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RESUMO

TODA, A. M. Contribuicoes para o Design de Gamificacio em Contextos Educacionais.
2021. 225 p. Tese (Doutorado em Ciéncias — Ciéncias de Computacdo e Matemdtica Computaci-
onal) — Instituto de Ciéncias Matematicas e de Computacao, Universidade de Sdo Paulo, Sao
Carlos — SP, 2021.

Este texto apresenta e analisa as contribui¢des de uma coletanea de artigos referentes as pesquisas
realizadas pelo autor e seus colaboradores. Os artigos estdo relacionados a drea de Gamificacdo
Aplicada a Educacdo e utilizam trés abordagens chaves denominadas, Gamificagdo na Educagao,
Planejamento da Gamificacdo em contextos educacionais e Planejamento da gamificagcdo baseado
em dados. Em relacdo a Gamificagdo Aplicada a Educacio, sdo apresentados trabalhos tedricos
que contribuem para o avanco da drea, assim como provem novos artefatos a serem explorados
em trabalhos futuros, como uma taxonomia de elementos de gamificacdo e um modelo de
gamificacdo associado a cultura, ambos em contextos educacionais. No Planejamento da
Gamificagdo em contextos educacionais, o autor demonstra o processo de desenvolvimento
e aplicacao de um framework conceitual de gamificacao, além de préticas de como gamificar
contextos educacionais. J4 em relagdo ao Planejamento da Gamificacdo baseado em dados,
as contribui¢des do autor sdo focadas no uso de mineragdo de dados para prover estratégias
gamificadas validadas para o uso do professor, além de condicdes para gamificar contextos
educacionais. Por fim, as discussdes dos artigos sdo contextualizadas dentro de perguntas de
pesquisa encontradas na literatura, de forma a demonstrar a relevancia dos resultados encontrados
frente ao estado da arte. O texto também resume as atividades do autor como pesquisador,
incluindo (a) uma andlise qualitativa e quantitativa dos trabalhos publicados; (b) a participacao

do autor na comunidade cientifica nacional e internacional; e (c) reflexdes e perspectivas futuras.

Palavras-chave: Gamificacdo, Planejamento, Modelagem, Educacao, Coletanea.






ABSTRACT

TODA, A. M. Contributions for Gamification Design in Educational Contexts. 2021. 225
p- Tese (Doutorado em Ciéncias — Ciéncias de Computacdo e Matematica Computacional) —
Instituto de Ciéncias Matematicas e de Computagdo, Universidade de Sao Paulo, Sdo Carlos —
SP, 2021.

This text presents and analyzes the contributions of a collection of articles related to research
carried out by the author and his collaborators. The articles are related to the fields of Gami-
fication Applied to Education and use three key approaches called Gamification in Education,
Gamification Planning in Educational Contexts and Data-Based Gamification Planning. In rela-
tion to Gamification Applied to Education, theoretical works are presented that contribute to the
advancement of the area, as well as providing new artifacts to be explored in future works, such
as a taxonomy of gamification elements and a gamification model associated with culture, both in
educational contexts. In Gamification Planning in educational contexts, the author demonstrates
the process of developing and applying a conceptual gamification framework, in addition to
practices on how to gamify educational contexts. In relation to Gamification Planning based
on data, the author’s contributions are focused on the use of data mining to provide validated
gamified strategies for the use of the teacher, in addition to conditions to gamify educational
contexts. Finally, the discussions of the articles are contextualised within research questions
found in the literature, in order to demonstrate the relevance of the results found in view of the
state of the art. The text also summarises the author’s activities as a researcher, including (a) a
qualitative and quantitative analysis of published works; (b) the participation of the author in the

national and international scientific community; and (c) reflections and future perspectives.

Keywords: Gamification, Planning, Modeling, Education, Collection.
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CHAPTER

INTRODUCTION

The increasing and exponential use of electronic games in recent years has attracted
the attention of the academic community, who analyses these games in order to verify their
applicability and effectiveness in several areas of knowledge. This game market has been
influencing several aspects of how users interact with technology, being increasingly intrinsic
in the daily lives of these individuals (SCHELL, 2014), especially in the educational field
(SHELDON, 2011).

Research in this field has led to the emergence of areas such as digital game based
learning, which aims to integrate digital games in the educational context, with a focus on
improving student performance and motivation (PRENSKY, 2003). For Prensky, these games are
already part of the culture of several countries and the routine of digital natives, being therefore a
learning object with several benefits. However, the production and insertion of these games in the
academic environment suffers from several controversies, among them we can mention the poor
acceptance by teachers, the costs for the development and implementation and the complexity of
developing serious and fun games (LEE; HAMMER, 2011; SEABORN; FELS, 2014).

Furthermore, the academy has been investing and understanding how parts of these games
can contribute to the improvement of systems, especially in educational environments (DICHEV;
DICHEVA, 2017). From these efforts, the concept of gamification emerged, being defined as the
use of elements (or parts) of games outside their original context (DETERDING et al., 2011;
SEABORN; FELS, 2014). This concept has been widely used in the area of education, achieving
several positive results (KLOCK et al., 2020). The large-scale use of gamification has attracted
the attention of several specialists in the field of education (such as teachers, instructors and
developers), besides most of today’s applications are intrinsically gamified (MARTI-PARRENO;
SEGUI-MAS; SEGUI-MAS, 2016; SANCHEZ-MENA; MARTI-PARRENO, 2016; AN et al.,
2020).

However, in order to achieve the desired positive effects, it is necessary for gamification
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to follow an appropriate design (ZICHERMANN; CUNNINGHAM, 2011; SEABORN; FELS,
2014; MORA et al., 2017), which needs to consider various characteristics of the user (such as
demographic data, behavioural profiles, etc.) (SANTOS; BITTENCOURT; VASSILEVA, 2018).
Achieving this design, however, is not a trivial task, especially if we consider an educational
context where several domain experts (e.g. teachers and instructors) have a limited and / or
restricted agenda (AN et al., 2020). In short, there is an interest, but the lack of resources and
knowledge hinder the adoption of gamification by these professionals, which motivate us to

explore the following research question:
How can we contribute to the planning of gamification in educational contexts?

Within this context, the objective of the Chapter is to summarise the three research topics
of interest to the author in the area of Computing Applied to Education: Gamification in education,
gamification design focused on education, and data mining for gamification applied in education.
These themes are integrated by the author in order to make the use of gamification effective in
educational contexts, increasing its adoption by teachers and, consequently, improving student

performance. In each Chapter we focus on exploring an existing research question or gap.

After the concepts defended in this Chapter, the results of research carried out by the
author (alongside with his colleagues and collaborators in Brazil and abroad), will be presented
and discussed in later Chapters. Thus, this Chapter seeks to highlight the author’s contributions
in generating knowledge and resources for applying gamification in education, as well as helping

teachers and instructors.

1.1 Gamification in Education

The emergence of gamification has several sources, among them, Nelson describes that
gamification has existed since the former Union of Soviet Socialist Republics, being studied in
depth in the 1980s by the United States (NELSON, 2012). According to the author, the precursor
of gamification is the “Funfication” movement that aimed to make the work environment playful

and, consequently, increase productivity without increasing expenses (NELSON, 2012).

Other authors have described the emergence of gamification in the mid-2000s, when the
term had been coined in a lecture given by Nick Pelling, where he defined it as the use of game
elements in other activities (MORA et al., 2017; BUCKLEY et al., 2018). Although the concept
is intrinsic to several applications that have emerged since Pelling’s lecture, it only gained space
and notoriety in mid-2011 , through the research made by Deterding et al. (DETERDING et al.,
2011). Since then, the term has been gaining momentum, even being the target of projections
by the Gartner Group, which predicted that until 2016 every company would have at least one
internal gamified process (GARTNER, 2011). Henceforth, this projection have been achieved
before the stipulated period (DICHEVA; DICHEV, 2015; DICHEV; DICHEVA, 2017).
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However, when we consider the educational context, it is clear that gamification has
been around for longer. According to Smith-Robbins (SMITH-ROBBINS, 2011), the traditional
educational system is already a gamified system, since the students accumulate points for their
performance, advance several levels, so that, at the end of their journey, they obtain the maximum
reward, this being the University Degree. The objective of using gamification in educational
contexts is to improve motivation and engagement, which directly impact upon their performance,

which may not always be the case in traditional education systems (KAPP, 2012).

Since then, researchers have been mobilised to understand the effects of gamification
on student motivation and engagement. According to Darejeh and Salim (DAREJEH; SALIM,
2016), the area of education is one of the most focused, as well as one of the ones with the
most mixed results. This means that, despite several studies, there are still no conclusive results
regarding the interference of gamification in the teaching and learning process of students
(BORGES et al., 2014; SEABORN; FELS, 2014; KLOCK et al., 2020). This occurs due to
several factors, among them the planning of gamification (which will be more detailed later in
Chapter 2), as well as the ease of understanding and resources for its adoption to be effective

when applied by specialists in the field.

Adoption by teachers, according to Marti-Parrefio, Sdnchez-Mena and De Paula (SANCHEZ-
MENA; MARTI-PARRENO, 2016; MARTI-PARRENO; SEGUI-MAS; SEGUI-MAS, 2016),
does not occur, due to three main factors: lack of resources, time and knowledge. This happens
because the teacher, generally, has an arduous routine ( this effect is even more predominant in
Brazil, where some teachers experience high to moderate stress due to many factors (FERNAN-
DES; VANDENBERGUE, 2018; da Silva Hanzelmann et al., 2020)). Furthermore, there is no
time to study the various properties required for good gamification planning, or to adapt them to

their educational contexts. This led us to our first sub-question (SQ1):

How can we summarise knowledge for teachers and other education field experts?

To answer this question, the contributions of the author are aligned with the conduction
of systematic secondary studies (TODA; VALLE; ISOTANI, 2018; TODA et al., 2018), to
understand which gamification elements might be useful or harmful to the students. In addition,
the author contributes with examples and proposals on how gamification can be included in
the development of open resource platforms (M. Toda et al., 2017) and the identification of
challenges for planning gamification in the educational context (TODA et al., 2017). Finally, the
main general contribution of the author is a model that aggregates several elements of games, as
well as their synonyms, that can be used in the planning of gamification in educational contexts
(TODA et al., 2019b).
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1.2 Gamification Design

Gamification design (or planning) is characterised by a series of events that result in a
gamified strategy (which is a specific action related to game elements) (TODA et al., 2018a).
This design is one of the factors that influence the success of gamification in an educational
environment, and skipping this step can cause unwanted effects or even the loss of engagement
and motivation (DICHEV; DICHEVA, 2017; TODA; VALLE; ISOTANI, 2018). According to
the literature, design can be supported by the use of frameworks (AN et al., 2020).

Frameworks, in the context of this work, are defined as a set of steps and tools aimed
at a certain result, in this case a gamified strategy. According to the literature, the number of
frameworks for gamification has increased dramatically in recent years (MORA et al., 2017).
For Mora et al., several of these frameworks are in the conceptual phase and / or with their use
restricted to academia, in addition to covering various areas of knowledge such as education,
tourism, health. Among these, there are also generic frameworks, which according to the concept,
can be applied in any field. In this work, we can mention two of the most famous generic
frameworks (according to the literature), being Six steps to gamification (6D) (WERBACH;
HUNTER, 2012) and Octalysis (CHOU, 2012). One problem arises from the use of generic
frameworks, which is: they do not address educational characteristics of an environment (MORA
et al., 2017), and some present too broad concepts to be analysed and defined by teachers and

instructors (e.g. the concept of Fun).

In a recent literature review proposed by Mora et al., we can observe 6 frameworks
focused on educational domains (MORA et al., 2017). Another review conducted by the author
of this thesis encountered 17 uses of frameworks on a national scale (TODA et al., 2018). Finally,
a review conducted by Rauschenberger et al identified 10 approaches that were used to gamify
learning environments (RAUSCHENBERGER et al., 2019). As can be seen, despite being
“different”, these frameworks have similar steps and characteristics, either by investigating the
type of user or by the set of game elements (TODA et al., 2018). However, although these
frameworks solve (partially) the problem related to the synthesis of knowledge, the people
interested (e.g. teachers) are still responsible for studying each one of these frameworks and
generating their gamified strategies to use in their educational contexts, which is still a big
problem for the teacher, given their high workload (da Silva Hanzelmann et al., 2020). Based on

this premise, we have explored in this section another sub-question (SQ?2):

How can we systematise the knowledge presented in the literature, to extract and understand
what is necessary to create and implement appropriate gamification strategies in

educational contexts?

From the studies of the different frameworks, the author of this thesis also proposed the
creation of a new conceptual framework (TODA er al., 2016), which was evaluated by experts

and of which some instances were applied in different educational contexts (TODA et al., 2018a;
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TODA et al.,2019d; TODA et al., 2019a). One of the main essential differences of this framework
is that the domain specialist has the assistance of a game designer, or gamification designer, to
help with the selection of game elements for their specific context, reducing significantly the
workload of the domain expert. During this thesis, this framework was gradually built, and the
results of each research stage was published in our various studies. These studies range from the
initial concept (TODA; ISOTANI, 2016) to the application of early versions in different courses
through different research collaborations as: biochemistry (TODA et al., 2016), introduction
to programming (TODA et al., 2018b), introduction to business (OLIVEIRA et al., 2020), and
others. In this Chapter we also present how our proposed taxonomy for gamification elements can
be used to analyse and design educational learning systems (TODA et al., 2019d; TODA et al.,
2019a), as well as how we integrated it with our conceptual framework and other characteristics

(e.g. culture).

1.3 Data-Driven Gamification Design

As studies in the field of gamification progressed, researchers identified several discrep-
ancies (e.g. positive and negative impacts on motivation / amotivation, students’ performance,
etc.) between what was stated in the literature and the results of experiments (SEABORN; FELS,
2014; KOIVISTO; HAMARI, 2019). Furthermore, new research areas have been trying to focus
on using data to redefine existing concepts in gamification, specially to assist in the decision-
making process of the design (MEDER; PLUMBAUM; ALBAYRAK, 2017). Through these
efforts, the Data-driven gamification design area (DDGD) emerged (MEDER; PLUMBAUM,;
ALBAYRAK, 2017).

DDGD consists of using machine learning algorithms in data sets to discover patterns
and create prediction models (MEDER; PLUMBAUM; ALBAYRAK, 2017). Machine learning
is an area defined as the study that allows computers the ability to learn, without being explicitly
programmed, characterised in two ways: unsupervised and supervised (ALPAYDIN, 2020).
Unsupervised learning encompasses data mining algorithms, whose objective is to find patterns
that assist in decision making and, subsequently, can be used as models in supervised learning
algorithms (GHAHRAMANI, 2003). Supervised learning, on the other hand, considers that we
already know the result of an action, given an initial data set (ALPAYDIN, 2020).

In the scope of this thesis, we aimed to explore to which extent unsupervised learning
algorithms can aid in the design process, since the results that are present in the gamification
literature do not allow us to create accurate models (SEABORN; FELS, 2014). This occurs due
the discrepant effects that can be found in studies in the field, where the same set of elements
can positively or negatively impact a group of students. Besides, unsupervised learning can
be used to assist in the decision-making process (AGRAWAL; IMIELINSKI; SWAMI, 1993;
GHAHRAMANI, 2003) which can help us with the following sub-question (SQ3):
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How can we provide resources to the domain expert, to support the decision-making process

of gamification design in educational contexts?.

In the context of this research direction, the thesis author proposed the use of Association
Rule Mining (ARM) and clustering algorithms to find patterns within given datasets, which can
be used in the decision-making process of teachers and instructors. ARM was chosen due to its
prior use in decision-making process in other areas (e.g. market basket analysis (AGRAWAL;
IMIELINSKI; SWAMI, 1993)), where we can explore the relations between elements and users’
characteristics (e.g. demographics). According to a recent review, cluster-analysis can also be an
effective way for the decision-making process (CARUSO et al., 2017).

Recent studies have already demonstrated the use of clustering in conjunction with
gamification, in order to identify student profiles and their characteristics as programmers
(PEREIRA et al., 2020). The literature has also presented studies trying to group students based
on their behaviours obtained through medals (badges) (MCDANIEL; FANFARELLI, 2016),
and they have also analysed player profiles based on groupings (RAJANEN; RAJANEN, 2017).
Concerning the use of ARM, only one study was reported, using association rules to relate
student demographic data and their performance in classes, through the use of gamified systems
(AYUB et al., 2019). Another recent work, developed by Palomino et al (PALOMINO et al.,
2019) also used rules of association to identify sets of elements that would be related to the
elements of narrative and storytelling, using the method developed in our study that will be

presented in later Chapter 4.

As noted, there is still a shortage in the literature regarding the use of machine learning
in data sets involving gamification. In addition, only one of the related studies identified has a
focus related to gamification design, directed at a set of specific elements. Furthermore, at this
stage of the work, we contribute to the field of gamification and education through a method to
collect, extract and analyse data, in order to produce gamified strategies based on real users’ data
(TODA et al., 2019c), as well as evaluating those strategies based on users’ feedback (TODA et
al., 2019). We also provide here some insights that were collected based on users’ intention to
use gamification, that were analysed and inferred based on a data-driven process (TODA et al.,
2020).

1.4 Final Remarks

This Chapter aimed to present initial concepts related to the topics covered in this
collection. The general motivation of the work was presented, as well as the problem to be solved
in each of the three fields described, alongside the sub-questions of each field. The following
sections will address the thesis’ author’s contributions to each of these fields: Chapter 2 addresses
the theoretical contributions to the field of gamification in education; Chapter 3 deals with the

conceptual framework and its instances; Chapter 4 addresses the method developed and the
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results obtained from the use of machine learning algorithms; Chapter 5 presents the conclusions
obtained from the realisation of the work on this thesis. Finally, the annexes contain the original

publications published during the five years of development of this doctoral work.
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CHAPTER

GAMIFICATION APPLIED TO EDUCATION

This chapter aims at describing the author’s contributions to the theoretical field of
gamification applied to education. These contributions can be seen through systematic mappings
and redefinition of pre-existing concepts in the educational context. Additionally, this thesis also
present models as theoretical contribution, that can be used to aid in the gamification design and
consider different aspects (such as culture) which are often neglected by prior research. Each
one of the works presented in this Chapter present a research question or gap that, when solved,
can support us to answer one of our main research questions in this work. We will be referring to
these sub-questions as Sub-Research Question (SRQ) or Sub-Research Gap (SRG).

2.1 The dark side of gamification: An overview of nega-

tive effects of gamification in education

Gamification in education has been used mainly to improve motivation, engagement and
teaching practices (KAPP, 2012; DICHEV; DICHEVA, 2017). However, most of the studies
present inconclusive reports towards the effectiveness of gamification, Seaborn and Fels even
discuss the discrepancy between theory and practice, where most studies attest that gamification
improve motivation while other studies says the opposite (SEABORN; FELS, 2014).

Based on this premise, we aimed at investigating which negative effects can occur when
applying gamification in educational contexts, by conducting a systematic mapping (TODA;
VALLE; ISOTANI, 2018). This mapping was conducted following the guidelines proposed by
Kitchenham (KITCHENHAM et al., 2009).Details on the protocol can be found in Annex A.

This work aimed at answering two research questions: SRQa - What are the negative
outcomes related to gamification in Education?; and SRQb - How is the gamified design
related to these outcomes?. SRQa focuses at identifying and classifying these negative effects

while question SRQb aims at identifying the design (e.g. the gamification elements) associated
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with these effects.

Through our analysis (Annex A), we collected a total of 1328 works from 2011/1 until
2016/2, from eight different databases. After the initial screening, where we analysed titles,
abstracts and keywords, and applied the inclusion/exclusion criteria, we ended with a pool of 17

papers. From those papers we identified four types of negative effects, answering our SRQa:

¢ Indifference (6 studies): Occurs when gamification has no effect at all.

o Loss of Performance (12 studies): Occurs when gamification hinders the performance of
the students.

e Undesired Behaviour (9 studies): Occurs when gamification provokes different be-

haviours from the ones that were planned initially.
e Declining Effects (5 studies): Occurs when gamification decreases the motivation and

engagement over time, during its application.

In addition, we identified the design that was associated with these behaviours, and
found out that the use of Points, Badges and Leaderboards (or Point, Acknowledgement and

Competition) were heavily used when these effects occurred. An overview of the study can be

Indifference
(N =6)

seen in Figure 1.

Badges  j€-------o-----q T ST poeommeeoooee Leaderboard
Los's of . Undésired
performance HEgEIE behaviour
_ effects _

(N =12) (N =9)

Declining
Point  |€------------- effects

(N =5)

Figure 1 — Summary of results in (TODA; VALLE; ISOTANI, 2018)

Considering this study, our contributions can be summarised as: (1) being the first study

to identify and map negative outcomes towards gamification in educational contexts; (ii) to
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analyse the design that might lead to these outcomes, based on evidence, finding out that Point,

Acknowledgement and Competition can lead to those effects, when applied inappropriately.

2.2 Challenges for planning gamification in educational

context

In this study, we focused on identifying the main challenges for gamification planning in
education. To map these challenges, we conducted a tertiary study (which is a literature review
of literature reviews) following a systematic mapping protocol (TODA et al., 2017). The SRQ
that guided this study was: SRQc - What are the major challenges related to gamification

planning and deployment in educational contexts?

After some conceptual definitions (Annex B), we choose the following databases: IEEE
Xplore, ACM Digital Library, Scopus, Engineering Village, Web of Science e ScienceDirect. In
these databases, we used the following terms and adapted to each search string: ”Gamification”,
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“Meta-analysis”, ”Systematic mapping”, ”Systematic Review” and “Literature review”.

Our analysis returned a total of 615 studies, where only 30 were pre-selected to be
analysed, and only 11 were chosen for the final analysis (after the filtering process, detailed in
Annex B). In our final analysis, we found seven challenges that hindered gamification planning

in education:

e Lack of empirical evidences: studies do not provide sufficient empirical data on the
positive effects of gamification;

e Lack of specific methods: studies do not used well-defined metrics, nor instruments to

verify what they want (e.g. motivation);

e Customisation: when the planned gamification is not tied to users’ characteristics and

how to extract or analyse these same characteristics (e.g. user profiles);

e Undesired behaviours: when the planned gamification aimed at a certain behaviour, but
another one occurred (e.g., planning to increase students’ motivation but in practice it

decreased their motivation);

e Lack of proper definitions: lack of proper definitions and terms to be used as a consensus

(e.g. elements with same concepts but different names across many studies);

e lack of computational support: lack of tools to support the design process.

We also identified in this study how some of these challenges are related. According to our

analysis, the lack of empirical evidence is tied to the lack of specific methods and customisation,
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while customisation influences the undesired behaviours (which occurs when gamification is not

tied to user characteristics). An overview of our study can be seen in Figure 2.

Lack of
specific
methods

Lack of
empirical
evidences

Customisation
(N =23)

Challenges

Lack of
computationa
support

Undesired
behaviours
(N =2)

ack of prope

definitions
(N=2)

Figure 2 — Summary of (TODA ef al., 2017)

Overall, our main contribution is the summary of the challenges that need to be addressed
to design gamification. Most of these challenges are aligned with theoretical studies, as in
Seaborn and Fels (SEABORN; FELS, 2014) and Koivisto and Hamari (KOIVISTO; HAMARI,
2019). In this PhD. thesis, we managed to tackle some of these challenges, such as lack of
specific methods (by designing our framework focused on the educator, which will be presented
further (TODA et al., 2018a)), lack of proper definitions (by providing a taxonomy that can be
used as a dictionary of gamification elements for educational contexts (TODA et al., 2019b))
and lack of computation support (by providing resources to be used by teachers and for teachers,

to design their gamification properly (TODA et al., 2019c)).

2.3 Designing Gamification for educational contexts: A

national systematic mapping

In this study, we aimed at identifying and analysing gamification frameworks used at

a national scale (Brazil) through a systematic mapping (TODA et al., 2018). The research
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questions used to drive this study were: SRQd - Do these frameworks provide computational
resources to aid in the design phase?; SRQe - How do these frameworks personalise the

gamification?; and SRQf) How many game elements are used within these frameworks?

Based on these questions, we next focused on finding studies that were conducted in
Brazilian universities, in the CEIE portal, Scopus and New Technologies in Education journal!
(all these databases are very relevant in the context of computers in education). We used an
adapted research string that contained the following terms “approach”, ’strategy”, “framework”,
“method”, ”process”, “methodology”, “planning”, ’technique” and ”gamification”. Initially, we
found 61 studies, out of which only 18 passed through our filtering process (more details in

Annex C). As for our research questions and contributions:

SRQd We did not find any computational resources to aid in the design phase;

SRQe Six studies considered player profiles, while two considered demographics and one con-

sidered roles for personalisation;

SRQf 11 studies considered or defined game elements, and these elements were presented in a

non- identifiable form (eight studies) while three defined classifications for these elements.

A summary of our findings can be seen in Figure 3. These findings were important to
guide and motivate us to design tools to aid in the design process that would consider other
kinds of personalisation as well as the number of gamification elements (e.g., our taxonomy for

gamification elements in educational contexts (TODA et al., 2019b)).

Does not
identify
(N=7)

Classifications
(N =3)

SRQ(f)
Game
elementg

SRQ(d)
Tool

SRQ(e)

Peksonalisation

Figure 3 — Summary of (TODA et al., 2018)
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2.4 A taxonomy of game elements for gamification in

educational contexts: Proposal and evaluation

An issue that is reported by gamification studies is concerned with the game elements
that are used (TODA et al., 2017). Most of the literature refers to different game elements that,
in definition, have the same concept, which can hinder the adoption of gamification by educators
and other domain experts in this field (TODA et al., 2019b).

Based on this premise, we aimed at designing and proposing a taxonomy that could
include all (most of) the game elements that are present in the gamification literature. Based on
previous literature reviews, we analysed gamification frameworks and defined 19 game elements

alongside their possible synonyms (SRGa).

Following, we conducted an evaluation with gamification and education experts (N =
19), based on the concepts of comprehensibility, descriptions, examples, and coverage of these
game elements (these concepts are explained and described in Annex D). These experts also
evaluated the game elements, by ranking from the most relevant to least relevant and could add

elements that were not within our initial classification.

On our initial analysis, all the concepts that were investigated achieved a high confidence
of answers (Cronbach’s & > 0.8), and none of the 19 initial game elements were considered
irrelevant. Based on the suggestions of some experts, we also included the elements of Narrative
and Storytelling. Then, we proposed the taxonomy of gamification elements composed of 21

elements, alongside their synonyms.

Finally, based on a semantic and interaction analysis (e.g., the description of the game
elements and examples of their use in the literature) we proposed an initial classification on
which psychological aspects these elements might influence as motivation and engagement.
Based on the experts’ evaluation, most of our concepts achieved more than 3.8 average, which

can be considered a positive agreement. A summary of the study can be seen in Figure 4.

/ Researchers \
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Figure 4 — Summary of the study in (TODA et al., 2019b)
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The main contribution of this part of the work was providing a taxonomy that can be
used to represent the majority of game elements presented in the literature (TODA e al., 2019b).
Another possible contribution of this work is the evaluation by experts in the field. Through this
evaluation, we could observe that most of the elements were accepted as they were presented,
alongside their examples and synonyms, and the most relevant elements were Objectives, Level
and Progression, which might provide preliminary insights on how to use these elements. The

complete Taxonomy can be seen in Table 1.
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Table 1 — Taxonomy of gamification elements, as seen on (TODA et al., 2019b)

Concept Description Dimension

Acknowledgement Type of feedback that praises the players’ specific actions. Some examples Performance
and synonyms are badges, medals, trophies.

Chance Randomness and probability properties that increase or decrease the odds Ecological
of certain events; examples/synonyms: randomness, luck, fortune.

Competition When two or more players compete against each other towards a common  Social
goal; examples/synonyms: Player vs Player, scoreboards, conflict.

Cooperation When two or more players collaborate to achieve a common goal; exam- Social
ples/synonyms: teamwork, co-op missions.

Economy Transactions within the game, monetising game values and other elements; Ecological
examples/synonyms: markets, transaction, exchange.

Imposed Choice Decisions that the player is obliged to make in order to advance the Ecological
game; examples/synonyms: judgements, forced choices (different from
Narrative).

Level Hierarchical game layers, providing a gradual way for players to obtain Performance
new advantages upon advancing; examples/synonyms: character levels,
skill level.

Narrative Order of events happening in a game; i.e., choices influenced by player Fiction
actions; examples/synonyms: strategies the player uses to go through a
level (stealth or action), also the good/bad actions influencing the ending,
karma system (different from Imposed Choice).

Novelty New, updated information presented to the player continuously; exam- Personal
ples/synonyms: changes, surprises, updates.

Objectives Guide the players’ actions. Quantifiable or spatial, from short- to long- Personal
term; examples/synonyms are missions, quests, milestones.

Point Unit used to measure users’ performance; examples/synonyms: scores, Performance
number of kills, experience points.

Progression This allows players to locate themselves (and their progress) within a Performance
game; examples/synonyms: progress bars, maps, steps.

Puzzles Challenges within the game that should make a player think examples/syn- Personal
onyms: actual puzzles, cognitive tasks, mysteries.

Rarity Limited resources and collectables; examples/synonyms: limited items, Ecological
rarity, collection.

Renovation When players can redo/restart an action; examples/synonyms are extra life, Personal
boosts, renewal.

Reputation Player titles to accumulate in-game; examples/synonyms: titles, status, Social
classification.

Sensation Use of players’ senses to create new experiences; examples/synonyms: Personal
visual stimulation, sound stimulation.

Social Pressure Pressure through social interactions with another player (s) (playable and Social
non-playable); examples/synonyms: peer pressure, guilds.

Stats Visible information for the player, about their in-game outcomes; exam- Personal
ples/synonyms: results, health bar, magic bar, HUD, indicators, data from
the game presented to the user.

Storytelling The way the story of the game is told (as a script) within the game, via text, Fiction
voice, or sensorial resources; examples/synonyms: stories told through
animated scenes, audio queues or in-game text queues.

Time Pressure Pressure through time in-game; examples/synonyms: countdowns, clock, Ecological

timer.
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2.5 GamiCSM: Relating education, culture and gamifica-

tion - a link between worlds

In this work, we explored how we can integrate culture in gamification for educational
environments (TODA et al., 2020). It is known that gamification design considers many as-
pects based on users’ and context. However, most of the existing approaches often ignores
culture, which is also an important aspect, especially for educational purposes (ALMARSHEDI;
WANICK; WILLS, 2016; KLOCK et al., 2020).

Based on this premise, we aimed at (SRGb) designing a model that could relate the
cultural aspects from Hofstede’s Cultural Dimensions (HOFSTEDE, 2011) and gamification
elements presented in our Taxonomy of Gamification Elements for Educational Environments
(TGEEE) (TODA et al., 2019b).

To design this model, we used an ontological approach, since ontologies are used to
identify relations between abstract concepts (ISOTANI; BITTENCOURT, 2015). This was
followed by a survey study, where we contacted experts from the fields of gamification, culture,

and education, to evaluate our model.

Overall, our model had mixed reviews from the experts, some suggested the reallocation
of some of the gamification elements, while other suggestions were to remove some relations
from our initial proposition (details in the paper, in Annex E). Based on the evaluations that were
provided, we could relate 5 dimensional cultures and 18 gamification elements in our initial

model (Figure 5).

Our main contribution in this part of the work is the first model to relate culture and
gamification for educational environments, that can be used to adapt gamification based on
those dimensional cultures, as well as to provide guidelines for teachers that want to implement

positive attitudes through culture (e.g. collectivism social elements).
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Figure 5 — Model proposed in (TODA et al., 2020)

2.6 Final Remarks on this Chapter

This Chapter presented the contributions made by the author to the theoretical field of
gamification in education, through answering multiple research questions and trying to address
some research gaps. In this sense, we provided contributions by mapping the negative outcomes
and analysed the design of these effects, which may help future decision-making processes in
educational environments. Next, we presented challenges and research directions on the design
of gamification in educational contexts. We also presented a list of gamified approaches (on a
national scale) that were used in the past years. Then, we proposed and evaluated a taxonomy
of gamification elements that can be used within educational environments, which we further
expanded by providing different theoretical dimensions that can be used to analyse existing
educational applications. In addition, we also provided the first model to relate culture and
gamification in educational context, for design purposes, that can be used as an alternative of the
existent ways of gamifying educational environments. The works presented in this Chapter also
guided some of our research directions and help us to find a solution to the first sub-question
”How can we summarise knowledge for teachers and other education field experts?”” alongside
other solutions presented throughout this thesis. To summarise the knowledge, we first need to

understand (a) what has been done; and (b) what consequences this might bring to the students.
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Then, we can start to summarise the game elements presented in the literature through our
taxonomy, as well as present how these elements can be related to other aspects, such as culture.

The full contributions in this field can be found in the Annex.
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CHAPTER

GAMIFICATION DESIGN

This Chapter aims at describing the contributions of the student to the field of Gamifica-
tion Planning, focusing on the design, development and user cases of the conceptual framework
that is one of the main contributions of this project, which also provides another answer to our

main RQ "How can we contribute to the planning of gamification in educational contexts?”

3.1 A process for generating gamified designs for teach-
ing

In this short study (TODA; ISOTANI, 2016), we reported the initial concept of this PhD

project, by designing a process to gamify learning contexts. This process uses the teachers’

planning as an input, and after four distinct phases, it returns a gamified design. These phases

can be described as:

e Definition of content: The teachers’ planning content is analysed;

e Definition of the gamification elements: The game elements are chosen and applied to the

content that was defined in the first step;

e Implementation: We define how the tasks will be implemented in the educational environ-

ment;

e Validation: We evaluate the process through the use of validated instruments by measuring

students and teachers’ feedback.

In this initial version (Annex F), we designed two groups of game elements called
Feedback and Property elements. Feedback elements are extrinsic rewards that could be used

as a way to provide feedback on the students’ interactions, composed of 6 elements. As for the
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Property elements, these are defined as characteristics (usually intrinsic) to a task, composed of
12 elements. This initial set of game elements was used as a base (alongside literature reviews)
for us to define the TGEEE (TODA et al., 2019b). Since this is an initial version of what was
intended to be a major approach on how to gamify learning environments, we did not covered
any SRQ or SRG.

3.2 A gamification process in higher education: Perspec-

tives from a Biochemistry module

In this following study (TODA et al., 2016), we demonstrate an instance of the aforemen-
tioned process (TODA; ISOTANI, 2016) in a Biochemistry course. We aimed to understand how
the students’ motivation was affected by the gamification design and the instructors’ thoughts
(SRGo).

Based on the aforementioned (TODA; ISOTANI, 2016) steps, the instructor generated
and implemented a list of gamified strategies based on an Economy approach, where the students
would gain Points based on specific actions and behaviours. These Points could be exchanged by

advantages in-class, e.g. ask for a hint during a test.

After experiencing the gamified strategies for a whole semester, the students were asked
to answer the Intrinsic Motivation Inventory (IMI), based on the Self-Determination Theory
(DECI; RYAN, 1985), using the following dimensions: Interest and Enjoyment, Perceived
Competence, Pressure and Tension, and Perceived Choice. The questionnaire was presented
through a printed version using a Likert scale (LIKERT, 1932) from 1 to 7, where 1 meant "Not

true” while 7 meant ”Totally true”. More details on Annex G.

The analysis on the students’ motivation presented overall positive results. In the Interest
and Enjoyment dimension, students stated their interest and enjoyment while doing the activities.
As for the Perceived Competence, students did not feel like gamification had an impact during
the course but felt confident after the semester was over. Considering the Pressure and Tension,
most of the students where indifferent, most tending to not feeling pressured during the activities.
Finally, for the Perceived Choice, most students felt they were doing the activities because they
wanted to, instead of being obliged. These analyses differ when we analyse from the perspective
of gender (see explored and detailed analysis in the Annex G). Overall, our main contribution
in this study was to present an instance of the process created in (TODA; ISOTANI, 2016).
In this study, we also cover SRGc, by applying gamification in a context different from usual
(Biochemistry course) when, at the time this study was published, the majority of contexts where
gamification was applied consisted in Computer Science and Mathematics (DAREJEH; SALIM,
2016).
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3.3 An approach for planning gamification concepts with

social network features within educational contexts

In this study, we aimed at formalising the previous process into a framework, containing
a series of procedural steps to design a gamified strategy to be used in learning domains (TODA
et al., 2018a). In this approach, we aimed at connecting gamification design with social network
elements, since recent studies on the field at the time demonstrated that gamification with social
features seems to be more effective than individual one-size-fits-all designs (DE-MARCOS;
GARCIA-LOPEZ; GARCIA-CABOT, 2015).

