
gamification model as follows.

Gamification Goals. Along the System Preparation phase (Sec-
tion 3.5), we derived six gamification goals, which are ordered by descending
priorities. Table 4.1 summarizes the gamification goals as follows.

Table 4.1: Gamification Goals
ID Gamification Goals
G1 Promote constant report of mosquito breeding sites, so that tracking disease outbreaks and

eliminating mosquito breeding sites become easier for the health agents
G2 Promote reports in all Brazilian locations through game elements and rules that engage citizens

with different profiles to contribute critical-related healthcare tasks
G3 Promote tasks with varied purpose, difficulty, and user engagement
G4 Provide tasks and challenges to be performed individually and in teams by citizens, in order to

spread the systems’ user base
G5 Engage the public health agents with the elimination of mosquito breeding sites
G6 Leverage the quality of reported mosquito breeding sites through game elements and rules that

reward citizens by reporting valid information. The Brazilian public health agents asked us to
prioritize the report of mosquito breeding sites, since it guides most of the agents’ daily work

Personas. In the User Analysis phase (Section 3.5), we conducted
meetings and workshops with the Brazilian public health agents. We aimed
at characterizing the existing system users and the potential new ones. We
have elicited a total of four personas associated with different user profiles.
For this purpose, three software engineers have met in different days to reason
about possible users and their interactions with the system. We illustrate the
personas as follows. Persona 1: Laura is 18 years old, she loves playing games,
and she lives in a community affected by many disease cases. Persona 2:
Daniel is 34 years old, he got Zika six months ago, he has noticed several
mosquito breeding sites in his neighborhood, and he is afraid his kids get Zika
too. Persona 3: Kellen is 14 years old, she is socially engaged, she would like to
report mosquito breeding sites in her community. Persona 4: Pedro is 45 years
old, he is newsstand owner, he is recently aware of several mosquito breeding
sites in the neighborhood of his newsstand.

Personas are useful means to describe the needs of potential system
users (24). We have taken advantage of the data richness documented through
four elicited personas to defined which system features should be implemented
and the user interaction should be taken. Moreover, we defined how these fea-
tures should be gamified in order to reward and stimulate users to constantly
use these features along time. Thus, we defined the game rules that could struc-
ture the user interaction with the features, especially by means of rewarding
users after using a given system feature.
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System Requirements. In the Requirements Elicitation phase, we
have documented the functional, non-functional, and gamification-specific
requirements to incorporate game elements and rules into our existing system.
We emphasize that characterizing personas considerably helped to evolve our
existing system requirements. By defining personas to the potential system
users, we tried to understand the possible interactions of a given user with the
gamified system. After conducting various brainstorming meetings with both
software engineers and public health agents, we have elicited 15 requirements
that if not satisfied would prevent the achievement of the six gamification goals.
Table 4.2 lists the VazaZika system requirements, which are classified into
functional (FR), gamification-specific (GR), and non-functional requirements
(NR). We also exemplify certain system requirements as follows.

Table 4.2: List of VazaZika FR, GR, and NR
ID Requirement Description System Goals
FR1 The citizen can report mosquito breeding sites through text,

pictures, and geolocation data
Mobile 1, 2, 3

FR2 The citizen can monitor the report status (treated report, veri-
fied report, and report under analysis) in real time

Mobile, Web 1

FR3 Both citizen and health agent can visualize mosquito-breeding
sites by location through a dynamic map

Mobile, Web 1, 2

FR4 The citizen can share a report of mosquito breeding site via social
networks like Twitter and Facebook

Mobile 1, 2, 3

FR5 The health agent can view and manage a list of reports by
location and status

Web 1, 2

GR1 The citizen can track his/her progress while performing tasks in
the systems

Mobile, Web 1

GR2 The citizen can engage with teams of citizens from different
locations

Mobile 1, 2, 3, 4

GR3 The citizen can perform tasks either alone or as part of a team Mobile 1, 2, 3, 4
GR4 The citizen can perform an individual task at a time or multiple

tasks together
Mobile 1, 3

NR1 The system must have an acceptable usability that satisfies the
citizen expectations

Mobile, Web 1, 2, 3

NR2 The system must inter-operate through a shared communication
protocol

Mobile, Web 1, 2, 3, 4

NR3 The system must implement a security layer for authenticating
both citizens and health agents

Mobile, Web 1, 2

NR4 The system must be adaptable according to the user natural
language

Mobile 1, 2

NR5 The system must support a reasonable set of Google Android
operating system (OS) versions

Mobile 1, 2

NR6 The system must be easily portable from Google Android OS to
Apple iOS and vice-versa

Mobile 1, 2

An example of an evolved functional requirement is (FR1) The citizen
can report mosquito breeding sites through text, pictures, and geolocation data.
By defining the gamification-specific requirements, we thought how the game
elements and rules would contribute to satisfy the needs of the elicited
personas and help us achieve the main gamification goals. For instance,
(GPR4) The citizen can perform an individual task at a time or multiple
tasks together incorporates a game element that better engages the user with
the system features, i.e., team. Consequently, it has helped us in achieving
two gamification goals, i.e., G1 and G3. By adding this game element, we
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observed that certain existing non-functional requirements became critical,
e.g., performance and availability.

Game Elements. We systematically followed the Gamification Design
phase in order to decide which game elements and rules could be included in our
gamification model (Section 3.5). We searched for successful and well-known
gamified systems. We selected systems from different domains to increase the
chance of reusing elements and rules that have been successfully independent of
the domain. We have chosen to search systems from other domains rather than
gamified systems in the healthcare domain, due to the lack of explicit definition
of their gamification models, especially because the existing gamification model
does not focus on assisting the prevention of mosquito-borne diseases. Thus,
our goal was to identify the game elements and rules of these systems to propose
our gamification model. Table 4.3 shows the ten gamified systems, which we
categorize by the game elements that they implement. The first column lists
the ten systems. The second and third columns respectively present the domain
and the related game elements of each system.

Table 4.3: Elicited Gamified Systems (URLs per System in Appendix C)
System Domain Game Elements
Duolingo A real-world application that assigns badges to users that

complete activities and challenges while learning a new
language

Point, Badge, Ranking, Social
sharing, Avatar, Chat, Level,
Social activity, Comment, and
Notification

Facebook A popular free social networking that allows registered
users to create profiles, upload photos and video, send
messages and keep in touch with friends, family and col-
leagues

Social sharing, Vote, Chat,
Team, Social activity, and
Challenge

Foursquare A social check-in that rewarding people for exploring new
locations or returning to locations

Point, Badge, and Ranking

GitHub A web-based version-control and collaboration system for
software developers

Vote

Nike+ Running An application that assigns points and badges to users
according to the distance run by them indoors, e.g., on
treadmills, or outdoors. Also, provide a ranking based on
the user’s friends list

Point, Badge, Ranking, Social
sharing, Level, and Notification

Stack Overflow A popular system for developers sharing knowledge
through questions and answers. In Stack Overflow, the sys-
tem users earn points and badges by performing a variety
of tasks, such as (i) asking and answering questions, (ii)
commenting on answers and questions provided by other
users, and (iii) up and down voting existing questions and
answers

Point, Badge, and Vote

Steam This system is a combination of a gaming environment
with a game virtual store. Users can buy video games,
manage wish lists, interact with other users through a
social network and follow a news feed. Playing games,
interacting with people, and participating in campaigns
via virtual store gives points and badges to users

Badge, Social sharing, Avatar,
Chat, Team, Social activity,
Challenge, and Comment

Swarm A location-based social network that rewarding their user
with points for each check-in and badges for new types of
location or checking in more often than your friends

Point, Badge, Ranking, Social
Sharing, Vote, Avatar, Chat,
Level, and Team

Uber An application for drivers to keep them on the road
for a longer period of time each day. The application
sets arbitrary earnings goals that provide achievements
when satisfied. The app provides feedback for drivers and
game elements like badges and bonuses for hitting certain
milestones

Point, Vote, Level, Challenge,
and Comment

Waze A location-based application that provides users with traf-
fic information through maps, promoting the participation
of the entire application community in a collaborative way

Point, Ranking, Avatar, and
Team

Table 4.4 lists ten systems categorized by the game elements they
implement (columns two to 14). We observed that points and badges are the
most frequent game elements, implemented by 70% and 60% of the systems.
This result confirms some discussions presented in the literature (12, 68). We
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have selected 12 out of the 13 game elements elicited. We decided not to select
chat to design our gamification model.

Table 4.4: Game Elements in Existing Systems (and Selected Game Elements)

System P
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Duolingo X X X X X X X X X X
Facebook X X X X X X
Foursquare X X X
GitHub X
Nike+ Run Club X X X X X X
Stack Overflow X X X
Steam X X X X X X X X
Swarn X X X X X X X X X
Uber X X X X X
Waze X X X X
Total 7 6 5 5 5 4 4 4 4 3 3 3 2
Selected Game Elements X X X X X X X X X X X X

Regarding the game rules, we observed that the ranking policies of many
systems, e.g., Stack Overflow, rely on the point count. Additionally, most
systems such as Duolingo and Waze provide system users with varied badges.
Table 4.5 describes the selected 12 game elements. By rewarding the citizens for
performing critical-related healthcare tasks, such as reporting and validating
mosquito breeding sites. Thus, we expected to achieve the VazaZika system
gamification goals as described in Table 4.1.

Table 4.5: Game Elements Incorporated into our Gamification Model
Game Element Purpose
Avatar : representation of the citizen (12) Aimed at immersing the citizen into the sys-

tem, so that the citizen feels part of the system
Badge: special reward assigned to a citizen (68) Aimed to recognize the citizen skills regarding

specific tasks performed through the system
Challenge: set of tasks that share a purpose (68) Aimed at challenging the citizen to perform

important tasks through the system
Comment: text feedback given by a citizen (68) Aimed at manifesting the citizen opinion

about a task
Level: control of the citizen progress (68) Usually aimed at unlocking new tasks as the

citizen accumulates rewards
Notification: feedback on citizen actions (68) Aimed at alerting the citizen about completed

actions and earned rewards
Point: a unit of reward assigned to a citizen (68) Aimed at rewarding the citizen after complet-

ing tasks through the system
Ranking: a sorted list of citizens (68) Aimed at promoting a comparison and compe-

tition among citizens
Social activity: registry of citizen actions (68) Aimed at summarizing the actions, e.g., com-

pleted tasks, performed by the citizens
Social sharing: action report via social media (68) Aimed at promoting the system use outside

the system, i.e., in external social networks
Team: group of citizens that share a task (68) Aimed at promoting the collectivism in the

realization of tasks through the system
Vote: validation of a completed task (68) Aimed at confirming or refuting that a task

was correctly performed through the system

Game Rules. Table 4.6 lists the game rules incorporated into our
gamification model. R1, R2, R8, and R13–R16 define how the citizens interact
with system. For instance, the citizens earn points after reporting a mosquito
breeding site. It aims at acknowledging the citizen so that he feels encouraged
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to report sites again. The remainder rules define relations between a pair
of game elements, which determines how one element affects another. For
instance, points assigned to a citizen count on the citizen ranking. In the table,
we inform the gamification goals addressed by game rules.

Table 4.6: Game Rules and Goals They Help in Addressing Gamification
ID Game Rule Goals
R1 Citizens can edit their avatar, and create new challenges and teams 3, 4
R2 The citizen can engage with existing Challenges, provide comments on citizens’

actions, perform social sharing of his own actions, and vote for mosquito
breeding sites reported by other citizens

1, 2, 4

R3 Edit avatar and create challenges and teams generate notifications 1, 2
R4 Avatar editing and the creation of challenges and teams by citizens update the

social activity
1, 2, 4

R5 Engaging with either challenges, comments, social sharing, or voting updates
the social activity

1, 2, 4

R6 Engaging with either challenges, comments, social sharing, or voting generates
badges

1, 2, 4

R7 Engaging with either challenges, comments, social sharing, or voting generates
notifications

1, 2, 4

R8 Notifications inform the citizen 1
R9 After either engaging a challenge or performing comments, social sharing, and

voting, points are generated
1, 2, 4

R10 Points counts control the ranking of citizens 1, 2, 4
R11 Points of a citizen control his progression along the game levels 3, 4
R12 The citizen level unlocks specific citizen actions in the system 3, 4
R13 The health agent can edit his avatar 5
R14 Notifications inform the health agent that a report was updated by the citizen

according to the agent’s vote
1, 3, 5

R15 The health agent can vote about the quality of information of the reported
mosquito breeding sites

1, 5, 6

R16 The health agent can comment about the quality of information of the reported
mosquito breeding sites

1, 5, 6

Relationships Between Elements and Rules. The gamification
model supports developers and stakeholders in understanding how the game
elements and game rules interrelate in a system (12). Figure 4.1 shows our
gamification model, which incorporates all 12 game elements (Table 4.5) and
16 game rules (Table 4.6) with the purpose of engaging users with healthcare-
related tasks, especially for preventing mosquito-borne diseases. Continuous
arrows represent the relations between the system and their users (SU) and
dotted arrows represent the relations between a pair of game elements (EE).
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Figure 4.1: The Designed Conceptual Gamification Model

4.2
Goal and Research Questions

Based on guidelines provided by Wohlin et al. (66), we defined our study
goal as follows: analyze the gamification model that supported the gamification
of a healthcare system; for the purpose of understanding to what extent the
gamification model has helped to achieve the system gamification goals; with
respect to (i) user interface, (ii) ease of use, (iii) fun, (iv) motivation, (v)
potential for the constant use of key system features, and (vi) potential for
disseminating the system use among citizens; Our analysis is from the viewpoint
of Brazilian citizens with varied background; in the context of VazaZika mobile
application. We chose to conduct our study using the mobile application
because of it better supports the configuration of our study. For instance,
the feature of reporting a mosquito breeding site in a simulated environment
was only possible to exploit through mobile application rather than the web
application that would not make possible this simulation. Table 4.7 list our six
research questions (RQs). We detail each RQ as follows.

Through RQ1 we aim to identify opportunities for improving the inter-
face to make citizens more comfortable with using the VazaZika mobile appli-
cation if users. Additionally, we aim to understand to what extent the game
elements incorporated by VazaZika have been perceived by the citizens. Thus,
we can have a clear understanding of the interface attractiveness and how the
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Table 4.7: Research Questions of the Empirical Study
RQ Description
RQ1 What are the positive and negative aspects of the gamified mobile

application user interface?
RQ2 How easy was it for the citizen to use the gamified mobile application?
RQ3 How fun and motivate was it for the citizen to use the gamified mobile

application?
RQ4 What is the correlation between ease of use and user fun, and user

motivation for the gamified mobile application?
RQ5 How often citizens would use the gamified mobile application again?
RQ6 How often citizens would recommend the gamified mobile application to

friends?

game elements have contributed to such attractiveness. We decided to assess
the gamification model through the user interface because most game elements
and rules are explicit in the user interface itself. Thus, by providing opinions
about the user interface, users are implicitly assessing the model. RQ2 aims
to understand if the incorporation of game elements and rules into VazaZika
has contributed to build an easy-to-use application. In this case, certain game
elements may hinder application usage, even though they make the system
enjoyable and challenging. These cases would be opportunities for refining our
gamification model by adapting it to the user needs.

RQ3 aims to capture whether the game elements and rules incorporated
by VazaZika help promote a constant report and validation of mosquito
breeding sites. A poor citizen’s fun and motivation imply a defect in the
gamification model and a need for refinement. We measured the user fun and
motivation by capturing the citizen perception through a closed form question,
in a five-point Likert scale (32). With RQ4 we aim to understand if there is
any correlation between the ease of use and either fun or motivation provided
by our gamification model. It might be the case that, the harder it is to use the
mobile application, the lower is the user fun and user motivation of gamified
mobile application. In this case, it would be necessary to refine our model in
order to make it easier while enjoyable and challenging.

Through RQ5 we aim to know how often citizens feel motivated to use
the VazaZika again. This information is quite relevant because one of our major
goals with the VazaDengue gamification was to leverage user engagement.
Although there may be some bias in the citizen’s responses, this question may
guide an understanding of what extends citizens feel motivated. We assume
that the higher the number of citizens motivated to use the application again,
the more these citizens would contribute to disease prevention. RQ6 we aim to
assess another major gamification goal, i.e., the potential for disseminating the
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gamified mobile application use across citizens. Thus, we could leverage the
disease prevention by potentially increasing the number of reports of mosquito
breeding sites in different locations. In summary, we expect that a high number
of citizens recommending the mobile application to their friends can make
VazaZika popular and useful to the public health agents.

4.3
Study Steps and Artifacts

Figure 4.2 illustrates our seven study steps encapsulated in four phases,
which we describe as follows.

Phase 4:  Collect and Analyze the Data

Phase 1: Prepare for the Evaluation

(1) Distribute the Citizen 
Consent Term

(3) Train the Citizens

(2) Distribute the Citizen 
Characterization Form

Terms

Phase 2: Run the Activities

 (4) Run Activity 1Individually
All in E1

 (5) Run Activity 2

 (6) Run Activity 3

In teams
T1 in E1; T2 in E2

Individually
T1 in E2; T2 in E1

FormsForms

List of 
activities

Phase 3: Finish the Evaluation

(7) Distribute the 
Follow-up Form

Forms

Key
ArtifactStep ConditionStart End

(8) Apply some Grounded 
Theory Procedures

(9) Apply Descriptive  
Analysis

Figure 4.2: Study Phases and Artifacts

Phase 1: Prepare for the Evaluation. Through the Consent Form,
Step 1 consisted of collecting permission to anonymously collect experiment
data of the citizens that participated in the experiment. Step 2 aimed
at collecting the citizen background, e.g., age, sex, and highest education
degree, via the Characterization Form. All citizens were asked to use their
mobile devices for installing and using the VazaZika mobile application.
Step 3 aimed at instructing in the experiment procedures.We spent about
10 minutes explaining the experiment artifacts and five minutes answering
general questions about the experiment.