In addition, the main objective of this work was to provide guidelines for teachers
and instructors on how to gamify learning environments (SRGd). This gap is presented in the
literature review provided by Mora et al (MORA et al., 2015; MORA et al., 2017) where they
presented (a) few frameworks to support educational environments, (b) no frameworks focusing
on the stakeholders that were going to plan and implement the gamification, and (c) did not

presented a validation nor an instance of its application.

Based on this premise, we designed the GAMIFY-SN'. This approach consists in 4 steps,
that are divided between two roles: Teachers/Instructors and Game/Gamification designer. These
steps are defined, based on the previous work (TODA et al., 2016): (a) Definition of the content;
(b) Definition of the game elements; (c) Deployment; and (d) Evaluation. Based on feedback
provided in the previous study, we defined that steps (a) and (c) where suited to be conducted
by teachers and instructors, while steps (b) and (d) would be suited for the game/gamification
designer. A summary of the approach can be seen in Figure 6.

In this iteration of the approach, the teacher/instructor is responsible to provide the
instructional resources (IR, as seen on Figure 6). Then, they choose which social network
features they would like to use, as well as mapping their activities. This whole step generates a

representation which can be achieved through a conceptual map.

Following, the next step is conducted by the game/gamification designer, where they
will analyse the representation of the previous step, containing the activities and features the
instructor would like to use, and will define the gamified tasks. These tasks are the junction
between gamification elements and the learning activities. By the end of this step, the designer

produces the gamified tasks and their evaluation, which will be given to the instructor.

In the next step, the instructor must apply an onboarding moment where they will explain
the rules of the gamified tasks to the students. After a mutual agreement between the instructor
and the students about the rules, the application phase starts, where the instructor must take
notes and observe the behaviours of the students. Finally, the designer must apply the evaluation

and analyse its results. It is worth mentioning that the evaluation can be carried out by the

I SN for Social Network
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Figure 6 — Summary of Gamify-SN proposed in (TODA et al., 2018a)

teacher/instructor, advised by the designer of the gamified strategy. More details on this approach

can be seen on Annex H.

In summary, our main contribution in this work is to provide the first approach focused
on the teacher/instructor in education domain. This approach was also evaluated by four experts
in the field of education and gamification, to ensure it contained essential aspects for teachers

and instructors.

3.4 Analysing gamification elements in educational envi-

ronments using an existing Gamification taxonomy

An extension of the previous work presented in (TODA et al., 2019b), this work focused
on giving more details on the taxonomy that was created, and proposing its use to analyse
gamified environments (TODA et al., 2019a). In this sense, as an extension, this work aimed at

exploring the following SRQg: How can we use the proposed taxonomy to analyse and evaluate
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gamified educational environments?. Based on our initial proposal, we defined dimensions to
group those elements: Performance, Ecological, Social, Fiction and Personal. Each one of these

dimensions represents an interaction between the user and the system (Figure 7).

GAMIFICATION

TAXONOMY

RENOVATION

Figure 7 — Taxonomy of gamification elements as seen in (TODA et al., 2019a)

In this new version, the Performance dimension is the interaction “’interface” (action-
response) between the system and the user. The elements presented in this dimension are used
as general feedback provided by the environment to the users’ actions, also acting as a bridge
between the other dimensions.

The Ecological elements are related to the system itself, these elements are properties of

the system. This dimension can also be related to Operational rules in game design theories, e.g.

rules that describe how the game is played, in this case, the gamified system / environment.
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Following, the Social dimension elements are tied to the interactions between players.
These interactions can then be supported by Performance elements, such as Points and Levels.
Social elements are also related to Implicit / Behavioural rules, which the designer does not have
control and must be predicted during the design phase. Specially since social elements (e.g.,
leaderboards) are associated with most of the negative effects and may lead to many undesired

behaviours.

As for the Personal dimension, it is tied to the user of the gamified environment / system.
These elements are used to guide these users and provide a personal feedback of the interactions

within the system, as well as ways to customise the environment.

Finally, the Fictional elements, Narrative and Storytelling, are contextual elements used
to provide direction. While the Narrative is tied to the users’ interactions, strategies and choices
within the system (as the concept suggests), the Storytelling is tied to the environment to provide

context, e.g. a space odyssey thematic.

These groups were provided to help the designer / domain expert to identify key aspects of
their environment. In the paper (Annex I) we also propose a way to use these elements to analyse
existing gamified environments, so designers can have a (subjective) model of comparison and
opt for the elements and dimensions they think are worth. All the elements, alongside their

dimensions can be seen on Table 1.

3.5 How to Gamify Learning Systems? An Experience
Report using the Design Sprint method and a Tax-

onomy for gamification elements in education

This study is another extension from (TODA et al., 2019b; TODA et al., 2019a) where
we explain how this taxonomy can be used with Design Sprint Method to design gamified
educational systems (TODA et al., 2019d). In this sense, this study extended the previous work
by focusing on the following SRQh: How can we gamify learning environments using the Design

Sprint method and existing game elements?

Using the Design Sprint Method, we can provide a proof-of-concept (through a practical
model that can prove the theories established by the research). This method is divided in 5
steps, each one representing a day in the overall cycle (more details in Annex J). In our case,
this method was used to validate our taxonomy by integrating it within an existing educational

system.

In this line of research, we adapted the Design Sprint Method, by defining the following
steps: (a) definition of a general gamification design architecture (days 1 and 2); (b) implementa-

tion of the elements according to the taxonomy (day 3); (c) gamification design proposal (days 3
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and 4); and (d) gamification design instantiation (day 5).

Step (a) consists in organising the gamification elements and defining which ones should
appear in which pages of the system, this is done through a brainstorm session. For step (b), we
defined the internal relations between the gamification elements and the activities within the
system (e.g. when the student finishes a task, which element should be used as a reward to the

student), these relations were based on previous research (TODA et al., 2019c).

In step (c), we formalise the gamified strategies produced in the previous steps where
the gamified strategy is a task tied to a gamification element e.g., login in the system (task) and
receiving a badge (gamification element). Finally, after having all the gamified strategies, we
can start step (d) where we implement these tasks within the system. In the paper (TODA et al.,
2018a), we give details on how each step is conducted and which artifacts are produced. Then,

we demonstrate how the learning system will behave, using our taxonomy elements.

This study is important to provide an alternative way to gamify educational systems, in
addition to our approach proposed in (TODA et al., 2018a). This recent approach is more focused
in the design and development of systems instead of non-virtual gamification environments. In
addition, we also demonstrate how our taxonomy can be applied to a generic design method,
and discuss how it can be easily applied to other existing approaches as a way to support the

gamification design process.

3.6 Final Remarks on this Chapter

This Chapter presented contributions made by the author to the design of gamification in
education, through answering different SRQs and addressing some SRGs found in the literature.
In this sense, we provide a conceptual framework to aid teachers and instructors to design
gamified strategies with the aid of a game/gamification designer. We also presented how we
can use our existing taxonomy to analyse and design gamified strategies for e-learning systems.
Through this Chapter, we provided more ways to answer our second sub-question "How can
we systematise the knowledge presented in the literature, to create and implement gamification
strategies in educational contexts?”” while providing some insights on how to answer our third
sub-question "How can we provide resources to the domain expert, to support the decision-
making process of gamification design in educational contexts?”. By presenting a conceptual
framework, we tackle both RQs 1 and 2, since this framework also helps to summarise the
knowledge, and also provides a way to use it in a systematic manner. We also presented a
systematic view on how to use our taxonomy with other existing methods, and other uses of
the same taxonomy (analysis). This way, instructors have support to design and analyse their
gamified strategies within lessons or systems. The contributions presented in this Chapter can be

found in the Annex.






51

CHAPTER

DATA-DRIVEN GAMIFICATION DESIGN

This section aims to describe the authors’ contributions to the field of Data-driven
Gamification design. In this chapter, we focus on presenting works that can help us answer
our third sub-question: "How can we provide resources to the domain expert, to support the
decision-making process of gamification design in educational contexts?”’. Which consequently

contributes to answer our main RQ.

4.1 Planning Gamification Strategies based on User Char-

acteristics and DM: A Gender-based Case Study

In this work, we aimed to investigate how gender influences in the preferences for
gamified designs (TODA et al., 2019¢). We focused in answering the following SRQi: How can
gender differences in preferences about gamification elements be used to support gamification

design?

To conduct this study, we designed a large questionnaire (N = 808 raw answers) where
students stated their preferences for gamification elements (N = 19 gamification elements, based
on previous works). Following, we used unsupervised algorithm Association Rule Mining
(ARM) to identify the relations between the users’ genders and their preferences for gamification
elements. Then, we analysed the rules that were found and defined a set of recommendations

that can be used in gamified designs.

After the filtering process of the raw answers (more details in Annex K), we obtained
733 valid answers. Considering the students’ genders, our sample was distributed as 569 male
students and 164 female students. Using Mann-Whitney test, we verified that many of the game
elements had a significant difference (p < 0.5) between genders, as male respondents were more
likely to prefer Competition, Cooperation, Social Pressure, Scarcity, and Classification while

female respondents would prefer Renovation, Puzzles, and Sensation.
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As for the ARM results, we found 25 relevant! rules. In summary, some elements were
preferred by both genders when tied together as Progression, Acknowledgement, Data and
Objectives. We also could identify that males would prefer to use more of social interactions,
with strong confidence rules pairing gamification elements of Progression and Choice. As for the
females, we identified that user experience and rewards are more preferable, with association
rules indicating a strong confidence for the need of Acknowledgement and Progression. The

summary of our study can be seen in Figure 8.

Questionnaire Pressure

design

Gender
differences

Data collection

@
Descriptive @
\ 4

Statistics
ARM
Most Preferred Element i i
N = 25 rules Objective

Figure 8 — Summary of our study presented in (TODA et al., 2019¢)

Data filtering Results

Through this study, we provided some evidence and insights on how students’ gender

can influence the gamification design. Through the rules that were found, we obtained an initial

' For more details on which criteria we used to define the relevance of our rules, see paper on Annex K
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recommendation on how these gamification elements can be used, which allowed us to conduct

two of the studies presented in this chapter.

4.2 Validating the effectiveness of data-driven gamifica-

tion recommendations: An Exploratory study

In the following study, as an extension of the study presented in (TODA et al., 2019c¢),
we aimed to validate the recommendations provided by data-driven features by the students?
(TODA et al., 2019). Based on this premise, this work focused in answering the following SRQj:
How do users perceive game elements implemented in e-learning environments, based on prior

research on data-driven gamification recommendations?

To conduct this study, we analysed the rules that were presented in (TODA et al., 2019¢)
and, with the aid of experts, designed 25 mockups on how the elements presented in the rule
would be applied to a generic e-learning system. Them we created and applied a survey to verify
the relevance of those elements in that context (of an e-learning system). The mockups were
validated by experts in Human-Computer Interaction and the survey was validated by three
experts in the field of gamification. More details on the survey creation and methods can be seen

on Annex L.

We invited 50 people to answer our survey, however only 15 answered. The sample was
distributed between 8 male students and 7 female students. Based on their answers, we found
some insights: (a) users perceive Level and Progression as the same element; (b) Progression,
Objectives, and Acknowledgement are usually well-perceived when tied together; (c) Choices
and Data should be treated as inherent of the system and not gamification elements; (d) Points
alone are not well-perceived, so it should be tied with other elements; (e) Acknowledgement is
the most praised element, which means that creating meaningful achievements is a good strategy

for e-learning environments.

In summary, we provided insights on how students perceive the gamification elements
that are presented within an e-learning system. In this work we have shown small differences
between males and females in terms of their perception of gamified elements. We also observed
that female individuals preferred Progression element more than male individuals, while the
second prefer Acknowledgement. This result is the opposite from prior findings in (TODA et al.,
2019c). However, Progression, Acknowledgement, and Objective are suitable for both genders,

as suggested in the previous study. A summary of the study can be seen in Figure 9.

2 We opted to choose students since they would be the final users of the gamification designs that were

generated.
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Figure 9 — Summary of (TODA et al., 2019)

4.3 For whom should we gamify? Insights on the users
intentions and context towards gamification in edu-

cation

In this work, we aimed to identify how the users’ characteristics could influence in their
positive intention to use gamification (TODA et al., 2020). To achieve this objective, we focused
on answering the SRQk: How users’ demographics and contextual characteristics influence the

positive intention towards gamification in education?

In this exploratory study, we adopted a similar approach seen in (TODA et al., 2019¢).
We created and conducted a survey (N = 1692 respondents) and analysed through a quantitative
approach, applying ARM and clustering to identify patterns within the dataset so we can
understand how the users’ characteristics can or may influence in their adoption of gamification,

specially in education domain.

In the first phase of the study, we designed a survey with 12 questions, aimed at charac-
terising the user and asking their intentions to use gamification®. These intentions were measured
through a Likert scale from 1 to 5, where we considered 1 a negative intention, and 5 a positive

intention to use gamification in that specific domain®.

Then, we used ARM analysis to find relevant information between the user characteristic
and their intentions to use gamification, followed by clustering (K-means algorithm) to group

these users and find patterns. To validate the number of clusters we used the knee-point detection

3
4

More details on the survey can be seen on Annex M
The domains that were analysed in this survey were Education, Work Environment, Health, and Daily
Routine.
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technique alongside the silhouette coefficient and found that 5 clusters would be the most

appropriate for our analysis.

In the following phase, we processed the data to analyse with the aforementioned
algorithms. Through our descriptive analysis, we identified that most of our respondents does not
know the correct definition of gamification, which led us to infer that these respondents might
not know how to identify a gamified application. When analysing their intentions to use, we can

observe that 65,5% of our respondents have a positive intention to use gamification in education.

When analysing our Association Rules, we identified that people who usually play
games, had previous contact with gamified applications and had previous knowledge on what
gamification is have a positive intention to use it in education. We also identified that people who
usually play games but did not have previous contact with gamification have neutral intention to

use it in education. For our cluster analysis, we identified five groups:

e Cluster 1: People that are indifferent about gamification in education and have a neg-
ative intention towards other fields. The people in this group play games, knows what

gamification is, but believe they did not had previous contact.

e Cluster 2: People who have positive intention to use gamification within all fields that
were analysed, these people also had a previous contact with gamification, usually play

games, and knows what gamification is.

e Cluster 3: People who have negative intention towards gamification, these people usually
play games, but does not know what gamification is, believed they had no previous contact

with gamification.

e Cluster 4: Is similar to Cluster 2, however it is almost balanced between people who

believed they had previous contact with gamification.

e Cluster 5: People in this cluster have a positive intention to use gamification in education,
however has a negative intention towards its use in work environments. Respondents here
are people who usually play games, knows what gamification is, and had previous contact

with gamification.

In summary, through this study, we provided some important contributions to the field,
as: (a) evidence that context (previous knowledge, habit of playing games, and contact with
gamification) influence the intention to use; (b) and evidence that specific demographic charac-
teristics do not play a major role in the intention to use. A summary of our study can be seen on

Figure 10.
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Figure 10 — Summary of our study

4.4 Final Remarks on this chapter

This chapter presented contributions made by the author to the data-driven gamification
design, through answering different SRQs. In this sense, we provided a set of recommendations
based on the users’ gender (TODA ef al., 2019¢) and validated those recommendations with
students (TODA et al., 2019). We also explored how contextual characteristics influenced in the
positive intention towards gamification, and provided some insights for teachers and instructors
on when and for whom they should try to gamify their practices (TODA et al., 2020). Through
this chapter we provided some answers to our SQ3 “How can we provide resources to the domain
expert, to support the decision-making process of gamification design in educational contexts? .
These resources are materialised through data-driven gamified strategies, which were validated
with real users, and conditions (on when and to whom) to gamifiy learning environments. The

contributions of this chapter can be found in the Annex.



57

CHAPTER

FINAL REMARKS

This thesis aimed at answering our main research question “How can we contribute
to the planning of gamification in educational contexts?”. We believe to have provided some
answers to this question by presenting works that addressed many sub-research questions and
gaps, divided in three sub-questions, each one dealing with a specific problem presented in the
literature. Based on what has been exposed so far, we understand that gamification design is not
a trivial task, and much has yet to be done, especially on the teachers / instructors’ side, which

has mostly been neglected in the literature.

This Chapter provides an overall summary of the contributions provided by the author,
focusing on a quantitative analysis of the achieved results. Besides, it also presents the authors’

participation in the scientific community, alongside future directions of research.

5.1 OQverall contributions

In this thesis, we presented some contributions to support gamification design process, in
theory and practice. We believe to have answered most of the questions that were proposed, and
that our contributions had an impact in the field, and society. Through the studies conducted in
this thesis, it is clear to us that gamification design is not something trivial that can be solved
by an universal solution, many aspects are still needed to be considered in this process (such as

culture and context) as well as whom is designing and applying it, specially in education.

Concerning our contributions in Chapter 2, we managed to provide evidence through
secondary studies that listed negative effects and the elements associated to these effects; besides,
we also presented the first taxonomy to describe gamification elements that can be used in
educational domains, as well as the first model relating those gamification elements and cultural

aspects. A summary of our contributions can be seen on Figure 11.
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Summary of contributions in Gamification in Education
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Figure 11 — Summary of contributions on Gamification in Education

Secondly, regarding the contributions that were presented in Chapter 3, we believe
to be the first gamification framework focused on teachers and instructors. We presented the
conception since its first process through case studies and its evolution to the final framework;
we also presented alternative ways to use our proposed taxonomy to analyse and gamify learning
systems, which could be useful to practitioners and researchers in this field. The summary of our

contributions can be seen in Figure 12.
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Summary of contributions in Gamification Design
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Figure 12 — Summary of contributions on Gamification Design

Finally, our contributions to the field of Data-driven gamification design consists in

proposing strategies based on patterns that were mined through users’ preferences. We also

present how these patterns can be implemented through different mockups that were validate

by students (final users), and insights on when and to whom gamify when considering learning

environments. These contributions are summarised in Figure 13.

Summary of contributions in Data-driven Gamification Design

Sub Research Questions / Gap

-~

SRQi: How can gender differences in
preferences about gamification elements be
used to support gamification design?

~

Methods

Results

SRQj: How do users perceive game
elements implemented in e-learning
environments, based on prior research on
data-driven gamification
recommendations?

-

Data mining algorithms

SRQk: How users’ demographics and
contextual characteristics influence
the positive intention towards gamification
in education?

Validation

Recommendations of
gamified strategies

Mockups to apply the
strategies in elearning
environments

Recommendations based
on users' perceptions of
gamification

Users' profiles that are
more succetible to like
gamification in educational
environments

Figure 13 — Summary of contributions on Data-driven Gamification Design
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5.2 Quantitative Analysis

Considering the scientific production, since 2016 (when the author entered the PhD
program), the author published a total of 48 papers (until January/21), 33 in conferences, 14

in journals and 1 book Chapter. Figure 14 demonstrates the quantity of authors’ publications

throughout the years.
s !
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Figure 14 — Publications throughout the years, last updated on 10th, January/21

In Figure 14 it is possible to note an increase in the number of publications, specially in
2019 and 2020, that comprehends the period where the author went abroad to conduct part of
their project in Durham University, in the United Kingdom, under the supervision of Professor
Alexandra Ioana Cristea. Besides, the author also had a lot of collaborators with different
universities in Brazil, ranging from North to South regions, including Federal University of
Amazonas (UFAM), Federal University of Roraima (UFRR), Federal University of Pard (UFPA),
University Center of Pard (CESUPA), Federal University of Rio Grande do Norte (UFRN),
Federal University of Alagoas (UFAL), State University of Santa Catarina (UDESC), Federal
University of Rio Grande do Sul (UFRGS). These contributions yield two prizes: Best paper
award in the ICALT 19 conference, and second best paper on the track in the SBIE 20 conference.
Another interesting information is regarding the authors’ citations, which has been increasing

throughout the years, especially since he joined the PhD program.
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5.3 Scientific Community Participation

As stated previously, the author had many contributors scattered across Brazil, and the
world. These contributions generated many highly relevant papers, and also contributed to the
personal and academic growth of the author. Besides, the author also acted as reviewer for many

important conferences and journals, some of them can be seen in Table 2.

Table 2 — Venues where the author was invited as reviewer

Name/Abbreviation Type Relevance (Qualis)
ACM Special Interest Group on Computer Sci- | Conference | Al

ence Education
Hawaii International Conference on System Sci- | Conference | Al
ences
Education Technology and Society Journal Al
International Conference on Artificial Intelli- | Conference | Al
gence in Education
Frontiers in Education Conference | A3
Simp6sio Brasileiro de Informatica na Educagdo | Conference | A3
Simpésio Brasileiro de Jogos e Entretenimento | Conference | A4

Digital

International Journal of Emerging Technologies | Journal Al
in Learning

IEEE Transactions on Learning Technologies Journal Al

5.4 Limitations and Future perspectives

Throughout the course of this thesis, we found many challenges to overcome. Concerning
the Gamification in Education studies, we can summarise that most of our limitations are related
to protocols of systematic secondary studies (literature reviews and mappings). Since those
studies are prone to many bias (e.g. the selection process of papers), we aimed to mitigate these

bias by applying rigidly protocols proposed in the literature.

For the Gamification Design limitations, most were related to real environments chal-
lenges, e.g. the lecturer’s time, technical difficulties with the strategies implemented in real-time,
or unpredictability events during the academic semester, etc. However, events like these are
prone to happen when conducting studies in real time scenarios, and case studies allow us to

mitigate or be more flexible towards some of these events.

Finally, regarding the Data-driven Gamification Design limitations, we know that our
recommendations may not be the most suitable, since students’ preferences may not always be the
best option. In this field specifically, our validation was delayed due to Covid-19 pandemic which
hindered our experiments to examine the effectiveness of those strategies in real environments

with teachers and students.
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Based on the contributions presented so far, the author aims at continuing the research,
to explore many of the gaps that still persist, towards improving the design of gamification
in educational domains. One of these gaps is towards providing empirical evidence on the
effectiveness of recommendations to teachers and instructors. This was present in our initial
plans, however due to external factors (Covid-19 pandemic) we could not conduct all the
evaluation we intended to. Besides, some of the products of this thesis might be submitted
as patents, which is why some of them are not clearly described in this text. Another future
perspective is to explore other variables that are often neglected, as culture (as we did in (TODA
et al., 2020)).
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Abstract. Gamification has a great number of studies in education area
since the emergence of the term. However, there is a lack of primary and
secondary studies that explores the negative effects that gamification
may have on learners, and lack of studies that analyze the gamified de-
sign that are linked to those negative effects. Based on this premise, we
aim at answering the following research question “What are the nega-
tive effects that can occur in gamification when applied to educational
contexts?”. We seek to answer this question by analyzing the negative
effects that are associated to gamification and the gamified learning de-
sign that are linked with them. To answer this question, we conducted
a systematic mapping study to identify these negative effects. Based
on the studies that were analyzed, we identified and mapped 4 nega-
tive effects and their gameful design. Loss of Performance was the most
occurring effect and Leaderboard the most cited game design element,
among other 11 elements. Moreover, clements and effects were linked in
order to identify how these elements may have influenced on these out-
comes. Based on our results, we found that the game design may lead to
a negative impact. For instance, Leaderboards are strongly associated to
many negative effects mapped in this work. This result is corroborated
by the psychology literature regarding ranking systems within learning
environments. We believe our work may be useful to guide gamification
instructors and specialists to avoid those negative effects in education
contexts, by avoiding some game design elements settings.

Keywords: gamification, systematic mapping, negative effects, educa-

tion

1 Introduction

Gamification has been widely explored in the past 7 years since the term was
conceptualized by Deterding (2011)[13], as the use of game elements outside
their scope. Since then, gamification studies have covered many areas, ranging

*
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from Economy to Education. However, most of gamification studies focus on the
educational context [11], where researchers aim those game elements to improve
learning efficiency and learner’s motivation [18]. Most of gamification studies
in education have focused on exploring the positive motivational achievements,
however there is still a gap regarding the identification of negative outcomes on
students [14, 6].

It is also well known that gamification is context-dependent, and inserting
game elements such as Points, Badges and Leaderboards (PBL Approach), with-
out proper design, will not ensure the positive desired outcomes [5]. Gamification
experts are already concerned about individual and collective variables, such as
profiling users, in order to recommend a well-thought gamified scenario. There-
fore, there is still a lack of studies that address or are concerned with the poten-
tial negative effects caused by gamification on learners in the educational context
[19]. Thiebes et al (2014) [33] present a list of issues that should be addressed
by specialists when designing a gamified task or system, which are: Declining
Effects, Cheating the System, Privacy and Task Quality. However, those issues
are related to online gamified environments, and not specifically to educational
contexts. Kim & Werbach (2016) [19] debate some ethical issues related to gami-
fication, such as Exploitation and Manipulation, presenting a framework on how
to avoid them, again these issues are not related to education or learners. Finally,
Andrade et al (2016) [1] discuss some negative effects of gamification, such as
lack of attention, in the Intelligent Tutoring Systems area. Other gamification
studies also imply a set of properties that need to be addressed in the design of
gamification in order to deploy it, especially regarding the Education area, such
as learners’ genres and player profiles [4, 28].

In this context, this study aims at answering the following question: ”What
are the negative effects that can occur in gamification when applied to educa-
tional contexts?”. To answer our research question, we performed a systematic
mapping study, based on Kitchenham (2004) [20] guidelines, aiming at classify-
ing the negative outcomes and identifying the gamified designs, in this study we
consider a gamified design as a set of strategies using game elements to perform
a task. To present our research, this paper is organized as follows: Section 2
presents the related works, Section 3 presents the protocol. Section 4 presents
the results and, finally, Section 5 presents the conclusions, discussions and future
work.

2 Related Work

Gamification secondary studies have increased drastically in the past 10 years.
Some of them, as the work performed by Borges et al (2014) and Dicheva et
al (2015) [6,14], focus on associating the good impact of gamification elements
(considering their properties and rules) in educational contexts, in which most of
the analyzed studies have achieved positive outcomes, dealing with users’ behav-
ior, and increasing their motivation. These authors also present a gap regarding
the lack of empirical studies to attest the positive effects of gamification, and also
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do not address possible negative outcomes related to gamification bad design in
education domain.

Another relevant study is conducted by Thiebes et al (2014) [33], which fo-
cus at identifying which game elements were used in the field of Information
Systems. The authors propose a list issues that can be influenced by gamifica-
tion bad design, however the authors states that these are exclusive to online
environments with gamified tasks.

Markopoulos et al (2015) [22] also conducted a literature overview of gami-
fication in education domain, presenting a list of critic points which correspond
to extrinsic rewards that, when badly designed in gamified applications, can de-
crease learners’ intrinsic motivation. The authors also claim that gamification
may not be well accepted by teachers and instructors and that it can be difficult
to obtain a balanced gamified scenario. Finally, they claim that gamification
may not be applicable to every learning context.

In other domains, the positive effects of gamification are also not validated.
According to Pedreira et al (2015) [27] in their systematic mapping on gamifica-
tion applied to Software Engineering, there is still a lack of empirical studies to
attest the effects promoted by gamification. Furthermore, an analysis of those
effects and how to design their gamified strategies is needed. This statement is
reinforced by Sigala (2015) [30], where the author present a literature overview
regarding gamification in Marketing, Tourism and Crowdsourcing. According to
the author, gamification may ”wear out” in a scenario in which gamified design
has not been considered.

These studies allow us to observe a gap, in the sense that (i) negative out-
comes of gamification are known but not properly mapped and (ii) there is a lack
of information regarding negative effects and the gamified design that is used.
Based on this gap, the next sections present the mapping of the negative effects
associated with gamification in educational contexts, along with their gamified
designs.

3 Protocol

The focus of this systematic mapping is to answer our main question “What are
the negative effects that can occur in gamification when applied to educational
contexts?” by identifying the main negative effects caused by gamification on
learners. In order to conduct this study, we used the online tool Parsif.al and
Google Docs to organize the mapping, as well as the guidelines proposed by
Kitchenham (2004)[20], which consist of 3 steps: (i) planning, where we define
our research questions, Inclusion and Exclusion Criteria and other definitions
related to the mapping; (ii) conduction, where we conduct our research in the
selected databases, select the papers and perform the data extraction; and (iii)
results, where we summarize the data and evaluate the results. Based on these
guidelines, we defined 2 research questions to guide this study:

RQ1 - What are the negative outcomes related to gamification in Education?
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This question focus on identifying what are the main issues related to gam-
ification applied to Education. By identifying those issues, we can encourage
future studies on how to avoid them. Furthermore, the literature lacks formal
classification of those issues regarding the educational context.

RQ2 - How is the gamified design related to these outcomes?

This question aims at associating the negative effects with the respective
gamified designs, in order to identify which game elements and rules are linked to
those effects. By identifying the gamification setup, we aim at encouraging future
studies to carefully choose which and how those game elements may impact
students’ perception on gamification in the context of Education.

In order to answer those research questions, we defined 3 main terms to
create the research string: Gamification, Education and Negative Effects. Some
negative effects were previously collected based on 6 control papers that we used
to aid in the string creation, which are: gamification AND (failure OR problem
OR privacy OR declining effect OR cheating the system OR exploit OR bad
OR addiction) AND (education OR learning OR training OR instruction). This
string returned all of the 6 control papers in one or more research bases.

As for the research bases, we choose the ones that are used and cited in
Computer Science domain and were used in other secondary studies, as: ACM
Digital Library, AISEL, IEEE Xplore, ISI Web of Science, ScienceDirect, Scopus
and Wiley Online Library. As for the Selection Criteria, we defined 4 Inclusion
and 6 Exclusion Criteria. In our Inclusion Criteria (IC), we defined that (a)
studies should have been published in the past 7 years; (b) studies should be in
the English language; (c¢) studies should contain explicit evidence(s) regarding a
negative effect associated with gamification; and (d) studies should be full papers
published in a conference, journal or book chapter. As for our Exclusion Criteria
(EC), we excluded (a) studies focused on serious games; (b) studies that were
short papers, position papers or panels; (c) studies that contained risks associ-
ated with different areas from Education; (d) studies that did not contain any
explicit negative effect associated with gamification; and (e) secondary studies.

Through the adequacy of the string to each of the databases, we began the
searches in June, 2016. Our search returned a total of 1328 papers, that were
screened by title, abstract and keywords. After this step, we obtained a set
of candidate studies (¢ = 220 papers) that would be filtered by our Inclusion
and Exclusion Criteria. After the application of the criteria and the deletion
of duplicate papers, we obtained the final set of studies (n = 17 papers) that
would be analyzed and discussed in this work. We also included 3 studies that
were not returned by our search string, but were cited in other papers. The
number of studies and the complete list of analyzed papers can be seen on
<https://goo.gl/3qrKv7>.

After the final selection, we began the Data FExtraction phase, in which we
mapped the negative effects into the gamified design that were used in the stud-
ies. These negative effects were based on their occurrence in the papers, by
checking the exact words or the general meaning when analyzing the results of
the primary studies.
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4 Results and Discussions

This section presents the answers for our research questions based on our pro-
tocol. In Figure 1, we analyze the areas of the selected studies. From this figure,
we observe that most of the studies are in the field of Computer Science —
specifically 10 studies. However, we also found studies in Administration, Com-
munication, Mathematics, High School, Engineering and Arts.

Area
10
1 1 1 1 1 1 1
[ | [ | [ | [ | i [ | [ |
& & & & D > &
‘fb‘& 5,\’}\ .@00 s‘bo @a@ %009 zg‘-"\‘\ ?'&
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Fig. 1. Studies per Area

We also analyzed the type of publication of the studies. From Figure 2, we can
observe that 10 studies were published in Symposiums/Conferences, 6 studies
were published in Journals and only 1 study was published in a Workshop.

The selected studies are considered recent, once that all of them were pub-
lished in the last 5 years. This behavior was already expected, since gamification
is considered a recent area of research. In Figure 3, we can observe the distri-
bution of the studies per year of publication. Most of the analyzed studies were
published between 2014 and 2015.

We also analyzed the country of origin regarding the first author of each
study, to verify which countries and research groups have been conducting re-
search on the topic of this systematic mapping. We observed that most of the
research has been carried out by researchers from the United States and Ger-
many, as presented in Figure 4.

Furthermore, by analyzing the focus of the studies, we identified 3 main ones:
tool, where the authors described a technology to deploy the gamification; evi-
dence, where the focus of the study was to give evidence regarding gamification
properties; and method, where the authors focused on describing a method or
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Type of Publication
10
6
1
I
Journal Workshop Symposium /
Conference

Fig. 2. Studies per type of publication

Year of Publication
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Fig. 3. Studies per year of publication

process. The distribution of studies per focus is shown in Figure 5. We observed
that most studies focused on tools, specifically 9 of them.

Finally, regarding the outcomes of each analyzed study, we observed that 6
studies had positive results, 2 studies had negative results and 9 studies had
mixed results, as presented in Figure 6. This classification was based on the
outcomes reported by the authors of the selected studies.

4.1 3.1 What are the negative outcomes related to gamification in
Education?

Based on the outcomes and reports in the studies, we identified 4 negative ef-
fects: Indifference, Loss of performance, Undesired behavior and Declining ef-
fects. Those effects and their references can be seen on Table 1 below.

81



Negative effects of Gamification in Education 7
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Fig. 5. Focus of the studies

Loss of Performance was the most reported issue, identified in 12 studies.
This issue arise from tasks and situations where gamification harms or hinders
students’ learning process. Most of those studies reported mixed outcomes, with
positive and negative results after applying gamification in their learning con-
texts. Marcos et al (2014) reported that gamification may be related to loss of
performance in the case of some students, and a similar scenario is seen in the
study performed by Naik & Kamat (2015)[25]. Barata et al (2014)[3], Attali
& Ariev-Attali (2015)[2] and Hanus & Fox (2014)[17] stated that gamification
had an influence on learners’ loss of performance during the study due to de-
motivating effects. Campos et al (2015)[8] reported that some learners did not
understand the rules and this may have hindered their performance. There is
a similar report made by Prause & Jarke (2015)[29], but in this study learners
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Result
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Fig. 6. Reported results of the studies

did not like being penalized in the gamified activity. Snow et al (2015) reported
that students that were more active in the gamified activity scored lower than
their peers in the transfer skill tests. Kocadere & Caglar (2015)[21] found similar
results, as their learners were more focused on the gamified mechanics than on
the assessment. Finally, McDaniels, Lindgren & Friskics (2012)[23] stated that
students felt that the gamified activities were too difficult, which also impacted
their grades.

Undesired Behavior was the second most cited issue, presented in 9 stud-
ies. This occurred because gamification caused a different effect (positive or
negative) on the learning context in which it was applied, either due to bad
planning or to the lack of it. Haaranen et al (2014) mentioned that the number
of tasks declined in the gamified environment, which was the opposite of what
the authors expected. Singer & Schneider (2012)[31] reported that some stu-
dents stated that the bonus system were not satisfying, and they did not receive
most of the gamified notifications due to problems in the system. The gami-
fied application of Dominguez et al (2013)[15] was not well received by learners,
who stated that the system was not enjoyable and that it was a waste of time.
Codish & Ravid (2014)[10] stated that their mechanics caused demotivation due
to excessive competition, which was also reported in the studies of Campos et
al (2015)[8], Prause & Jarke (2015)[29] and Papadopoulos, Lagkas & Demetri-
adis (2016)[26], since they employed similar mechanics. Snow et al (2015)[26]
stated that learners were more focused on the gamification mechanics than on
the learning assessment itself, when they should have done the opposite. Finally,
McDaniels, Lindgren & Friskics (2012)[23] reported that the students became
frustrated for not completing the badges, also stating that the activities were
too difficult.

Following Undesired Behavior is Indifference. This occurs when gamification
is reported to not have influenced, either for the better or for the worse, the
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Table 1. Negative effects and their studies

Effect Frequency References

Indifference 6 (Marcos et al, 2014)[12], (Haaranen et al,
2014)[16], (Buisman & van Eekelen, 2014)[7],
(Berkling & Thomas, 2013)[4], (Dominguez et al,
2013)[15], (Papadopoulos, Lagkas & Demetriadis,
2016)[26]

Loss of Performance 12 (Marcos et al, 2014)[12], (Haaranen et al,
2014)[16], (Barata et al, 2014)[3], (Berkling &
Thomas, 2013)[4], (Naik & Kamat, 2015)[25],
(Hanus & Fox, 2014)[17], (Attali & Ariev-Attali,
2015)[2], (Campos et al, 2015)[8], (Prause &
Jarke, 2015)[29], (Kocadere & Caglar, 2015)[21],
(Snow et al, 2015)[32], (McDaniels, Lindgren &
Friskics, 2012)[23]

Undesired Behavior 9 (Haaranen et al, 2014)[16], (Singer & Schneider,
2012)[31], (Dominguez et al, 2013)[15], (Codish
& Ravid, 2014)[10], (Campos et al, 2015)[8],
(Prause & Jarke, 2015)[29], (Snow et al, 2015)[32],
(Papadopoulos, Lagkas & Demetriadis, 2016)[26],
(McDaniels, Lindgren & Friskics, 2012)[23]

Declining Effects 5 (Berkling & Thomas, 2013)[4], (Hanus & Fox,
2014)[17], (Dominguez et al, 2013)[15], (Campos
et al, 2015)[8], (Attali & Ariev-Attali, 2015)[2]

learners within the study. Marcos et al (2014) reported that, overall, gamifica-
tion did not improve learners’ gain of knowledge compared to the traditional
learning method. A similar thought is shared by the studies of Dominguez et al
(2013)[15] and Papadopoulos, Lagkas & Demetriadis (2016)[26], in which gam-
ification did not exert any impact on cognition and performance. Haaranen et
al (2014)[16] stated that learners felt indifferent towards the gamified applica-
tion, which for them was neither enjoyable nor boring. Buisman & van Eekelen
(2013)[7] reported in their study that gamification did not impacted learners’
motivation and engagement. Finally, Berkling & Thomas (2013)[4] also reported
that some students were not interested in the gamification that was implemented,
choosing traditional methods over gamified ones.

Finally, Declining Effects are related to the gradual loss of motivation and
engagement due to the gamification that was deployed. This issue was found in
5 studies and, despite being similar to Loss of Performance from the viewpoint
that learners’ progress is hindered in both scenarios, it differs from Loss of Per-
formance in the sense that learners’ motivation and engagement decrease over
time, which also may lead to Loss of Performance. Berkling & Thomas (2013)
[4] stated that a group of students lost interest in the gamification over time as
they used the system. Hanus & Fox (2015) [17] and Attali & Ariev-Attali (2015)
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[2] reported similar results, adding a gradual loss of motivation. Finally, Cam-
pos et al (2015) [8] stated that students felt demotivated for not understanding
the rules. Moreover, they became reluctant in the end of the study to use the
gamified assessment, thinking that it could affect their grades.

Based on our findings from these studies, it is clear that those issues occurred
due to the lack of proper methods and/or frameworks for planning and deploy-
ing gamification in a learning context. Another issue that influenced on those
outcomes is the absence of instructional theories to support the implantation of
gamification, especially motivational design theories, since most of the studies
focused on increasing learners’ motivation and engagement. These instructional
design theories are needed to produce well-thought gamified strategies that will
have positive impacts on the students. This statement is also corroborated by
Attali & Arieli-Attali (2015) [2] and Marcos et al (2014) [12].

4.2 How is the gamified design related to these outcomes?

From the pool of selected papers, we were able to identify and classify 12 game
elements that had been deployed: Leaderboard, Badge, Point, Level, Progression,
Social Status, Social Interaction, Instant Feedback, Avatar, Economy, Challenge
and Narrative. We used the definitions regarding game elements based on the
work of Dicheva et al (2015) [14] and Thiebes et al (2014) [33]. Other elements
that were found were incorporated into the set of 12 elements due to similar
semantics and different syntaxes. The distribution of elements per study can be
seen in Table 2.

Table 2. Game elements and their frequency in the poll of studies

Game element Frequency Studies
Leaderboard 14 [12] [7] [31] [3] [4] [25] [17] [15] [10] [8] [29] [21] [26] [23]

Badge 13 [12] [16] [31] [3] [4] [25] [17] [15] [10] [8] [21] [32] [23]
Point 12 [16] [7] [3] [4] [25] [2] [10] [8] [29] [21] [32] [23]
Level 9 [12] [3] [4] [25] [2] [10] [29] [21] [32]
Progression 4 [12] [4] [25] [10]

Social Status 4 [12] [3] [4] [29]

Social Interaction 2 [31] [29]

Instant Feedback 3 [4] [21] [32]

Avatar 3 [3] [21] [32]

Economy 1 [32]

Challenge 1 [4]

Narrative 1 [23]
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Table 2 demonstrates a concentration on the PBL (Point-Badge-Leaderboard)
approach, deployed by more than 10 studies. This may have impacted on most
of the issues, since the PBL approach may not be suitable for certain situations
and contexts [5]. This is especially the case when applying a gamification design
template without considering individual profiles, instructional and motivational
design theories. Next, we identified which elements were related to - and which
ones impacted - the aforementioned negative effects. The results can be seen on
Table 3. It is possible to observe that Leaderboard had a strong influence on
almost all of the negative effects, followed by Point and Badge, both with the
same influence.

Table 3. Negative effects and their respective gamified designs

Negative Effect # of Elements Elements Most Impacting Element

Indifference ] Leaderboard, Badge, Level, Leaderboard and Badge
Progression,  Social  Status,
Point, Instant Feedback, Chal-
lenge

Loss of Performance 11 Leaderboard, Badge, Level, So- Leaderboard, Badge and Point
cial Status, Social Interaction,
Point, Avatar, Progression,
Instant Feedback, Challenge,
Economy

Undesired Behavior 11 Leaderboard, Badge, Point, Badge and Leaderboard
Level, Instant Feedback, Pro-
gression, Social Status, Social
Interaction, Avatar, Economy,
Narrative

Declining Effects 4 Leaderboard, Badge, Point, Leaderboard and Point
Level

Based on the mapping of the game elements into each negative effect in Table
3, we cannot affirm that these elements exert a highly influence in causing these
negative effects, but we believe that these findings demonstrate the necessity
of studying those elements individually, in order to confirm that. However, this
study allows us to state that deploying the PBL approach without proper in-
structional and motivational design support may lead to those negative effects.
Proposals on this topic can be seen in the initial work of Toda et al (2016) [24],
in which the authors developed a metaprocess aiming at aligning lesson plans
with gamification strategies in classroom scenarios, and in the work of Chalco
et al (2016) [9], which proposes the use of ontologies to build proper gamified
strategies in the context of Computer-Supported Collaborative Learning.

5 Conclusions, Limitations and Future Works

We proposed in this study a systematic mapping on the negative effects associ-
ated with gamification in educational contexts, and aimed at understanding the
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relation among them. We believe that we were able to answer our research ques-
tions, as well as providing some advances to the existing literature by making an
initial systematic classification of those negative effects in the context of Educa-
tion. We also believe that this study may provide guidance to avoid undesired
outcomes when applying gamification in educational scenarios, it corroborates
the existing literature on the need of systematic methods and approaches that
align instructional and motivational design theories with gamification-related ob-
jectives and strategies. Another important artifact from this study is the analysis
between the negative effects and the main game elements that were used, which
reinforces the idea that the PBL approach may cause various problems if not
well designed or supported by instructional and motivational design theories.

This study, however, present some limitations, one of them being the time
frame in which the research was conducted, which excluded papers from the
second semester of 2016. We also did not consider gray literature which might
contain other significant results, nor papers from other languages rather than
english.

In future work, we intend to carry out a deeper analysis of those primary
studies, aiming at identifying their objectives and statistically analyzing how
those negative effects influence each other. Individual analyses of each game
clement in the respective gamified designs are also in progress. Finally, we also
intend to propose an approach to guide gamification experiments in order to
avoid those negative outcomes, by means of a systematic process and ontological
support.
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(project number 2016/02765-2) for the fundings of this project. We also would
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Resumo:

A gamificacdo vem sendo difundida no contexto educacional como uma forma de
aprimorar 0 engajamento e a motivacdo de alunos. Varios estudos mostram 0s
resultados positivos de sua aplicacéo, o que faz com que as pesquisas nessa area estejam
ganhando espaco na ciéncia. No entanto, para alcancar estes resultados, € necessario
realizar um bom planejamento do contexto que estd sendo sendo submetido para
gamificagdo. Até o momento ndo h& estudos que reportem problemas que podem
ocorrer em contextos educacionais durante a fase de planejamento, a fim de evita-los.
Por conta disto, este trabalho propde uma analise de estudos secundarios (revisoes
sistematicas e da literatura), visando a identificacdo destes problemas referentes as fases
de planejamento e implantacdo da gamificacdo. No total, foram analisados onze
trabalhos e identificados seis problemas relacionados ao design da gamificacdo. A partir
da identificacdo desses obstaculos, este trabalho fornece uma base para que futuras
abordagens de gamificacdo possam evita-los durante o planejamento e implantacéo.
Palavras-chaves: gamificacao, revisdo sistematica, design

Abstract:

Gamification has been widely widespread in educational context as a way to improve
students’ engagement and motivation. Many studies demonstrate the positive effects of
its applications, which increases its popularity among scientific area. However, in order
to achieve these positive results, it is necessary to perform a good planning of what
contexts are intended to gamify. Until now, there is a lack of studies that report the
problems that can occur in educational contexts during planning and implanting phase
of gamification, in order to avoid them. Therefore, this work propose an analysis of
secondary studies (systematic reviews and literature reviews) aiming at identifying the
problems that can occur in planning and implanting phases of gamification. In total, six
problems were mapped, related to gamification design, as: lack of empirical evidence,
lack of definitions, lack of specific methods, customization, undesired behavior, lack of
technological support. Furthermore, through the identification of these obstacles, this
work provides a base so that future gamification approaches may avoid them during the
planning and implementation phases.

Keywords: gamification, systematic review, design
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1. Introducéo

A gamificacdo vem sendo usada amplamente em contextos educacionais nos ultimos
anos (Borges et al., 2014). Definida como a utilizacdo de elementos de jogos fora do
contexto de jogos, a gamificacdo pode ser utilizada para aprimorar a motivacdo e o
engajamento, assim como servir de apoio para processos de ensino e treinamento (Kapp,
2012; Deterding et al., 2011). No contexto educacional, a gamificacdo esta presente
tanto em ambientes virtuais de aprendizagem (Toda et al., 2014; Klock et al., 2015;
Challco et al., 2016) quanto na propria sala de aula (Toda et al., 2016). Diversos
trabalhos discutem os beneficios relacionados ao uso da gamificacdo em ambientes
educacionais, dentre eles os mais citados sd@o a melhoria no engajamento, no processo
de aprendizagem ou maestria de habilidades e, também, mudancgas positivas de
comportamento (Borges et al., 2014). Apesar dos diversos resultados positivos
apresentados na literatura, estes sO podem ser alcancados a partir de um bom
planejamento (Dicheva et al., 2015; Zichermann & Cunningham, 2011; Andrade et al.,
2016).

O planejamento e implantacdo da gamificacdo € uma importante area de
pesquisa e vem recebendo maior atengdo nos ultimos anos (Nacke & Deterding, 2017).
Apesar de sua importancia, muitos estudos sobre gamificacdo ndo utilizam métodos
adequados de planejamento de gamificacdo que levam em consideracdo tanto as teorias
de design de jogos quanto o contexto onde os elementos de jogos serdo utilizados.

Para lidar com esse problema, diversos pesquisadores vém propondo abordagens
sistematicas como uma forma de auxiliar o design da gamificacdo. Apesar disso, até o
momento existe uma caréncia de pesquisas que fazem analises aprofundadas sobre os
problemas relacionados ao planejamento e implantacdo da gamificacdo (Nacke &
Deterding, 2017; Kim & Werbach, 2016).

Baseando-se no exposto, este artigo apresenta a seguinte pergunta de pesquisa:
“Quais as principais dificuldades relacionadas ao planejamento e implantacdo da
gamificacdo em contextos educacionais?”. Para responder esta pergunta de pesquisa,
foi realizada uma revisdo sistematica da literatura com o intuito de identificar
problemas relacionados ao planejamento e implantacdo da gamificacdo. Foram
analisados onze estudos secundarios (revisdes de literatura e sistematicas) e
identificados seis problemas.

Para apresentar a proposta, este trabalho esta estruturado da seguinte forma:
Secdo 2 apresenta um conjunto de obstaculos e efeitos colaterais relacionados a
gamificacdo; Secdo 3 apresenta o protocolo da revisao; Secdo 4 apresenta os resultados
encontrados e uma breve discussao; Secdo 5 apresenta as conclusdes e trabalhos futuros.

2. Efeitos Colaterais da Gamificacdo na Educacao

Problemas encontrados no planejamento e/ou implantacdo da gamificacdo sdo escassos
na literatura, grande parte dos trabalhos focam nos problemas pés-implantacéo, quando
mensuram 0 comportamento intencionado da forma correta. Kim & Werbach (2016)
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mapearam um conjunto de problemas éticos relacionados a gamificacdo de forma geral,

como:

Lins e

Exploracdo: onde os designers aplicam conceitos de gamificacdo de forma
superficial e ndo alcancando os beneficios intencionados;

Manipulacdo: onde a gamificacdo implementada é utilizada para manipular a
mudanca de comportamento do usuario;

Danos fisicos: onde os elementos de jogos afetam a percepcdo do usuério
podendo causar acidentes;

Danos psicoldgicos: onde estes mesmos elementos podem gerar ambientes ndo
saudaveis para os envolvidos, como o mal planejamento de um placar;

Influéncia negativa nos tracos de personalidade do usuario: onde os
elementos aplicados podem encorajar os jogadores a serem indiferentes quanto a
valores humanos fundamentais.

Outro estudo que reporta problemas relacionados a gamificacdo é o de Thiebes,
Basten (2014). Neste estudo, os autores focam em analisar quatro riscos que a

gamificacdo de sistemas de informagéo deve considerar quando utilizar os elementos de
jogos, sendo:

Qualidade da tarefa: onde a gamificacédo influencia na qualidade das agdes que
devem ser desempenhadas, de modo que os elementos de jogos atrapalham ou
desviam a atencdo do jogador;

Enganando o sistema (do inglés, Cheating the system): onde as regras do
sistema ndo sdo claras, 0 que permite que os jogadores ignorem-as ou utilize
brechas para obter vitoria;

Privacidade: onde o monitoramento e vigilancia dos dados podem ocasionar
brechas de segurancas quanto as informacGes do sistema, violando direitos de
privacidade basicos do usuério;

Efeitos declinantes: pode ocorrer quanto o efeito da gamificacdo se desgasta
com o tempo, devido a falta de inovacdo ou complexidade dos desafios.

Apesar de haver um mapeamento inicial, estes problemas foram mapeados em

contextos diferentes do educacional. Além disso, nem todos possuem evidéncias
empiricas que os reforcam como problemas (Kim & Werbach. 2016), nem podem ser
considerados diretamente como parte do planejamento e/ou implementacao.

2. Materiais e métodos

Para realizar esta pesquisa foi desenvolvida uma revisdo sistematica, buscando estudos
secundarios (Revisdes sistematicas e de literatura) com foco na area de educacéo.

Foram

selecionados estudos secundarios por conterem uma coletanea de trabalhos

primarios, e que passaram por um controle de qualidade durante a realizag&o do estudo
(no caso de estudos sistematicos).

(2004)

Para realizar a revisdo foi utilizado o protocolo desenvolvido por Kitchenham
que consiste em trés etapas: Planejamento, onde séo definidas as questdes de
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pesquisa, strings de busca, critérios de incluséo e exclusédo e bases de coleta; Conducao,
onde é realizada a busca nas bases selecionadas e aplicacdo dos critérios de incluséo e
exclusdo, a fim de selecionar os estudos a serem realizados; Relatdrio de resultados,
onde é realizado o resumo dos resultados encontrados.

Na fase de planejamento foi definida a seguinte pergunta de pesquisa “Quais as
principais dificuldades relacionadas ao planejamento e implantacdo da gamificacdo em
contextos educacionais?”. Com relacdo a busca, foram utilizados termos referentes a
estudos secundarios e gamificagdo como “Gamification”, “Meta-analysis”, “Systematic
mapping”, “Systematic Review” e “Literature review”. Em seguida foram definidos os
critérios de inclusdo e exclusdo (Tabela 1) para auxiliar na filtragem dos estudos
selecionados.

Tabela 1: critérios de inclusao e exclusao

Critérios de inclusao Critérios de exclusao
Ser do contexto educacional Fora do contexto educacional
Estar em inglés Linguagem diferente do inglés

Estar publicado em conferéncia, capitulo | Literatura cinza
de livro ou periédico

Ser um estudo secundario (reviséo da
literatura ou sistematica)

Por fim, foram escolhidas bases de pesquisa de referéncia na area, sendo: IEEE
Xplore, ACM Digital Library, Scopus, Engineering Village, Web of Science e
ScienceDirect. Apos a fase de Planejamento, foi iniciada a fase de Conducao (Figura 1),
onde a string foi utilizada nas bases de busca. A partir destes termos foram retornados
768 artigos, que foram analisados pelos seus titulos, resumos e palavras-chaves para
identificar quais seriam utilizados para serem analisados.
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ACM Digital
Library ] e .
n=17 Andlise de titulos,

resumos e palavras

Engineering chaves
Village —
n=158

Remocio de Artigos Artigos
duplicados candidatos Selecionados
n=615 n=30 n=11

[EEE Xplore
n=>59

Web of
Science —
n=123

Science Direct | | . .:'-\Phca:;go de )
n=340 critérios de inclusao

e exclusio

Scopus
n==85

Figura 1: Fases da etapa de conducéo

Ap0s esta andlise, foram identificados 30 trabalhos candidatos que seriam lidos
por completo. Em seguida, foram aplicados os critérios de inclusdo e exclusdo para
identificar os estudos que seriam utilizados na pesquisa, totalizando 11 artigos (Borges
et al., 2014; Dicheva et al., 2015; Faiella & Ricciardi, 2015; Markopoulos et al., 2015;
Azmi, lahad & Ahmad, 2015; Surendeleg et al., 2014; Al-Smadi, 2015; Busarello et al.,
2016; Nah et al., 2014; Caponetto et al., 2014; Samungam et al., 2015). Estes artigos
consistem de estudos secundarios que abordam a gamificacdo em contextos
educacionais, no entanto diferem quanto ao contexto que sdo explorados, como
aprendizagem colaborativa.

3. Resultados e discussoes

Nos onze artigos analisados, foram extraidas informagOes referentes aos estudos
primarios e os problemas reportados no planejamento e implantacdo da gamificacdo nos
contextos de ensino. No total, foram identificados seis problemas relacionados a
implantacdo da gamificacdo em contextos educacionais, sendo: Caréncia de evidéncias
empiricas, Caréncias de métodos especificos, Customizacdo, Comportamento
indesejado, Caréncia de defini¢Bes e Caréncia de suporte tecnoldgico.

Caréncia de evidéncias empiricas é caracterizada quando estudos primarios
analisados ndo fornecem evidéncias suficientes para atestar os efeitos benéficos da
gamificacdo implantada. Este problema afeta a credibilidade da gamificacdo, uma vez
que ndo ha uma conexdo entre préatica e teoria (Seaborn & Fels, 2014). Este problema
foi reportado por sete estudos (Borges et al., 2014; Dicheva et al., 2015; Faiella &
Ricciardi, 2015; Markopoulos et al., 2015; Azmi, lahad & Ahmad, 2015; Surendeleg et
al, 2014; Caponetto et al., 2015). Um ponto importante neste topico é quando estudos
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primarios visam analisar e/ou mensurar comportamentos como motivacdo e
engajamento, mas nao apresentam o aporte teérico adequado para avaliarem isto.

Caréncia de métodos especificos foi identificado por quatro estudos secundarios,
é relacionado como a necessidade de métricas e ferramentas de avaliacdo bem definidas.
Isto € uma preocupacdo recorrente em estudos primarios, uma vez que a caréncia de
métodos de avaliacdo prejudicam na avaliacdo da efetividade da gamificacdo que foi
aplicada. Varios estudos priméarios focam em avaliar diversas métricas, motivagdo sendo
a principal, porém utilizando instrumentos diferentes e nao validados (Dicheva et al.,
2015; Faiella & Ricciardi, 2015; Azmi, lahad & Ahmad, 2015; Nah et al., 2014). Outro
ponto levantado neste problema é a discrepancia quanto aos instrumentos utilizados,
quando ha um instrumento validado utilizado, muitos dos instrumentos sdo feitos de
forma ad-hoc sem a validacao apropriada, ou ndo condizem com as teorias de motivacgéo
e engajamento que estdo sendo utilizadas como base.

Customizacdo € outro problema reportado em estudos secundarios de
gamificacdo, € relacionado a propriedade de modificar a experiéncia do usuario baseado
no perfil (demogréafico, de jogador ou outro) e/ou suas interagbes com o sistema
gamificado (sistemas tutores inteligentes). Este problema foi reportado por trés estudos
(Dicheva et al., 2015; Faiella & Ricciardi, 2015; Al-Smadi, 2015). Outro ponto
importante relacionado a este problema é a extracdo e identificacdo destes perfis. A
literatura de jogos apresenta alguns modelos de perfis de jogadores, no entanto nem
todos podem ou devem ser utilizados como base para sistemas gamificados.

Comportamento indesejado é uma preocupagdo em estudos primarios de
gamificagdo, é relacionado as mudangas de comportamento que ndo foram previstas
quando a gamificacdo foi planejada. Dentre estes comportamentos indesejados, 0s mais
citados sdo uma diminuig&o na motivacdo, onde a gamificagcdo provocou o efeito oposto
do desejado, ou competicdo indesejada, onde o processo que foi gamificado gerou uma
competicdo ndo saudavel entre os usuarios (Busarello et al., 2016; Sanmugan et al.,
2015). Um ponto relevante relacionado a este problema é que algumas abordagens
tentaram mapear o comportamento dos usuérios das aplicagcBes que intenciona-se
gamificar, no entanto em contextos de ensino ha uma dificuldade maior neste aspecto,
devido a heterogeneidade dos perfis do publico-alvo.

Caréncia de definicdes foi reportado por dois estudos, é relacionada a caréncia
ou confusdo entre os pesquisadores para definir ou expor conceitos béasicos de
gamificacdo. Isto foi considerado um problema, uma vez que a caréncia de termos
atrapalha consideravelmente na implantacdo da gamificacdo, um exemplo disso s&o
estudos que consideram pontos e conquistas como elementos (Hanus & Fox, 2014;
Kapp, 2012; Toda et al., 2014), em outros estudos estes sdo chamados de recompensas
(Lee & Hammer, 2011; Korn & Schmidt, 2015; Markoupolos et al., 2015), ou
diferenciam em outras classificacdes, como elementos de feedback (Kapp, 2012; Toda
et al., 2016; Thiebes, Lins & Basten, 2014). Foi reportado por dois estudos (Dicheva et
al., 2015; Caponetto et al., 2015).

Essa caréncia de definicbes também influencia no desenvolvimento e elaboragéo
de estratégias, uma vez que a discrepancia entre os termos pode confundir profissionais
do ensino, principalmente os que ndo tem costume de utiliza-los em seu dia-a-dia. A
elaboracdo de estratégias, assim como O Seu registro, & importante para o0
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desenvolvimento de estudos na area de gamificacdo, uma vez que o mal mapeamento e
definicdo dos termos também pode prejudicar os design de experimentacdo para
obtencdo de evidéncias empiricas.

Outra preocupacdo, destacada apenas por Dicheva et al (2015) € a caréncia de
suporte tecnologico que pode atrapalhar ou até mesmo impedir o uso da gamificacdo em
contextos educacionais. 1sso € um fator debatido entre os estudos de gamificagdo, uma
vez que hd um consenso sobre a quantidade de informagdes que é possivel extrair em
ambientes gamificados (Heilbrunn, Herzig & Schill, 2014).

Isso é uma preocupacdo importante, uma vez que vem surgindo interesse por
parte dos profissionais do ensino em implantar a gamificacdo, no entanto néo
conseguem pela falta de tempo e recursos (Sanchez-Mena e Marti-Parrefio, 2016;
Marti-Parrefio, Segui-Mas e Segui-Mas, 2016). E possivel encontrar algumas
ferramentas que apoiam etapas do processo de planejamento e implantacdo da
gamificacdo (Heillbrun, Herzig & Schill, 2014), no entanto nenhuma delas apoia o
processo de design do inicio ao fim.

Com o intuito de realizar uma analise sobre 0s problemas mais frequentes
(respectivamente, Caréncia de evidéncias empiricas [CarEvdEmp], Caréncia de métodos
especificos [CarMetEsp], e Customizacdo - [Custom]) foi gerado um diagrama de Venn
(Herbele et al., 2015) apontando a interseccdo entre 0s obstaculos relatados, na visdo
dos estudos secundarios analisados (Figura 2).

Figura 2: Diagrama de Venn representando a intersecao entre os problemas
relatados
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A partir deste grafico (Figura 2), pode ser observado que a caréncia de métodos
especificos tem um estudo relacionado com a caréncia de evidéncias empiricas, iSO
deve ocorrer pelo fato de ndo haver um consenso quanto a métodos e designs de
experimentacao nos estudos primarios de gamificacdo, o que dificulta na avaliacéo.

Outra relacdo € quanto a customizacdo, onde 0s autores reportam a necessidade
de customizar os ambientes gamificados com os perfis de usuario. No entanto, a falta de
instrumentos para a mensuracdo destes perfis e a forma de como avalid-los também
influencia negativamente no resultado empirico dos estudos.

A partir dos resultados encontrados, podemos direcionar pesquisas futuras para o
desenvolvimento de modelos e instrumentos de avaliagdo para as abordagens de
gamificacdo existentes. Uma possivel proposta € o desenvolvimento de um modelo que,
em conjunto com ferramentas inteligentes de autoria, possa auxiliar pesquisadores e
profissionais de ensino na medi¢cdo dos comportamentos esperados, como motivagédo e
engajamento, e na extracdo dos perfis de seu publico-alvo, para auxiliar na
customizagéo.

4. Conclus6es, LimitacOes e Trabalhos Futuros

A gamificacdo é uma aliada poderosa para melhorar 0 engajamento e motivacdo de
alunos, no entanto, para alcancar estes beneficios € necessario realizar um bom
planejamento. Este trabalho apresentou uma lista de ameagas, com base em uma revisao
da literatura aprofundada, que podem prejudicar a implantacdo da gamificacdo em
contextos educacionais. Dentre os problemas encontrados, pode-se destacar a caréncia
de evidéncias empiricas como o principal dos problemas, uma vez que foi reportado por
sete estudos, seguido pela Caréncia de métodos especificos reportada por quatro
estudos, isto significa que estudos priméarios devem ter uma atencdo maior na
preparacdo do design experimental, como as guidelines presentes em Klock et al (2015).

Dentre as limitacBes do trabalho pode-se citar o critério de inclusdo de artigos
somente no idioma inglés, isto é considerado uma limitacdo uma vez que exclui artigos
nacionais publicados em periodicos e conferéncias indexados nas bases escolhidas. A
ndo utilizacdo de bases nacionais para a realizacdo das buscas ocorreu pelo fato destas
ndo aceitarem strings de busca como parte do seu mecanismo de busca, dificultando a
coleta de artigos.

Este trabalho também apresenta uma contribuicdo para a area de gamificacdo, a
partir do mapeamento dos problemas encontrados, uma vez que isto ainda ndo foi
encontrado na literatura. Como trabalhos futuros, espera-se utilizar estes problemas para
desenvolver critérios para avaliar os frameworks, métodos e processos de gamificacéo,
com foco na educacdo, existentes. Além disso, outro foco de trabalho futuro é realizar
uma inclusdo manual de estudos secundarios encontrados em bases nacionais e outros
que ndo aceitam recursos de busca com strings logicas, como o Google Scholar.

99
V. 15 N° 2, dezembro, 2017




Agradecimentos

Os autores gostariam de agradecer ao CNPq, Capes e a Fundacdo de Amparo a Pesquisa
do Estado de S&o Paulo (FAPESP Processo 2016/02765-2) pelo apoio financeiro.

Referéncias

ANDRADE, F. R.H; MIZOGUCHI, R.; ISOTANI, S. The bright and dark sides of
gamification. Proceedings of the International Conference on Intelligent Tutoring
Systems, p. 176-186, 2016.

BORGES, S. DE S. et al. A systematic mapping on gamification applied to education.
Proceedings of the 29th ACM Symposium on Applied Computing, p. 216-222, 2014.
DETERDING, S. et al. From Game Design Elements to Gamefulness: Defining
“Gamification”. Proceedings of the ACM annual conference on Human factors in
Computing Systems - CHI, p. 9-15, 2011.

DICHEVA, D. et al. Gamification in Education : A Systematic Mapping Study.
Educational Technology & Society, v. 18, n. 3, p. 75-88, 2015.

ZICHERMANN, G.; CUNNINGHAM, C. Gamification by Design: Implementing
Game Mechanics in Web and Mobile Apps. [s.].] O’Reilly Media; 1 edition, 2011.
KAPP, K. M. The Gamification of Learning and Instruction: Game-based Methods and
Strategies for Training and Education, 2012.

TODA, A. M. et al. Desenvolvimento de uma aplicacdo web para auxiliar no ensino da
Matemética para alunos do Ensino Fundamental. XXV Simpdsio Brasileiro de
Informética na Educacéao (SBIE 2014), p. 392-401, 2014

KLOCK, A. C. T. et al. Analise das técnicas de Gamificagdo em Ambientes Virtuais de
Aprendizagem. RENOTE, v. 12, n. 2, 2015.

TODA, A. et al. Um processo de Gamificacdo para o ensino superior: Experiéncias em
um modulo de Bioguimica. Anais do Workshop de Informatica na Escola, p. 495-504,
2016.

CHALLCO, G. C.; MIZOGUCHI, R.; ISOTANI, S. An Ontology Framework to Apply
Gamification in CSCL Scenarios as Persuasive Technology. Revista Brasileira de
Informética na Educagéo, v. 24, n. 2, p. 67, 2016.

SEABORN, K.; FELS, D. |I. Gamification in Theory and Action: A Survey.
Internatoinal Journal of Human-Computer Studies, v. 74, p. 14-31, 2014.

HANUS, M. D.; FOX, J. Assessing the effects of gamification in the classroom: A
longitudinal study on intrinsic motivation, social comparison, satisfaction, effort, and
academic performance. Computers & Education, v. 80, p. 152-161, 2014.

LEE, J. J.; HAMMER, J. Gamification in Education: What, How, Why Bother?
Academic Exchange Quarterly, v. 15, p. 1-5, 2011.

KORN, O.; SCHMIDT, A. Gamification of Business Processes: Re-designing Work in
Production and Service Industry. Procedia Manufacturing, v. 3, p. 3424-3431, 2015.
MARKOPOULOS, A. P. et al. Gamification in engineering education and professional
training. International Journal of Mechanical Engineering Education, v. 43, n. 2, p.
118-131, 2015.

THIEBES, S.; LINS, S.; BASTEN, D. Gamifying information systems A synthesis of
gamification mechanics and dynamics. Proceedings of the 22nd European Conference
on Information Systems, p. 1-17, 2014.

100
V. 15 N° 2, dezembro, 2017




HEILBRUNN, B.; HERZIG, P.; SCHILL, A. Tools for Gamification Analytics: A
Survey. Proceedings of the IEEE/ACM T7th International Conference on Utility and
Cloud Computing, p. 603-608, 2014

FAIELLA, F.; RICCIARDI, M. Gamification and learning: A review of issues and
research. Journal of E-Learning and Knowledge Society, v. 11, n. 3, p. 13-21, 2015.
AZMI, S.; IAHAD, N. A.; AHMAD, N. Gamification in online collaborative learning
for programming courses: A literature review. v. 10, n. 23, p. 18087-18094, 2015.
SURENDELEG, G. et al. The role of gamification in education—a literature review.
Contemporary Engineering Sciences, v. 7, n. 29-32, p. 1609-1616, 2014.

AL-SMADI, M. GAMEDUCATION: Using Gamification Techniques to Engage
Learners in Online Learning. Communications in Computer and Information Science, v.
486, p. 85-97, 2015.

BUSARELLO, R. I. et al. Gamification Approaches to Learning and Knowledge
Development: A Theorical Review. In: Advances in Intelligent Systems and
Computing. [s.l.] Springer International Publishing, 2016. v. 444p. 1107-1116.

NAH, F. F.-H. H. et al. Gamification of education: A review of literature. Lecture Notes
in Computer Science (including subseries Lecture Notes in Artificial Intelligence and
Lecture Notes in Bioinformatics). Anais...Springer International Publishing, p. 401-409
2014.

CAPONETTO, I.; EARP, J.; OTT, M. Gamification and Education: A Literature
Review. Proceedings of the European Conference on Games Based Learning, v. 1, n.
2009, p. 50-57, 2014.

SANMUGAM, M. et al. Gamification as an educational technology tool in engaging
and motivating students; An analyses review. Advanced Science Letters, v. 21, n. 10, p.
3337-3341, 2015.

NACKE, L. E.; DETERDING, S. The maturing of gamification research. Computers in
Human Behavior, v. 71, p. 450-454. 2017.

KIM, T. W.; WERBACH, K. More than just a game: ethical issues in gamification.
Ethics and Information Technology, v. 18, n. 2, p. 157-173. 2016.

HEBERLE, H. et al. InteractiVenn: a web-based tool for the analysis of sets through
Venn diagrams. BMC Bioinformatics, v. 16, n. 1, p. 169. 2015.

SANCHEZ-MENA, A.; MARTI-PARRENO, J. Gamification in higher education:
teachers’ drivers and barriers. Proceedings of the International Conference of The
Future of Education, p. 180-184, 2016.

MARTI-PARRENO, J.; SEGUI-MAS, D.; SEGUI-MAS, E. Teachers’ Attitude towards
and Actual Use of Gamification. Procedia - Social and Behavioral Sciences, v. 228, p.
682-688, 2016.

KIM, T. W.; WERBACH, K. More than just a game: ethical issues in gamification.
Ethics and Information Technology, v. 18, n. 2, p. 157-173. 2016.

101
V. 15 N° 2, dezembro, 2017







103

ANNEX

C

DESIGNING GAMIFICATION FOR
EDUCATIONAL CONTEXTS: A NATIONAL
SYSTEMATIC MAPPING - IN BRAZILIAN
PORTUGUESE




r CINTED-UFRGS Novas Tecnologias na Educacao

Frameworks para o Planejamento da Gamificaciao em
Contextos Educacionais - Uma revisao da literatura nacional

Armando M. Toda - Universidade de Sao Paulo - armando.toda@gmail.com

Wilk Oliveira dos Santos - Universidade de Sao Paulo - wilk.oliveira@usp.br

Ana C. T. Klock - Universidade Federal do Rio Grande do Sul - actklock@inf.ufrgs.br
Isabela Gasparini - Universidade do Estado de Santa Catarina -
isabela.gasparini@udesc.br

Ig Ibert Bittencourt - Universidade Federal do Alagoas - ig.ibert@gmail.com

Seiji Isotani - Universidade de Sao Paulo - sisotani@icmc.usp.br

Resumo. A gamifica¢do tem sido bastante utilizada para aumentar o engajamento e a
motivagdo dos estudantes em contextos educacionais, ampliando o interesse por parte
de professores e instrutores. No entanto, hda um consenso na literatura quanto a
necessidade de abordagens sistematicas (métodos, processos e/ou frameworks) para
apoiar o planejamento da gamificag¢do, de modo que os seus efeitos benéficos sejam
alcangados. A literatura identifica alguns estudos internacionais focados em analisar
estas abordagens sistemdticas, no entanto, hda uma caréncia de estudos que relatem
como o Brasil tem contribuido para o processo de planejamento da gamificagdo.
Diante disso, esse artigo tem por objetivo apresentar um mapeamento sistemdtico da
literatura, visando identificar as abordagens sistemdticas existentes para o
planejamento da gamificagdo em escala nacional. A partir da condugdo desse
mapeamento, foram encontrados 18 estudos onde foram identificados: (a) uma caréncia
no apoio automatizado para o docente; (b) uma classificagdo dos tipos de
personalizacdo utilizados, e (c) a quantidade de elementos de gamifica¢do utilizados.
Por meio dos resultados obtidos, foi possivel identificar ainda diversos desafios e
oportunidades relacionados a esta area de pesquisa.