Phase 2: Run the Activities. We have distributed the List of Experi-
ment Activities to all citizens before proceeding with Steps 4 to 6. We defined
three activities that encapsulate a disjoint set of system features. Two out of
three activities are individual and one has to be performed by citizens col-
laboratively. We also distributed the Activity Experiment Form composed of
open and closed questions. The latter rely on five-point Likert scales (32). Each
form should be filled right after completing an activity. Steps 4, 5, and 6
were designed to perform Activities 1 to 3 in this order (Section 4.4 describes
the environment settings). Phase 3: Finish the Evaluation. Step 7 aimed
at collecting data about the citizen’s experience with the experiment via the
Follow-up Form. This form was distributed for each citizen after all citizens
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have completed Activity 3. All artifacts of this study are presented in Appen-
dices D, E, F, G, and H.

Phase 4: Collect and Analyze Data. We have conducted the exper-
iment data analysis in two steps. In Step 8, we have applied some Grounded
Theory (GT) (8) procedures for coding and classifying the data provided by
citizens in the form of open questions. We performed the open coding for la-
beling the interface aspects mentioned by citizens. An example of a group is
(ASP10) Information Presentation. After that, we performed the axial coding
for grouping the labeled aspects in two layers: (i) quality attribute in accor-
dance with the ISO 9126 norm (31) and (ii) positive, i.e., praises, versus neg-
ative, i.e., criticism, mentions. In Step 9, we have performed the descriptive
analysis (66) for the form of closed questions.

4.4
Citizen Characterization and Environment Settings

Table 4.8 lists the 20 citizens that participated in our experiment (C01
to C20). We have elicited the following data by citizen: Age, Sex, highest
education degree (Degree), use of mobile applications in hours by week
(Mobile), and use of video games in hours by week (Games). Our citizen sample
is quite diverse. The average age equals 23 years old. They spend about 29 and
14 hours by week with mobile devices and games. Finally, 40% hold a high
school (HS) degree and 55% hold a Bachelor (BS) degree.

Table 4.8: Summary of the Citizen Background
ID Age Sex Degree Mobile Games ID Age Sex Degree Mobile Games
C01 28 Male BS 20 0.5 C11 30 Male Spec 14 8
C02 23 Male BS 35 7 C12 23 Male BS 15 2
C03 22 Male HS 24 0 C13 22 Male BS 50 42
C04 20 Male HS 25 10 C14 21 Female BS 28 -
C05 24 Male HS 30 10 C15 20 Male BS 25 8
C06 20 Male BS 80 80 C16 30 Male BS 15 0
C07 22 Male BS 35 35 C17 20 Male HS 21 4
C08 19 Male HS 24 6 C18 28 Male BS 20 0
C09 21 Male HS 50 20 C19 23 Male HS 38 25
C10 27 Male BS 20 6 C20 20 Male HS 28 -

Table 4.9 presents our crossover study design (66). We defined two geo-
graphically distant environments, i.e., E1 and E2. We also split the total of 20
citizens into two groups, so that each group could perform certain experiment
activities separately. We have defined three experiment activities as follows.
Activity 1: Citizens create and edit their user profiles individually. Activity 2:
Citizens engage with a challenge in order to report mosquito breeding sites col-
laboratively. Activity 3: Citizens validate the mosquito breeding sites reported
by colleagues individually. Each activity encompasses the user interaction with
a different set of game elements (second column).
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The input of Activity 3, i.e., the reports of mosquito breeding sites
provided by citizens), is produced along with Activity 2. Thus, there is a
dependency between Activities 2 and 3. If we have allowed the group that
reported sites in E1 to validate the reports also in E1 (same applies to E2),
there would be a bias in Activity 3 (report validation). That is because citizens
reporting sites in E1 already know where the reports were made. Our crossover
study design aimed to mitigate this bias by exchanging the environment of the
two citizens after Activity 2 has ended.

Table 4.9: Crossover Study Design
EnvironmentActivity Game Elements Game Rules E1 E2

1 Avatar, social activity, notification R1, R3-4 All
Citizens –

2 Badge, challenge, point, social ac-
tivity, team, level, ranking, notifi-
cation

R2, R4-7, R9-10, R12 10 Citizens 10 Citizens

3 Badge, comment, level, point,
ranking, social sharing, vote, noti-
fication

R2, R6, R9-10 10 Citizens 10 Citizens

4.5
Results and Discussions

This section presents our study results. We discuss each of the six
evaluated aspects of our gamification model as follows.

User Interface. Figure 4.3 illustrates how part of the user interface of
the VazaDengue mobile application has evolved, thereby constituting the
VazaZika interface. Figures 4.3(a) and 4.3(b) regard the main application
screen. They compare the map of reported mosquito breeding sites before
and after the incorporation of the following game elements: Avatar (Profile)
and Teams. We show these elements in screen bottom corner, as indicated
in Figure 4.3(b). The Teams feature appears in the main screen in order to
stimulate the report of various mosquito breeding sites in teams of citizens.
Indeed, engaging as many citizens as possible to report sites is essential to
the success of the public health agents’ work. The Avatar feature also appears
in the main screen in order to make citizens immersed into the application
purposes. Figures 4.3(c) and 4.3(d) regard the main application feature: the
report of mosquito breeding sites. Based on the demand of our stakeholders,
mostly public health agents, we have added an option for citizens to report
photos of the reported sites. Thus, we expect to help agents in accurately
finding the reported sites.
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4.3(a): VazaDengue’s map 4.3(b): VazaZika’s map

4.3(c): VazaDengue’s report 4.3(d): VazaZika’s report

Figure 4.3: Sample of the Evolution of the Mobile Application’s Interface

Table 4.10 summarizes the citizens’ perception about the user interface
aimed to answer RQ1. After performing each activity, we asked all citizens
to list at least three positive and three negative aspects of the user interface.
We expected that game elements and rules incorporated by our model are
satisfactorily accepted by citizens in terms of how they are displayed in the
user interface. The first column lists the groups of aspects based on the ISO
25010 quality attributes of the second column. The third and fourth columns
count the number of citizens that provided positive and negative mentions to
each quality attribute. We have found 13 quality attributes grouped in five
groups: ability to capture the citizen attention to the system (GRP01); ability
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to be properly understood (GRP02); ability to respond the citizen requests in
a satisfactory time (GRP03); ability to represent information in a satisfactory
manner (GRP04); and easiness to use the system (GRP05). Quality attributes
marked have received both positive and negative by the same citizen.

Table 4.10: Quality Attributes Mentioned by Citizens About the User Interface
Group Quality Attribute Positive Negative
(GRP01) Attractiveness (ASP01) Accessibility 1 0

(ASP02) Color Scheme* 4 4
(ASP03) Design Minimalism 3 0
(ASP04) Fun 4 0
(ASP05) Interface Simplicity 10 0
(ASP06) Visual Aesthetics* 6 10

(GRP02) Comprehensibility (ASP07) Intuitiveness 7 0
(ASP08) Understandability 5 3

(GRP03) Efficiency (ASP09) Efficiency* 5 12
(GRP04) Information Presenta-
tion

(ASP10) Information Presentation* 7 10

(GRP05) Usability (ASP11) Easiness to Access Specific Feature 4 1
(ASP12) Easiness to Use* 10 1
(ASP13) Interface Navigation* 7 2

The results presented in Table 4.10 reveal some interesting findings re-
garding RQ1. We have found that most quality attributes (69%) had more pos-
itive than negative mentions. The two attributes with most positive mentions
are Interface Simplicity (ASP04) and Easiness to Use (ASP12). In summary,
we conclude that the VazaZika mobile application is easy to interact with.
Surprisingly, only a few quality attributes (ASP01, ASP03, ASP04, ASP05,
and ASP07) had no negative mention. Visual Aesthetic (ASP06), Efficiency
(ASP09), and Information Presentation (ASP10). In order to complement our
understanding of the user interface from the viewpoint of citizens, we have
asked the citizens to mark the game elements they have perceived. More than
50% of citizens perceived all 12 game elements incorporated by VazaZika, ex-
cept Vote (45%), Comment (25%), and Notification (25%).

The results of RQ1 reveal opportunities to improve Activity 3, i.e., a
feature of validating reports of mosquito breeding sites, with respect to the
user interface. We have found the quality attributes Color Scheme, Visual
Aesthetics, and Information Presentation were the most criticized by the
citizens. A solution for improving the Color scheme would be using brighter or
bolder colors, aimed at further attracting the citizens, especially the younger
ones – since our current color scheme is composed by a majority of dark tones.

With respect to Visual aesthetics and Information presentation, we
emphasize that Activity 3 depends on Votes and Comments, which were rarely
perceived by citizens. We could make these game elements more evident to
users. For example, we could increase the icons size, use vivid colors, and add
notifications to emphasize the need for using them.
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Summary of RQ1. Citizens mentioned 13 quality attributes of the
VazaZika user interface. Most mentions are positive and praise the interface
simplicity and easiness to use. Many game elements, including Avatar
and Social Sharing, were perceived by at least 50% of citizens. The
main improvement opportunities identified are: using brighter or bolder
colors (interface-related), and better presenting the key game elements for
validating reports of mosquito breeding sites (e.g., vote and comment).

Ease to Use. We answer RQ2 as follows. After performing each experiment
activity (Activities 1 to 3), we asked the citizens to indicate how much they
agree with the following sentence: I found it easy to perform this activity.
Table 4.11 presents our study results regarding RQ2. The second to fourth
columns present the percentages for the VazaZika ease of use, according to the
responses of the 20 citizens. Considering both Strongly agree and Agree, we
observed that at least 55% of citizens found easy to performed the experiment
tasks. Additionally, only a few citizens (5% at most by activity) found very
hard to perform the experiment activities.

Table 4.11: Citizens Perception About Ease to Use
Perception Activity 1 Activity 2 Activity 3 All
Strongly agree 50% 5% 25% 27%
Agree 40% 50% 35% 42%
Neutral 0% 15% 30% 15%
Disagree 5% 25% 5% 12%
Strongly disagree 5% 5% 5% 5%

We asked the citizens to justify their perception on the VazaZika ease
of use. About 45% of citizens associated game elements incorporated by the
system with ease of use. The mentioned elements are Vote and Social sharing.
This result is expected because both game elements are explicit in the VazaZika
interface, and the users can interact with them directly through the system,
contrary to subtle game elements such as Comment. This is different from
Ranking and Point, which are perceived after a user action performs in the
system. Regarding the citizens that mentioned game elements, 78% have found
VazaZika is (very) easy to use.

I found the system easy to use, especially because the voting feature is easy
to use – Citizen 10 about votes

I found it easy to share my actions via social networks [...] – Citizen 11
about social sharing
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Regarding the aspect of ease of use, our gamification model showed
to be promising. The results show that, for Activity 3 (validating mosquito
breeding sites) certain involved game elements (Vote and Social sharing) might
have contributed to the ease of use. Similar reasoning is valid for the game
rules (R1, R2, R8, and R13-R16 ) that represent the relations between the
system and their users. These results also suggest that for critical healthcare-
related features, e.g., reporting mosquito breeding sites that were performed
collaboratively through Activity 2, Challenge and Team and their game rules,
in general, do not affect negatively the ease of use of the system.

However, by summing the answers Neutral, Disagree and Strongly dis-
agree, we observed that 45% of citizens not found it easy to perform Activity
2. This might be explained due to the difficulty imposed by the gamification
mechanics incorporated into the gamified application. In this case, the citi-
zen should meet with other citizens and create a team. They join an existing
challenge and invite a rival team to take part in the challenge (report the high-
est amount of mosquito breeding sites). We emphasize that in our study we
evaluated only challenges performed in team rather than individual challenges.

Our results about RQ2 point out many opportunities for enhancing the
ease of use through our gamification model. Our results suggest that Challenge
and Team are game elements that users found a little hard to interact with.
This observation is especially valid in the context of reporting of mosquito
breeding sites (Activity 2). Thus, we could improve our gamification model
by reducing the complexity of the gamification mechanism. For instance,
after creating a team and entering a challenge, the gamified application
could automatically select or recommend a rival team. This would reduce the
necessary steps to start challenges performed by teams. Thus, it is necessary
to revisit the game rules of our gamification model to make the association
with challenges and teams simpler and rewarding.

Summary of RQ2. At least 55% of the citizens have found the VazaZika
ease to use. Additionally, a half of citizens have found the incorporated
game elements and rules are ease of use. Regarding improvement opportu-
nities, we observed that the game rules of the gamification model must be
simplified with respect to challenges and teams.

User Fun and Motivation. We answer RQ3 as follows. We asked the citizens
how much they agree with this sentence: I found it fun to perform this activity.
The second to fourth columns of Table 4.12 present the percentages of fun. By

DBD
PUC-Rio - Certificação Digital Nº 1712653/CA



Chapter 4. A Gamification Model to Prevent Mosquito-borne Diseases 80

considering both Strongly agree and Agree, up to 65% of citizens have found
fun to perform the activities. Unfortunately, most citizens (55%) stayed in the
borderline for Activity 1. This observation is expected because Activity 1 is
too simple (avatar creation and edition). Fortunately, only a few citizens (5%
at most) had no fun in performing some activity.

Table 4.12: Citizens Perception About User Fun
Perception Activity 1 Activity 2 Activity 3 All
Strongly agree 15% 30% 10% 18%
Agree 15% 35% 35% 28%
Neutral 55% 20% 30% 35%
Disagree 10% 15% 25% 17%
Strongly disagree 5% 0% 0% 2%

Regarding the aspect of user fun, we can conclude that the game elements
involved in the Activity 1 (Avatar, Social activity, and Notification) and game
rules (R1, R3, R4 ) were not sufficient to achieve a satisfactory user fun. One
solution would be to assign Points and Badges even for profile creation and
editing (this is because points and badges are in the activities considered most
fun by citizens). For Activity 2, certain game elements (Challenge and Team)
and game rules (R2, R3, R5–R7, R9 ) were sufficient to provide fun for 55%
of citizens. This can be explained because the game elements Challenge and
Team and their related game rules promote the collaboration between citizens
to perform certain activities on the gamified mobile application. That was the
case of reporting mosquito breeding sites collaboratively by teams, that made
the Activity 2 more fun than Activities 1 and 3.

For Activity 3, by summing Strongly agree and Agree, specific game
elements (Comment, Social sharing, and Vote), and rules (R2, R6, R9 )
provided fun for 45% of citizens. However, we observed that 25% of citizens did
not find fun to perform Activity 3. This might be explained due to inefficient
use of Notifications during Activity 3. One solution would be to provide
incentive notifications, e.g., Congratulations! You were able to validate a report
of mosquito breeding sites! Continue to validate mosquito outbreaks and help
build a healthier city for everyone. Besides, we could assign additional points
to the citizens who most validate reports of mosquito breeding sites per week.

We also asked the citizens to indicate how much they agree with this
sentence: I felt motivated to perform this activity again. The second to fourth
columns of Table 4.13 present the percentages for the citizen motivation. By
considering both Strongly agree and Agree, we observed that up to 65% of
citizens felt motivated to perform the activities again. Most citizens (60%)
stayed in the borderline for Activity 1. More critically, we have found that
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40% of citizens did not feel motivated to repeat Activity 3 (by considering
both Disagree and Strongly disagree).

Table 4.13: Citizens Perception About User Motivation
Perception Activity 1 Activity 2 Activity 3 All
Strongly agree 5% 25% 5% 12%
Agree 20% 30% 25% 25%
Neutral 60% 35% 30% 42%
Disagree 15% 0% 35% 17%
Strongly disagree 0% 10% 5% 5%

As far as user motivation is concerned, we observed that similarly to
user fun, the game elements involved in Activity 1 (Avatar, Social activity,
and Notification) and rules (R1, R3, R4 ) were not sufficient to achieve
a satisfactory user motivation. For Activity 2, by summing Strongly agree
and Agree, the results suggest that Challenge and Team have made the
Activity 2 more motivating than Activities 1 and 3 for 55% of citizens.
However, we observed a considerable number of Neutral (35%) that indicates
an improvement opportunity. A solution would be to add to the application
a tutorial on how important it is to prevent mosquito-borne diseases via
reporting. An example of a tutorial would be how the reports will help public
health agents to ensure the quality of life of the population. The same rationale
applies to other activities, especially Activity 1 (which obtained 60% of Neutral
answers).

However, for Activity 3 although the specific game elements Comment,
Social sharing, and Vote have provided good user fun, we observed that for
40% of citizens (by summing Disagree and Strongly disagree) the feature of
validating reports of mosquito breeding sites has not sufficiently motivated
citizens. The results of RQ3 about user motivation suggest an opportunity
to improve our gamification model to make Activity 3 more motivating for
citizens. Thus, similarly to user fun, we could increase the user motivation by
providing more notifications and assigning additional points to citizens who
most validate reports of mosquito breeding sites per week.

Summary of RQ3. Our results suggest that citizens are motivated to
use the mobile application again. This result implies that our gamification
model has promoted a satisfactory user engagement in terms of user fun
and user motivation. Regarding improvement opportunities, we observed
that user fun and motivation can be improved by providing additional
points and badges as well as using incentive notifications.
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Correlation Between Ease of Use, User fun, and User Motivation. We
assessed the user fun and motivation in order to address RQ4 as follows. We
hypothesize that HA1: There is a strong correlation between ease of use and
fun. The null hypothesis is HA0: There is no strong correlation between ease
of use and fun. Additionally, we hypothesize that HB1: There is a strong
correlation between ease of use and motivation. The null hypothesis is HB0:
There is no strong correlation between ease of use and motivation. We have
applied the Shapiro-Wilk test (57) to assess our data distributions. We have
confirmed that our data is not normally distributed. Thus we decided to
compute the Spearman’s rank correlation coefficient (66). We considered a
confidence interval of 95% (p-value < 0.05). As a result, we obtained a p-value
< 0.05 for Activities 2 and 3. Thus, the computed correlation has statistical
significance for both activities.