Abstract. Gamification has established itself as a technology capable of increasing
engagement and motivation in educational contexts, increasing the interest of teachers
and instructors. Therefore, there is a consensus in the literature about the need for
systematic approaches (methods, processes and / or frameworks) for gamification
planning, in order to achieve its beneficial effects. The literature present some
international studies focused on analyzing these systematic approaches, however, there
is a lack of studies that report how Brazil can contribute to this planning process. Based
on the exposed, the objective of this article is to present a systematic mapping of the
literature, aiming to identify the existing nationwide approaches to the planning of
gamification. From the conduction of this mapping, 18 studies were found. From these
studies, we identified: (a) a lack of automated support for the teacher; (b) a
classification of the types of personalization used; and (c) the amount of elements used.
Through the results, it was also possible to identify several challenges and opportunities
related to this area of research.

1. Introducio

Nos ultimos anos, a gamificacdo vem se consolidando como uma tecnologia de apoio
educacional para auxiliar, engajar ¢ motivar os alunos em ambientes educacionais
[Dichev and Dicheva 2017]. Isto tem atraido a atengdo de professores, instrutores que,
por sua vez, em geral, ndo possuem tempo, recursos ou conhecimento necessario sobre
gamificacdo para planejar e executar as tarefas gamificadas em seus contextos
educacionais [Paula e Favero 2016, Marti-Parrefio et al. 2016, Sanchez-Mena and
Marti-Parrenio 2016].
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Para alcangar os efeitos positivos referentes a motivacdo e engajamento, a
gamificacdo necessita de um bom planejamento, de forma sistematica, [Zichermann and
Cunningham 2011, Toda et al., 2018], assim como considerar a personaliza¢ao [Santos,
Bittencourt & Vassileva, 2018, Monterrat et al. 2014], elementos de jogos utilizados e
formas para automatizar o planejamento para auxiliar o docente [Toda et al. 2018].
Além disso, também ¢ discutido na literatura que um bom design gamificado (isto ¢, a
unido dos elementos de jogos com os objetivos a serem alcancados) pode evitar efeitos
nocivos que a gamificacdo pode ocasionar, como a indiferenca, perda de desempenho,
comportamentos indesejados e efeitos declinantes, como a falta de motiva¢do e
engajamento [Toda, Valle & Isotani, 2017].

No entanto, no contexto educacional, sabe-se que existem poucos estudos que
analisam abordagens sistematicas (nesse estudo, adotamos a defini¢do de abordagem
sistematica como processos, meétodos, estratégias, frameworks e outras formas
sequenciais que auxiliassem na implantagdo) focadas no planejamento da gamificacao,
além de que grande parte foi criada para atender dominios especificos, sem considerar o
professor como parte do processo [Mora et al. 2017]. Além disso, a gamificacdo tem
sido amplamente explorada por meio de estudos secundarios (revisdes sistematicas,
mapeamentos sistematicos e revisdes da literatura) [Borges et al. 2014, Klock et al.
2015, Toda et al. 2017].

No entanto, grande parte destes estudos focam na gamificacdo em escala global,
que, por restrigdes de protocolo (e.g., considerar trabalhos apenas no idioma inglé€s), nos
impede de verificar as abordagens sistematicas que tém sido desenvolvidas em escala
nacional, ou seja artigos em portugués, de veiculos de publicagdo brasileira e publicados
por pesquisadores brasileiros e de institui¢des brasileiras. Por fim, estes estudos nao
analisam e/ou debatem como essas abordagens sistematicas de gamificagdo lidam com
aspectos relacionados ao apoio ao professor (e.g., se existe alguma forma de
automatizar o processo e/ou o planejamento) e personalizacdo (e.g., se aspectos de
personalizacdo da gamificagdo com base nos usuarios sao considerados), nem mesmo
tém identificado os elementos utilizados (fundamental para desenvolver as estratégias
gamificadas [Zichermann & Cunninghan, 2011]. Baseando-se no exposto, conduzimos
um mapeamento sistematico, com o objetivo de identificar estes aspectos relacionados
a: (a) apoio computacional ao professor/ instrutor; (b) personalizagao da gamificagdo; e
(c) elementos utilizados.

2. Protocolo
Para a realizagdo desta pesquisa, foram utilizadas as diretrizes propostas por
Kitchenham (2004), para o desenvolvimento de estudos secundarios. Estas diretrizes sao
divididas em trés fases, sendo: Planejamento, onde sdo definidas as Questdes de
Pesquisa (QP), a string de busca, os Critérios de Inclusao (IC) e Exclusao (EC), e as
bases de pesquisa; Conducio, onde a string de busca ¢ utilizada nas bases de pesquisa
selecionadas, e sdo aplicados os ICs e ECs; ¢ Relatorio dos Resultados, onde ¢
realizado uma exposi¢do dos resultados encontrados. Para nortear o nosso trabalho,
desenvolvemos a seguinte questdo de pesquisa principal “Que abordagens estdo sendo
desenvolvidas no cenario nacional?”, em seguida definimos as questdes de pesquisa
que seriam respondidas pelo mapeamento, com o intuito de responder a questdo
principal. No planejamento, foram definidas as seguintes QP.

e QP1: Existem tecnologias computacionais que automatizam a abordagem para

apoiar o processo de planejamento nas abordagens analisadas?

e (QP2: Existem formas de personalizar a gamificacdo nas abordagens analisadas?

Se existem, quais?

o QP3: Quantos elementos de de jogos sao considerados nestas abordagens?

Em seguida, definimos os termos da string de busca. Para as abordagens,

optamos pelos termos "abordagem", "estratégia", "framework", "método", "processo",
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"metodologia", "planejamento", "técnica" em combinacdo com os termos "gamificagao"

e "gamification". Com relacdo as bases de pesquisa, foram escolhidas a CEIE!, revista
RENOTE? e Scopus, por concentrarem grande parte das pesquisas em informatica na
educagdo no pais, além de serem as bases mais utilizadas em outras revisdes realizadas
em ambito nacional [Morais et al. 2017, Lima et al. 2017]. Nossa string foi ainda
adaptada e traduzida para a base da Scopus, utilizando os termos "approach",
"strategy", "framework", "method", "process", "methodology", "planning", "technique"
e "gamification", e os resultados foram filtrados por pais de origem.

Apos a defini¢cdo da string e das bases de pesquisa, foram definidos os IC e EC.
Foram considerados estudos completos que: (i) apresentam algum tipo de abordagem
sistematica para o planejamento da gamificacdo em contexto educacional; (ii) fossem
conduzidos no Brasil; e (iii) fossem desenvolvidos por universidades brasileiras. Como
EC, consideramos estudos que: (i) ndo apresentam algum tipo de abordagem sistematica
para o planejamento da gamificacdo; (ii)) nao foram conduzidos no Brasil ou por
pesquisadores brasileiros; (iii) facam parte da literatura cinza, ou seja, em bases nao
indexadas e trabalhos de conclusdo (como dissertacdes e teses). O planejamento do
protocolo foi validado por 2 especialistas da area de gamificagdo e em estudos
secundarios.
3. Resultados e Discussao
O processo das buscas ocorreu entre o periodo de margo de 2018 e abril de 2018, sendo
conduzido por dois especialistas em gamificagdao e em estudos secundarios. Ao utilizar a
string de busca nas bases selecionadas, 61 estudos foram retornados. Em seguida, os
especialistas realizaram a leitura dos titulos, resumos e palavras-chaves de todos os
artigos, para identificar os estudos candidatos a serem analisados. Caso houvesse uma
discrepancia, haveria um debate até¢ alcancar um consenso. ApoOs esta andlise, foram
eleitos 29 estudos candidatos. Os demais 32 artigos foram excluidos por nao
descreverem ou focarem em uma abordagem sistematica que poderia ser analisada. Por
fim, os especialistas realizaram a leitura completa dos 29 estudos candidatos e, apos a
aplicacdo dos IC e EC, 18 estudos foram selecionados. Um resumo com as informagdes
dos artigos pode ser encontrado em https://go0.gl/AT9800Q . A Tabela 1 apresenta os 18
estudos analisados e, a partir deles, esta se¢ao discorre sobre como eles foram capazes
de responder as questoes de pesquisas definidas anteriormente.

Tabela 1: Lista de estudos analisados

ID |Titulo Referéncia
P1 |An innovative augmented reality educational framework with [Colpani and
gamification to assist the learning process of children with Homem 2015]

intellectual disabilities

P2 |Requisitos para aplicacdes gamificadas e de realidade alternada [Souza et al.
para alfabetizacao e aquisi¢do da linguagem em criangas com 2017]
sindrome de down

P3 [Um modelo para promover o engajamento estudantil no [Silva et al.
aprendizado de programacao utilizando gamification 2016]

P4 [Um processo de gamificagdo para o ensino superior: experiéncias |[Toda et al.
em um modulo de bioquimica 2016]

PS5 |Game elements in a software engineering study group. a case [Matsubara
study and Silva

2017]
P6 |Gamificagado aplicada ao ensino de geréncia de projetos de [Ferreira et al.
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software 2016]

P7 |Educagdao empreendedora em uma plataforma tecnologica [Costa et al.
ludificada: um estudo de caso 2017]

P8 |Gamification: a new multimodal approach to education [Orlandi et al.

2018]

P9 [BROAD-PLG: modelo computacional para construcao de jogos [Martins et al.
educacionais 2015]

P10|A gamificacdo aplicada em ambientes de aprendizagem [Fardo 2013]

P11|Gamification in education: a methodology to identify student's [Freitas et al.
profile 2017]

P12|(5W2H framework: A guide to design, develop and evaluate the [Klock et al.
user-centered gamification 2016]

P13 |Gamificagdo e avaliagao do engajamento dos estudantes em uma  |[Freitas et al.
disciplina técnica de curso de graduagdo 2016]

P14|Gamificagdo na educacao: um modelo conceitual de apoio ao [Gongalves et
planejamento em uma proposta pedagogica al. 2016]

P15|An ontology framework to apply gamification in CSCL scenarios |[Challco et al.
as persuasive technology 2016]

P16|A4 link between worlds: towards a conceptual framework for [Borges et al.
bridging player and learner roles in gamified collaborative 2016]

learning contexts

P17|{Um modelo conceitual para a gamificacdo de ambientes virtuais de |[Klock et al.

aprendizagem 2015]
P18|Gamificando a sala de aula: desafios e possibilidades em uma [Gomes and

disciplina experimental de Pensamento Computacional no ensino |Tedesco,

fundamental 2017]

3.1 QP1: Existem tecnologias computacionais para apoiar o processo de
planejamento nas abordagens analisadas?

A QP1 foi responsavel por verificar se as abordagens encontradas apresentavam alguma
forma de automatizacdo do processo de planejamento da gamificagdo através de
ferramentas computacionais para apoiar o professor ou instrutor. Dentre as 18
abordagens sistematicas analisadas, nenhuma apresentou tal conceito. Em comparagao
com os seis frameworks focados no contexto educacional encontrados por Mora et al.
(2017), também pode-se observar que nenhum deles tinha o professor como foco ou
parte do processo de planejamento, ou apresentava alguma forma de automatizar esse
processo.

Esse resultado pode ser justificado pelo fato da area de gamificagcdo ainda ser
considerada recente, com o conceito ganhando destaque em 2011 [Deterding et al.
2011]. No entanto, com o crescente interesse por parte de professores e instrutores
[Marti-Parreno et al. 2016, Paula and Favero 2016, Sanchez-Mena and Marti-Parrefio
2016], € necessario voltar esfor¢os para apoiar o processo de planejamento de forma
automatica. Isto pode ser apoiado pelo uso de ferramentas de autoria [Dermeval et al.
2018] ou através do uso de sistemas de recomendacao apoiados por dados (Data-driven
gamification design). Com isso, acredita-se que seria possivel reduzir o esforco e,
consequentemente, tempo necessarios pelo professor para a implantacao de atividades
gamificadas em seu contexto educacional.

V. 16 N° 2, dezembro, 2018 RENOTE
107




r CINTED-UFRGS Novas Tecnologias na Educacao

3.2 QP2: Existem formas de personalizar a gamificacio nas abordagens
analisadas?
A QP2 buscou identificar aspectos relacionados a personalizagdo e como estes sdo
apresentados nas abordagens sistematicas analisadas, por exemplo, os tipos de perfil de
usudrio utilizados. Dos estudos analisados, apenas 7 (38,9%) apresentaram algum
conceito relacionado a personalizagdo. Dentre estes estudos, identificamos trés tipos de
perfis (Figura 1), sendo:
e Perfis de jogador: utilizam tipologias baseadas em preferéncias e motivagdes
dos usuarios enquanto jogam (P3, P11, P12, P15, P16, P18);
e Perfil demografico: consideram aspectos como idade e género para o
planejamento da gamificagdo (P11, P18);
® Papéis: sao abordadas as partes relacionadas ao processo, como professor e
aluno (P17).

66,7%

Perfil de Jogador

Figura 1: Formas de Personalizag@o encontradas.

A partir da anélise destes estudos, pode-se observar que nenhum deles fornece
alguma forma de como gamificar o contexto com base no perfil que ¢ citado. Ja com
relagdo a identificacdo dos perfis, esta ¢ sempre realizada através de questionarios. Em
seguida, realizamos uma comparagdo com os frameworks (focados no dominio de
educagdo) analisados no estudo de Mora et al. (2017), pode-se observar que todos os
frameworks analisados pelos autores também abordam algum tipo de personalizagao
com base no perfil (atributo profiling), porém, apenas um (de seis) desenvolve a
proposta de como utilizar elementos de jogos com base no perfil de jogador [Klock et
al. 2016].

Esse resultado era esperado, uma vez que a personalizagdo ¢ uma caracteristica
essencial a ser considerada em estudos de gamificacdo [Santos, Bittencourt &
Vassileva, 2018]. Sabe-se que € necessario desenvolver estratégias que se adequem e/ou
adaptem ao perfil dos usudrios do sistema [Borges et al. 2016]. No entanto, ainda ha
uma caréncia de estudos que auxiliem em “como” gerar estas estratégias com base
nestes perfis. Também ¢ possivel observar que a captacao e analise destes perfis ainda ¢
feita de forma manual (e.g., através de questionarios), ¢ automatizar este processo
poderia também reduzir a carga necessaria de tarefas relacionadas ao professor.

33 QP3: Quantos elementos de jogos sao considerados nas abordagens
propostas?
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A QP3 visa identificar como a abordagem identifica e/ou classifica os elementos de
jogos utilizados. Dentre os 18 estudos analisados, 7 (38,9%) ndo identifica
explicitamente quais elementos de jogos sdo utilizados, 3 (16,7%) criam classificagdes
para os elementos, e os outros 8§ estudos (44,4%) apresentam uma lista avulsa com os
elementos utilizados. Destes 11 estudos que apresentam elementos de jogos em suas
descri¢des, 6 apresentam menos de 10 elementos de jogos (com um minimo de 6
elementos), enquanto que as 5 demais apresentam mais de 10 elementos de jogos (com
um maximo de 21 elementos).

[P3]*, [P4], [P9]

Classificagcao

27,3%

72,7%
Lista avulsa
— [P1]*, [P5], [P6]*
- [P10]*, [P12]*, [P13]
[P17]*, [P18] * Menor ou igual a 10
elementos

Figura 2: Representagdo e quantidade de elementos de jogos por abordagem sistematica

Realizamos a analise do numero de elementos por abordagem pois esta vem
sendo debatida nos ultimos estudos relevantes da area [Dichev & Dicheva, 2017].
Acreditamos que o nimero de elementos também ¢ uma informacao importante para o
professor/instrutor escolher uma abordagem, uma vez que o tempo para planejamento
pode ser afetado pelo nimero de elementos que serdo analisados e combinados pelo
docente. Além disso, vale ressaltar que nas 11 abordagens, que apresentaram elementos
de jogos, foram encontrados os elementos Pontos, Niveis e Placares. Esta anélise pelo
numero de elementos nao foi realizada por Mora et al. (2017), no entanto, os autores
identificam nos estudos se eles abordam o conceito de "ciclos de engajamento". Este
conceito define como os elementos de jogos sdo interligados com as atividades
desenvolvidas para engajar o usuario.

Dentre os frameworks analisados por Mora et al. (2017), nenhum abordou os
ciclos de engajamento e o0 mesmo pode ser observado nos 18 estudos analisados nesta
revisdo. Apesar de alguns conterem uma listagem com os elementos de jogos, ndo ¢
detalhado como realizar a ligacdao entre estes elementos para gamificar as atividades a
fim de atingir os objetivos propostos. No entanto, alguns dos estudos apresentam
instancias de como podem ser utilizados em seus contextos, apontando possiveis ciclos
de engajamento [Toda et al. 2016, Klock et al. 2016].

Quanto ao numero de elementos utilizados, acredita-se que a informacao ¢
relevante para auxiliar o professor no processo de planejamento, uma vez que alguns
dos principais fatores que os afasta sdo tempo e conhecimento para preparagao de
recursos [Sanchez-Mena and Marti-Parreno 2016]. Além disso, esse nimero pode ser
insignificante se a proposta sistematica ndo abordar como utilizd-los através de
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exemplos e/ou instincias. A discrepancia no nimero de elementos também ¢ encontrada
em outros estudos de gamificacao, onde ainda ha um debate quanto ao melhor numero
de elementos para alcancar os objetivos propostos [Dichev and Dicheva 2017, Seaborn
and Fels 2014].

4. Desafios, Oportunidades e Direcionamentos de Pesquisa para o

Planejamento da Gamificacdo em Cenarios Educacionais

A partir da andlise das abordagens sistematicas, pode-se verificar que existem
ainda desafios a serem superados. Dentre estes, a caréncia de ferramentas que auxiliem
no processo de planejamento da gamificagdo. Tal desafio impacta diretamente na
adog¢do da gamificacdo por professores e instrutores, uma vez que ha o obstaculo
relacionado ao tempo e conhecimento para o planejamento e implantacio da
gamificacdo. Diante desse desafio, surge como oportunidade de pesquisa com foco em
sistemas de autoria e de recomendacdo para auxiliar o professor e instrutor a planejarem
a gamificagdo da forma mais adequada. A partir do uso de sistemas de autoria, por
exemplo, o professor pode desenvolver suas proprias estratégias gamificadas baseadas
em propriedades previamente definidas. J& os sistemas de recomendacdo podem
fornecer estratégias de gamificagdo com base no contexto em que o professor deseja
aplica-las [Meder et al. 2017].

Outro desafio percebido estd relacionado a personalizagdo da gamifica¢dao, uma
vez que esta ¢ importante para alcancar a motivagao individual dos estudantes [Santos,
Bittencourt & Vassileva, 2018, Monterrat et al. 2014]. Apesar de existir uma
preocupacdo quanto ao uso de diferentes perfis e sua extracao, ainda ndo ha uma forma
sistemdtica que explique como utilizar os elementos de jogos mais apropriados para
perfis especificos, nem mesmo um padrdo relacionado aos perfis usados e como
gamificar de maneira efetiva para cada um dos perfis. Por fim, ndo hé formas presentes
na literatura encontrada de como auxiliar o professor neste processo. Nesse sentido, a
area de mineragdao de dados surge como uma possibilidade computacional para propor
maneiras de adequar-se aos diferentes perfis de jogadores e suas condi¢des psicologicas,
sociais € humanas. A partir da utilizagdo de técnicas de Mineracao de dados, como os
algoritmos de predi¢ao em bases de dados de sistemas gamificados, pode ser possivel
identificar estratégias com base nos perfis demograficos dos sistemas, como a
preferéncia de elementos de jogos conforme o género dos usuarios [Meder et al. 2017].

No que cerne aos elementos de jogos, ¢ possivel notar uma discrepancia na
quantidade de elementos utilizados entre as abordagens analisadas. Tal situagdo pode
prejudicar o entendimento da gamificacdo por parte dos professores, uma vez que
diversos desses elementos possuem conceitos similares (como conquistas ¢ medalhas,
ou ranking e placar). Além disso, ¢ valido ressaltar que apesar de apresentarem uma
listagem e/ou classificagdo dos elementos utilizados em cada abordagem, a grande
maioria ndo apresenta diretrizes de como aplica-los na pratica. Dessa forma, surge o
desafio de relacionar estes elementos de acordo com sua funcionalidade, objetivo,
estratégias de design, entre outros. Nessa direcdo, o uso de ontologias e outras
tecnologias relacionadas a engenharia do conhecimento, podem auxiliar a eliminar
redundancias [Challco et al. 2016]. Além disso, ndo ha estudo empirico que ateste a
causalidade do numero de elementos com a adocdo da gamificacdo pelo professor ou
instrutor.

5. Limitacoes, Consideracoes Finais, e Trabalhos Futuros

A partir do mapeamento sistemdatico conduzido, acredita-se que prover evidéncias de
que ndo ha tecnologias computacionais para apoiar o professor no processo de
planejamento da gamificagdo esta entre as principais contribui¢cdes. Outra contribuicao
foi a classificagdo nas formas de personalizagdao abordadas, ressaltando que esta forma
de personalizagdo refere-se as caracteristicas do usudrio adotadas para a personalizacao,
e nao algoritmos. Também foi realizada uma analise das abordagens sistematicas quanto
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ao uso de elementos de jogos e de aplicagdes praticas. Por fim, sdo propostas
oportunidades e direcionamentos com base nos resultados obtidos.

Dentre as ameagas a validade do estudo, destaca-se a abstracao de realizar este
tipo de estudo secundario, onde podem ocorrer decisdes subjetivas. Com o intuito de
mitigar possiveis decisdes enviesadas, todos os estudos foram discutidos entre os
pesquisadores para alcangar um consenso quanto as informacdes analisadas. Outra
ameaca estaria relacionada a auséncia de algumas bases de pesquisa comuns na area de
computacdo. Para contornar este viés, utilizamos a Scopus, que indexa diversas bases
cientificas como Springer e IEEE, filtrando os trabalhos para aqueles desenvolvidos em
territorio nacional.

Como trabalhos futuros, pretende-se analisar as instancias destas abordagens
sistematicas, com relagcdo as propriedades das avaliagdes e aplicagdes na pratica (e.g.,
qual o tipo de avaliagdo ou como foi realizado o experimento? quais os sujeitos e suas
caracteristicas?). A partir da andlise das abordagens sistematicas presentes, pretende-se
desenvolver um framework computacional que auxilie na automatizagdo do
planejamento da gamifica¢do, utilizando sistemas de autoria e algoritmos de
recomendacao, além de um processo que permita a deteccao e geracao de estratégias de
gamificacdo automaticas com base na personalizagdao do usuario.
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Abstract—Ganmification has been widely employed in the edu-
cational domain over the past eight years when the term became
a trend. However, the literature states that gamification still lacks
formal definitions to support the design of gamified strategies.
This paper aims to create a taxonomy for the game elements,
based on gamification experts’ opinions. After a brief review
from existing work, we extract first the game elements from the
current state of the art, and then evaluate them via a survey with
19 gamification and education experts. The resulting taxonomy
taxonomy included the description of 21 game elements and their
quantitative and qualitative evaluation by the experts. Overall,
the proposed taxonomy was in general well accepted by most of
the experts. They also suggested expanding it with the inclusion
of Narrative and Storytelling game elements. Thus, the main
contribution of this paper is proposing a new, confirmed taxonomy
to standardise the terminology used to define the game elements
as a mean to design and deploy gamification strategies in the
educational domain.

Index Terms—gamification, taxonomy, survey, experts, educa-
tion

I. INTRODUCTION

The use of gamification strategies in educational contexts
has increased over the past few years, due to the fact that
it has been shown to improve the student’s motivation and
engagement [1], [2]. However, since the success of gamifi-
cation in those contexts relies on a proper design to avoid
undesired effects [1], [3], [4], many input variables must
be considered by the gamification researchers, to achieve a
satisfactory outcome. Some examples of these variables are
the students’ characteristics (e.g., demographic, psychological
and cognitive data) and the game elements to be used to gamify
a task [5], [6].

Game elements are characterised in different ways by the lit-
erature. One of the most used approaches is through the MDA
framework, originated from digital games, which describes
the game elements as belonging to one of these categories:
Mechanics, Dynamics and Aesthetics [7]. This framework has
been adapted to generic gamification framework [8], which do
not take into account specifications from educational domains
nor present ways and examples of how those elements can be
used in those contexts.
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Besides, existing gamification frameworks that focus on
the education domain present game elements that are tied to
particular contexts [9]. For example, Kotini and Tzelepi [10]
developed a conceptual framework focusing on Computational
Thinking, and the game elements used were tied to the subject
and concepts their students needed to learn. Likewise, the
framework of Toda et al. [11] proposes a taxonomy for the
game elements and evaluated the framework with gamification
experts, without verifying the comprehensibility, coverage or
examples of each game element.

To address this problem, our work aims to not only present
a taxonomy for game elements in the educational domain, but
also to evaluate it (via a survey) with specialists. After extract-
ing 19 game elements from the literature, their comprehensi-
bility, description, examples and coverage were evaluated with
19 experts on gamification and education. Another evaluation
was conducted with 11 experts, in order to verify the relevance
of the game elements for education. This process results in the
final taxonomy, which is our recommendation.

Thus, the main contribution of this work is to provide a
taxonomy standardising the game elements employed by both
gamification in education and educational games, since those
elements were also derived from the game design literature.
This taxonomy can support the design of gamified strategies
in educational domains (e.g., classrooms or computational
systems).

The remainder of this paper is structured as follows. Section
II introduces the methods and materials that were produced
to conduct the study. Section III describes our results, the
proposed taxonomy as well as threats to validity. Finally,
section IV presents our conclusions and future works.

II. MATERIALS AND METHODS

This section describes the methods that were used during
the pursuing of this research (Figure 1). We first identified and
analysed the game elements commonly employed by gamifi-
cation frameworks focused on educational contexts. Next, we
analyse the game elements explored by a framework focus-
ing on Behavioural Games [12] and took them as baseline.
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Dignan’s framework for behavioural games was one of the
first frameworks to address gamification concepts (although
not defined as gamification at the time).

Researchers

N
Analysis of game element . .
nass of game Eements Definition of the game
in gamification in education

clements (1)

literature
J

H Analysis

Experts

Evaluation of the game
clements

Definition of the game
elements (2)

Fig. 1. Steps of the study

To evaluate these game elements, we conducted an on-
line survey with experts'. Those experts ranged from game
developers, game designers, researchers and teachers. The
experts were invited to answer the survey by e-mail and online
messages through social networks, in order to make the whole
process more convenient for them. The evaluation is composed
of five statements, focusing on:

1) Comprehensibility: to create a standartised concept for
a given group of synonyms of the same element (e.g.,
Points could be allocated as a common denominator,
incorporating Experience Points as well as Score);
Description: to provide a suitable definition for the
game element; this means it has to be both clear, thus
specific enough, as well as comprehensive (wide enough
to include the semantics of the various synonyms, as
above);

Examples: to provide practical examples of where and
how each game element could be used;

Coverage: to determine if the 19 chosen game elements
were sufficient to represent all types of gamification
needed in educational environments;

Comments: to include any additional observation or
opinion concerning the given taxonomy, which they felt
was needed, in their expert opinion.

2

3)

4)

5)

Each expert had to answer the above 1 to 4 items through
a Likert scale [13] ranged from 1 to 5, where 1 represents
Totally Disagree while 5 Totally Agree. We also asked the
experts to make open-ended comments (item 5) on the existing
elements; here, they were asked to consider also if they would
insert, remove or modify them in any way. Other information
collected during the survey included the domain of each expert
(e.g., game development or designer, researcher, teacher or
instructor, or other) where multiple types of domains could
also be selected; and their experience (in years) in that domain.

To analyse the relevance of the game elements to education,
we developed another online questionnaire’> composed of 19
questions — one for each element. It is important to note that
not all of the experts answered this questionnaire, since it was
optional to participate in this section of the study. This time,

! Available on: urlhttps://forms.gle/DAyMRJfa2gG5SHAQF6
2 Available on: https://goo.gl/forms/LKrc4HF2YKqRZ1xC2

the questions consisted of evaluating the relevance of each
element.

Each game element is composed of a Concept, a Description
defining this Concept, and an Example where this concept
is implemented in practice. The Likert scale [13] that was
adopted for each game element, ranged from 1 (the element
is not relevant) to 5 (the element is highly relevant). An
example of a question can be seen in Figure 2. The concept
(game element) is displayed in capital letters, followed by
its description and examples. Please note that questions were
designed to be unbiased (not asking positive or negative
questions). Regarding comments, the experts could suggest
new game elements and any changes that they thought would
be important to the ones that were already presented.

How relevant do you consider the POINT element in a game?

Unit used to measure usess' performance. e.g. Score, number of kills, experience points, etc.

Totally irrelevant Totally relevant

Fig. 2. Example of game element that was analysed by the experts

After the evaluation, we analysed the answers, to propose a
taxonomy of game elements used within gamified educational
practices. The analysis performed was a semantic analysis
[14], where the concepts of each element were re-analysed
after the modifications that were suggested by the experts.
This analysis also aimed at identifying possible behaviours
that those elements could trigger amongst the learners while
interacting with those elements.

III. RESULTS AND DISCUSSION
A. Results

In total, 19 experts answered our survey. Most of them
were researchers (N = 17) and teachers® (N = 7), but we
also had game developers (N = 3), a designer (N = 1), and
an Artificial Intelligence Engineer (N = 1). It is worth to
note that the field of expertise was open, so each expert
could select more than one field. An overview of the experts’
opinions on the game elements can be seen on Table I. We
calculated Cronbach’s Alpha for each of the aspects; the result
suggests a high internal consistency among the 19 experts
(v > 0.8) [15]. The data used in this study can be found
in https://tinyurl.com/y22qrw8g.

TABLE I
EXPERTS’ GENERAL ANSWERS ABOUT THE GAME ELEMENTS

Likert Scale
Aspect 1 2 3 4 5 Mean a
Comprehensibility | 7%  10% 0%  21% | 62%| 4.21 0.84
Description 7% 3% 14% 28% 48% | 4.07 0.85
Examples 7% 0%  24% 34% 34%| 3.90 0.88
Coverage 7% 14% 7% 31% 41%| 3.86 0.90

31t is important to note that all of the teachers were also researchers.
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As we can observe in Table I, the game elements that were
analysed had an overall good acceptance in their coverage,
which means that the majority of the experts agreed that
the 19 game elements could represent well the entire set
required for educational applications. Additionally, the game
designer suggested to include two new game elements as part
of the elements set: Narrative and Storytelling (which was
suggested by 4 out of the 19 experts that answered our survey).
There were also some minor changes related to the game
elements terminology. These two new game elements were
considered important by the authors, because, as concepts,
they are intrinsically connected to human behaviour and our
necessity of telling stories, as stated by Ricoeur [16]. Thus,
both elements were included in the proposed taxonomy.

The narrative can be defined as a sequence of events
transmitted by a subject. This sequence can be modified in
quantitative and qualitative ways (e.g. how this sequence is
told, or its storytelling). It also has a calming function and is
directly related to motivation and purpose. We can say that the
act of narrating stories merge together a purpose of meaning
and constant transformation, by establishing a dialogue with
a receptor [17].

To fully understand narrative in games, it is important to
observe the role of the narrative as it is lived through the
game. In this sense, the narrative begins to unfold from the
moment the player reads the title of the game or interacts
with its mechanics. Everything is an element that contributes
directly, and uniquely, to this narrative experience in games
[17].

Scartozzoni [18] explains that to understand the term sto-
rytelling, one must realise the difference between the English
words "History” and ’Story’. The first is related to real events,
such as the fall of the Roman Empire. The second is a narrative
structure, usually linked to fiction, but not necessarily. The act
of telling this story can be defined as a chain of logical events,
within a structure with certain patterns, whose main points are:

o A break in the routine. Stories are mostly about extraor-
dinary events, as we can see in the steps described in
Campbell Hero’s Journey [19].

At least one protagonist must exist, which is the character
that people should identify with and can be the avatar in
a gamified system.

At least one antagonist must exist in order to create
obstacles for the protagonist. In a gamified system, this
can be represented by challenges and tests, for example.
A story needs a conflict, the tension between opposing
elements, to grab users’ interest (i.e., engagement). In a
gamified system, this can be represented by the learning
route itself and the tension generated by the process of
understanding and frustration in moments of incompre-
hension.

The story must have a plot, with beginning, middle and
end, passing through some kind of climax. The term ’plot’
is the one used in Storytelling, and is considered essential
for the story to make sense to people (i.e., build meaning).
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Further qualitative evaluation derived from the survey con-
sisted in analysing the written comments provided by the
experts. Although most of the experts agreed on most of the
aspects that were evaluated, some of them suggested changing
the terms, to improve the comprehensibility of the concept, or
to change the examples, for similar reasons.

Furthermore, from the 19 experts, only 11 opted to answer
the survey analysing the individual game elements relevance
to education. The results are detailed in Table II. According
to the results, the experts believe that Objectives, Level and
Progression are the most important game elements. Besides,
according to Table II, no game element was considered irrel-
evant by the experts who answered this survey.

TABLE II
RELEVANCE OF EACH SUGGESTED GAME ELEMENT

Likert Scale
Game element 1 2 3 4 Mean  SD
Objectives 0% 0% 0%  23% 477 0.44
Level 0% 0% 8%  31% 4.54 0.66
Progression 0% 0% 15% 23% 4.46 0.78
Acknowledgement | 0% 0% 15% 23% | 4.08 0.86
Point 0% 8% 8% 31% | 4.08 0.64
Competition 0% 0%  23% 23% | 4.00 0.71
Novelty 0% 0% 15% 15% | 4.00 0.58
Data 0% 0% | 31% 46% 23% | 3.92 0.71
Puzzle 0% 8% 23% 38% 31% | 3.92 0.95
Classification 0% 8% 8% 8% 3.85 0.76
Scarcity 0% 8%  23% | 46% 23% | 3.85 0.9
Sensation 0% 15% 15% 38% 31% | 3.85 1.07
Cooperation 0% 0% 31% 8% 3.77 0.69
Time pressure 0% 8%  23% - 15% | 3.77 0.6
Chance 0% 8%  31%  46% 15% | 3.69 0.83
Economy 0% 0% 31% 15% | 3.62 0.85
Choice 0% 7% | 50% 36% 7% 3.43 0.77
Renovation 8% 15% 15% 8% 3.38 1.12
Social pressure 8% 15% | 38% 38% 0% 3.08 0.95

Based on the suggestions from the experts, we proposed
a taxonomy composed of 21 game elements (Table III).
We conducted a semantic analysis, to identify which learner
behaviours these elements may affect, based on their descrip-
tions and instances. Furthermore, we analysed the engagement
and motivation behaviour in those elements, since those are
strongly connected to gamification definitions [2]. This anal-
ysis consists of reading the instances where these elements
were implemented, to extract possible affected behaviours, i.e.,
the Point element was used by Toda et al. [11] to reinforce
positive behaviour and repetitive action — to answer a question
correctly. In other words, the Point was used to increase
engagement. Another example can be observed using Compe-
tition. This concept is usually tied to aims such as motivating
and engaging the students through a healthy conflict. In the
same work, the authors [11] developed a competition among
the students, to motivate them in achieving the learning goals,
while also engaging them in performing the activities that were
proposed by the teacher.

B. Discussion

Based on our results, we can observe that most of the
researchers agree that the game elements selected have good



TABLE III
GAME ELEMENTS AND AFFECTED BEHAVIOUR.

Concept Description Affected Behaviour

Acknowledgement  All kind of feedback that praises the players’ specific actions. Some examples and synonyms are badges, Engagement
medals, trophies.

Chance Randomness and probability characteristics to increase or decrease the odds of certain actions or outcomes. ~ Engagement
Some examples and synonyms are randomnesses, luck, fortune.

Competition When two or more players compete against each other towards a common goal. Some examples and Engagement
synonyms are Player vs Player, scoreboards, conflict. Motivation

Cooperation When two or more players collaborate to achieve a common goal. Some examples and synonyms are  Motivation
teamwork, co-op missions.

Economy Transactions within the game, monetising game values and other elements. Some examples and synonyms  Engagement
are markets, transaction, exchange.

Imposed Choice Decisions that the player is obliged to make in order to advance the game. Some examples and synonyms  Engagement
are judgements, forced choices. (not to be confused with Narrative). Motivation

Level Hierarchical layers present in a game, which provide a gradual way for the player to obtain new advantages ~ Engagement
as they advance. Some examples and synonyms are character levels, skill level.

Narrative Order of events where they happen in a game. These are choices influenced by the players’ actions. Some  Motivation
examples and synonyms are the strategies the player uses to go through a level (stealth or action), also the
good or bad actions that influence the ending, karma system. (not to be confused with Imposed Choice).