Table 4.14 presents the correlation results. The first column lists the
experiment activities. The second column presents the correlation between
ease of use and fun. The third column presents the correlation between ease
of use and motivation. We have categorized the correlation values according
to a previous work (53): Very strong relationship (0.8 to 1.0 or -0.8 to -1.0);
Strong relationship (0.6 to 0.8 or -0.6 to -0.8); Moderate relationship (0.4 to
0.6 or -0.4 to -0.6); Weak relationship (0.2 to 0.4 or -0.2 to -0.4); and Weak or
no relationship (0.0 to 0.2 or 0.0 to -0.2).

Table 4.14: Spearman’s Rank Correlation Results
Correlation(Ease, Fun) Correlation(Ease, Motivation)Activity Correlation Category Correlation Category

1 0.3487773 Weak -0.0748679 Weak
2 0.6512982 Strong 0.7672592 Strong
3 0.6454658 Strong 0.5762920 Moderate
All 0.370049 Weak 0.2957552 Weak

Our results confirm HA1 for Activities 2 and 3. Thus, reporting and
validating reports of mosquito breeding sites are both easy and fun to perform.
Conversely, we reject HA1 (and confirm HA0) for Activity 1. It indicates an
opportunity for making funnier and more challenging the avatar feature. We
also confirmed HB1 for Activity 2, i.e., the report feature. This observation is
relevant because the report feature is essential to support disease prevention.
Unfortunately, we rejected HB1 (and confirmed HB0) for Activities 1 and 3.
We point out the moderate correlation between ease of use and motivation for
Activity 3. These observations suggest improvements in Activities 1 and 3.

The obviousness of Activity 1 made it very little or nothing motivating.
However, Activity 1 is essential, because it opens doors for the user experience
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in the gamified application. Thus, since the positive correlations indicate that
the easier, more fun and motivating and vice versa, one solution would be to
add other game elements and rules in this activity. Regarding Activity 3, we
could assign additional points and special badges to citizens who constantly
validate reports of mosquito breeding sites. This improvement is necessary
because the activity of validating report of mosquito breeding sites helps
Brazilian public health agents to prioritize the control of reports of mosquito
breeding sites since the validated location of the mosquito breeding site can
guide most of the agents’ daily work. The results of RQ4 complements the
findings of RQ3 about the user fun and motivation of each activity and the
need to improve Activities 1 and 3.

Summary of RQ4. The activities of reporting and validating reports
of mosquito breeding sites are both easy and fun to perform. Reports of
mosquito breeding sites are both easy and motivation to perform. Regard-
ing improvement opportunities, we observed that new game elements and
game rules should be added in our gamification model to further promote
citizens’ motivation and fun.

Potential for the Constant Use. We answer RQ5 as follows. By the end
of the experiment, we asked all citizens to inform whether they would use
the VazaZika application again. As aforementioned (Section 4.2), we consider
that the higher the number of citizens motivated to use again the application,
the higher is the user engagement provided by the application. Table 4.15
presents the results of user engagement (RQ5). The first column lists the
four background characteristics under analysis. The second column lists the
variations by characteristic. The third column presents the absolute and
relative number of variations. The fifth and sixth columns present the rate
of citizens motivated to use VazaZika again. Two out of 20 citizens did not
respond about the use of video games in hours by week. We marked the data
affected by this phenomenon in Table 4.15 with an “*”. Overall, regardless
the variations by characteristic, the citizens are highly motivated to use the
VazaZika application. We present some citizen quotes about the user interface.

I found the system easy to use due to the interface simplicity
– Citizen C05 about the user interface

Validating the reported mosquito breeding sites was easy for me
– Citizen C16 about validate activity
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Table 4.15: Constant Use and and System Dissemination
Characteristics Variations Number of Citizens Use Again? Recommend?

15–20 6 30% 5 83% 4 67%
21–25 9 45% 9 100% 8 89%Age
26–30 5 25% 5 100% 5 100%
Male 19 95% 18 95% 16 84%Sex Female 1 5% 1 100% 1 100%
High school 8 40% 8 100% 7 88%
BS 11 55% 10 91% 9 82%Degree
Specialization 1 5% 1 100% 1 100%
{Min, Mean} 13 65% 12 92% 11 85%Mobile {Mean, Max} 7 35% 7 100% 6 85%
{Min, Mean} 13 65% 12 92% 11 85%Game {Mean, Max} *5 29.4% *5 100% *5 100%

Regarding Age (15–20), we observed a slightly lower rate (83%) that
suggests we should improve the VazaZika user interface for younger citizens.
This might have been caused due to a serious user interface of the gamified
mobile application. In fact, our color scheme does not refer to a flashy
application, the majority of the screens use colors with dark tones. In this
case, we could use brighter or bolder colors for elements to which we want to
draw attention (23, 2). In addition, Visual Aesthetics resembles an information
system, i.e., with few animations. In this case, in order to engage younger
citizens to use the VazaZika again, aspects of the user interface related to
Visual Aesthetics (ASP06) and Information Presentation (ASP10) presented
in RQ1 could be improved. For instance, the addition of more representative
icons and the use of a textual language more fun (23, 2).

Regarding Degree, we observed that citizens with High school were more
motivated to use VazaZika again. Citizens with Bachelor degree presented a
slightly lower rate (91%) that also suggests an opportunity to improve the
user interface. This might have been caused due to the complexity of certain
activities, e.g., Activity 2 that is performed collaboratively using Challenge
and Team, requiring more time to be accomplished. In this case, we could
create challenges with a more specific goal. For instance, some team members
before starting the Activity 2 are responsible for indicating at least 3 locations
likely to have mosquito breeding sites. While other members are responsible
for conducting the search in the indicated location. Thus, citizens can continue
to report mosquito breeding sites collaboratively, but with a specific goal.

Summary of RQ5. Our results suggests that citizens are highly moti-
vated to use the VazaZika mobile application again. This result implies a
satisfactory user engagement with the application. The main improvement
opportunities are: (i) using brighter or bolder colors for elements to which
we want to draw attention and adding of more representative icons and
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the use of a textual language more fun (interface-related); and (ii) game
elements and rules for reporting mosquito breeding sites (e.g., challenge
and team) must be simplified through the interface and the addition of
new game rules to our gamification model.

Potential for Disseminating. We answer RQ6 as follows. After performing
all of the experiment activities (Activities 1 to 3), we asked the citizens whether
they would recommend the VazaZika mobile application to their friends. Data
in Table 4.15 summarizes the results collected from the citizens in the seventh
and eighth columns. We present some citizen quotes about the user interface.

The application is a fun way to fight against mosquito breeding sites – Citizen
C03

I found it very cool to compete with my friends – Citizen C13

As a result, we observed that most citizens would recommend the
application to friends. However, in a particular case, the recommendation
rates where lower than average: Age (15–20). This result sums up with the
previous observations of RQ5 that the application requires some changes to
be more attractive and enjoyable to citizens. One solution would be to add a
new feature that allows the citizens to share the gamified mobile application
to new users, e.g., a “download now” banner. Giving rewards for sharing that
on social networks, such as Twitter and Facebook, we could motivate the user
much more to disseminate the application.

Summary of RQ6. Our results also suggest that citizens are highly
motivated to recommend the VazaZika mobile application with friends.
This result implies a potential dissemination of the application with
citizens. The main improvement opportunity is: adding new features into
gamified application, and new game rules to our gamification model.
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4.6
Towards a Holistic Assessment of Our Conceptual Gamification Model

The evaluation of our gamification model presented in Section 4.5 was
conducted only from the viewpoint of Brazilian citizens. We recognize that to
fully evaluating our gamification model, make it necessary for conducting an
additional evaluation from the viewpoint of public health agents. Since they are
one of the stakeholders of our gamification model. Therefore, we emphasize that
one of our ongoing work is to conduct a similar evaluation to that presented
in this chapter, but with the participation of public health agents.

Another aspect of this additional evaluation is to evaluate the incorpora-
tion of our model into the VazaZika web application already implemented. By
evaluating the incorporation of our model in both mobile and web applications,
we can provide a more holistic assessment to understanding to what extent our
model has helped to achieve the system gamification goals with respect to all
six aspects evaluated in this chapter.

Potential Reuse for Gamifying Similar Healthcare Systems. We expect
our gamification model has the potential to be further reused and adapted to
similar healthcare systems in the domain of mosquito-related borne diseases
prevention. In fact, in economically emerging countries such as Brazil, the
existing healthcare systems for mosquito-related diseases prevention could
incorporate our gamification model to promote a constant engagement of
citizens and health public agents in preventing and combating diseases such as
Dengue, Zika, and Chikungunya (27). We exemplify how an existing healthcare
system could incorporate our gamification model as follows.