Novelty New, updated information presented to the player continuously. Some examples and synonyms are changes,  Engagement
surprises, updates. Motivation

Objectives Guide the players’ actions. Quantifiable or spatial, from short to long term. Some examples and synonyms  Engagement
are missions, quests, milestones. Motivation

Point Unit used to measure users’ performance. Some examples and synonyms are scores, number of kills, Engagement
experience points.

Progression This allows players to locate themselves (and their progress) within a game. Some examples and synonyms  Engagement
are progress bars, maps, steps.

Puzzles Challenges within the game that should make a player think. Some examples and synonyms are actual ~ Engagement
puzzles, cognitive tasks, mysteries.

Rarity Limited resources and collectables. Some examples and synonyms are limited items, rarity, collection. Engagement

Renovation When players are allowed to redo/restart an action. Some examples and synonyms are extra life, boosts, ~ Engagement
renewal.

Reputation Titles that the player accumulates within the game. Some examples and synonyms are titles, status, Engagement
classification. Motivation

Sensation Use of players’ senses to create new experiences. Some examples and synonyms are visual stimulation, = Engagement
sound stimulation.

Social Pressure Pressure through social interactions with another player (s) (playable and non-playable). Some examples  Engagement
and synonyms are peer pressure, guilds. Motivation

Stats Visible information used by the player, related to their outcomes within the game. Some examples and  Engagement
synonyms are results, health bar, magic bar, HUD, indicators, data from the game presented to the user.

Storytelling It is the way the story of the game is told (as a script). It is told within the game, through text, voice, or ~ Engagement
sensorial resources. Some examples and synonyms are stories told through animated scenes, audio queues
or text queues during the game.

Time Pressure Pressure through time within the game. Some examples and synonyms are countdowns, clock, timer. Engagement

Motivation

comprehensibility, description and coverage. Some of them ar-
gued about some examples that could be addressed differently,
removed or changed. *

According to our findings, most of the researchers consid-
ered Objective, Level and Progression as the crucial elements.
It is interesting as, in educational domains, it has been shown
that the lack of objectives and sense of progression decreases
students’ motivation and engagement [20]. This means that
focusing on the design and development of gamification strate-
gies that address those elements may be a band-aid for this
motivation problem (but not for the root of it, since there are
other aspects concerning motivation that can’t be tackled by
the educational environment alone, i.e., classrooms or virtual
learning systems).

Our findings suggest that most frameworks do not consider
Narrative and Storytelling as essential game elements. From

4The final version of our survey can be found in the following link:
https://goo.gl/forms/0O5SutLTSmxZBX7uQA2
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the gamification frameworks focusing on education domains
that were analysed by Mora et al. [9], we can observe that
only one framework addressed the concept of Narrative [21].
In this paper, we have addressed the concept of Narrative and
Storytelling, as they are described in [22].

To discuss our limitations, we use the constructs proposed
by Wohlin et al. [23]: Internal, External, Construct and Conclu-
sion. Concerning internal threats, we believe that the experts
could be affected by the period the survey was answered, but
we believe to have mitigated this by allowing them to answer
the questionnaire on their computer at a time that was most
convenient to them. Another internal validation issue can relate
to the number of questions that were required to be answered,
as well as the number of elements to analyse. To mitigate
these possible issues, we divided the survey into two, and
the second survey (concerning the game elements relevance)
was not mandatory to answer, which reduced the number of
questions drastically.
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Concerning external validity, most of the surveyees are from
the same country (Brazil). Due to this fact, we believe that
we cannot generalise this evaluation to all contexts, for all
countries. Besides, as only 19 experts have answered our
survey, this could be considered a low number of responses.
Nevertheless, as they were all experts, the numbers are less
relevant, and, in fact, this is a relatively high number for
expert consultations. As for the construct threat, we thought
that the questions could be misunderstood, and, consequently,
the answers collected might not support us to validate the
taxonomy. To minimise this issue, before applying the survey
with the experts, we conducted a syntactic and semantic
analysis with three experts in Human-Computer Interaction,
Gamification and Digital Games. Finally, for the conclusion
validity, we did not evaluate the affected behaviours with all
19 experts. Instead, these behaviours were analysed by the
same three experts that analysed the survey applied to the
experts.

IV. FINAL REMARKS

This work has addressed the definition and evaluation of
game elements that can be used in educational contexts. Our
main contribution is the taxonomy of elements presented in
Table III, where we defined the concept, description and
examples for each game element, as well as how they may
affect user behaviour. We differ from other works on this topic
by: (a) providing an evaluation of the elements by experts, with
an overall good acceptance; and (b) mapping possible affected
behaviours. We believe that this taxonomy may contribute
especially to Human-Computer Interaction, Software Engineer
and Gamification applied to education domains.

For future works, we aim at consulting more experts to
answer the survey. We are currently exploring the extension
of the Narrative concept in Gamification. We are also applying
the validated survey to collect the opinions about the game el-
ements above. We believe that this information, along with the
use of data mining techniques, may allow us to find patterns
that relate the users’ characteristics and the game elements
these users consider most important. This information may
also allow us to provide recommendations on how to apply
gamification in specific domains (in this case, education).
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ABSTRACT

The potential of gamification to improve users’ motivation and
engagement influenced many researchers and professionals to anal-
yse its effects in educational settings. While some studies focus on
adapting game elements according to demographic and behavioural
information of the user profile, few of them explore (or even con-
sider) cultural factors. These cultural factors play an essential role
in our societies’ development. Thus, this work proposes and evalu-
ates a representative model to understand better the relationship
between cultural factors and gamification within educational do-
mains, namely the Gamification for Cultural Studies Model (Gam-
iCSM). Through a qualitative approach, we map Hofstede’s cultural
dimensions (i.e., power distance, individualism/collectivism, uncer-
tainty avoidance, masculinity/femininity, long/short-term orienta-
tion, and indulgence/restraint) with a Taxonomy of Gamification
Elements for Education (TGEEE), a recent model for gamification
elements for educational environments. Furthermore, we adapted
a survey to evaluate the resultant model with eight domain experts
in gamification and education. Based on this evaluation, we are
able to propose a starting model, containing some additional re-
finements and improvements. Thus, the main contributions of this
work are: (i) the first model to relate game elements and cultural
dimensions within educational domains and (ii) a state-of-the-art
empirical study intersecting culture, gamification and education.
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1 INTRODUCTION

Culture, within the scope of this research, is seen as a structure that
ties a group of people. This structure is composed of schemes (pat-
terns) that influence and differentiate the individuals composing the
group, allowing these individuals to interact with the environment
[20, 42]. A culture can be composed of sub-cultures. For instance,
the National Culture is a set of explicit or implicit schemes existent
in a country (e.g., in China, people tend to believe that hierarchy
should be respected; while in Sweden, people do not think hierarchy
should be respected rigidly [21]). Culture plays a major role in edu-
cation, especially in e-learning systems, since these patterns might
influence the way students perceives and acquires their knowledge
[42].

Unsurprisingly, then, game-based approaches are also influenced
by culture. Even the scheme of “gaming” itself can be considered
a subset of a National Culture [28, 44]. Games influence and are
influenced by contemporary society behaviours, since they have
permeated society, often forming a part of an individuals’ routine
[4, 11]. An example of how culture has influenced games is the
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distinction between sub-genres of role-playing games created in
oriental countries, from the ones created in the Occident [3].

These influences also extend to gamification, defined as the use of
game-like elements outside of a game [6, 27, 43]. Culture is a part of
the context, which has been shown to be important when designing
gamification, to achieve a positive outcome related to motivation or
engagement [43]. Context, according to Savard and Mizoguchi [41],
can be defined as a set of conditions that encompass an event. This
event is held by agents and environments whose interactions enable
the given event to occur. An educational context, for example, is
composed of a single or group of people (agents) in an environment
(or environments) that lead to an event related to learning. This
context influences culture as well [41].

In gamification, although there is an increasing awareness about
the importance of cultural factors (for instance, the acceptance of
certain elements may differ, based on the culture of the users of the
system), their exploration represents a current research gap [26].
Recently, Khaleed stated that gamification elements must be aligned
with the cultural background of the user, to achieve an optimal ef-
fect (e.g., increase performance) [24]. Furthermore, AlMarshedi et
al. [2] discuss the importance of cultural aspects in gamification,
stating that schemes presented in cultural backgrounds are needed,
to understand gamification designs that might influence the users’
experience; this is also corroborated by Wellington [52]. In addi-
tion, AlMarshedi et al. [2] calls for theoretical work to relate these
elements to guide further studies.

Notably in our context, gamification is nowadays considered
as increasingly important for educational purposes. Indeed, some
studies reported positive effects (e.g., increased motivation and
engagement) tied to the use of game elements in educational en-
vironments [7]. Nevertheless, other studies present inconclusive
results (neither positive nor negative); current thought is that this
could be attributed to inappropriate design [51]. Ideally, good de-
signs are those considered to encompass different aspects, such
as behavioural profiles and culture of the individual, as well as
adaptation to the user needs and characteristics [24, 26, 52].

Adaptation is the process of adapting existing elements to a spe-
cific user characteristic, an essential and potentially decisive factor
in the effectiveness and adoption of modern e-learning systems
(14, 18]. Interestingly, when tied to games and gamification con-
cepts, adaptation has been shown further to increase positive effects
on users’ motivation [29]. However, past adaptation studies and
applications often miss essential aspects that permeate the users’
environment, such as culture [26]. This is even more so the case
when analysing gamification in adaptive systems, where culture is
mostly neglected in the environment design [2, 26, 34].

Thus, this work aims to explore the following research problem:
How can we systematically relate gamification elements and cultural
aspects, to use within educational environments?

To conduct our study, we designed a mixed approach (qualitative
research and survey) to create a model that relates gamification el-
ements and cultural dimensions ([21]) for e-learning environments.
This work contributes to the fields of:

e Human-Computer Interaction: by providing a first model to
adapt culture in gamified learning systems.

Toda et al.

e Education: by providing a base model to instructors and
educators on the appropriate gamification elements to be
used within their culture.

o Gamification: by providing the first empirical model relating
culture dimensions and gamification elements for educa-
tional environments.

2 BACKGROUND AND RELATED WORKS

This section describes the concepts used in this work, alongside our
related works. We explore definitions of culture and describe the
model used by Hofstede. As for gamification, we present how these
game elements are used within adaptive educational environments
and describe a recent taxonomy for gamified educational environ-
ments, which is our design starting point. Finally, we present related
work to culture and gamification in educational environments.

2.1 Cultural Dimensions

Culture has many definitions. Some authors state that culture is
often used to refer to a set of characteristics that are used to dif-
ferentiate a social group, in a distinct way [1]. Hall [17] described
culture as an aggregation of lifestyles, which encompass people
behaviour, attitudes and material things. Hofstede [21] defined cul-
ture as a set of patterns that differentiate a group of people, but
also perceive each member in that group, individually. According to
Hofstede [21], the National Culture is a way to distinguish countries
based on cultural dimensions. Finally, for education, Savard and
Mizoguchi [42] found a relationship between culture and context,
where culture is considered a set of schemes that permeate a group
of individuals and influence their actions.

Hofstede’s model for national culture can be used to compare
different cultures and has been thus used heavily both in academia
and in industry [40]. This model is composed of six dimensions
(Table 1) that can influence students’ behaviour and performance,
when using e-learning systems, or serious games [9, 21, 47].

As can be seen in Table 1, each dimension shows different as-
pects of a National Culture. In our context, it is important to include
how these dimensions impact upon education, as summarised by
Gasparini et al. [14]. For example, in societies with a low PDI de-
gree, education is centred on students, rather than around teachers.
Teachers expect students to be pro-active and question or debate
everything assertively, in such cultures. While in societies with a
higher degree of PDI, education is centred on teachers, and students
should respect their authority, above all things in the environment.

2.2 Gamification

Due to its influence on users’ motivation, gamification (as the use
of game elements outside of games [6]) has been widely used in
educational environments [7, 53]. However, to achieve such pos-
itive effects, gamification needs to follow good design practices,
focusing on a broad range of characteristics of users and their con-
text [27, 39, 49]. As stated by Seaborn and Fels [43], gamification is
context-dependent, which means it is essential to understand the en-
vironment and its users before implementing it. Whilst gamification
aims to promote motivation and engagement in educational set-
tings [7], understanding students (e.g., demographics, behavioural
profiles, gaming profiles) is necessary to avoid adverse outcomes
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Table 1: Hofstede’s Cultural Dimensions for National Culture [21]

Relates to the acceptance of power distribution, e.g., hierarchically in a society. Countries with a
higher index of PDI demonstrate that hierarchy is clearly perceived and respected; while a lower
degree represents countries where the population questions the authorities, focusing on the equal

Concerns the degree in which societies accept the traditional/conservative model of gender roles,
e.g., men in position of power and women in home activities. Countries with a high MAS index
are very conservative towards gender roles. Lower degrees of MAS mean that countries are more
positive or leaning towards equal rights regarding gender roles.

Considers the degree in which societies are integrated into groups. In countries with a high degree
of IDV, individuals tend to be less empathetic and consider themselves first, in their decision-
making process and actions. In countries with a low degree of IDV, people tend to think more
about the collective instead of themselves (e.g., Japan).

Concerns the degree to which people deal with ambiguity. In countries with a high degree of UAI,
people tend to accept only a single “truth”, with no space for discussion; while a lower degree
means a society that leans more towards discussing different ideas and perspectives.

Relates to the degree in which societies associate past choices with present / future actions.
High degrees of LTO means that a country tends to follow its traditions (more conservative),
lower degrees means that a country’s decision-making process is either adapted or based on

Abbr Dimension Definition
PDI Power Distance
distribution of power.
MAS  Masculinity X Femininity
IDV  Individualism X Collectivism
UAI  Uncertainty Avoidance Index
LTO Long-term Orientation X
Short-term Orientation
circumstances.
IND  Indulgence X Restraint

Relates to the degree of freedom that a society gives to social norms and how it influences individual
aspirations. High degree of indulgence means that a society allows free gratifications of basic
human needs and desires; while low IND degree means a society that controls and restrains these

gratifications, regulating through social norms.

that may lead to demotivation and undesired behaviours [51]. Many
of these variables are not so easy to represent in educational sys-
tems, since they deal with abstract knowledge (e.g., culture) which
needs to be systematically defined for virtual environments. These
variables that permeate the users environment could potentially
influence the outcomes achieved by gamification [34]. To overcome
such issues, recent work proposed adaptive gamification, which
aims to achieve the desired engagement and learning outcomes by
adjusting the game-like elements to better suit users’ needs and
characteristics [35]. Furthermore, adaptation in gamification has
been explored through different lenses and approaches, from demo-
graphics to gaming profiles [35], using different sets and groups of
gaming elements. Nonetheless, these game elements are not so easy
to define, and contain different terminologies and concepts in the
literature [43]. Furthermore, since context is an important factor
for gamification success, it is essential to choose a set of elements
that is aligned with the field being explored.

Considering gamification elements for the field of education, the
recent work of Toda et al. [48] proposed the Taxonomy of Gamifi-
cation Elements for Educational Environments (referred as TGEEE;
concepts in Table 2). This taxonomy encompasses a dictionary con-
taining 21 gamification elements, their respective synonyms and
which dimensions they are referred to. According to the authors,
this taxonomy can be used to design and analyse gamified educa-
tional systems. It is divided into five dimensions that are linked
to specific interactions in educational environments [50]. Besides,
authors also claim that these elements were based on literature re-
views in the field of education, encompassing many of the elements
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found in this educational context, and were validated by experts in
education.

As can be seen in Table 2, each of the 21 elements were consid-
ered useful in educational environments and encompass a set of
elements that can be found in the gamification literature. However,
few studies in the field of gamification deal with or are concerned
with cultural aspects of the user (or student). Whilst context is
considered both useful and elusive [26, 35], culture, as part of the
context, is potentially easier to detect, and arguably not variable.
AlMarshedi et al. [2] created a conceptual framework that explains
how social and cultural elements impact behaviour. The authors
noted that a way to advance the field is by exploring the users’
interaction influences and cultural values. A recent literature re-
view conducted by Klock et al. [26] found only two studies where
gamification was used alongside culture (Hofstede’s model). In
this study [36], the authors explored how Individualism and Col-
lectivism influence the persuasive strategies, finding significant
differences between the users’ persuasive profiles; e.g., collectivists
leaned more towards social interactions.

2.3 Related Research

For related works, it is essential to understand past works that
have similar goals to ours, attempting to understand how culture
can contribute to adapt gamification in education. According to
theoretical works [2, 24, 52], culture is essential but often neglected
in gamification studies, especially in education. However, literature
still lacks to find empirical evidence or models to link these concepts
[26]. To find and map empirical works, we conducted a systematic
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Table 2: TGEEE proposed in Toda et al. [48]

Element Description Dimension

Acknowledgement A feedback that praises the students’ specific actions; can be used to define desired behaviours; Performance
e.g., increase the number of interactions in a learning system. Some examples and synonyms are
badges, medals, trophies.

Chance Random events that increase or decrease the odds of certain actions or outcomes. Some examples Ecological
and synonyms are randomnesses, luck, fortune.

Competition When students compete against each other towards a goal. Some examples and synonyms are  Social
Player vs. Player, scoreboards, conflict.

Cooperation When students collaborate to achieve a goal. Some examples and synonyms are teamwork, co-op  Social
missions.

Economy Transactions within the game, monetising game values and other elements. Some examples and Ecological
synonyms are markets, transaction, exchange.

Imposed Choice Decisions that the student is obliged to make in to advance in the system. Some examples and Ecological
synonyms are judgements, forced choices.

Level Hierarchical layers presented in the system, which provide a gradual way for the student to obtain Performance
new advantages as they advance. Some examples and synonyms are character levels, skill level.

Narrative Order of events where they happen in the system. These are choices influenced by the students’ Fiction
actions. An example would be a karma system, where the students’ actions subtly influence the
system. (not to be confused with Imposed Choice).

Novelty New, updated information presented to the student continuously. Some examples and synonyms Personal
are changes, surprises, updates.

Objectives Guide the students’ in the system. Quantifiable or spatial, from short to long term. Some examples Personal
and synonyms are missions, quests, milestones.

Point Unit used to measure students’ performance or actions. Some examples and synonyms are scores, Performance
number of kills, experience points.

Progression A way for students to track their position within the content in the system. Some examples and Performance
synonyms are progress bars, maps, steps.

Puzzles Cognitive challenges within the system that should make a student think. Some examples and  Personal
synonyms are actual puzzles, cognitive tasks, mysteries.

Rarity Rare resources and collectables. Some examples and synonyms are limited items, rarity, collection. ~Ecological

Renovation The capability of a student to redo/restart an action. Some examples and synonyms are extra life, Personal
boosts, renewal.

Reputation Titles that the students can accumulates within the game. Some examples and synonyms are  Social
titles, status, classification.

Sensation Use of students’ senses to create new experiences. Some examples and synonyms are visual Personal
stimulation, sound stimulation.

Social Pressure Pressure exerted through social interactions with another student(s) in the system. Some examples ~ Social
and synonyms are peer pressure, guilds.

Stats Visible information used by the student, related to their outcomes within the system. Some Personal
examples and synonyms are results, health bar, indicators, data from the game presented to the
user.

Storytelling Fictional context that can be used in the system. Some examples and synonyms are stories told  Fiction
through animated scenes, audio queues or text queues.

Time Pressure Pressure through time. Some examples and synonyms are countdowns, clock, timer. Ecological

mapping, using the protocol proposed by Petersen, Vakkalanka and
Kuzniarz [38] and Kitchenham et al. [25].

Based on the protocol, we focused on identifying works that
relate culture and gamification to the education field, that were
published in the past few years. As the term ’gamification’ was only
relatively recently coined!, we limited our search for the period

1The term ’gamification’ was coined in 2003 by Nick Pelling, a British-born computer
programmer and inventor. However, it only hit the mainstream due to Foursquare in
2009.

2009-2020. Initially, we defined our search question in a broad sense:
How gamification, culture and education are related in the literature?.
Thus, we searched for works based on the following research string:

gamification AND (cultural OR culture) AND
education.

Next, we selected the following databases, based on previous
systematic studies on computer science and education fields: ACM
Digital Library, ScienceDirect, IEEE Xplore, Scopus, and Taylor and
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Francis. In those databases, we chose to search not only within ti-
tles, but also abstracts and keywords, to return as many as possible
potentially relevant papers. In addition, we defined as our inclusion
(i.e., filtering) criteria: (i) papers in the English language; (ii) papers
that relate culture with gamification in educational scenarios; (iii)
papers that present empirical evidence; (iv) full papers. Any paper
that did not match our inclusion criteria would be automatically
discarded. Since we adopted the gamification definition presented
in Deterding et al. [6], we did not consider papers that dealt with se-
rious games or digital games. These criteria were based on previous
systematic mappings [26, 51].

After running our search string, the total number of papers
found?, which represented all three themes (education, gamifica-
tion and culture) as well as obeyed all filtering criteria, across all
four databases, over the considered time period, was quite low (N
= 121). Scopus was the one with most papers (N = 105), followed
by ScienceDirect (N = 9), and IEEE Xplore (N = 7). We did not find
any study on ACM Digital Library, and Taylor and Francis. After
further manual screening the papers, we found 2 potential candi-
dates from Scopus, 1 from IEEE Xplore and 1 from ScienceDirect
(Total = 4). However, after reading the remaining full papers in
their entirety, none of these studies addressed how culture influences
gamified educational applications.

Table 3: Results from the systematic mapping

Database Papers  Candidate Papers selected
found papers  for analysis
Scopus 105 2 0
ScienceDirect 9 1 0
IEEE Xplore 7 1 0
ACM Digital Library 0 0 0
Taylor and Francis 0 0 0
Total 121 4 0

Table 3 summarises the results from our systematic mapping. We
did not find any work that relates culture and gamification in the
education field, this might occur due to culture and gamification
being a recent field of study, this is evident in the literature review
conducted by Klock et al. [26] where the authors found only two
papers dealing with culture, in the field of health. Most of the works
that were found in our study dealt with culture related to how to
use gamification to teach a different language, rather than exploring
cultural aspects and factors in the system gamification design.

Thus, the literature review showcased the clear need of a model
to offer new ways to adapt gamification, based on cultural factors,
as proposed by us in this paper.

3 METHODS AND TOOLS

Due to the abstraction of concepts dealt in this work, we opted to
follow a qualitative approach, to design our conceptual model. We
opted for a conceptual model since it can optimise and save time in
the development process, followed by a survey method and quan-
titative data to evaluate it. The qualitative approach was chosen
due to its method of turning unstructured data into information

2Complete list of papers presented in https://bit.ly/33jWFm0
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for the context dealt with [5]. According to [5], qualitative research
follows three steps: (i) problem definition and data collection; (ii)
analysis; and (iii) making inferences about the studied object.

3.1 Problem definition and data collection

In the first step, we defined the scope of this study as: to create a
model of relations between cultural aspects and gamification ele-
ments, to be used within educational environments. We explored
theoretical research on the fields of gamification and culture, search-
ing for models and data within this subject.

We opted to use Hofstede’s dimensions [21] due to being the
most widely used model for adaptation, as well as being used within
other studies in the field of education [12, 13, 15, 37, 45, 47]. Recent
studies also present results on the impact of using Hofstede’s model
with students’ achievement and assessment [13]. A brief relation
between this model and games was made but not further explored
nor focusing on educational aspects, which allow us to infer some
relations within gamification elements [31]. As for the gamification
elements, we selected the Taxonomy of Gamification Elements for
Educational Environments (TGEEE) [49], since it is the most recent
work which summarises gamification elements that are used in
educational applications, as well as defining layers that allow us to
analyse the gamification within learning systems. Besides, it was
evaluated by experts in the field of gamification and education [50].

3.2 Analysis

In the second step, we analysed the data that was found and col-
lected. Initially, we used an ontological approach to aid in this phase,
consisting of three steps: (i) a conceptual mapping; (ii) semantic
mapping; (iii) and ontology definition, based on Ontology 101 [33].
We opted for the ontological engineering approach since ontologies
are used to create models about the relation of things [22]. Ontology
101 approach is used to generate ontologies that can be used to
extrapolate concepts and relations. Since we did not find any work
in the literature to address the concepts presented in this study, we
opted to design a generic ontology, which is used to infer a concept
to other domains and could be further improved by other studies
[16, 22]. In this work, we generalised the relations between cultural
dimensions and gamification elements, to be used in educational
environments.

Concept maps are used to identify the relations between con-
cepts, and it is used in ontology engineering to visualise the main
concepts and their definitions [32]. We used the conceptual mapping
to find the Concepts of our model. These maps are also suggested
during ontological engineering processes [8, 10, 23, 46]. Semantic
mapping is a method used to organise and structure abstract con-
cepts, to visualise possible similar meanings [23]. It is also used
in ontology engineering to find concepts and attributes, as well
as to support in the transition of existing ontologies to new ones.
In this work, we used Semantic mapping to identify possible at-
tributes of the ontology. Finally, the ontology definition happens
when we infer the concepts, attributes and relations of the findings
in the previous mappings, making abstract concepts into tangible
concepts that can be understood and used by computational tools
and/or experts in the field [22, 33]. To verify the integrity of our
model, we analysed and compared it with another model presented
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in the literature [19] that addresses Hofstede’s culture model in
general, using a semantic mapping to identify similar concepts be-
tween their model and ours. The summary of the second step of
our qualitative approach can be seen in Figure 1. We opted for the
model proposed by Heimburger [19] since it was the first one to
propose the Hofstede’s model into a generic ontology.

Figure 1 presents a flowchart of our methods. Initially, we began
the conceptual mapping, by identifying relations between concepts,
e.g. in Figure 1, Game is-a Software. Following, the semantic map-
ping is used to identify possible attributes of a given concept, e.g.
possible Video-game genres are Role-Playing Games (RPG) and
Action Games. Finally, the model definition is used to link the con-
cepts and attributes and its possible sub-attributes, e.g. a Game has
a Game genre, which is an RPG. In the context of our work, we can
say that Cooperation is-a Gamification element, or Collectivism is-a
Cultural dimension.

3.3 Inference

In the third step, we used the knowledge obtained from the previ-
ous steps and defined our initial relations between the concepts. In
this step, we relate concept and attributes, define the relationship
between the dimensions and gamification elements. In other words,
we define which elements are suitable to be associated with the
given dimension. In this example, Cooperation and Gamification
Element are concepts, while is-a is the relation between them, mean-
ing that one is part of another. After identifying these relations
between the elements in Hofstede and TGEEE, we began the se-
mantic mapping step. This step is responsible for structuring the
concepts’ definitions and analyse how they can relate with other
concepts, e.g.: in Hofstede’s model, the concept of Individualism and
Collectivism are related with social interactions (attribute) where
this dimension influences the way people interact within a group;
In the TGEEE, Cooperation is-an element from the social dimension
(another concept) that describes collaborative social interactions
(attribute) towards a goal. After defining the concepts and defini-
tions, we began to design the model relating the concepts between
Hofstede’s model and TGEEE elements, e.g., Knowing that Collec-
tivism has an attribute social interactions, and Cooperation also has
an attribute social interactions, we can infer through our model
that Collectivism can be associated to Cooperation. Through this
systematisation, we managed to achieve an initial version of our
model (Figure 2).

3.4 Evaluation design

To evaluate this model, we opted to conduct a survey, due to its low-
cost and reliability [30], followed by analysing the data collected
in this survey using descriptive statistics. Using the guidelines pro-
posed in [30], we divided the survey design into three steps: (i)
population definition; (ii) question design; and (iii) analysis. For
the first step, we defined our population to be experts in gamifi-
cation, culture or education. To be considered an expert, in this
work, we considered people with experience or publications within
these three fields. To recruit these participants, we conducted a
literature review on the themes of cultural studies or gamification
(both applied to education). This literature review consisted of find-
ing venues where we could find experts in two or all the three
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fields (e.g., the proceedings of the Cultural Aware Tutoring Sys-
tems - CATS - conference). Next, we invited those experts through
email (convenience sampling). The experts were presented with the
model resulting from the qualitative analysis (Figure 2) and each of
Hofstede’s and TGEEE for consulting during the survey>.

For the second step, we aimed at identifying instruments that
could be used/adapted to evaluate models within our context. Since
the study presented in the TGEEE model [49] contained an evalu-
ation that has overall good reliability (¢ > 0.7) we opted to adapt
to our context (convenience), measuring the relations between the
elements of the model based on descriptions, coverability, and con-
cordance. These items were aligned with what we aimed in this
model as well, by evaluating the relations between the concepts
and their descriptions to design it. The questions consisted of a
sentence formed by “Do you agree with..” followed by the construct
we intended to measure. These questions were measured through a
Likert scale, from 1 to 5, where 1 being “Totally Disagree”, and 5 be-
ing “Totally Agree”. Additionally, we included open-end questions
so the experts could provide insights on how to improve the model,
which relations they did not agree and which relations they could
include. We also included demographic data from the experts (gen-
der, age, country, field expertise, years working in the field, and if
they had worked with education before). For the third step, we used
descriptive statistics to analyse and report the data. The complete
survey can be found in: https://forms.gle/nnrKmEvRit9BMH5p6.

It is worth to mention that the question design was supervised
by experts in both fields, gamification AND culture. Gamification
experts (N = 8) had more than 5 years of experience working in the
field, culture experts (N = 2) also had a background in the field of
HCI, and more than 5 years of experience in the field.

4 RESULTS AND DISCUSSIONS

This section presents our results. Initially, we present the validation
of our model, following by the description and final model (Figure
3). In addition, we present the limitations of our work.

4.1 Evaluation

Initially, we contacted 68 researchers from the fields of gamification
or culture, however only 8 answered our survey. Our experts are
6 female and 2 male, ranging from 31 to more than 45 years old
from five different countries: United States (2), United Kingdom
(1), Philippines (1), Japan (1) and Brazil (3). Regarding the fields of
expertise, most of our experts came from the field of gamification
(6), followed by HCI (2), Computers in education (2), Artificial
Intelligence (1), and Software engineering (1), with a minimum of 5
years of experience and maximum of 25. All of the experts worked
in the field of education.

Concerning the model evaluation, when asked if the elements
are related (concordance) with the dimensional cultures, most of the
experts (N = 5) had a positive agreement (above 3 in the Likert scale),
meaning that they agreed positively with the way the relations
were made, associating the cultural dimensions and gamification
elements. Regarding the descriptions presented to make the relation,
our model also achieved a positive agreement within half of the

3The descriptions presented to the participants can be found in the following link:
https://bit.ly/3bInzYw
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Games contain their own subclassifications called genres.
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Figure 1: Method flowchart

Hofstede's Dimension Gamification element

Power Distance is related to the acceptance on the presence of hierarchical
institutions, which can be represented through the game elements Rarity, Economy,
and Reputation

Individualism x Collectivism

Individualism and Collectivism are related to the ties between individuals when they
are loose or strong. This dimension can be represented in the following gamification
elements Cooperation, Competition, Social Pressure and Reputation

Uncertainty Avoidance Point, Level, Stats, Acknowledgement,
Progression, Chance

Uncertainty Avoidance is the extent on how individuals are comfortable in changing
the way they live or feel threatened by uncertain and unknown situations. This
dimension can be seen through elements that capture the performance of users as
Point, Level, Stats, Ack deds . Prog 1 and Change

Cooperation, Competition, Social
Pressure and Reputation

Masculinity is related to cultures in which gender roles are clearly distinct while
Femininity describes cultures where gender roles overlap. We did not find any
elements to represent this dimension.

Long-Term Orientation x Short-Term
Orientation

Long and Short-term orientation are related to planning for future in advance andfor
present oriented actions. The element related to this dimension is Time Pressure.

Imposed Choice, Objective,
Sensation, Puzzle, Renovation,

Time Pressure

Indulgence x Restraining

Novelty

Indulgence x Restraining are related to the regulation through social norms or
allowance of basic drives related to fun. The elements related to this dimension are
Imp | Choice, Objective, S 1, Puzzle, Rencvation and Novelty.

Figure 2: Result of the qualitative approach that was pre-
sented to the experts

experts (N = 4), with one expert stating that some elements were
missing in the descriptions (e.g. no elements presented in MAS
dimension). Finally, when asked if the elements are well-aligned
with all the dimensions, we had half of the experts (N = 4) towards
a disagreement, with three experts towards an agreement. In this
variable, we noticed a discrepancy between the opinions when
analysing the comments of the experts, and we tried to deal with
all the disagreements to propose the model seen in Figure 3.

We also asked which of the dimensions relations they disagreed
with. According to their responses, IND and LTO were the relations
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they disagree the most (N = 3 experts), followed by UAI and MAS
(N = 2 experts), and PDI (N = 1 expert). Based on their comments,
we removed some of the elements (e.g., Novelty, Renovation and
Puzzle from IND) and added new ones (e.g., Narrative, Objective
and Progression to LTO). All of the experts agreed with the rela-
tionship formed between IDV and social gamification elements, so
no changes were made in these dimensions. No details were given
on the disagreement on the PDI dimension so that this dimension
did not change.

In addition, we asked which elements the experts did not con-
vince them within the relations. According to one expert, the tax-
onomy might have missed some elements (e.g., customisation) that
could be associated with genders, while other expert stated that
“Time Pressure” might not be a good element to represent LTO, but
Long-term and Short-term “Objectives” would be more appropri-
ate alongside “Progression”. Finally, one final expert stated they
disagreed with the following elements Competition, Cooperation,
Narrative, Novelty, Objectives, Puzzles, Renovation, Social Pressure,
Storytelling, but did not provide enough details on this choice. Some
other suggestions were made to improve the model as: including
Narrative in LTO; including Competition, Cooperation, Social Pres-
sure, and Storytelling as a way to measure the MAS index; Remove
Puzzles, Novelty and Renovation from IND.

Considering the overall acceptance of the model, We had mixed
views where 1 expert totally disagreed, 3 experts were towards a
disagreement, 2 experts were towards an agreement, and 2 experts
totally agreed with. In other words, half of the experts were in
the disagreement spectrum and half in the agreement spectrum,
with more experts totally agreeing with the model as it is (N = 2)
than disagreeing (N = 1). In other words, experts identified and
suggested modifications on the model, to be presented and used.
Overall, based on all responses, we can observe that our model
received positive feedback and acceptance. Even though we could
not map Storytelling and Narrative elements properly, experts sug-
gested that they could be aligned with LTO (Narrative) and MAS
(Storytelling) indexes, which is worth to consider in future inter-
actions. According to the acceptance of the relations, IDV did not
receive any criticism which aligns with previous studies that are
concerned with culture and social elements in gamification [2].
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4.2 Model

After evaluating the model reached in our qualitative approach,
we achieved the model presented in Figure 3. In this model, we
relate each dimension presented in Hofstede’s culture model to a
gamification element presented in TGEEE.

Figure 3: GamiCSM. In green: Cultural dimensions. In pink:
gamification elements

As we can observe in Figure 2, Power Distance (PDI) was related
to elements concerned with the notion of power, in this case, Rarity
(Rar) deals with rare resources and Economy (Eco) is tied to the
market and transactions within a system, both are ecological ele-
ments that deals with the environment they are implemented in
and provide a sense of power to the user. When tied with Reputa-
tion (Rep), which represents social hierarchies, they can be used
in systems where the Power Distance Index is high and should be
avoided where this index is low.

Following, IDV dimension was related to social gamification
elements, since both are concerned with social interactions. Co-
operation (Cop) and Social Pressure (SoP) should be related with
Collectivism (low IND), since in Collectivist societies people tend to
be more empathetic and think in the group as a whole, Cooperation
features in educational systems might be appealing, while Social
Pressure might engage people to collaborate. Concerned with Indi-
vidualistic societies, where individuals prioritise their needs over
others, Reputation (Rep) and Competition (Com) might work better,
since these individuals do not consider the needs of the group as a
priority.

Concerned with UAI, this dimension is related to change in indi-
viduals’ actions or feel threatened to embrace unknown situations.
We though Performance elements (Point - Poi, Level - Lvl, Stats
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- Sts, Acknowledgement - Ack, and Progression - Pro) might be
suitable for groups that are not comfortable with changes, where
they can track and measure every action (low UAI). When adding
the Chance element (Cha), this adds a random and uncertainty to
the events of a system, which might be suitable for people that
prefer changes (high UAI).

We did not match any elements with MAS dimension due to its
abstraction, which might be covered in the future, more details in
the Limitations section. Considering the short-term and long-term
orientation (LTO), as this dimension is related to planning actions
or the direct response to present situations, the elements that are
best suited to deal with it are Objectives (Obj), alongside Progres-
sion (Pro), Narrative (Nar), and Time Pressure (TiP), as it enforces
the necessity to plot a strategy in a determined amount of time.
However, Time Pressure might not be suited to users accustomed
to long term strategies and reasoning.

Finally, indulgent cultures (IND) place more importance on the
freedom of speech and personal control, while these same char-
acteristics might be considered inappropriate and unnatural in
restrained cultures. As such, the elements of Imposed Choice (ImC),
and Objective (Obj) might be better used on restrained cultures,
and Sensation (Sen) tend to be better used on indulgent cultures.
This dimension can also be tied to the Power Distance dimension,
as usually, cultures with high Power Distance index are usually
more restrained and vice versa.

4.3 Limitations

Here, it is important, firstly, to note some limitations of the system-
atic mapping used in our literature review: (i) whilst we conduct
the search based on more than just titles, we did not do any search
in the full body of the paper; this decision was made due to consid-
ering that, if the paper was focused on the areas of interest, these
should, normally, have appeared in the triad title, keywords, ab-
stract; (ii) we did not analyse the papers concerned with teaching
languages; this we considered to be beyond the scope of this work;
(iii) we also did not consider papers on serious games; this was due
to the fact that we adopted the concept of ’gamification’ as seen
in the work of Deterding et al. [6]; (iv) we only considered papers
in English language, which might infer a bias to our analysis since
cultural studies can be found in other languages. We believe this
can be further explored in future studies.

Furthermore, some limitations of our evaluation work are worth
to be mentioned. First, we did not apply a pilot study to verify
the integrity of our instrument. However, there were HCI experts
involved in the development and the survey received feedback
from two experts on the field of HCI that had previous experience
(more than 5 years), and also worked previously with surveys.
Another limitation was that we did not manage to get answers
from any expert from the field of culture in our evaluation, which
might limit our analysis to the fields of gamification and education.
The experts that participated in the development of the survey
could not participate in the evaluation due to conflict of interests.
The number of experts that evaluated this model was relatively
low. Although we have contacted 68 experts, we only obtained 8
responses, which may limit somewhat the generalisation power of
our work. However, as they all are experts in education, and as most
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expert-based evaluations are less concerned with the numbers, and
instead are interested in the in-depth focus of their feedback, our
findings may be considered promising.

Finally, considering our model, we find the concepts of MAS too
abstract to be aligned with the gamification elements of TGEEE.
Although some experts did provide some suggestions, we found
that these elements were still too simple to represent the concepts
in these dimensions. This was also agreed by the experts of culture
and HCI that supervised the conception and design of the model.

5 CONCLUSIONS AND FUTURE WORK

In this work, we proposed to explore the research gap on how to
relate gamification and culture. We conducted a mixed approach
study, aiming at creating a model to relate cultural dimensions and
gamification elements for educational environments. Through our
evaluation, it is perceived that we received mixed comments on
the model on its current state, although some improvements can
be made in future versions to improve it. Our main contribution is
the first model to relate these two worlds that can potentially help
gamification designers and educators to understand how culture
can affect and is related to gamification outcomes in education.
This may allow different kinds of adaptation strategies tied not
only to students’ demographics and behavioural profiles but also
their countries. We also contribute by providing a protocol for
systematic studies that can be replicated to include other terms
to explore gamification, education and culture. Thus, through the
execution of this study we can identify topics that could be worth
exploring in future research:

o Validate the model through data-driven studies: by analysing
the preferences of gamification elements and matching them
with the dimension they are associated with, e.g. in countries
with a high PDI, people might prefer elements as Reputation
and Economy;

e Expand the selection of gamification elements to other fields;

e Provide empirical evidence through experiments on cross-
cultural studies, to verify the integrity of the model to differ-
ent cultures.

It is worth to emphasise that this model is part of a greater project
that aims to explore ways to personalise gamification through dif-
ferent constructs. Culture is included within those constructs and
must be tied to other aspects as contexts, demographics (e.g., gen-
der and age), and behavioural profiles, aiming to promote the best
immersive learning experience for students. Through this model,
we believe we can provide some initial contribution to the field
of gamification, culture, and education. The results contained in
this study can be used to support the decision-making process of
designers and educators to develop educational systems based on
culture, and the model can also be used to explore and analyse
how different cultures influence gamification elements and how
it can influence students on these cultures as well (e.g., verify if
their preferences match their cultural indexes based on Hofstede’s
original scores).
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Resumo

A gamificagdo no ensino no ensino vem se consolidando e obtendo resultados positivos
nos ultimos anos. Este processo consiste no uso de elementos de jogos fora de seu escopo
original, com a inten¢do de melhorar a motivagdo de um individuo perante uma atividade
desempenhada. No entanto, alguns estudos recentes denotam a dificuldade de mesurar
com precisdo os efeitos positivos da gamifica¢do, uma vez que se nota a necessidade de
metodologias sistematicas e a analise individual dos elementos empregados. Baseando-
se nesta premissa, este projeto visa demonstrar um processo para geragdo de designs
gamificados para aplica¢do no ensino. O processo recebe como input um plano de aula
e/ou ementas da disciplina e, com auxilio de um especialista, sdo geradas atividades
gamificadas (como outputs) para serem utilizadas em conjunto com as aulas presenciais,
objetivando tornar o processo de ensino mais prazeroso para os alunos. Em sua primeira
versdo, aplicada no ensino de programagdo, o processo encontrou resultados
significativos, porém ainda necessitando de refinamentos, uma vez que grande parte dos
alunos ndo se sentiram satisfeitos. A segunda versdo do processo foi aplicada em uma
disciplina de bioquimica, de um curso de Biotecnologia, alcangando resultados positivos
em relacdo a motivagdo dos alunos. Acredita-se que um dos diferenciais deste processo €
a preocupacgdo com os riscos associados ao processo de gamificacdo, que muitas vezes
ndo sdo considerados quando sdo realizados experimentos gamificados. Além disso, a
versao atual do processo permite uma maior adaptabilidade por parte do docente, e
considera a utilizacao de perfis de jogador para geragdo dos designs gamificados.

Introducao e Referencial Tedrico

A é4rea de ensino vem passando por diversas modificagdes nos ultimos anos,
principalmente por conta da inser¢do de novas tecnologias para apoiar 0s processos
existentes. Dentre estas tecnologias, pode-se citar o processo de gamificagdo, que vem
sendo amplamente difundido e utilizado nos wltimos anos em diversas areas (Lee;
Hammer, 2011).

A gamifica¢do ¢ definida como o uso de elemlentos de jogos fora de seu escopo original,
com um proposito (Deterding et al., 2011). Este proposito geralmente esta associado a
melhorar a motivacdo de um individuo perante uma atividade realizada, como a
motivacdo para aprender ou para utilizar um servigo e/ou aplicagdo (Huotari; Hamari,
2012; Kapp, 2012).
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A partir de estudos realizados por Borges et al. (2013) e Dicheva et al. (2015), observa-
se que a gamificacdo vem contribuindo positivamente para a area de ensino, seja por
aplicagcdes computacionais ou através de metodologias de ensino. Entretanto, estudos
recentes apontaram a necessidade de processos sistematicos e de formas de mesurar os
efeitos da gamificagdo, quanto aos elementos empregados (Dicheva et al., 2015; Mora et
al., 2015). Além disso, outro ponto importante e debatido ¢ que a maioria dos processos
existentes nao se preocupam com os riscos associados ao processo de gamificagdo, tais
como o declinio dos efeitos motivacionais, a privacidade dos discentes, a qualidade da
tarefa e a trapaga (Thiebes; Lins; Basten, 2014).

Utilizando como base estas premissas, este projeto visa desenvolver um processo para
gerar designs gamificados para uso em sala de aula, apresentando alguns estudos de caso
para apoiar a adogdo deste processo. Este artigo aborda as etapas do processo e uma breve
descri¢ao sobre os estudos de caso.

Processo para geracao de designs gamificados

O processo proposto divide-se em 4 etapas, sendo Defini¢ao do conteudo, Defini¢dao de
Elementos de Jogos, Implantacdo e Validagdo. O docente pode, a partir de um plano de
aula e/ou ementa como entrada, gerar um design gamificado para ser aplicado em
conjunto com a sua pratica tradicional de ensino, podendo gamificar desde uma atividade,
até uma aula inteira ou um curso de longa duragdo (Figura 1).

Plano de e Definigao !
Sl Definigao dos Design

Ementa dos Implantacao Validagao gamificado
contelidos

elementos
de jogos

L7

Figura 1: Fluxo do processo

A Figura 1 apresenta o fluxo resumido do processo e suas respectivas fases. A primeira
fase consiste na definicdo e descri¢do dos contetidos a serem abordados, objetiva-se
analisar o plano/ementa com o intuito de gerar um mapa conceitual. Neste mapa,
recomenda-se considerar o contedo a ser ministrado assim como as atividades
associadas a ele. Apos a geracdo do mapa, inicia-se a fase de Definicao dos Elementos de
Jogos, ou seja, as dinamicas que serdo utilizadas. Para auxiliar nessa selecao, foi gerado
um conjunto de elementos, baseado em revisdes sistematicas encontradas (Borges et al.,
2013; Dicheva et al., 2015; Hamari; Koivisto; Sarsa, 2014) divididos em 2 grupos:
Elementos de Propriedade e Feedback.

O primeiro grupo consiste de caracteristicas da atividade a ser desempenhada, contendo
12 elementos, sendo: Cooperacdo, Renovacdo, Narrativa, Competi¢do, Pressao,
Economia, Decisdes, Atividades Cognitivas, Oportunidades, Aleatoriedade, Segredos e
Novidade. J4 o segundo grupo, contém 6 elementos: Reputacdo, Pontos, Conquistas,
Troféus, Niveis e Progresso.

Dentre os elementos de Propriedade, Cooperacao e Competicao consistem de atividades
onde haja a integragdo ou conflito entre 2 ou mais estudantes; Renovagao ¢ a caracteristica
relacionada a reutilizagdo de uma atividade ou tarefa; Narrativa consiste na inser¢ao de
um contexto imagindrio com o intuito de contextualizar a atividade; Pressdo ¢ um
elemento para exercer uma intengdo sobre um individuo, podendo ser dividida em
temporal (Tempo como influencia) ou social (Outros individuos como influéncia);
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Economia ¢ a insercdo de elementos de mercado (troca e venda); Decisdo ¢ a
caracteristica que permite ao(s) discente(s) uma escolha; Atividades cognitivas sdo
associadas a atividades que influenciam em aspectos cognitivos do estudante, como
resolucdo de problemas; Oportunidades estao relacionadas a equidade dos recursos e/ou
chances disponibilizados aos discentes durante a atividade realizada; Segredos consistem
de recursos, ou outros elementos, desconhecidos pelos estudantes; Novidade ¢ a
caracteristica responsavel pela inovacao e pela inser¢do de novos recursos, ou elementos;
Por fim, a Aleatoriedade consiste de uma variavel, recurso ou elemento que ndo pode ser
controlado. Ja os elementos de Feedback consistem de motivadores extrinsecos, cedidos
como retorno pelas atividades desempenhadas, associando-os aos elementos de
Propriedade.

A primeira versdo do processo, em sua fase inicial, foi aplicada em uma turma de 40
alunos da disciplina de Linguagens e Técnicas de Programacao, com duracao de 1
semestre. A experiéncia, de forma geral, foi considerada positiva, no entanto houveram
alguns feedbacks negativos, e em alguns casos, a gamificacao atrapalhou o processo de
aprendizagem de alguns (6) alunos (Mesquita et al., 2013, 2014). O design gamificado
gerado utilizou apenas elementos de Feedback (Pontos, Reputagdo, Niveis e Progresso)
sem considerar os elementos de Propriedade das atividades.

A versao atual do processo, com elementos de Feedback e Propriedade, foi aplicada em
uma turma de Bioquimica, do curso de Biotecnologia, consistindo de 24 alunos no
periodo de 1 semestre. O design gamificado gerado foi, de modo geral, bem aceito pelos
discentes da disciplina, utilizando os seguintes elementos de Feedback e Propriedade:
Pressao temporal, Oportunidades, Atividades Cognitivas, Competi¢ao, Niveis, Progresso,
Cooperagado, Aleatoriedade, Pontos e Economia (Silva; Toda; Xavier, 2016).

Em relagdo aos riscos do processo de gamificagdo, acredita-se que a versdo atual do
processo aborda os efeitos motivacionais declinantes, que consistem da percepcao da
gamificacdo como um processo evolutivo, e a trapaga, que ¢ associada a ma implantagao
do processo (Thiebes; Lins; Basten, 2014). No entanto, ainda ndo foi realizada uma
avaliacdo formal para correlacionar estes riscos com os resultados encontrados.

Conclusio e Trabalhos Futuros

Este artigo apresentou um processo para geracao de designs gamificados para o ensino,
apontando estudos de caso que relatam o sucesso da implantacao destes designs. Acredita-
se que este processo possa favorecer positivamente o processo de ensino, uma vez que os
estudos de caso demonstram que ele independe de contetido.

Como trabalho em andamento, o processo esta sendo aprimorado (passando por uma
reformulacdo), de modo que beneficie e agilize as fases de Definicdo de Conteudos e de
Elementos de jogos, utilizando como base processos ageis. Outro trabalho em andamento
consiste na elaboragdo de avaliacdes e/ou designs experimentais para correlacionar as
variaveis encontradas em uma sala de aula com os riscos da gamifica¢cdo, de modo a medir
de forma quantitativa, a eficiéncia do processo em evitar estes aspectos.

Por fim, como trabalho futuro, pretende-se desenvolver um sistema que automatize o
processo, com base em um historico de estudos de caso, para gerar os designs
gamificados, assim como auxiliar os docentes no processo experimental.
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Abstract. Gamification is gaining prominence in the past few years due to
various researches in many areas achieving positive results. In education, this
concept has been widespread, yet it still lacks a systemic process to its
implementation. This paper presents a conceptual model of a gamification
process to be applied within higher education lessons. The main results of this
work is a gamified process validated during the gamification of a biochemistry
lesson in a Biotechnology course. To validate this process, we used the Intrinsic
Motivation Inventory (IMI) to measure students’ motivation after the lessons.
Results show positive impact of gamification with stronger results in female
Students.

Resumo. A gamificagdo vem ganhando destaque nos ultimos anos devido as
inumeras pesquisas realizadas em diversas areas do conhecimento e os
resultados positivos identificados pela comunidade. No ensino, este conceito
vem sendo bastante difundido, no entanto, ainda ha uma certa caréncia quanto
a um processo sistemdtico para sua implantacdo. Este artigo apresenta um
modelo conceitual de um processo de gamifica¢do, para ser utilizado no ensino
superior, tomando como base planos de aula e ementas. O resultado principal
foi um processo gamificado, aplicado em uma turma de Bioquimica do ensino
superior, no curso de Biotecnologia. Para verificar a eficacia do modelo foi
utilizado o Intrinsic Motivation Inventory (IMI) que mede a motivacdo dos
discentes apos o uso da gamifica¢do. Os resultados mostram que o método foi
considerado divertido e interessante pelos alunos, principalmente quanto aos
participantes do género feminino, além de ter uma boa aceitagdo por parte do
docente responsavel.

1. Introducao

Os avangos tecnologicos permitiram ampliar a utilizagdo das Tecnologias da Informagao
(TD) em diversas areas. Dentre estas, a area de Educacdo e Ensino vém se beneficiando
por meio de sistemas e processos provindos da computagdo que possuem a capacidade de
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auxiliar e aprimorar as metodologias pedagdgicas existentes [ De Paula et al. 2014; Isotani
et al. 2009].Dentre estas tecnologias, pode-se citar o uso de jogos digitais e seus processos
derivados, como a gamificagdo. Este conceito vem adquirindo destaque, por conta de dos
varios resultados positivos alcancados [Borges et al. 2013]. No entanto ainda hd uma forte
caréncia quanto a eficiéncia individual dos elementos de gamificagdo utilizados e
processos sistematicos para implantacdo adequada na gamificagdo em ambientes de
aprendizagem [Dicheva et al. 2015; Thiebes et al. 2014; Andrade et al., 2016].

Um estudo realizado recentemente [Mora et al. 2015] demonstrou a extensao de
frameworks para implantar o processo de gamificagdo em diversas aplicagdes. No
entanto, segundo os autores, ainda ha a necessidade de desenvolver um modelo genérico,
que agregue qualidade no processo. Além disso, também comentam sobre a discrepancia
na avaliacdo e validagdo dos frameworks apresentados.

Baseando-se no exposto, este trabalho propde um método para mapear elementos
de jogos, em planos de aula e ementas, e aplica-los no ensino superior, sendo validado
através do Intrinsic Motivation Inventory (IMI). Para apresentar o estudo, o trabalho esta
dividido em: sessdo 2 apresenta os conceitos e trabalhos relacionados a gamifica¢do no
ensino; sessdo 3 apresenta o método desenvolvido, assim como o protocolo do
experimento; sessdo 4 apresenta os resultados encontrados, realizando uma breve
discussao; sessao 5 apresenta as conclusoes e trabalhos futuros.

2. Gamificacao

O processo de gamificag@o pode ser conceituado como a utiliza¢do de elementos de jogos
(como mecanicas, dinamicas e estética) fora de seu escopo original, com o intuito de
motivar, engajar ¢ melhorar a experiéncia de usudrio em diferentes situagcdes com
atividades de treinamento e ensino [Deterding et al. 2011; Huotari and Hamari 2012;
Kapp 2012; Zichermann and Cunningham 2011].

A partir do uso de motivadores extrinsecos, o processo afeta a motivacao
intrinseca do usudrio, suportada pela Teoria da Autodeterminagdo (SDT). Esta teoria,
segundo Deci e Ryan (1985), defende que a motivagao ¢ sustentada por 3 pilares, sendo:
Autonomia, Competéncia e Relacionamento. A autonomia se baseia no individuo ter
controle sobre suas agdes, ja a competéncia consiste no individuo adquirir conhecimento
e habilidade sobre algo. Por fim, o relacionamento consiste na necessidade do individuo
de se conectar com outras pessoas [Deci and Ryan 1985].

Estes 3 pilares podem ser encontrados em jogos digitais, por exemplo: a
Autonomia pode ser representada pelo controle do jogador sobre as agdes de seu avatar
virtual; a Competéncia pode ser encontrada no progresso do usuario dentro do universo
do jogo; o Relacionamento pode ser representado nas relagdes virtuais que o jogador se
engaja, para continuar o jogo [Aparicio et al. 2012].

3. Trabalhos Relacionados

Dentre os trabalhos relacionados, pode-se citar o estudo realizado por [Hanus and Fox
2014]. Neste trabalho, os autores analisaram a aplica¢do da gamificagdo em um contexto
de ensino, analisando performance académica, motivagdo, comparagao social, satisfagao
e esforgo. Os autores explanam que a combinacdo de elementos gamificados utilizados
contribuiu para um desempenho académico abaixo do esperado, ¢ ndo influenciou de
forma significativa na motivacdo, engajamento, satisfagdo e comparacdo social dos
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discentes. No estudo realizado, eles associam a o rendimento a motivacao intrinseca, que
diminuiu durante a aplicagdo dos elementos de gamificacao.

Outro trabalho interessante ¢ o de [Mesquita et al. 2013, 2014], onde os autores
desenvolveram uma metodologia gamificada para aulas de Linguagens e Técnicas de
Programacgao, em um curso de Ciéncia da Computagdo. Neste, os autores obtiveram uma
aceitacdo razoavel dos elementos, mas ndo utilizaram métodos para medir a motivacao
ou performance dos individuos.

Além destes, pode-se citar também o trabalho de [Pedro et al. 2015], onde foi
desenvolvido um ambiente de aprendizagem virtual e gamificado. Neste estudo, os
autores explanam que os elementos de gamificagdo influenciaram de maneira positiva a
performance dos participantes do género masculino, porém nao foram encontrados
resultados significativos em relagao aos do género feminino.

4. Método

O método desenvolvido descreve 4 fases, sendo: Definicdo de contetido, Defini¢ao de
Elementos de Jogos, Implantacdo e Validagdo. Na primeira fase, ocorre a analise dos
planos de aula e ementas, elaborados pelo professor para aplicagdo da aula. Estes
documentos foram escolhidos por fazerem parte do cotidiano do docente, e por conterem
os conteudos de forma organizada e sistemdtica [Takahashi and Fernandes 2004],
auxiliando na gera¢do de um mapa conceitual para a disciplina (Figura 1).

[exercici(m de ﬁxaqﬁ(:} [exercicios de ﬁxaqz'io] [exercicio.\ de ﬁxa;ﬁo] [Exercicins, de re\fis,i'm]

Estruturas
de
Repetigio

Nogoes de
Entrada /

Atividade
Avaliativa

Estruturas
de Selegio

Tipos de
Varidveis

é}.@- O o
§ & 4
&

Figura 1: Exemplo de Mapa mental de uma disciplina de No¢des de Programacéo
Fonte: Autores (2016)

A Figura 1 apresenta um exemplo de mapa conceitual, gerado a partir de uma
ementa, de um curso de Nocdes de Programagdo. Para geragdo do mapa, ¢ importante
considerar o conteudo que sera ministrado e as atividades vinculadas a este (definir
acoes). O mapa também ¢ importante para auxiliar na defini¢do dos elementos de jogos,
que sera realizada na Fase 2. Esta fase também ¢ importante para definir o periodo em
que cada conceito sera ministrado pelo docente, auxiliando na organizagdo da disciplina.

Em seguida, a Fase 2 define os elementos (mecanicas e dindmicas) que serao
utilizados. Para auxiliar o docente responsével na selegado, foi elaborado um conjunto de
conceitos divididos em: Elementos de Feedback, consistem em motivadores extrinsecos
aplicados a acdo, e Elementos de Propriedade, que consistem nas caracteristicas e
objetivos da acdo desenvolvida.

Estes elementos foram definidos a partir de pesquisas realizadas em revisdes
sistematicas [Borges et al. 2013; Dicheva et al. 2015; Hamari et al. 2014] e do conjunto
de elementos para jogos comportamentais desenvolvido por Dignan (2011). A listagem
com a descri¢do dos elementos pode ser observada na Tabela 1:
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Tabela 1: Divisdo dos elementos

Elementos de Feedback Elementos de Propriedade
Reputacdo | Pontos Conquistas | Cooperacdo | Renovag¢do | Narrativa
Troféus Niveis Progresso Competicdo | Pressao Economia

Decisdes Atividades | Oportunidades
Cognitivas
Aleatoriedade | Segredos Novidade

A partir da combinacdo dos elementos presentes na Tabela 1, o docente
responsavel pode gerar diversas dindmicas para serem aplicadas durante, ou todo, o
periodo da disciplina. Para auxiliar na organizagao deste processo, foi gerada a Tabela 2.

Tabela 2: Tabela de Acdes

Nome da agdo: Data:

Descrigao:

Propriedades:

Feedback:

Comentarios / Acompanhamento:

Apos a defini¢do dos conceitos que serdao abordados, agdes e elementos de jogos,
inicia-se a fase de Implementacgdo. Esta consiste da aplicagdo das acdes definidas na Fase
2. Para isso, € necessario um momento com os participantes da disciplina para explanagao
das regras operacionais que terdo vigéncia durante todo o curso, as regras de atividades
especificas podem ser explanadas neste momento, porém recomenda-se que sejam
focadas apenas quando forem realizar a agdo (de modo a ndo confundir o discente, num
momento inicial).

Durante a fase de implantagdo, ¢ recomendado ao docente que realize encontros
para medi¢do da satisfagdo da turma como um todo, a fim de evitar que discentes sejam
penalizados por conta do processo. Por fim, ¢ realizada a Fase 4, validagdo, por meio de
questionarios. A Tabela 3 apresenta a descri¢ao das principais fun¢des de cada fase.

Para validar o processo, ¢ utilizado o Intrinsic Motivation Inventory (IMI), um
instrumento de medi¢do multidimensional que visa avaliar a experiéncia subjetiva do
usuario, quanto a atividade realizada. Apos coleta a andlise das respostas, ¢ possivel
planejar a proxima iteragao, utilizando também os relatos dos alunos.

Tabela 3: Resumo de execuc¢édo do método

Fase Descrigao

Defini¢do dos Contetdos Analisar planos de aula e ementas
Gerar mapa conceitual

Definir tempo da disciplina

Definir Acoes
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Definigao dos Elementos de Jogos

Definir Elementos de feedback das ac¢des

Definir elementos de propriedade das
acoes

Definir dindmicas

Preencher Tabela de A¢des

Implantacdo Explanar as  agdes que  serdo
desenvolvidas
Explanar as regras envolvidas
Aplicar o método

Validagao Aplicar o IMI para avaliar a motivacdo do

discente
Coletar relatos

Analisar respostas para proxima iteracao

5. Resultados e Discussoes

Esta secdo apresenta os resultados a partir da aplicacdo do método em uma disciplina
modular de Bioquimica, no curso de Biotecnologia. Primeiramente foi realizada a

Modulo I - Introdugéo a Bioquimica e Macromoléculas

| Agua, pH e Tampdes
|

[ I I

]

| Bioenergética e metabolismo |

ATP, moléculas energéticas,

Aminoacidos, peptideos e Glicideos: Estrutura Lipideos € membranas
proteinas e fungao celulares

Nucleotideos e
acidos nucleicos

carreadores de elétrons e
vitaminas

I

Proteinas: Estrutura e
fungao

I

Enzimas: Conceitos basicos

Enzimas e acoplamento de
reacgdes

Vias metabdlicas

I

Modulo 11l - Metabolismo energético (Aerdbico e Anaerdbico)

Controle hormonal

Metabolismo do DNA e do

Madulo Il - Introdugao ao Metabolismo biossintético e energético

RNA

Glicslise | | p-oxidagao Metabolismo de proteinas e
catabolismo de aminoacidos
Gliconeogénese e Lipdlise e
glicogendlise Mobilizagéo Ciclo da Ureia

I

Ciclo do Acido

- Corpos cetdnicos
Citrico

I

Fosforilagao
oxidativa

I

Fotossintese

I

Ciclo de Calvin

I

Via das pentoses
fosfato
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Médulo IV - Biossintese de moléculas da vida

Lipideos

| Aminoécidos e nucleotideos I |

I | Carboidratos

|
[ 1

I | DNA e RNA I

| Proteinas

Mddulo V - Integracdo Metabdlica
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Defini¢ao dos Conteudos, estabelecendo o tempo da disciplina (5 meses, divididos em 32
aulas) e gerando os mapas conceituais. Estes mapas foram divididos em modulos,
agregando os temas que foram abordados, conforme pode ser visualizado na Figura 2.

Figura 2: Mapa da definicdo dos temas por modulo (Fonte: Autores, 2016)

Ap6s a Definicdo dos Conteudos, iniciou-se a Fase 2, Definicdo dos Elementos
de Jogos, onde o docente selecionou as mecanicas que mais se adaptavam ao seu plano
de ensino, gerando uma série de dindmicas. Baseando-se na Tabela 1, o docente da
disciplina determinou que seu plano de ensino utilizaria as seguintes mecanica: Pressao
(temporal), Oportunidades, Atividades Cognitivas, Competicdo, Niveis, Progresso,
Cooperagao, Aleatoriedade, Pontos e Economia.

Haviam dinamicas que foram aplicadas em toda a extensdo da disciplina (como
elementos de Economia e Progresso) e algumas que eram especificas para algumas
atividades, um exemplo pode ser observado na Tabela 4.

Tabela 4: Exemplo da dinamica Lista de Exercicios Individuais

Nome da acao: Lista de exercicios individual Duracao: Final de cada médulo

Descricao: Serd aplicada uma lista de exercicios, sendo resolvida individualmente. Ao
final, serd atribuido um ntimero de pontos baseado na corregao da lista.

Propriedades:

Pressdo temporal: Data de entrega sem prorrogacao

Oportunidades: Todos os alunos com acesso as mesmas questdes
Atividades cognitivas: Exercicios da lista

Competi¢cdo: Mapa do progresso coletivo, mostrando todos os alunos

Feedback:

Niveis: As listas sdo interdependentes, a entrega de uma ¢ necessaria para receber a
proxima

Progresso: Mapa de progresso individual

Pontos: A pontuacdo da lista serd atribuida a nota do aluno

Comentarios / Acompanhamento:

Regra para distribuicdo de pontos: Cada acerto na lista rende ao aluno 1 ponto, que
pode ser utilizado no mercado individual, ou coletivo (Ac¢do que engloba toda a
disciplina).

Em seguida, iniciou-se a fase de Implantagdo. No inicio desta fase, foi explanado
aos alunos as regras geradas e as agdes que seriam desenvolvidas juntamente com o
cronograma da disciplina. Também foi questionado se todos estavam de acordo, aqueles
que ndo concordaram com a abordagem da disciplina seguiriam um método tradicional,
sem aplicacdo das agdes gamificadas. No entanto, todos os alunos que atenderam a
disciplina (N=24) concordaram em participar do processo gamificado.

500
145



V Congresso Brasileiro de Informatica na Educagéo (CBIE 2016)
Anais do XXII Workshop de Informética na Escola (WIE 2016)

Por fim, foi aplicado o Intrinsic Motivation Inventory (IMI) para medir a
motivagdo dos discentes, a fim de avaliar se o processo obteve o efeito engajador que
objetivava. Este questionario visa identificar certos aspectos relacionados a motivagao do
individuo, através de uma escala Lickert de 7 itens onde 1 significa "Nao ¢ verdade" e 7
significa "Totalmente verdade". Estes aspectos sdo divididos em grupos, a saber:
Interesse/Aproveitamento, Competéncia Percebida, Importancia/Esforgo,
Pressao/Tensao, Escolha Percebida, Valor/Utilidade e Relacionamento. O questiondrio
utilizado neste estudo foi construido com 21 questdes, sendo aplicado e preenchido de
forma manual (papel e caneta), ao fim da disciplina, abrangendo perguntas dos grupos:
(A) Interesse/Aproveitamento, (B) Competéncia Percebida, (C) Pressao/Tensdo e (D)
Escolha Percebida. Para analisar os resultados coletados, foi considerada a média (¢) das
respostas (Tabela 5).

Tabela 5: Perguntas do IMI e a média (1) por género

ID | Grupo | Pergunta w(F) | u(M)
Enquanto eu estava fazendo a atividade, eu estava
Pl A | pensando o quanto estava aproveitando 41 | 3,8
P2 C Eu ndo me senti nervoso(a) enquanto fazia a atividade. 49 | 48
P3 C Eu senti que foi minha escolha fazer essa atividade. 4,7 | 44
P4 B Eu acho que sou muito bom nessa atividade. 35| 38
P5 A | Eu achei essa atividade muito interessante. 6 5,2
P6 C Eu me senti tenso durante essa atividade. 29 | 33
Eu acho que me sai bem nessa atividade, comparado com
P7 B | outros estudantes. 43 | 3,7
P8 A | Fazer essa atividade foi divertida. 6 54
P9 C Eu me senti tranquilo(a) fazendo essa atividade. 38 | 4.2
P10| A | Eu gostei muito de fazer essa atividade. 52 | 4,2
P11| D Eu ndo tive muita escolha em fazer essa atividade. 3,2 4
Eu estou satisfeito(a) com 0 meu desempenho nessa
P12 B atividade. 44 | 45
P13| C Eu estava ansioso(a) durante a atividade. 38 | 3,3
P14| A | Eu achei essa atividade muito chata 19 | 2,2
Eu senti que eu estava fazendo o que eu queria, enquanto
P15| D |euestava fazendo a atividade. 46 | 3,6
P16 B Me senti muito competente nesta atividade. 44 | 3,7
P17| A |Eu achei a atividade muito interessante. 6 5
P18| C Eu me senti pressionado enquanto fazia a atividade. 3,7 | 3,2
P19| D |Eu sentiobrigacdo de fazer essa atividade. 3 4,5
P20| A |Eudescreveria essa atividade como muito agradavel. 46 | 5,3
P21| D |Eu fiz essa atividade porque eu ndo tive escolha. 3 3,2
Depois de fazer essa atividade por um tempo, me senti
p22 B muito competente. 49 | 4.1

Dentre os resultados encontrados na Tabela 5, pode-se destacar algumas analises
como: Os participantes do género feminino refletiram mais sobre seu aproveitamento
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durante o curso (P1:u(F) =4.1> pu(M) = 3.8 (dif 0.3)), além de acharem que se
sairam melhor que os demais (P7: u(F) = 4.3 > u(M) = 3.7 (dif0.6)) .

J& os participantes do género masculino se sentiram menos tranquilos durante a
aplicagdo do método (P9: u(M) = 4.2 > u(F) = 3.8 (dif 0.4)), além de sentirem que
ndo tiveram escolha em participar do processo (P11:u(M) =4.0 > u(F) =
3.2(dif 0.8)) ou que ndo estava fazendo o que queria enquanto
participava(P15: u(M) = 3.6 < u(F) = 4.6 (dif 1.0)), além de se sentirem obrigados
a terem participado (P19: u(M) = 4.5 > u(F) = 3.0 (dif 1.5)). Os participantes deste
género também ndo se sentiram competentes enquanto realizavam a atividade
(P16: u(M) = 3.7 < u(F) = 4.4 (dif 0.7)), no entanto se sentiram competentes apos
o término da mesma (P22: u(M) = 4.1). No geral, os alunos acharam que o curso foi
muito interessante (P5: u(Geral) = 5.6) e divertido (P8: u(Geral) = 5.7).

Por fim, foi realizado uma entrevista com o docente responsavel pela disciplina,
visando coletar informag¢des para melhorar o processo. De acordo com as respostas
coletadas, o docente informou que utilizou uma planilha eletronica para controlar os
elementos que foram implantados, e que a presenca de uma ferramenta computacional
mais eficiente (ou direcionada) poderia auxiliar neste processo. Também foi exposta a
satisfacdo do docente e que ele planeja utiliza-lo novamente em aulas futuras.

Sobre as discussdes do trabalho, em relagao ao trabalho realizado por [Hanus and
Fox 2014], pode-se observar que o conjunto de elementos utilizados neste estudo
influenciou positivamente na motivagdo e satisfagdo dos alunos. No entanto, ndo foi
avaliado se a performance deste grupo foi influenciada, ou a comparagao social.

Em relacdo ao estudo realizado por [Mesquita et al. 2013, 2014], o método
desenvolvido proporcionou a avaliagdo da motivacdo e satisfagdo dos alunos,
encontrando resultados satisfatorios (u(Grupo A) = 4.6), utilizando mecanicas
similares, porém com um processo mais detalhado e que aborda o uso de materiais
desenvolvidos pelos docentes.

Outra observacdo pertinente ¢ quanto a aceitacdo pelo género, uma vez que,
conforme visualizado no trabalho de [Pedro et al. 2015], os participantes do género
masculino tiveram uma performance maior que os do feminino. No escopo deste estudo,
as mulheres tiveram uma aceitagdo maior que os rapazes. Isto pode ter sido influenciado
pela selecio do conjunto de elementos de gamificacao.

Outro fator que pode ter influenciado na diferenca ¢ a idade, uma vez que os perfis
dos participantes deste trabalho s3o de alunos do ensino superior, enquanto que no outro
trabalho sdo criangas. Por fim, relacionado os dois estudos, os participantes do primeiro
estudo interagiram diretamente com um sistema, desenvolvido pelos autores, sem a
intervencdo de um professor, enquanto este foi aplicado diretamente em sala de aula,
havendo a interven¢do do docente responsavel pela disciplina.

Conforme pode ser observado nos demais trabalhos, ndo foi o foco deste avaliar
a performance dos alunos, podendo ser explorado em trabalhos futuros. O feedback do
docente também foi importante para auxiliar na evolu¢do do método, através da
constru¢dao de uma ferramenta computacional adaptativa para os tipos de elementos que
forem selecionados.
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6. Conclusoes e Trabalhos Futuros

Este trabalho apresentou uma proposta de método para gamificar aulas e/ou cursos no
ensino superior, utilizando planos de aula e ementas como base. O processo foi utilizado
em uma disciplina de Bioquimica do curso de Biotecnologia. Os resultados encontrados
demonstram que o método foi considerado divertido e interessante, e que grande parte
dos alunos se sentiram satisfeitos enquanto participavam do curso.

Uma das principais contribui¢cdes do trabalho ¢ a aplicacdo do método em um
curso de Ciéncias Biologicas, visto que a maioria das aplicacdes realizadas sdo nas areas
de Computacao e Engenharia, com um perfil de discentes mais propicio aos elementos de
jogos presentes na gamificacao.