ContraDengue1 is a mobile application developed by the government of
Minas Gerais in order to allow the citizens report potential mosquito breeding
sites, diseases cases, and make comments through Twitter or via email using
the application. This information reported by the citizens is filtered and sent to
the dengue control team, culminating in the collaboration of the government
and the population in combating of Dengue, Zika, and Chikungunya. The
ContraDengue application could implement our gamification model in order
to incorporate all gamification goals reported in Table 4.1. For instance, the
application could add game elements and rules to promote the constant report
of mosquito breeding sites, so that tracking disease outbreaks and eliminating
mosquito breeding sites become easier for the health agents.

1http://itunes.apple.com/br/app/contradengue/id487338743?mt=8
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4.7
Threats to Validity

We discuss threats to the study validity (66) as follows.

Construct Validity. We carefully designed our study artifacts prior to
the evaluation run. These artifacts include the study protocol (goal, research
questions, and metrics) and the survey forms. Thus, we expect to avoid
changing the study procedures as we run the experiment and analyzed the
data. The forms were written by two researchers and validated by other two
researchers. The validation has occurred in at least two rounds. We have
designed the experiment in a crossover design (66) manner aimed to maximize
the participation of each citizen. Especially, we designed experiment activities
that involved all elements and rules of our gamification model. We know that
assessing the gamification model through the user interface may be not the
ideal means for capturing the effectiveness of all game elements and rules of
our model. It is not trivial to fully assess the model in engaging user with the
key system features. That is because, for instance, some game elements and
rules incorporated by the system are not explicit to the system user through the
system interface. However, assessing the user interface may reveal key aspects
of the model, especially with respect to those game elements and rules that
are visible and the user can directly interact with.

Internal Validity. We have followed strict procedures for running the
experiment with citizens, so that all citizens could have a similar experience
with the gamified application. We have collected the citizen background prior
to the field experiment. Two instructors were trained and followed the field
experiment, one per location. The citizens of one location were physically
isolated from the ones of the other location in order to reduce biases in
the validation of mosquito breeding sites. All citizens were trained about
the experimental procedures. Additionally, we have addressed the doubts of
citizens whenever possible.

Conclusion Validity. We carefully performed the quantitative and
qualitative data analyses. We tabulated and validated all the extracted data
in a pair. Thus, we expected to avoid missing and incorrect data. The
analysis followed guidelines of descriptive data analysis (66). We computed
the data distribution before applying the correlation tests. Thus, we aimed to
mitigate statistical analysis biases. The qualitative data analysis was also well
performed. We followed two Grounded Theory procedures (8): open and axial
coding. All coding was performed by one researcher and validated by another
researcher. We have solved ties and treated divergences through discussions.
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External Validity.We have counted on the participation of 20 Brazilian
citizens in our experiment aimed to evaluate the VazaZika mobile application.
Our citizen set is limited but diversified. Our application implements 12 game
elements (e.g., points and rankings) and 16 game rules. The incorporated
game elements are popularly adopted by successful gamified systems such as
Duolingo and Waze. The same reasoning applies to the game rules, which have
been inspired by these systems.

4.8
Summary

This chapter aimed at introducing and assessing a gamification model for
gamifying healthcare systems in the domain of mosquito-borne disease preven-
tion. For this purpose, we introduce our gamification model that is resulting
from our gamification method presented in Chapter 3. Our gamification model
aimed at: (i) addressing the need for constantly reporting mosquito breed-
ing sites; (ii) promoting the collaborative work of citizens towards the disease
prevention; and (iii) promoting a fruitful competition among citizens. We em-
pirically evaluated our gamification model with 20 citizens by assessing the
VazaZika mobile application under six aspects: (i) user interface; (ii) ease of
use; (iii) fun; (iv) motivation; (v) potential for the constant use of key system
features; and (vi) potential for disseminating the system use among citizens.

Our results suggest that our model is promising with respect to all these
six aspects. These findings suggest our gamification model has the potential
of truly engaging users with critical healthcare-related features, e.g., mosquito
breeding site report and validation. We expect our gamification model has the
potential to be further reused and adapted to similar healthcare systems in the
domain of mosquito-borne disease prevention. In the next chapter, we revisit
the main Master’s dissertation contributions and present new challenges and
opportunities for improvement and future work that have emerged along the
studies conducted in the context of this Master’s dissertation.
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5
Conclusion and Future Work

In this Master’s dissertation, we have exploited software gamification in
the context of a healthcare software system. Software gamification consists
of using game elements (e.g., points) and rules into conventional software
systems for engaging users with key system features (12). Particularly, we have
conducted a series of empirical studies aimed to leverage the current software
engineering practices for supporting the gamification of existing systems. In
fact, there is an increasing demand for gamifying systems that were previously
implemented without gamification in mind (55, 58).

Unfortunately, there is no systematic method aimed to guide develop-
ment teams in gamifying their existing systems. Thus, developers may strug-
gle with performing key gamification activities, just as it happened to us while
gamifying the VazaDengue healthcare system. Additionally, there are only a
few gamification models aimed to guide the incorporation of game elements
and rules into existing systems that actually need to be boosted through gam-
ification. This is the case of healthcare systems for preventing mosquito-borne
diseases, such as Zika, Dengue, and Chikungunya (27). Such lack of supporting
gamification models has led us to rework when gamifying VazaDengue.

Aimed to address the aforementioned limitations, this dissertation pre-
sented two complementary empirical studies. Our first study consisted of a par-
ticipatory action research aimed to refine an existing gamification method (40)
in order to properly support the gamification of existing systems. This action
research was composed of a self-observational study (17) and an interview-
based study (66). With this research, we expected to collect as much evidence
as possible to refine, validate, and demonstrate the feasibility of our method
in a real gamification context (the VazaDengue case).

Our second study aimed to evaluate a gamification model designed
to support the engagement of users with the prevention of mosquito-borne
diseases. This model was incorporated by the gamified version of VazaDengue.
We have performed a controlled experiment with 20 Brazilian citizens to
understand how promising is our gamification model in engaging people with
key healthcare activities, such as reporting mosquito breeding sites.

This chapter summarizes the major contributions of this Master’s dis-
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sertation. We discuss how we have contributed to the Software Engineering
community through a novel method and a new gamification model for a par-
ticular domain of healthcare systems (Section 5.1). We also have the potential
of our work in contributing to the Brazilian public healthcare policies (Sec-
tion 5.2). Finally, we provide the community with a variety of suggestions for
future work (Section 5.3) based on the contributions of this dissertation.

5.1
Contributions to Software Engineering Community

This dissertation targeted an emerging problem in software engineering:
the gamification of existing software systems. We employed our best effort
in contributing to assets and insights for both researchers and practitioners.
To the best of our knowledge, we performed the very first studies aimed
to: (i) introduce a systematic method to guiding development teams along
the gamification of existing systems based on an empirical methodology; (ii)
reveal the development activities that become challenging along the gamifi-
cation of existing software systems based on a practical experience (with the
VazaDengue system, in our case); and (iii) introduce a gamification model
aimed to guide the incorporation of game elements and rules into healthcare
systems aimed to prevent mosquito-borne diseases, such as Zika, Dengue, and
Chikungunya. We summarize each contribution as follows.

Contribution 1: A refined method to support the gamification of existing
systems. A gamification method, as any other, aims to guide developers to
perform systematically a set of activities along specific phases during software
gamification. For this purpose, we built a new gamification method based on
successive experience-based refinements. In total, we refined 25 activities from
a previously proposed method to meet the key needs of gamifying an existing
system. Our method successfully supported the VazaDengue gamification. By
introducing a new gamification method, we expect to guide development teams
in gamifying their existing systems. Thus, developers, who face problems to
know what to do and when each activity needed to be performed, can use our
method as a guide, similarly to was the done in the VazaDengue gamification.

Contribution 2: An experience report of gamifying an existing system.
By reporting our experience with the incorporation of game elements and
rules into an existing system from this nature, we aim to provide the soft-
ware engineering research community with a better understanding about the
gamification process of an existing system. Especially, we aim to reveal how
challenging the gamification of an existing system might be, from the early
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requirements elicitation to the system implementation and testing.
Contribution 3: A conceptual gamification model to healthcare systems.

Conceptual gamification model aims to define the interactions of system users
and game elements into the system through game rules (18, 61). The definition
of a gamification model guides developers to reason about how game elements
and rules should be incorporated into the gamified system. In this context,
to the best of our knowledge, we defined the first gamification model for
guiding the gamification of the healthcare systems in the domain of prevention
of mosquito-borne diseases. We built our model based on our gamification
method. Our model has successfully guided the incorporation of game elements
and rules into VazaDengue healthcare system in practice. Especially, through
an empirical study with 20 citizens, we confirmed that the gamification model
that underlies our mobile application actually engages users with potential
system dissemination. We expected that other researchers or developers could
extend our gamification model by adding up rules for other stakeholders, such
as institutions and health authorities. We also expect that our model could
guide the gamification of similar healthcare systems (Section 4.6).