Além disso, acredita-se que este trabalho também contribua diretamente para a
area de ensino de modo a fornecer uma estratégia para o uso do processo de gamificagdo
em conjunto com planos de aula, ementas e outros documentos organizacionais,
produzidos pelo professor. Deste modo, facilitando a implantacdo do processo nas aulas
ministradas.

Por fim, os elementos customizaveis apresentados no modelo permitem que este
se adapte a diversos publicos, visto que este ¢ uma das grandes dificuldades de trabalhar
com o processo em um ambiente heterogéneo, onde nao se conhece o perfil de cada aluno.
Deste modo, € possivel estudar os efeitos que os elementos implementados implicam nos
discentes.

Como trabalhos futuros, espera-se melhorar a formalizacdo do método, assim
como aplicar uma metodologia mais especifica para o desenvolvimento de atividades
colaborativas, visando os objetivos educacionais e suportada pela Teoria da
Autodeterminagdo. Além disso, também espera-se implantar o processo em outras areas
do conhecimento, a fim de explorar os perfis de alunos e elementos que sdo mais propicios
a engaja-los. Por fim, espera-se poder realizar um estudo longitudinal a fim de verificar
se o método influéncia de forma positiva na performance dos alunos.
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ARTICLE INFO ABSTRACT

Gamification planning has been a topic of discussion in the last years since it can be used to increase perfor-
mance, engagement, and motivation of end users. When properly applied in educational settings, gamification
can lead to better learning. Furthermore, it can be boosted when tied to social networks. However, according to
the literature, there are three main concerns regarding this topic: (a) instructors and teachers does not have the
resources to plan and develop gamification strategies into their classes; (b) gamification needs a systematic
approach to achieve the desired positive results; and (c) inexistence of systematic approaches that connect and
help in the design of gamification and social network tasks within these contexts. Thus, this work proposes a
solution to help instructors and teachers to plan and deploy gamification concepts with social network features
in learning environments. In this paper, we detailed our approach depicting the set of items to analyze and
compare it with other solutions that are focused on education. Then, it was conducted a case study over a
programming course (N = 40) to analyze the planning and deployment phases. Our results demonstrated that
our approach is the first to consider the stakeholders (i.e. instructors and teachers) as part of the process.
Moreover, even though there are still some obstacles to overcome, the gamified strategies that were created
achieved positive acceptance among the students and professor.

Keywords:
Gamification
Social network
Assessment
Case study

1. Introduction

Gamification approaches are methods, processes and frameworks
(Mora, Riera, Gonzalez, & Arnedo-Moreno, 2017) that help users to
define systematically how to use game elements in a specific non-game
context, as Werbach & Hunter Six Steps to Gamification (Werbach &
Hunter, 2012) and Marczewski G.A.ML.E framework (Marczewski,
2015). The number of these approaches have increased in the past few
years, due to the popularity of the term and positive results that were
achieved and the growing interest in games due to its usefulness and
enjoyment, especially in the education field (Dichev & Dicheva, 2017;
Hamari & Keronen, 2017; Hamari & Koivisto, 2015). According to
Zichermann and Cunningham (2011) these systematic approaches are
necessary to provide good results. Although a significant number of
frameworks and processes have been created in the past years, there is
still a lack of approaches that focus on educational areas and that
consider the stakeholder as part of the process (Mora et al., 2017).
These stakeholders, usually instructors and teachers, have interest on
using gamification in their educational contexts. However, constraints

in time and resources to help them to plan and deploy gamification are
scarce (Marti-Parreno, Segui-Mas, & Segui-Mas, 2016; Sdnchez-Mena &
Marti-Parreno, 2016). Finally, there is a lack of approaches that connect
gamification with social networks due to the complexity of merging
them. In this work, we adopt the definition of Boyd and Ellison (2007)
of Social Network Sites, according to the authors, these are web-based
services that allows individuals to construct a public or private profile
and manage a list of connections and interaction with other users. We
believe that using SNS, as web technologies, is reasonable because ac-
cording to the literature, the benefits of gamification (such as the in-
crease in motivation, performance, and engagement of students) can be
boosted when applied together with social network features (Borges,
Durelli, Reis, & Isotani, 2014; De-Marcos, Garcia-Lopez, & Garcia-
Cabot, 2015; Kapp, 2012; Lim, Lee, & Nam, 2007; Paiva, Bittencourt,
Tendrio, Jaques, & Isotani, 2016; Parikh & Verma, 2002; Tenorio,
Bittencourt, Isotani, Pedro, & Ospina, 2016; Zichermann &
Cunningham, 2011). Finally, the literature also states that by in-
tegrating e-learning technologies and face-to-face learning ensures that
the learner is stimulated through the process (Chang, 2016). Although
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our chosen social network does not have educational purposes, we
aimed at identifying functionalities that could be used to improve the
learning process.

Based on this premise, the main objective of this work is to develop
an approach, by incrementing an existing meta process (Toda, do
Carmo, da Silva, & Isotani, 2018), to help the instructor to plan and
deploy gamification with social networks in their courses. To develop
this approach, this work will: (a) introduce guidelines for planning and
deployment of gamification; (b) develop an instrument to validate the
social network and gamification concepts, along with the instructor's
influence; (c) conduct a study in a real environment; and (d) analyze
this process using the criteria defined by Mora et al. (2017).

Thus, it was conducted a case study within a programming course in
an undergraduate computer science course. The class was composed of
40 students and a group of instructors. It was also developed a tool to
evaluate the acceptance of gamification concepts within the social
network frequency and the influence of the instructors in the approach.
It was also provided a qualitative analysis of our approach called
GAMIFY-SN based on the items proposed by Mora et al. (2017).

To present our work, we divided the paper as it follows: Section 2
presents the related works; Section 3 presents the approach, along with
its methods and tools that were used to perform the case study; Section
4 presents the results and discussions; Section 5 presents the conclu-
sions and future works.

2. Related works

This section present works that relates gamification in educational
contexts. Although there are a significant number of studies in this field
(Dichev & Dicheva, 2017) as the framework of Klock et al. (2015)
which apply gamification in virtual learning environments, or the work
of Toda, Silva, Cruz, Xavier, and Isotani (2016) that applied a meta-
process in biochemistry classes, we focused on presenting works that
intersects gamification and social network concepts. The earliest re-
search was conducted by Thom, Millen, and DiMicco (2012) where the
authors deployed a social network with gamification concepts in a
business context. The main objective of this study was to analyze the
removal of gamification concepts from the enterprise social network.
The gamification of this system aimed to increase user participation by
giving points to those who sent messages, uploaded photos, or used
other features from the social network. The employee's interactions
within the system were represented by a leaderboard. In this study, the
authors reported that 3486 interactions between the subjects were
analyzed with gamification elements and without the gamification
elements. According to the authors, the removal of the points decreased
drastically the participation and interactions within the enterprise so-
cial network. Although this work presents empirical and significant
evidence on the impact of gamification removal, it does not present a
systematic way to implement gamification within social networks, nor
to apply it in an educational context.

Next, De-Marcos et al. (2015) performed an experiment, providing
positive empirical evidence on the utilization of gamification with so-
cial networks. The authors defined four groups, besides the control
group, aiming to analyze an educational game, a gamified system, a
social network, and a social network with gamification concepts. Ac-
cording to the authors, students that were in the social network with
gamification concepts groups achieved the highest scores and conse-
quently obtained a better performance than the other groups. The study
is relevant for presenting empirical evidence on the subject. However,
the authors did not focus on the instructor's point of view, nor in a
systematic approach to help in the implantation of the game elements
within those environments.

Another relevant work is the one conducted by Wongso,
Rosmansyah, and Bandung (2014) where they proposed a gamification
framework model based on social engagement and Web 2.0 features.
The conceptual framework is divided in five steps: Analysis, where the
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researchers must define the Web 2.0 and social features and gamifica-
tion features (six elements, reward system, point system, achievements,
challenges, feedback and leaderboards); Design, where the features
defined in the previous step will be used to build a blueprint. During
this phase, the researchers also prepare the learning materials, by di-
viding previous learning assignments in smaller ones that will allow the
students’ to visualize their progress; Development, where the researcher
must connect the web 2.0 features and gamification elements that were
chosen; Implementation, where someone is responsible to code the
features within an e-learning system or build it from scratch; and
Evaluation, where the learner is assessed within the system that was
modified or developed. Although the framework presents some ideas
regarding the use of social elements, it is focused on using existing e-
learning systems as Moodle or Blackboard. Also, the authors did not
evaluate or instance the framework to verify its applicability.

Finally, Aratijo and Pestana (2017) proposed a framework for social
and physical well-being in the workplace using gamification techni-
ques. The authors propose an approach that focus on improving well-
being as well as to improve their skills in specific subjects (“soft” and
“hard” skills). These skills were represented through a gamified dash-
board where the gamification allowed a self-assessment of the expected
behaviors. Although the framework focused on using gamification to
improve motivation and skill acquisition and the dashboard present
some SNS concepts, it is not applied within an educational context.

Although these studies are related, one of them do not present ga-
mification and social network in educational context, another present
an empirical study but not how to gamify using those concepts, and
finally the last one provides a work in progress guidelines, however do
not present empirical evidence. Based on these studies, we proposed the
definition of a systematic process that can aid in the planning and de-
ployment of gamification within social networks, and an analysis with
the students and instructors that were enrolled in the course. And in-
stanced that approach through a case study.

3. GAMIFY-SN

This section has the objective to explain the GAMIFY-SN approach,
to help the instructors to plan and deploy gamification concepts within
social networks. It also explains the method of analysis that was per-
formed to collect the properties of the approach.

3.1. Guidelines

The approach requires a game designer and an instructor to work
properly, with each role performing their specified tasks. The instructor
(or teacher with knowledge in instructional design) is responsible for
developing and applying the instructional objectives of the class. The
game designer, on the other hand, is responsible to help the instructor
to choose the right game elements to pursue the instructional behaviors
that are intended, and to help in the evaluation process of those be-
haviors.

The approach is divided in four steps, each one with their own sub-
steps that must be followed to assure the efficiency of the approach.
These steps are: Defining the content, Defining the Game Elements,
Deployment, and Evaluation (Fig. 1). Each step requires one of the two,
or both, roles associated with the approach (Instructor and Game De-
signer).

The first step is the Definition of the Content, which is performed by
the instructor. This phase contains four sub-steps, which are the ana-
lysis of content, the mapping of activities, mapping of social network
features and the representation. The first sub-step consists in analyzing
the previous content that was generated by the instructor to understand
and define the tasks that were proposed to achieve a certain instruc-
tional objective. This content can be represented through any instruc-
tional resource used in traditional instructional lessons, e.g. lesson
plans or lesson summaries. Following that, the instructor must map the
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Fig. 1. Flow chart describing the GAMIFY-SN. Normal rectangles represent actions of each sub-step. Wave rectangles represent the documents that are generated
or used. Rectangle with sides represent an action with other sub-steps within. Diamond represent conditions. Hexagon represent the observation sub-step which is

performed during the deployment phase in a physical/virtual environment.

tasks that will be performed; these tasks can be represented as activities
or another kind of evaluation that is used within the instructional
content. Next, the instructor must select the social network features
intended to be used within the tasks, to help in the understanding of the
instructional content. Due to the increase of social network sites in the
last decade, we provide some features that are shared by most of them
(e.g. Twitter, Facebook, GooglePlus) as: Posting a comment on a users’
activity, where the users can comment or reply to a status update re-
garding the course; Update and/or Sharing status, regarding course or
content information; Post materials (photos, videos or other supported
types of files) about the content or other relevant information to the
course; Add course colleagues and create groups to encourage co-
operation (Boyd & Ellison, 2007; Wongso et al., 2014).

These instructional tasks, tied or not to a social network feature,
contain a desired behavioral outcome, and these outcomes will help the
game designer to choose the right evaluation for the instructor and the
mapping of the tasks will support the instructor to create the re-
presentation of the lesson plans. This representation is used to under-
stand the logical flow of the content and how the tasks are connected to
it. This structure can also help the game designer to propose a set of
elements to use within the lesson or each of the tasks. Followed by the
creation of the representation, it is the first step of the Definition of the
game elements phase.

The second phase of the process requires the structure that was
generated in step one, and both the instructor and the game designer. It
is divided into three sub-steps which are: Analysis of the
Representation, Definition of the Gamified Tasks and Definition of
Evaluation. To help the game designer to choose the game elements, we
defined the concept of Gamified Task. This Gamified Task allows the
use of game elements in the instructional task following the structure of
an instructional task. This instructional task contains an instructional
objective (which is the main goal of what is intended to be accom-
plished by the teacher) tied to an event that will be performed by the
instructor, e.g. make the students learn a concept, through expositive
classes. However, the instructional objective is tied with a game prop-
erty and feedback, as the strategy that will use those elements (Fig. 2).
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The objective of the gamified task is the same objective of the in-
structional task, e.g. make the student understand a concept definition.
The instructional resources were previously defined by the instructor,
which can also be some of the social network features, e.g. the social
network of choice, writing tasks, digital presentations, etc. Following
the instructional resources, the game designer can help to select the
best game elements, divided into feedback and property. These ele-
ments were based on Dignan's framework for developing behavioral
games (Dignan, 2011; Toda et al., 2016). The feedback elements can be
used to help in achieving the objective of the gamified task, allowing
the instructor some freedom on which elements to use on which tasks.
To illustrate the use of these elements, it is presented a brief con-
ceptualization of each one in Table 2, along with some examples on
how to use them in educational contexts and the works that also used
those elements.

Based on the elements presented on Table 2, the instructor, along
with the game designer, can create gamified strategies within their
gamified tasks, without modifying its instructional structure e.g., The
objective of the task is to make the students learn a specific content
about math using the features of posting comments on the SN forum. To
achieve this objective, the game designer can propose the use of co-
operation property and a point feedback, along with trophies to gen-
erate the following strategy: “When the students reply a post with re-
levant information, both students get points, and when they reach a
certain amount of points they get a badge of “Big Helper” (Hypothetical
name), representing the success of those students”_. Based on the de-
sired behavior, which could be defined in the representation, the de-
signer may also propose a form of evaluation, e.g. if the task is related
to increasing student's motivation, the designer may propose the use of
the Instructional Materials Motivation Survey (IMMS), which is based
on Motivational Design, to measure students’ motivation. After defining
the gamified tasks that will be used within the class, the instructor can
begin the Deployment phase.

In the Deployment, the instructor applies the gamified tasks within
their lessons. This phase is represented by three sub steps: Onboarding,
Application, and Observation. The Onboarding is a pre-lesson where the
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Fig. 2. Gamified Task.

instructor explains the instructions of the gamified tasks, the length and
other rules associated with it. Also, the gamified tasks should not be
mandatory, since the students have the choice whether they want to
“play”_ the lesson or not. The application consists in the deployment of
the gamified tasks as they were planned. As for the Observation sub-
step, the instructor, alongside any support, may observe the behavior
and acceptance of the game elements by the students. This observation
can be performed through questionnaires or notes taken in classes
during and after a gamified task. These notes are important for the
analysis to understand how the students react to the game elements that
are being applied.

Finally, after the Deployment phase, we begin the evaluation phase.
This consists in the application of questionnaires to evaluate the in-
tended behavior and the acceptance of the gamified tasks. The accep-
tance of the gamified tasks is important for the game designer to im-
prove those tasks in future instances. After the evaluation, an analysis is
performed by the game designer and reports are created to depict the
results. In the scope of this project, the instructor aimed to evaluate the
students’ performance. However, it was evaluated the meta-process in 3
dimensions: the social network use and frequency, the gamification
elements acceptance and the instructor's influence, from the viewpoint
of the students. It was also interviewed the instructor and his assistants
after the study to collect feedback about the meta-process.

3.2. Qualitative evaluation

To analyze our approach, we conducted individual in-depth inter-
views (DiCicco-Bloom & Crabtree, 2006; Opdenakker, 2006) with four
experts, two from the computers applied to education domain and two
from the gamification domain. Each interviewee received a partial
documentation of the approach (as seen on https://docs.google.com/
document/d/1U0YVism_m4shOA_ctSmc-JvW4qj7p5ZsxuDQE0YU224/
edit?usp=sharing) to be prepared for the interview. We based our
questions on the assessment proposed by Mora et al. (2017). This
evaluation consisted in analyzing 21 game-related items divided into
six categories, one qualitative (Principles) and five quantitative
(Knowledge, Logic, Psychology, Measurement, and Interaction). They
were based on relevant design principles that were commonly found in
these approaches. A summary of these items can be seen in Table 1.

We used the same scale proposed by Mora et al. (2017), by verifying
with the experts if our approach contained each Item explicitly (E),
implicitly (I) or unreferenced (U).

4. Results

This section presents the contributions of this research. Initially, it is
presented the qualitative assessment of our approach to demonstrate its
advantage, and then it is explained the planning and deployment of the
case study, along with the results that were found.

4.1. Qualitative evaluation

Based on what was exposed in Section 3.2 our interviews were
conducted through instant messengers and audio calls to facilitate the

Gamified Task I|

Table 1
Items proposed by Mora et al. (2017).
Item Description
Knowledge Objective Specific performance goals
Feasibility Evaluation and analysis of the potential of
applying gamification
Risks and Probability of any negative occurrence
weakness
Investment Benefit resulting from the gamification
Stakeholders Identify and consider the people who
interact with the process
Logic Engagement cycle Game mechanics combined with
reinforcement and feedback (Dynamics)
End-game Pre-established end game
On-boarding Introduction to the new participants
Rules Body of regulations depicted by the designer
Psychology Fun Enjoyment or playfulness
Motivation Behavior that make people want to redo an
action
Social interaction Interaction between participants
Desired behavior Expected response of participants after
interaction
Profiling Identify the participants
Players’ taxonomy Player type categorization
Measurement  Analytics Algorithms and/or data used to measure key
performance indicators
Metrics Standards of measurement
Ethics Recommendation of right and wrong
conducts
Interaction Storytelling Context created by the designer

User experience

Everything within the gamified practice that

can be interacted by the participant

Technology Use or need of a software or component

communication with the interviewees. This analysis was divided into
five groups, the same proposed by Mora et al. (2017). A summary of the
interviewee's answers can be seen in Fig. 3.

4.1.1. Knowledge

Regarding the Knowledge Item, most of the interviewees (75%)
agreed that the documentation contained an explicit objective of our
approach, while one expert said it was not very clear, but it could be
abstracted. As for the feasibility, there were mixed results. The experts
from computers in educational domain agreed that feasibility was ex-
plicit for them, since the roles and its activities were clearly explained.
However, the gamification experts believed that this feasibility was
lacking in the document, considering unreferenced. Risks and Weakness
did not achieve a consensus, with two interviewees agreeing that they
were implicit, one saying it was explicitly based on their experience and
other saying it was unclear in the documentation. Investment also did
not achieve a consensus, but two interviewees agreed that this concept
was not referenced, while one said, again, that it could be abstracted
based on their experience and other said it was clear. Finally, all in-
terviewees agreed that the stakeholder was an essential part of our
approach and that it should be considered.
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Fig. 3. Evaluation performed by the experts.

After answering those questions, the experts could make any com-
ments they desired. One of them said that the documentation was very
brief and could not provide all the information that was analyzed. Other
expert said the documentation could be improved by adding more de-
tails regarding each sub-step.

4.1.2. Logic

The engagement loop was considered an explicit item in our doc-
umentation to 3 out of 4 experts (75%). However, the other experts
explained that they did not consider our game elements as part of the
engagement loop, answering that it was not referenced. As for the end-
game, all the experts agreed that they were presented in our approach.
However, half considered as an explicit concept in the documentation
and the other half consider it implicit. According to the interviewees
that answered the concept as being implicit, the end-game should be
present at the end of the instructional activities, since those activities
always contain an end. The onboarding did not achieve a consensus,
with half of the interviewees considered it something explicit (due to
the sub-phase in Step 3), and the other half considered it unreferenced,
explaining that this phase cannot be considered an on-boarding process.
Finally, 3 experts considered that our approach contained rules, with
two saying that those rules were explicit and one saying it was implicit
in the game mechanics. One of the interviewees did not find the rules
concept.

Regarding the logic item, one of the gamification experts criticized
the fact that our approach was heavily based on game mechanics rather
than other important factors that should be addressed by gamification.
Two of the interviewees also suggested that each strategy should be
addressed with the intended behavior they were designed for. Finally,
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one of the gamification experts asked to improve the description of the
game elements in the documentation.

4.1.3. Psychology

Psychology was the item with the highest level of agreement be-
tween the interviewees. Regarding the Fun item, 3 out of 4 interviewees
considered its approach explicit enough, since gamification has the goal
to make the tasks more fun. However, one of the gamification experts
stated that the concept was not referenced in the documentation in the
same way as it was written. Motivation achieved a full level of agree-
ment among the experts. However, 3 out of 4 of them have stated that
they considered it an implicit concept due to the gamified strategies
being based on a motivational theory. All the experts agreed on the
presence of Social Interaction in our approach, although one of the
gamification experts stated it was implicit in the game elements.
Desired behavior was considered an explicit item in our documentation.
However, one gamification expert stated that the desired behavior
should be connected to the gamification strategies, as they were not
referenced enough in his opinion. All the experts agreed that our ap-
proach did not consider Profiling or Player Taxonomies.

Regarding the interviewees responses covering this specific group of
items, we believe that our approach needs to be improved regarding its
documentation. We also want to add profiling and player taxonomies to
our approach, since they are important factors that are not con-
templated yet.

4.1.4. Measurements

In this group of items, the experts achieved a full agreement re-
garding the Analytics and Ethics items. According to them, the items
were not referenced in our documentation. As for the metrics, the ex-
perts did not achieve a consensus. 3 out of 4 believed that our doc-
umentation explained the metrics, in an explicit or implicit fashion. One
of the interviewees said this concept was not well covered in our doc-
umentation.

The comments regarding the Measurements were suggestions on
how it could be improved the approach by collecting the data for
analytics. Another suggestion was to improve the documentation re-
garding what could be measured and how it should be measured. The
ethics item, although not referenced, did not have any comments.

4.1.5. Interactions

The last group of items also had a considerable level of agreement
among the interviewees. All the experts agreed that Storytelling was
implicit in our approach, due to the narrative game element. However,
two of them stated that the description and explanation of how to use it
should be improved. Regarding the UX (user experience), 3 out of 4
found it an implicit concept, and one considered lacking references. The
comment regarding this topic was directly affected by the lack of tools
aiding in the process. Finally, 3 out of 4 experts agreed that our ap-
proach did not referenced any technology, while the other one stated
that this concept was indeed explicit, due to the need for social net-
works.

In general, all the experts praised how easy it was to understand the
approach, although some of the experts stated that this also made the
documentation very difficult to understand and that it should be im-
proved and detailed.

4.2. Case study

To instance our approach, we conducted a descriptive case study
within a programming lesson of an undergraduate course in computer
science (Toda et al., 2018). This case study was based on the concepts
defined by Yin (2009), where we aim to explore the instance of GA-
MIFY-SN in a real context. To guide our case study, we defined the
following research question “How does GAMIFY-SN impact a real
educational context?” followed by “Does the gamified tasks pleases the
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Fig. 4. Structure as seen on Toda et al. (2018).

students and instructors?” through a quantitative and qualitative
viewpoint.

To instance our case study, we asked an instructor to instance our
approach. Next, the classroom environment was chosen according to
the instructor's choice and the instructional material that was available.
The class consisted of 40 students, from an age group of 18-24 years
old. The researchers were available anytime the instructor needed any
support with the approach and within the classes to take notes. The
researchers took notes during the Implantation phase and interviewed
some students (n = 20) to obtain their feedback. The approach was
instanced through a programming lesson course that lasted one seme-
ster and the researchers developed a questionnaire of 15 questions, with
3 different dimensions: Social network frequency; Gamification ele-
ments acceptance; and Instructor Influence in the approach. Six ques-
tions aimed to evaluate the frequency and use of social network, five to
evaluate the gamification elements that were used and four to evaluate
the instructor influence. The questions were based on a Likert scale,
varying from 1 to 5, where 1 was “I fully disagree”_and 5 was “I fully
agree”_.

Findings from the case study

Initially, the instructor had access to the documentation of the ap-
proach and a meeting with the researchers to deploy it. To conduct our
study, the existing approaches were modified and merged (Mesquita,
Toda, Brancher, & do Carmo, 2013; Toda et al., 2016) to systematically
plan and deploy gamification concepts with social networks in a
classroom context. To achieve this goal, the professor was helped to
analyze the structure of the course to create a representation of it. The
instructional resources that were available were lesson plans which
were developed to use Social Network concepts to aid in the teaching of
the concepts related to programming. Those lesson plans followed a
traditional approach with in-class lectures and task lists to exercise the
concepts that were taught. The structure demonstrated a direct flow
chart behavior where the first node was the Input and Output com-
mands, and the last was the String commands (Fig. 4). The “pointers”
concept was explained twice in this flow chart due to time restraints
that hindered the teacher do finish the content before the end of the
first part of the course.

After creating the representation shown in Fig. 4, the instructor
selected a social network (Facebook') that contained forums, message
exchanges and status updates as main features. The social network also
allowed to upload and download files from the course. Finally, the in-
structor aimed to make the students understand those concepts as the
desired behavior, focusing on their performance. Then, based on the
analysis of the instructional resources of the course, we started the

1 http://www.facebook.com

development of the gamified tasks. Each instructional task that was
associated to a content went through the Definition of the Gamified
Task (as seen on Fig. 2). The main objective of the tasks was for the
students to understand the concepts and to perform the programming
exercises applied to them. These exercises, together with all commu-
nication between students and instructors, were made through a social
network. An example of a gamified task that was created can be seen on
Fig. 5. Examples on how to apply the game elements within tasks can be
seen on the section “Definition of the Game elements” in the docu-
ment presented in Section 3.2. In this example, after the analysis of the
structure that was defined by the teacher and discussed with the re-
searchers, there was a task named “Exercise the concept of input and
output commands”. Based on the researchers’ background, they suggest
the use of Points and Levels as feedback elements and Competition and
Cooperation as property elements. Then, they defined the strategies
“Give Points”, “Accumulate points” and linked them with the properties
“Help a student” (Cooperation) and “First who gets the question right”
(Competition).

Before the gamified tasks began, the students were asked if they
wanted to participate in the gamified course or the traditional one (with
lessons, exercises, and tests). The students that opted for not taking part
in the gamified course were not accounted for in the interviews and
observation phase. This competition was based on the tasks given by
the instructor. Each task contained a specific number of points that was
given to the first student that completed it properly. When the students
reached a predetermined number of points they would increase their
level and acquire new skills that could be used to solve the tasks that
were given. This level would be converted in the student's final grade at
the end of the course. The students could keep track of their progress
through a leaderboard in the forum that was updated after every class.
Other gamified tasks were generated, but only added experience points
to the student's current amount of experience, as the frequency of the
course and participation. The incentives were given to improve their
behaviors within the class. The practice was supported and conducted
through the social network. After defining the gamified tasks, we began
the Deployment phase.

During the Deployment phase, it was noticed that some students
presented some level of enthusiasm and an increase in their participa-
tion in the classes and forum. This online participation increased during
the days that the tasks were given, since the students asked for help or
submitted tips on how to solve the problems. During the observation, a
group of students was interviewed (n = 20) to generate a feedback on
the core gamified task dynamics. Through this interview some problems
regarding the students during the course were identified:

e They were not pleased with the competition dynamics, since only

the first student answering correctly would obtain the points.
e They complained about the number and difficulty of the tasks.
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Fig. 5. Definition of a Gamified Task example.

e They were pleased with the use of the social network to exchange
messages with the instructors.

e They were pleased with the progress representation but not with the
leaderboard that was shown to every student in the class.

e They perceived/felt that they were learning more/having a better
performance because of the progress representation.

After the Deployment phase, we began the Evaluation phase. The
instructors wanted to evaluate the performance and engagement of the
students during the course. They performed (qualitative) interviews
with the students and asked them to answer a self-evaluation ques-
tionnaire to understand how the students perceived their performance,
after the gamified course. According to the instructors, the student's
grades improved in relation to past lessons. However, we cannot affirm
with certainty that the students’ grades were influenced or related to
our approach since this was not a focus of the work.

Next, our questionnaire composed of 15 questions was applied after
the final evaluation, to minimize the bias in the student's responses.
Most of the students were pleased with the gamified course, obtaining
an average of 3.5, especially with the experience points system that
obtained an average of 4.02. A summary of our results can be observed
in Fig. 4. The statistics demonstrate that the gamification was well
accepted by the students, especially the progression system. Regarding
the social network, students reported that they increased the access on
the study group during the gamified experience, and socialized more
with their peers, to help them in solving the problems that were given.

The most important results were the instructors’ influence in the
gamified activity. The students evaluated the following points in the
questionnaire: the instructor's feedback, that was given when the ex-
ercises were delivered; the instructor's incentive, that was given
through the social network and during classes to encourage the re-
solution of problems; the instructor's interference within the gamified
task, with specific potential changes in the rules or mechanics during
the tasks that were given; and the instructor's explanation of the rules,
performed every time a new task was given.

Students also reported that the feedback and instructions were
crucial to their satisfaction of the gamified task (Fig. 6). The students
also stated that the social network gained a new meaning in their
academic life and started to use the community to exchange materials
and tasks from other subjects. We identified some correlations (p)
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among our variables. Using Pearson's correlation coefficient, we iden-
tified that the progression system of gamification was well accepted by
students due to the instructor's feedback (p = 0.74) and instructions
(p = 0.71). The progression was also well accepted by students that
liked the level system (p = 0.76). This result may imply that to have a
well-accepted progression mechanic, the instructor's instructions and
feedback must be present, e.g. the instant feedback that the students
received when submitting the exercises and the instructions given by
the instructors before every gamified activity. In our sample, a higher
coefficient values for the instructor's variables was found. According to
our data, the instructor's instructions, incentive and feedback are
strongly related (p > 0.7). This may imply that to have a good gami-
fication, the instructor must be an active part of the process, explaining
the rules, giving instantaneous feedback and encouraging participation.
To analyze the point of view of the instructors, interviews to un-
derstand the planning and implantation phase were performed. The
instructors stated that the gamified core task was fun, and the social
network community was a good tool to improve communication be-
tween them and the students. However, they found it very laborious.
Due to the game elements that were chosen, a student would have to
deliver 4 tasks, which means that they needed to perform up to 40
exercises to reach the maximum level (10). In other words, they would
need to solve a total of 1600 to reach the maximum level. To reduce the
workload, some rules and mechanics were modified, as well as the
number of students per group and the experience points of the ques-
tions, to give chance to every student to reach the maximum level.
Another point focused by the instructors was the automation of the
process, helping them to choose the elements and strategies to be used,
without the physical need for the gamification expert. They also stated
that even though the experience was fun and engaging, it took a lot of
time to plan and to manage. In summary, three main obstacles were
reported by the instructors: planning the resources, automation of the
process and time and corroborating the results found by the literature
(Marti-Parrefio et al., 2016; Sanchez-Mena & Marti-Parrenio, 2016).

5. Discussion, practical implications and conclusions

Based on our results, we believe that our approach can aid in the
planning of gamification in classroom environments using web tech-
nologies (as SNS) to improve the students’ experience. Based on the
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comments provided by the specialists, we understand that our approach
lack some of important aspects to be considered within gamification.
On the other hand, those aspects were not mentioned by the instructor
that used the approach, during the interview, and the results of our case
study demonstrated a good acceptance by the students and the in-
structors. The instructor's comments on the approach were crucial to
understand the flaws to improve it in the next iterations. As for practical
implications, we believe the difficulty of managing the gamification
that is planned can be related to the number of elements used within
the context. However, this topic is out of the scope of this project
(which aims at aiding the instructor) but can be explored in future
studies.

In this work, we focused on explaining the guidelines, application
and analysis of the GAMIFY-SN approach. The guidelines presented in
this work can help the instructors and teachers to plan and deploy
gamification with social networks within their lectures, requiring only
instructional resources. Our results proved the success of the Gamified
Task that was implanted within the social network environment, cor-
roborating the results found in De-Marcos et al. (2015). Another result
of this work is the strategy that can be replicated in other programming
courses that follow the same curricula. Finally, we provide some in-
sights on the instructor's point of view of the design and implantation of
the gamification process, which is not well reported in the literature.
Based on what was exposed we believe that some of the contributions of
this work are:

e The approach that support gamification planning and deployment.

e Empirical evidence on the use of this approach.

e Validation of the documentation by specialists.

e Summarization of strategies that can be used within educational
contexts, especially in classroom contexts.

A practical challenge of our work is how to automate the process to
ease the task or even exclude the game designer, so the instructor can

Appendix A. Game elements strategy

use the gamification without the aid of a game designer and without
having to know everything that is related to game studies and gamifi-
cation. We believe that by using data-driven gamification we can
minimize the presence of the game designer, by using data of other
gamified studies or contained within gamified systems to generate
strategies that can be easily read and understood by the instructor.

Some limitations of our case study include the technical problems in
the deployment phase, where the number of exercises was not pre-
viously considered in the planning. Another limitation is an evaluation
that focused mainly on the reports of the students and the point of view
of the instructors and their motivation, engagement and performance
was not properly evaluated and discussed in this work. Finally, the
analysis was performed by the experts, based on the documentation and
guidelines of the approach; however, since there is no valid tool to
evaluate, we conducted our analysis based on a previous one that was
performed by Mora et al. (2017), in which they interviewed the experts
and asked if the approach contained each of the items that were pro-
posed for the assessment. For future works, we intend to model a macro
process that will contain all the features collected by Mora et al. (2017),
also integrating features from other gamification approaches. We also
intend to formalize the assessment of the framework by applying a valid
tool to measure each of the items that were proposed. Finally, we intend
to perform a deeper investigation regarding the point of view of the
instructors, to collect requirements to implement a tool to automate this
process, allowing the instructors to author their own gamified strate-
gies.
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while detailing and expanding this taxonomy. In the current paper, we describe our
taxonomy in-depth as well as expand it. Our new structured results demonstrate an
extension of the proposed taxonomy which results from this process, is divided into
five dimensions, related to the learner and the learning environment. Our main
contribution is the detailed taxonomy that can be used to design and evaluate
gamification design in learning environments.

Introduction

Gamification has been extensively used in educational environments and instructional
practices (Dichev and Dicheva 2017) to enhance students’ engagement and motivation
through the employment of game design elements outside of a fully-fledged game
(Barata et al. 2015; Deterding et al. 2011; Kapp 2012; Nand et al. 2019). While recog-
nizing the available game elements and choosing which of them must be employed in
gamified environments are not trivial tasks, some gamification frameworks are aiming
to help designers with that. However, many of these frameworks have no common un-
derstanding of the set of game elements that can be used by gamified systems and the
knowledge on how to apply them. (Dichev and Dicheva 2017; Klock et al. 2018b; Mora
et al. 2015; Toda et al. 2018b). Besides, there are no naming conventions and the
process to support which elements belong to gamification are other issues found in
gamification literature in general, as they use different synonyms for the same game
element, e.g, badges and trophies (Koivisto and Hamari 2019; Pedreira et al. 2015;
Seaborn and Fels 2014).

All these hinder the adoption of gamification by teachers and instructors, since
recent studies demonstrated that these specialists have interest in using gamification
but does not have time or resources to make sense of differences and similarities in
deciding which game elements to use, as well as which game elements are more

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International

@ Springer Open License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
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appropriate in educational context (Marti-Parrefio et al. 2016; Sinchez-Mena and
Marti-Parrefio 2016; Toda et al. 2018a). Aiming to solve this problem, an initial tax-
onomy of game elements for gamified educational environments was proposed and
evaluated [omitted for blind review]. We defined a poll of 21 game elements, alongside
their synonyms, and validated them through two surveys with experts in the field of
gamification in education. However, the initial taxonomy did not present how these ele-
ments could be grouped and organised in a way that could guide researchers, designers
and instructors to use them more efficiently. Here, as an extension of a previous study,
we propose to answer a more practical research question “How can we use the proposed
taxonomy to analyse and evaluate gamified educational environments?”. By answering
this research question, our contributions include:

e improving the existing taxonomy, by providing details on the selection, description,
and use of these elements to evaluate and analyse existing systems;

e proposing recommendations on how to hierarchically organise these elements
semantically, to be used by designers, teachers, and other education stakeholders.