5.2
Contribution to the Brazilian Public Healthcare Policies

This dissertation also targeted supporting the Brazilian public healthcare
policies: a gamified healthcare system to engage citizens with the prevention of
mosquito-borne diseases. We employed our best effort to leverage the Brazilian
citizen’s engagement with critical healthcare-related features, e.g., reporting
mosquito breeding sites. We have incorporated 12 game elements and 16 rules
into an existing healthcare system called VazaDengue (17). As a result, we
have developed and introduced the VazaZika healthcare system (a gamified
version of the VazaDengue).

VazaZika aims to address the need for constantly reporting mosquito
breeding sites, promoting the collaborative work of citizens towards the disease
prevention, promoting a fruitful competition among citizens, and improving
the quality of reported mosquito breeding sites through game elements and
rules that reward citizens by reporting valid information. We summarize our
contribution to the Brazilian public healthcare policies as follows.

Contribution 1: VazaZika gamified healthcare system to engage citi-
zens with disease prevention. The citizen engagement in reporting mosquito
breeding sites is hard to achieve but essential in preventing disease outbreaks.
By evolving an existing healthcare system, we contribute with a new pub-
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lic healthcare solution. This solution combines gamification and geolocation
to leverage the citizen engagement to support the prevention and control of
mosquito-borne diseases such as Zika, Dengue, and Chikungunya. In addition,
the solution provides different types of feedback to citizens: 1) about the actions
taken by public health agents regarding the status of the mosquito breeding
sites; and 2) about feedback about the information quality of the reported
mosquito breeding sites.

5.3
Future Work

New challenges and opportunities for improvement have emerged along
the studies conducted in the context of this dissertation. Based on them, we
present further directions for future work as follows.

Future work 1: Conducting empirical studies in industrial settings. Our
gamification method was built on practical experience along gamifying an
existing system. However, we do not know the possible effects of our method
in industrial settings. Future work could explore the application of our method
in other system domains, as well as organizations with different settings and
from different countries. Given the context of our VazaZika research project,
the developer’s expertise in software gamification as well as the employed
development practices may have affected the perception of the key activities
required for gamifying existing systems. Thus, our method certainly suffers
from these influences. Thus, there are many possibilities for conducting case
studies in industrial settings in order to further refine and improve our method.

Future work 2: Guiding developers along with the implementation
and testing of gamified systems. Our gamification method aims to guide the
developers to gamify their existing systems from the system preparation to
software design. However, our gamification method does not provide support
for activities of implementation and testing of gamified systems. Thus, future
work could extend our gamification method to guide developers along with the
activities for writing, validating and testing source code.

Future work 3: Improving software engineering practices for gamifying
existing systems. From our empirically-derived knowledge on the gamification
of existing systems, we observed that the gamification design inspection and
implementation are two of the most critical software engineering phases along
the gamification of existing systems. Thus, future work could provide better
support for developers along these two specific phases.

Future work 4: Extending the current knowledge on gamification-driven
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challenging activities. Unfortunately, the challenging activities elicited from
our interview-based study reflect a very specific practical experience. Due to
the limited context in which challenging activities have been derived, the prac-
tical experience of the VazaZika developers may have represented a limited
spectrum on software gamification. Thus, future work could extend the cur-
rent knowledge on gamification-driven activities with professional developers
that already gamified existing systems. By understanding what development
activities were challenging along the gamification of different existing systems,
we will able to better understand the different natures of challenging activities
along the gamification of existing systems.

Future work 5: Extending the conceptual gamification model. From
our experimental study with citizens, we observed different opportunities for
improving our conceptual gamification model in terms of certain aspects. Thus,
future work could improve our model based on the limitations observed in the
study with citizens. For instance, the addition of new game rules to interact
with the Avatar game element could lead to a better engagement of citizens.
Currently, our model aims to assist two stakeholders, i.e., citizens and public
health agents. Thus, another future work could extend our gamification model
by adding up game elements and rules for other stakeholders, such as health
institutions and authorities. Our model targets the domain of mosquito-borne
diseases prevention, in particular diseases transmitted by the Aedes aegypti
such as Zika, Dengue, and Chikungunya. Thus, future work could extend our
gamification model to support other disease types, such as Malaria. Malaria is
an infectious disease transmitted by the Anopheles mosquito, whose prevention
requires other activities than reporting and validation of mosquito breeding
sites, e.g., monitoring the treatment of the disease.

Future work 6: Assessing the conceptual gamification model with public
health agents. Our conceptual gamification model aims to assist two stake-
holders, i.e., citizens and public health agents. However, we do not conduct
an assessment from the viewpoint of public health agents. Thus, future work
could conduct an assessment similar to the experimental study presented in
Chapter 4 of our gamification model with public health agents.
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DBD
PUC-Rio - Certificação Digital Nº 1712653/CA



 
Participant Characterization Form 

This questionnaire aims at characterizing the interviewees of a study about challenging            
activities faced during gamification of the VazaZika software gamification, which          
comprises a Web and two mobile applications. Besides the basic personal data of             
interviewees, we collect the interviewees' background about experience in software          
development and the development activities that they have participation either before or            
during the VazaZika gamification. 
All data will be analyzed by the study conductors only. Your answers will be exclusively               
used for the study purposes, and your identity will be kept anonymous. By filling this               
form, we assume that you have accepted participating as an interviewee of our study and               
agree with our terms, as described in the Consent Form which you have signed. 
 

Thank you in advance for your participation! 

Personal Data 

1. Full name: ________________________________________________________ 

2. Highest education level: (  ) High school (  ) BS (  ) MSc (  ) PhD (  ) Postdoc (  ) 

3. Are you currently working with software development in the industry? 

 (  ) Yes (  ) No 

 
General Experience 

4. Years of experience with software development (academia and industry): 
_______ 

5. Number of software projects you have worked on: _________________________ 
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Background 

6. How do you classify your level of knowledge with respect to the following 
techniques? 

a. Gamification 
(   ) Very high (   ) Very low (   ) None 

(   ) High (   ) Low   

 

b. Software Testing 
(   ) Very high (   ) Very low (   ) None 

(   ) High (   ) Low   

 

c. Requirements Engineering 
(   ) Very high (   ) Very low (   ) None 

(   ) High (   ) Low   

 

d. Web development 
(   ) Very high (   ) Very low (   ) None 

(   ) High (   ) Low   

 

e. Mobile development 
(   ) Very high (   ) Very low (   ) None 

(   ) High (   ) Low   

 

f. Architectural design 
(   ) Very high (   ) Very low (   ) None 

(   ) High (   ) Low   
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g. Game design 
(   ) Very high (   ) Very low (   ) None 

(   ) High (   ) Low   

 

h. Service-oriented development 
(   ) Very high (   ) Very low (   ) None 

(   ) High (   ) Low   

 

7. Regarding the VazaDengue and VazaZika projects, please tick the software 
development phases that you have been involved in? 

 

Phases VazaDengue  VazaZika 

Idealization [   ] [   ] 

Requirement elicitation [   ] [   ] 

Gamification design [   ] [   ] 

Architectural design [   ] [   ] 

Web back-end development [   ] [   ] 

Web front-end development [   ] [   ] 

Mobile back-end development [   ] [   ] 

Mobile front-end development [   ] [   ] 

Testing [   ] [   ] 
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Appendix B: Interview Script

This appendix presents the interview script used in the study reported
in Chapter 3.
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Interview Script  

 

1. Participant Characterization 

A. How long have you been involved with the VazaZika project since its start? 
B. What phases of the VazaZika gamification you have been involved in? 

 

2. General question 

C. Did you face any challenge while participating in the gamification of VazaZika? 

3. Specific questions per challenging activity 

D. Along the VazaZika gamification, when did you have to face this challenging activity? 
E. Did you find any solution for this challenging activity? 
F. What techniques you have applied to address this challenging activity? 
G. For each technique, why did you decide to use those techniques? 

 

4. Retrospective question per challenging activity 

Analyzing in retrospect your participation in gamification of VazaZika... 

H. Do you think you could have applied an alternative solution? 
I. Would you use other techniques than the applied ones? 
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Appendix C: Elicited Gamified Systems

This appendix presents the list of elicited gamified systems reported in
Chapter 4.
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ELICITED GAMIFIED SYSTEMS 
 

System Link 

Duolingo https://www.duolingo.com 

Facebook https://www.facebook.com 

Foursquare https://foursquare.com 

GitHub https://github.com 

Nike+ Running https://www.nike.com.br/corrida/nrc 

Stack Overflow https://stackoverflow.com 

Steam https://store.steampowered.com 

Swarm https://www.swarmapp.com 

Uber https://www.uber.com 

Waze https://www.waze.com 
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This appendix presents the consent form used in the study reported in
Chapter 4.
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CONSENT FORM 
 
You are invited to participate in an experiment conceived in the context of the research project                
entitled “Leveraging Gamification and Social Networks for Improving Prevention and Control           
of Zika”. By participating in the experiment, you will be one of the first users of the VazaZika                  
application, and you will help us in extracting the first experiment results about the application. This                
experiment is proposed by Pontifical Catholic University of Rio de Janeiro (PUC-Rio) in             
collaboration with Federal University of Alagoas (UFAL). Along the experiment, you will use the              
VazaZika application to help in combating diseases such as Zika, Dengue, and Chikungunya. In the               
experiment, researchers from PUC-Rio and UFAL will collect data about your profile and your use               
experience with VazaZika in the UFAL facilities. 
 
If you agree in participating in the experiment, you will use VazaZika before others and contribute                
with the research conducted by PUC-Rio and UFAL. You are allowed to ask any researcher               
responsible for the experiment to address your eventual doubts. You participate as a volunteer and               
refusing to participate will not cost you any penalty or loss. You can interrupt your participation at                 
any time during the experiment conduction, if you want it. Participating in the experiment does not                
cause any harm to your physical and moral integrity. Your sensitive information will be kept               
anonymous  and it will be shared with third-parties only under your explicit consent. 
 
This consent form is printed in two copies: one copy will be stored by the researchers responsible for                  
the experiment of the Informatics Department at PUC-Rio; the other copy will be given to you for                 
your records. Data and artifacts used by this research will be stored by the researchers for a period                  
equals five (5) years and, after this period, data and artifacts will be destroyed. If you have any                  
questions about the experiment, please send an email to one of the researchers in up to fifteen (15)                  
working days after the experiment conduction in UFAL. 
 
 

Anderson Gonçalves Uchôa - auchoa@inf.puc-rio.br 
Eduardo Fernandes - emfernandes@inf.puc-rio.br 

Alessandro Fabricio Garcia - afgarcia@inf.puc-rio.br 
Baldoino Fonseca dos Santos Neto - baldoino@ic.ufal.br 
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CONSENT FORM 

 
 
 
 
 
I, ______________________________________________________________________________,  
was clearly and detailedly informed about the goals of the experiment proposed in the context of the                 
project “Leveraging Gamification and Social Networks for Improving Prevention and Control of            
Zika” and I have clarified my doubts. I know that I have up to fifteen (15) working days to ask for                     
additional information about the experiment and to interrupt my participation in the experiment, if I               
want it. I declare that I freely agree to take part in the proposed experiment. I have received a copy of                     
this consent term, which I was responsible to fully read and comprehend. 
 
 
 
 
 

<Location>, <Month> <Day>, <Year>. 
 

 
 
 
 
 

________________________________________________________ 
Participant’s name (write in capitals) 

 
 
 
 

________________________________________________________ 
Signature 
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This appendix presents the participant characterization form used in the
study reported in Chapter 4.
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PARTICIPANT CHARACTERIZATION FORM 
 
The seven questions below will help us in understanding who you are. Your answers will be                
kept anonymous. In 5 minutes, you will help us a lot in our research. Thanks for participating! 

1. What is your name? __________________________________________________ 
2. How old are you? _____ years 
3. Which is your sex? (  ) Male  (  ) Female 
4. Which is your highest instruction level? 

(  ) Elementary school  

(  ) High school 

(  ) Specialization in ______________________________ 

(  ) Undergraduation in _________________________________  

(  ) Master in __________________________________ 

(  ) Doctorate in _________________________________ 

(  ) Post Doctorate in ______________________________ 

5. How many you spent by week in average with: 

a. Using mobile devices (e.g., smartphones and tablets)?  _____ hours 
b. Browsing the Internet? _____ hours 
c. Playing video games in computer, mobile device, etc.? _____ hours 

6. List the applications for mobile devices that you use the most. 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

7. Would you like to combat diseases like Dengue and Zika? 
(   ) Strongly agree 
(   ) Agree 
(   ) I neither agree nor disagree 
(   ) Disagree 
(   ) Strongly disagree 

1 
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Appendix F: List of Experiment Activities

This appendix presents the list of experiment activities used in the study
reported in Chapter 4.
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EXPERIMENT ACTIVITIES 
 

Activity Description 

1  
(time to 

conclude  
 = 5 min) 

Welcome to the VazaZika application! Before starting to use it, you have to             
create a new user. 
 
Step by step 

1. Register in the application with your mobile device 
2. Now, please edit your user profile 
3. Fill out the profile data fields to conclude 

2 
(time to 

conclude 
 = 40 min) 

Now you are an VazaZika user! It is time for creating teams and challenging a               
rival team. 
 
Step by step 

● If you are in Environment A, do: 
1. Team up with your colleagues and choose a team leader 
2. If you are the team leader, create a new team called “Team A” via              

VazaZika; otherwise, please wait! 
3. Join “Team A” created by the team leader, even if you are the leader 

Wait for the calling of the Environment B instructor to continue 
4. If you are the team leader, do: 

○ Pick challenge “Team Up!” 
○ Please notify your team colleagues about the challenge goal 
○ Call “Team B” to join the challenge “Team Up!” 

5. Find as many mosquito breeding sites as you can in the environment you             
are in, and provide reports of these sites using the application 

 
● If you are in Environment B, do: 
1. Team up with your colleagues and choose a team leader 
2. If you are the team leader, create a new team called “Team B” via              

VazaZika; otherwise, please wait! 
3. Join “Team B” created by the team leader, even if you are the leader 

Wait for the calling of the Environment A instructor to continue 
4. If you are the team leader, please accept the invitation of “Time A” to              

join the challenge “Team Up!” 
5. Find as many mosquito breeding sites as you can in the environment you             

are in, and provide reports of these sites using the application 

3 
(time to 

conclude 

Congratulations! You have learned how to report mosquito breeding sites. Now           
it is time to go validating the mosquito breeding sites that your colleagues have              
reported! 

1 
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 = 20 min)  
Step by step 

1. Via application, choose a mosquito breeding site reported by someone          
in the environment you are in 

2. Try to find the reported location 
3. Please confirm that you have found the site via application 
4. Please comment something about this site in the application 
5. Share the reported site if you have a Facebook or Twitter account 

 

2 
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This appendix presents the activity experiment form used in the study
reported in Chapter 4.
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ACTIVITY ___ FORM  
1. What is your full name? _____________________________________________ 

2. I found easy to complete this activity. 

Strongly agree Partially agree I neither agree nor 
disagree 

Partially disagree Strongly 
disagree 

☐ ☐ ☐ ☐ ☐ 

 
Please justify your answer, even if you did not complete the activity: _______________________ 
_________________________________________________________________________________ 

_________________________________________________________________________________ 

3. I found fun to complete this activity. 

Strongly agree Partially agree I neither agree nor 
disagree 

Partially disagree Strongly 
disagree 

☐ ☐ ☐ ☐ ☐ 

4. I felt motivated to perform this activity again. 

Strongly agree Partially agree I neither agree nor 
disagree 

Partially disagree Strongly 
disagree 

☐ ☐ ☐ ☐ ☐ 

 
5. List at least 3 positive aspects of the application screens used during this activity. 
_________________________________________________________________________________ 

_________________________________________________________________________________ 

_________________________________________________________________________________ 

6. List at least 3 negative aspects of the application screens used during this activity. 
_________________________________________________________________________________ 

_________________________________________________________________________________ 

_________________________________________________________________________________ 

7. List the application features (functions, icons, text, etc.) used during this activity. 
_________________________________________________________________________________ 

_________________________________________________________________________________ 

_________________________________________________________________________________ 

1 
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Appendix H: Follow-up Form

This appendix presents the follow-up form used in the study reported in
Chapter 4.
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FOLLOW-UP FORM 
1. What is your full name? _____________________________________________ 

2. List 3 positive aspects of the experiment. Please justify each aspect. 

1: ___________________________________________________________________ 

_____________________________________________________________________  

2: ___________________________________________________________________ 

_____________________________________________________________________  

3: ___________________________________________________________________ 

_____________________________________________________________________  

3. List 3 negative points of the experiment. Please suggest improvements. 

1: ___________________________________________________________________ 

_____________________________________________________________________  

2: ___________________________________________________________________ 

_____________________________________________________________________  

3: ___________________________________________________________________ 

4. Would you use the VazaZika application again? (   ) Yes  (   ) No 

5. Would you recommend the VazaZika application to your friends? (   ) Yes  (   ) No 

6. Which application features you have used during the activities? 
(  ) Avatar: abstraction of the VazaZika user profile 

(  ) Badge: rewards for one or more activities performed via VazaZika 

(  ) Challenge: group of activities with constrained time to complete 

(  ) Comment: comment about a mosquito breeding site reported by a user 

(  ) Level: user level in VazaZika when compared to other users 

(  ) Notification: alert on performed tasks, earned rewards, and so on 

(  ) Point: rewards for an activity performed via VazaZika 

(  ) Ranking: list of users sorted by level, number of reports, and validated reports 

(  ) Social Activity: list of activities recently performed by VazaZika users 

(  ) Social Sharing: sharing of reports via Facebook and Twitter 

(  ) Team: group of VazaZika users 

(  ) Vote: confirmation that a mosquito breeding site was correctly reported by a user 

1 
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