Related works

Gamification frameworks are not a novelty nowadays, and recent literature reviews
have mapped more than 50 frameworks focused on how to design gamification in a
specific or broad context (Azouz and Lefdaoui 2018; Mora et al. 2017). However, only a
few of them were focused on education and learning contexts (less than 10). Following
the nomenclature issue previously described, these frameworks proposed different
concepts with similar descriptions: while “a title attributed to the player that he can use
to compare with others” is called Social Status by Marczewski (2015), it is a Classifica-
tion in Dignan (2011). In this section, we present some existing taxonomies based on
their adoption and the context of the framework/taxonomy.

Concerned with general contexts, which are frameworks that were created for
general purposes, we have the taxonomy proposed in six steps to gamification (6D)
(Werbach and Hunter 2012) presenting a hierarchy of game elements using Dynam-
ics, Mechanics and Components, based on the MDA framework (Hunicke et al.
2004). In this classification, the top of the hierarchy is composed of the Dynamics,
which are the abstractions related to the task that is being gamified. These Dynamics
used to create the motivation to perform the task and are manifested via Mechanics.
The Mechanics are the processes used to drive the users’ actions and are presented
through the Components. Finally, these components are extrinsic rewards and feed-
back features like points, badges, etc. The taxonomy presented in the 6D framework,
however, does not provide the user with clear strategies on how to combine these
elements properly. Also, being a general framework, it lacks instances on educational
environments, validated empirically.

Next, we have the GAME framework (Marczewski 2015) which provides an extensive
periodic table of gamification elements (n =52). Their taxonomy is divided by player
profiles (n = 8), where these elements may work better based on the users’ player pro-
file. In this framework, we can already observe some similarities with the concepts pro-
posed in Werbach. In the GAME framework, the Progress/Feedback is treated as a
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component that may engage general contexts, while in the 6D Progress is treated as a
dynamic and Feedback as a Mechanic.

As for the frameworks used in the educational context, we opted to choose recent
ones that were instanced.' The framework proposed by Klock et al. (2016) consists of 7
steps to aid the design of adaptive gamification in e-learning environments. In this
framework, the authors use a set of 14 gamification elements based on 6D and apply it
to develop an adaptive e-learning system. Another recent taxonomy is presented in the
work of Toda et al. (2018a) where the authors propose a framework focused on
teachers and instructors. The game elements in this work are divided into Feedback
and Property. The Feedback elements are the ones that can be used as feedback, and
the Property is characteristics and objectives for the educational task. The authors
define a poll of 19 gamification elements and provide some strategies (based on existing
literature) on their use. However, both taxonomies were not validated.

Finally, none of the taxonomies that were presented explicit ways on how to analyse
those elements in learning environments nor how to analyse these elements. An over-
view can be seen in Table 1.

Methods and tools

As explained in [omitted for blind review], the game elements were collected,
analysed and defined by the authors, then evaluated by gamification experts.”> The
collection was based on a literature review made by the authors, where they analysed
the nomenclature of other gamification frameworks and analysed the concepts that
were presented. Based on semantic analysis, we defined a set of 21 gamification
elements that could be used in educational systems. After the initial definition, we

designed an evaluation focusing on five variables:

e Comprehensibility: the standardised concept for the group of game elements, the
“name”.

e Description: the concept definition.

e Relevance: the relevance of that element in the overall taxonomy.

e Examples: the examples tied to the definition and concept.

e Coverage: the representation of the overall taxonomy. If this set of 21 elements

represent and cover well the game elements needed for educational applications.

In this paper, we focus on expanding the descriptions of the gamification elements
that were presented, and choose some existing gamified educational environments,
based on their popularity and presence in research papers, to analyse these elements
have been applied and interpret why, since this can be used to support designers to
select the most appropriate game elements in their environments. The use of the
taxonomy to support the process of analysis and evaluation was supervised by five
gamification experts, that would analyse the systems and match with the elements in

our taxonomy.

!By instanced, we mean that they were applied and evaluated in a real educational context
“Most of the experts were also teachers and researchers
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Table 1 Related works comparison

Taxonomy Field Focus Number of Present Validation
elements Instances

Werbach and Hunter General  Design 30 No No
(2013)

Marczewski (2015) General Design 52 No No

Klock et al. (2016) Education Design 14 Yes No

Toda et al. (2018a) Education Design 19 Yes No
Actual Taxonomy Education Design, analysis and 21 Yes Yes

evaluation

Following, we focused on expanding the concepts, by giving examples of how these
elements are represented in the literature, as well as advantages and disadvantages in
employing them. Finally, we proposed a new hierarchical classification for these ele-
ments, that can support designers and developers to choose which elements to use in
the make of gamified strategies.” This classification was designed starting by identifying
five dimensions, each one associated with an aspect of the environment. To design
these dimensions, the concepts were analysed on a semantic level and discussed
amongst at least five researchers. The complete process can be seen in Fig. 1.

Results

This section describes the definitions of the taxonomy, some synonyms, and examples
of how each element can be applied in an educational environment and some advan-
tages and disadvantages in its use. We also propose an initial definition of extrinsic
(when an element is presented in a way that the user can perceive it clearly and object-
ively) and intrinsic elements (which is an element presented in a subtle way that the
user may not notice when interacting with the environment). An overall of the new
taxonomy can be seen in Fig. 2.

Description of the five dimensions

Extending the initial taxonomy, we propose a classification using five dimensions to
group the previously defined gamification elements. Each element was analysed by at
least five experts to group each in the appropriate dimension, e.g.: When analysing the
Point element, the experts noticed that it was an extrinsic feedback element, that is given
when the learner executes a certain action within the environment. Since it is given to
the learner as a form of feedback, it would be appropriate to classify it as part of the
Performance/Measurement dimension. We describe the dimensions as follows.

Performance / measurement

These are elements related to the environment response, which can be used to provide
feedback to the learner. In this dimension we have Point, Progression, Level, Stats and
Acknowledgement. Lack of this dimension means that the student may feel disoriented
as their actions does not have any kind of feedback.

A Gamified strategy is a task, with a goal, that contains game-like elements (A. M. Toda, do Carmo, et al.,
2018).
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e Acknowledgement: also known as badges, medals, trophies and achievements.

It is a kind of extrinsic feedback that praises the players’ specific set of

actions, e.g. completing a certain number of problems may lead them to earn

a “Solver” badge; finishing a task in a predefined time limit may earn them a

“Flash” trophy; making a certain number of interactions with other students

may give them a “Socialiser” achievement; making a certain number of

contributions may earn them a “Contributor” badge. Acknowledgement is one of the

most used elements in gamified applications (Klock et al. 2018a; Koivisto and Hamari
2019; Toda et al. 2018b).
Level: also known as skill level, character level etc. This is related to an extrinsic

hierarchical layer that provides the user new advantages as they advance in the

environment, e.g. the students gain a level every time they complete a certain

number of tasks, when they advance their level, they have access to more

challenging tasks.

Progression: also known as progress bars, steps, maps. Provides an extrinsic

guidance to the users of their advance in the environment, allowing these users to

locate themselves.

Point: also known as scores, experience points, skill points, etc. It is a simple way

to provide extrinsic feedback to the users’ actions. Point is the most basic concept

found in almost all gamified applications (Dichev and Dicheva 2017).

Stats: also known as information, Head Up Display (HUD) and data. It is related to

the visual information provided by the environment to the learner (extrinsic), e.g.

how many tasks they completed or overall stats on the environment. In virtual

environments this can also be dashboards.
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TAXONOMY

RENOVATION

+f
®

Fig. 2 Gamification Taxonomy

Ecological

This context is related to the environment that the gamification is being implemented.
These elements can be represented as properties. The elements in this dimension are
Chance, Imposed Choice, Economy, Rarity and Time Pressure. The lack of Ecological
elements makes the environment feel dull, as it does not have elements that produce

interactions with the user.

¢ Chance: also known as randomness, luck, fortune or probability. This intrinsic
concept is related to the random property of a certain event or outcome, e.g. the
student may get a random number of points after completing a task; spinning a
roulette that may give the user a bonus; user has a probability of getting a special
item based on its luck (Dignan 2011).

¢ Imposed choice: also known as choice, judgment, and paths. This extrinsic
concept occurs when the player faces an explicit decision that they must make to
advance in the environment. An example of this concept is to present the user two
different contents and make them choose one or another, blocking their advance if
a choice is not to pick.

e Economy: also known as transactions, market, exchange. This concept is
extrinsically related to any transaction that may occur in the environment.
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Examples are trading points for advantages within the environment and related
to the content.

e Rarity: also known as limited items, collection, exclusivity. It is related to
extrinsically limited resources within the environment which can stimulate the
learners through a specific goal.

e Time Pressure: also represented as countdown timers or clocks. It is related to
time itself used to pressure the learners’ actions (extrinsic). In learning
environments, this can be represented also as deadlines. It is, alongside Social
Pressure, considered one of the most irrelevant elements since it can potentially
disengage the learner (Toda et al. 2019b).

Social

This dimension is related to the interactions between the learners presented in the en-
vironment. The elements in this dimension are Competition, Cooperation, Reputation,
Social Pressure. The lack of Social elements can isolate the students, since they will not

be able to interact with other students.

e Competition: also known as conflict, leader boards, scoreboards, player vs player,
etc. It’s an intrinsic concept, tied to a challenge where the user faces another user
to achieve a common goal, e.g. using scoreboards based on the number of points,
badges, levels, etc.

e Cooperation: also known as teamwork, co-op, groups, etc. It is also an intrinsic
concept (related to a task) where the users must collaborate to achieve a common
goal, can be considered the opposite of competition (however, both concepts can be
used together). Examples of cooperation are tasks where groups interact with each
other and are recognised by these interactions (Shi et al. 2014).

¢ Reputation: also known as classification, status. It is related to titles that the
learner may gain and accumulate within the environment (intrinsic). Differing from
levels, titles represent more of a social status which does not necessarily reflect on
the learners’ skills. These titles are usually used within communities to create a
hierarchy in the environment.

e Social Pressure: Also known as peer pressure or guild missions. This intrinsic
concept is related to social interactions that exert pressure on the learner.

Personal

This dimension is related to the learner that is using the environment. The elements that
are used in this dimension are Sensation, Objective, Puzzle, Novelty, and Renovation. The
lack of Personal elements can make the user feel demotivated since the system does not

provide meaning for the student.

e Novelty: also known as an update, surprise, changes, etc. It is intrinsically related to
the updates that occur within the environment, by adding new information, content
or even new game elements. It is a good strategy to keep users within the
environment to avoid stagnation since longitudinal studies on gamification have
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shown that a static approach (without updates) may cause disengagement and
demotivation (Hanus and Fox 2014).

e Objectives: also known as missions, side-quests, milestones, etc. This intrinsic
concept is related to goals, it provides the player an end, or a purpose to perform
the required tasks. Examples on the use of Objective can be broadened (as getting
approved in the course) or more specific (as obtaining a certain score in a task)
(Toda et al. 2018a).

e Puzzle: also known as challenges, cognitive tasks, actual puzzles, etc. This intrinsic
concept is related to the activities that are implemented within the environment,
they can be tied or considered as the learning activities since the focus is to provide
a cognitive challenge to the learner. This concept is also implicitly present in all
educational environments, through quizzes or challenges.

¢ Renovation: also known as boosts, extra life, renewal, etc. This concept is
intrinsically related to the property of re-doing a task, event or any of the sorts. It
allows the learner a second chance after they fail a task. It is one of the properties
that makes games fun (Lee and Hammer 2011).

o Sensation: This is either visual or sound stimulation, etc. It is related to the use of
learners’ senses to improve the experience (intrinsic). This can be done through
dynamic and gameful interfaces, Virtual Reality (VR) and/or Augmented Reality
(AR).

Fictional

It is the mixed dimension that is related to the user (through Narrative) and the
environment (through Storytelling), tying their experience with the context. The lack of
Fictional elements causes the loss of meaning, of context, that is, the why, within the
immersive environment, the user must perform any task, as well as directly influence

the quality of the user experience.

e Narrative: also known as karma system, implicit decisions, etc. This intrinsic
concept is the order of events as they happen in the game, through the user
experience. This experience is influenced by implicit choices made by the user.
Examples of this are giving a small token of appreciation to the students that opt to
interact with other students, subtly and discreetly (Palomino et al. 2019).

e Storytelling: can be seen as audio queues, text stories, etc. It is the way the story of
the environment is told (as a script). It is told through text, voice, or sensorial
resources. It is highly used as a tool to support the narrative within an environment
(Palomino et al. 2019).

Example on the use of the taxonomy

To demonstrate the analysis and evaluation of these elements, we choose some e-
learning environments that are cited and evaluated in the literature (Klock et al. 2017)
as Duolingo and MeuTutor. We opted initially for these two for: (a) one is one of the
most successful examples of gamification in education and (b) the other due to con-
venience since we had access to all the functionalities of the system and its design

process (convenience sampling).
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Duolingo is one of the most famous language apps nowadays and most of its success
is due to the gamification that was implemented. According to (Huynh et al. 2016) the
main elements of Duolingo are Rewards, Leader-boards, Level-system, and Badges.
When analysing these elements, we can observe that other elements from our
taxonomy are presented, e.g. Rewards are represented through Lingots, which is a
currency obtained when you finish a task. These Lingots can be used in the transaction
in the system (Economy); the Leader-boards are used to create a Competition
amongst the user and their friends. The Level-system contains four elements: experi-
ence points (Point), the content the user chooses when they are learning the language
(Imposed Choice), the level they are in the language (Progression) and the user skills
(Level). Finally, the Badges are a representation of Acknowledgement and can be used
in the player profile to increase their Reputation. Besides these elements, we can
observe all of the Personal dimension since the site appeals visually to the user
(Sensation), providing them a clear Objective (learning languages), achieved through
cognitive tasks (Puzzles), presenting new content (Novelty) and allowing them to redo
any task as the user wants (Renovation).

By using our taxonomy, we can observe that Duolingo presents a solid Personal (All
5) and Measurement (4 elements) dimensions, some Ecological and Social aspects
underneath the system (2 elements each) and no Fiction element.

Following, MeuTutor is an Intelligent Tutoring System used in more than 10 schools
in Brazil. The system contains many gamification elements to improve learners’ engage-
ment and motivation. According to the description of the system, MeuTutor gamifica-
tion is based on: learners’ being exposed to learning resources and gaining experience
points for their interactions (Point), which is converted into the learners’ Level. The
content is presented similarly as Duolingo where the learner must choose a topic to
continue using the system (Imposed Choice). The learners’ can see their progress in
the course through a completion percentage (Progression) and gain badges based on
their interactions (Acknowledgement), these learners can also see an overall of their
performance in a personalised dashboard (Stats). The system also presents a leader-
board to create a Competition amongst its users and collaborative activities, where the
learners can create groups to perform a task (Cooperation). MeuTutor also presents
all the elements in the Personal Dimension, since it has a clear Objective (improve
learners’ knowledge on a certain content), achieved through many learning tasks
(Puzzles) that can be updated as the teacher desires (Novelty). The system also allows
the learner to re-do previous tasks (however this Renovation does not add to their
experience points) and has an interface that is attractive to the final users (Sensation).

Through our taxonomy, we can observe that MeuTutor contain a solid Personal
and Measurement dimension (All 5 elements of each dimension), it also presents
two elements from the Social dimension but does not explore their efficacy, and
one element in the Ecological dimension. Also, no Fictional element is present in
this environment.

Discussion

These new dimensions might provide a way to analyse and/or support the design
of gamified learning environments. We can also assure that it is aligned with the
agenda defined in (Koivisto and Hamari 2019) which states that gamification
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studies should pay more attention to different types of feedback, as well as explor-
ing and incorporating context and defining universal taxonomies. By creating an
initial generalisation of exiting game elements and adapting them to educational
contexts, we can infer that instructors and future research may find easier to ana-
lyse existing systems and extract the gamification elements within it. Based on the
exposed elements, this section will discuss the implications of using each in an
educational environment.

Measurement dimension

This Dimension, as shown in the examples, must always be present so the user may have
feedback on their actions. Concerning the game elements in this Dimension, the lack of
Acknowledgement may lead the user to a state of frustration, since their interactions are
not being recognised as something important, whereas providing acknowledgements not
properly planned may cause unexpected outcomes (e.g., earning badges based on time to
finish a task may lead the students to complete tasks as fast as possible without taking into
account whether they are correct). As for Level, it is considered a relevant element,
especially when tied to Progression, according to (Toda et al. 2019a). Lack of levels may
lead the learner to think that they did not advance at all in their skills. Following, accord-
ing to (Toda et al. 2019a), Progression is also considered a highly relevant element to
learners, independent of gender. Lack of progression might lead the learner to a feeling of
frustration and anxiety (Dignan 2011). Finally, Stats is also presented in almost all
educational environments, the lack of information makes the learner feel disoriented
(Dignan 2011). Although, the literature on this topic still hasn’t reached a consensus on
the best way to relate or use these elements properly.

Ecological dimension

Concerning this Dimension, it is related to concepts that act as properties of the envir-
onment that can be implemented in a subtle way to engage the users to follow the de-
sired behaviour. They can be supported by the elements in the Measurement/Feedback
Dimension, to ensure the behaviour is followed. Although, most of these elements must
be designed with care since they can affect the learners’ interactions drastically. Chance
is directly affected by the users’ luck; some strategies can be used to mitigate the “bad
luck” effect as including an automatic success after a certain number of tries. When the
Economy is not related to the content, the user may lose focus on what is important
(Snow et al. 2015). Although, the users might find attractive when the Economy is tied
directly to advantages related to the class, e.g. using their coins to postpone a test
(Toda et al. 2016). Lack of Imposed Choice within the system might lead the learner
to a state where they feel their actions are not meaningful (Dignan 2011), at the same
time excessive freedom may allow the students to perform undesired actions. As for
Rarity, the addition of limited events that rewards exclusive badges or another kind of
feedback may engage the learners, but the presence of rare resources and their con-
straints might demotivate the learners. Lack of rarity may lead the learner to boredom
(Dignan 2011) Finally, the absence of Time Pressure may lead the learner to a state of
boredom since they might not feel challenged or pressured to complete a task (Dignan
2011). An example of using time pressure more healthily is to provide flexible
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deadlines, where the learner is responsible for the completion of the task. Time pres-
sure is implicit in Massive Online Open Courses (MOOC) systems, which may be one
of the reasons why the dropout rates are high (Cristea et al. 2018).

Social dimension

This Dimension is concerned with the Social aspects of the environment. The elements
that connect people and influence their behaviour towards a task. Since this Dimension
is concerned with interactions between the learners (instead of interactions with the
system) it must be designed carefully. On one hand, Competition can create a healthy
environment where the learners try to overcome their peers to achieve a certain prize,
on the other hand, it has a huge potential to demotivate the learner when their
performance is not as expected. An example on how to design a good competition is
trying not to tie it to any content-based activity, or by creating groups to mitigate any
kind of isolation effect* (Papadopoulos et al. 2016; Toda et al. 2018a). Cooperation is
seen as a positive addition in most educational environments, although its implementa-
tion may be complex. The absence of Cooperation may lead to isolation, which may
increase the odds of demotivation or disengagement of the learner, whereas using it may
lead the students to share knowledge and to work harder in order to avoid jeopardising
their peers. One of the major examples of success in Cooperation is Wikipedia.
Reputation is related to the social status the learners may acquire in the environment,
e.g. Best Student in the course. Lack of reputation is similar to the lack of acknowledg-
ment and point, where the learner may feel their actions are not meaningful (Dignan
2011), but also must be designed with care or learners might feel demotivated due to not
acquiring a certain status. Finally, Social Pressure is usually considered as one of the
most irrelevant amongst all elements (Toda et al. 2019a) but can be helpful if properly
designed, e.g. persuading a high score learner to encourage a disengaged peer that has a
poor performance. Assigning peer-review activities might also imply social pressure.

Personal dimension

This dimension is directly related to the learner using the environment. It presents
elements that are intrinsic to educational environments and the learner might not
perceive these elements as gamification. According to our analysis, all educational
environments contained the five elements of this dimension, however, some of them
(e.g. MeuTutor) did not use these elements in a way that could favour the learner (e.g.
the Renovation element is present, but the student does not gain more points by
redoing a task). Concerning each element, Objective is presented in all educational
environments, since the main focus of these applications is to make the student learn
or practice a concept, whilst being cautious not to encourage undesired behaviours
(e.g., an objective of completing many tasks may lead students to complete numerous
of those without properly seeking to correctly complete them). Lack of objectives may
misguide or confuse the learner. According to Toda et al. (2019a), it is the most rele-
vant element to use within gamified educational environments. Besides, as repetition or
static environments® may jeopardise the learning process, Novelty may aid in this

*Where a student feels they are not good enough and stop doing the activities
®Environments that do not receive updates
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perspective as well (Mustafa et al. 2019). However, adding Novelty can be complex as it
often requires human effort or automatic generation techniques (Shehadeh et al. 2017).
As for the Puzzle, it is represented through challenges and cognitive tasks, which are
common to any educational environment. Lack of Puzzle can make the environment
look dull and demotivate the user (e.g. an environment where the learner can only
watch videos without any kind of interaction or tasks related to it may lead these
learners to boredom.). Renovation is also a concept that is present in almost all educa-
tional environments since learners can redo a task if they fail, or just want to remember
a concept (e.g. rewatching a video or redoing a task). Although, Renovation is not
always presented as a gamification element since the user does not benefit from using
it (e.g. gaining points by rewatching a video). Lack of Renovation usually make learning
environments to feel more difficult which can demotivate the students. In most nonvir-
tual educational environments, the lack of Renovation is what makes the educational
process tedious to learners (Smith-Robbins 2011). Finally, Sensation is usually pre-
sented as a pleasant interface that is appealing to the user. Although some educational
environments are investing in the use of Augmented Reality (AR) and Virtual Reality
(VR) with gamification features, it is still a new emergent area. According to Toda et al.

(2019a), Sensation is considered a highly relevant element.

Fiction dimension

Considering this Dimension, it is not common or considered when designing gamified
educational environments (Palomino et al. 2019). This occurs since most gamification
frameworks do not make a differentiation between Narrative different layers and Story-
telling. The Narrative is related to the learner’s interaction with the system, affected by
their characteristics. If designed correctly, it can help the learner to focus on the
content rather than the game elements around it. Storytelling is a way to materialise
the Narrative, using techniques with the aid of text, audio-visual and another sensorial
stimulus, stabilising how the story (or context) is told. The absence of Narrative may
hinder the students’ engagement and focus on the content to be learned. As for the
lack of Storytelling, it might lead to context confusion, causing the student to not see a
reason to perform a certain task from the gamification point of view. Storytelling can
be used to give a context (e.g. a theme) to the environment, e.g. telling the learner they
are fighting a boss that takes damage for each correct task.

Conclusions and future works
This work presented how we could use an existing taxonomy to analyse and evalu-
ate gamified systems. We improved the description of the game elements as well
as provide examples on how to use each to analyse educational systems. We also
proposed an initial hierarchy to classify those elements into Five Dimensions,
which can provide support to designers and developers of educational environ-
ments. Finally, we proposed a link between this hierarchy and aspects such as feed-
back, user interaction, and motivation.

Through our discussions, we debate some advantages and disadvantages of using
each Dimension. Some limitations of the current work are that we did not evaluate
the acceptance of the new grouped dimensions with experts, but with five
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researchers only due to time constraints. Finally, as future work, we intend to ex-
plore the learners’ perception of this taxonomy to identify the best practices on
how to use the elements properly (by using data-driven approaches and/or machine
learning algorithms). Through this future exploration, we believe we may find con-
crete guidelines on how to gamify educational environments and give those guide-
lines to teachers, instructors, designers and/or developers.
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ABSTRACT: One of the main goals of gamification in educational settings is to increase student motivation and
engagement. To facilitate the design of gamified educational systems, in recent years, studies have proposed various
approaches (e.g., methodologies, frameworks and models). One of the main problems, however, is that most of these
approaches are theoretical, and do not provide a proof-of-concept. This paper advances the state of the art by
providing a practical way to help implement this kind of system. In this study, we present, for the first time, how one
can apply gamification elements in a learning system using the Design Sprint method, to guide designers and
developers on replicating this process. Additionally, as starting point, we use a taxonomy composed of 21 game
elements, proposed to be used within learning environments, organised into five game element categories, according
to their goal/usage. Our main contribution is to present how fto systematically implement the gamification elements
focused on educational ends, which is of special value to practitioners, designers and developers.

Keywords: Gamification, Design Sprint, Taxonomy, Design, Education

1. Introduction

Gamified systems adoption has increased in the last decade, since the definition was coined (Thiebes, Lins, &
Basten, 2014). These systems aim at using game-like elements to provide a gameful experience to their users
(Landers, 2019; Thiebes et al., 2014). This caught the attention of education professionals, since the field of
education still struggles with motivating and engaging students (Borges, et al., 2014; Lee & Hammer, 2011; Marti-
Parreflo, Segui-Mas, & Segui-Mas, 2016; Paula & Favero, 2016; Sanchez-Mena & Marti-Parrefio, 2016; Toda et al.,
2018a). In education, gamification consists of using game-like elements to achieve positive impacts in motivating,
engaging, persuading and improving the performance of students (Deterding, Sicart, Nacke, O’Hara, & Dixon, 2011;
Kapp, 2012; Seaborn & Fels, 2014). According to recent research, gamified systems impact on psychological
characteristics, and effective gamified systems lead to behavioural change (Landers, 2019). However, for a positive
impact, gamification needs to follow a well-thought design process; otherwise, it may lead to undesired behaviours,
or worsen performance, due to disengagement or other declining effects (De-Marcos, Dominguez, Saenz-de-
Navarrete, & Pagés, 2014; Dichev & Dicheva, 2017; Toda et al., 2018b; Zichermann & Cunningham, 2011).
Therefore, many authors proposed the use of frameworks and methodologies to support the gamification design
process (Mora, Riera, Gonzalez, & Arnedo-Moreno, 2017).

However, these gamification frameworks and methods present some limitations, ranging from their purpose, to the
number of definitions of game elements used, which can confuse and drive away designers, developers, teachers, and
instructors who wish to gamify their learning activities (Koivisto & Hamari, 2019; Pedreira, Garcia, Brisaboa, &
Piattini, 2015). Moreover, some frameworks are too generic and do not encompass learning objectives and other
properties derived from the education field, and others are too specific to a given niche (Mora et al., 2017); e.g., the
framework proposed by Kotini and Tzelepi (2015), focused on gamifying computational thinking activities. As for
the definitions, literature sees it as a considerable limitation on the field of gamification, since there are many
gamification frameworks (more than 40, up to date) and all of them use different types of game elements that may
not encompass all elements within a game. Additionally, recent studies report the lack of proof-of-concept in
gamification studies that may support the theories on which they are based (Kasurinen & Knutas, 2018).
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To address this, this work presents and applies a recent taxonomy, created and evaluated to mitigate the issues
related to the game elements definitions (Toda et al., 2019a) and the lack of proof-of-concept for gamification
frameworks. The taxonomy is composed of 21 game elements to be used within learning environments, which were
grouped into five game element categories, according to their goal/usage (Toda et al., 2019b). Next, we present how
we can apply that taxonomy using the Design Sprint Method (Sumual, Batmetan, & Kambey, 2019), to guide
designers and developers on replicating this process. Hence, we propose the following research question: How can
we gamify learning environments using the Design Sprint method and existing game elements? Thus, our main
contribution is presenting how to systematically implement a recent, expert-validated gamification elements
taxonomy, that is focused on educational ends, which is of special value to practitioners (e.g., designers, developers,
teachers, and professors), who aim to use this taxonomy to implement gamification in their learning environments.

The rest of the paper is organised as follows: the next section introduces the research background, by reviewing
relevant gamification frameworks in education. The research model used in this research is then described, followed
by the description of the application of the taxonomy. Finally, the implications of the findings are discussed, and
conclusions are drawn.

1.1 Background and related works

Gamification in education is not a novelty, as many studies have focused on applying game elements in learning
environments, even before the concept was coined (Darejeh & Salim, 2016; Dichev & Dicheva, 2017; Vargas-
Enriquez, Garcia-Mundo, Genero, & Piattini, 2015). The purpose of using gamification in education is to motivate
and engage students, to improve their performance and training, and change undesired behaviours (Huotari &
Hamari, 2012; Kapp, 2012; Seaborn & Fels, 2014). However, the literature in this field reported mixed results on the
application of gamification, wherein most of the negative impacts were related to a poor design (Dichev & Dicheva,
2017; Toda et al., 2018b).

The factors that influence a poor design ranged from users’ demographic to behavioural profiles, context and
learning activities, and the way the gamified strategies were designed, or recommended (Klock, Gasparini, &
Pimenta, 2016; Toda et al., 2019¢). Considering the latter, most of the existing frameworks were either conceptual or
lacked proper definitions of game elements. Moreover, recent conceptual frameworks lacked empirical evidence on
their use, which hindered their adoption by teachers and instructors (Pedreira et al., 2015; Sanchez-Mena & Marti-
Parrefio, 2016). Furthermore, the lack of proper definitions may confuse designers and other education domain
specialists, since most frameworks used not only different names for the same concept, but also the same definition
for different concepts; e.g., in Gamify-SN (Toda et al., 2018a) the authors define “acknowledgements” as a type of
feedback given to the users when certain actions are performed, while in another framework (Wongso, Rosmansyah,
& Bandung, 2014) the authors define the same element as “medals™ or “badges.”

Furthermore, considering frameworks in the field of education, a recent systematic review (Mora et al., 2017) found
6 frameworks. From this group, one is focused on serious games and five others on gamification.

Simdes, Redondo and Vilas (2013) presented a framework for educational platforms divided into three groups. The
first group described game elements (N = 12) divided into game mechanics and dynamics. Following, the second
group presented guidelines for teachers, focusing on learning tasks, however, without linking these tasks to the game
elements. A third group connected focused these guidelines, aligning the objectives with the school identity. These
objectives aimed to help students overcome failure, achieve the flow state (Csikszentmihalyi, 1975), experience new
roles and enhance their skills. However, the framework did not present empirical evidence concerning its application
to learning environments.

Following, Wongso et al. (2014) proposed a framework for educational domains focused on linking gamification and
Web 2.0 social features with five steps: Analysis, Design, Development, Implementation and Evaluation. Game
elements and social features are defined in the Analysis step. The authors considered game elements as game
mechanics (N = 7), further linked to tasks developed in the Design phase. Nonetheless, the authors did not present an
empirical validation.
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Kotini and Tzelepi (2015) designed a gamification framework focused on gamifying computational thinking courses.
The framework divided the game elements (N = 18) into three categories: Behaviour, Progression and Feedback.
These groups were tied to computational thinking skills, behaviours and definitions. Nonetheless, the framework did
also lack an empirical validation (e.g., any instance or proof-of-concept on its usage) and the elements were heavily
tied to the concepts of computational thinking, which may have hindered adoption by other fields.

Concerned with software development, Mora, Zaharias, Gonzéalez, and Arnedo-Moreno (2016) also proposed a
framework for education, called FRAGGLE. This framework used an Agile method from software engineering and
gamification features, aligned with learning objectives, to gamify learning systems. The framework was focused on
aiding developers and designers and consisted of 4 main steps: Declaration, Creation, Execution and Learning. They
considered the use of player profiles to select game mechanics. Again, no empirical evidence was provided, nor a
description on the game elements that can be used.

Finally, the most recent framework for gamified education was designed by Ana et al. (2016) where they developed
a user-centred gamification framework for the educational field. This framework was organised into 7 steps: Who?
What? Why? When? How? Where? How Much? The framework was applied and evaluated with 139 students
enrolled in an online course, providing empirical evidence on its use and efficiency on motivation, performance and
engagement. This is the only framework to have empirical evidence on its use. However, the framework presented
little on the use of game elements and it was focused on learning systems, while ours can be used with unplugged
gamification (i.e., the use of gamification without a computer or digital tool).

Considering the related works, we can observe that none of them presented any kind of validation to the game
elements that were used nor provided usage information of these elements, e.g., how these elements can be applied
within the context of the framework. Only one work presented empirical evidence on its use and another provided
partial evidence (e.g., presented how the system worked). As for the definitions and number of elements included,
most of the frameworks focused only on elements that acted as a kind of feedback (e.g., points, levels and badges)
not considering contextualising elements, such as Narrative and Storytelling. To the best of our knowledge, our study
is the first study to use a validated set of game elements to gamify learning systems. Table 1 presents a comparison
between ours and related works. Some of the studies appear as having provided partial empirical evidences, meaning
lack of methods to measure what was intended or focused upon. Also, none of the frameworks presented an explicit
way on how to use the game elements.

Table 1. Related works comparison

Work # of Game  Provides empirical Provides validation of Provides a how-to-use
Elements evidence? the game elements? the game elements?
Simoes et al 12 Partially, used in a No No, presented the
(2012) digital learning system with the game
environment. elements.
Wongso et al 7 No No No
(2014)
Kotini and Tzelepi 18 No No No
(2015)
Mora et al (2015) Not explicit No No No
Klock et al (2019) 17 Yes, used in a learning No No, presented the
environment. system with the game
elements.
Our study 21 Yes Yes, a validation Yes
based on experts’
opinion.

2. Research method

Our study uses the Design Sprint method, developed by GV (Google Ventures). Its focus is to answer critical
business questions through design, prototyping and testing ideas (as a proof-of-concept, i.e., the practical model that
can prove the theoretical concept established by research). It has been used to design new products, develop new

3
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features, and define marketing strategies, with a good cost-benefit rating. Comparing it with other agile methods,
such as Scrum’s sprints, the Design Sprint is focused on learning about an idea, without having to build and launch
it, as shown in Figure 1. As such, one of the main advantages of this method is the possibility to shortcut debate
cycles and compress months of time into a single week (Sumual et al., 2019).

Learn
Figure 1. Design Sprint shortcut to learning, without building and launching (Knapp et al. 2019)
In gamification context, as stated in the previous sections of this paper, one of the main problems of its effectiveness
is the lack of guidelines and coherent methods to create the strategies and/or applications. Therefore, we chose to
work with a systematic and established method for creating and validating new ideas and products, in their
conceptual stages, to evaluate the empirical application of the gamification taxonomy for educational purposes and
allowing for the proof-of-concept for future building and launching of a digital product based on it. The first step to

use the Design Sprint is to set the stage, establishing the right challenge and the right team to deal with it. After that,
the sprint is split into five steps (ideally one for each weekday).

1. Understanding and discussions: The first day of structured discussions should organise the subsequent steps
for the rest of the week. Amongst the tasks included are: establishing a long-term goal and mapping the
challenge, picking a target to work (Knapp et al., 2019);

2. Focus on solutions: On the second day of the sprint, brainstorming is performed, reviewing existing ideas, in
order to remix and improve them. Then, we progress to the sketch phase, emphasising critical thinking (Knapp
et al., 2019);

3. Decision: here, the team chooses one solution to work, test, and validate, creating a step-by-step plan for the
prototype (Knapp et al., 2019);

4. Prototype: In the fourth day/step, the team creates the prototype, focusing on testing with customers (end-
users). Here, all planning is reviewed and organised for the final step of the sprint (Knapp et al., 2019);

5. Test and validate: This includes testing the prototype, interviewing customers and/or learning by watching
them reacting to the prototype. As a result, the team knows whether an idea is feasible or not, ending the sprint
(Knapp et al., 2019).

For our research, we used the Design Sprint method to validate the use of our taxonomy in the creation, prototyping
and testing of an educational gamified application. At this stage of the research, we were not concerned with the
application interface and, therefore, the user prototype. Instead, our focus was on the design of gamification
strategies (i.e., how can the 21 game elements be used to improve learning experience in a gamified educational
system).
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The taxonomy used (Toda et al., 2019a) is composed of 21 gamification elements for the education field (Figure 2).
These game elements were collected from the literature and focused on creating a syllabus for gamification in
education. The authors defined a concept, alongside its synonyms, and a definition for each of the 21 elements. This
taxonomy was validated by 19 experts on the field of gamification and education (most of the experts were also
lecturers and professors), achieving an overall acceptance of its elements, concepts and definitions. Thus, in
summary, we chose this approach as it is an expert-validated, state-of-the-art alternative, specifically developed for
educational environments that suits our need.

GAMIFICATION

TAXONOMY

Figure 2. Taxonomy design (Toda et al., 2019b)

According to Toda et al. (2019b), those elements have been hierarchically linked by classification into five
dimensions, related to performance/measurement, environment, social/personal interaction and student experience.
Importantly, all the 21 elements contain synonyms of alternate names found in the literature (Table 2), for domain
specialists to be able to use this taxonomy’s recommendations alongside other frameworks. In the next section, we
describe how this method was used in our context and the results arising from it.

Table 2. Gamification elements and definitions (Toda et al., 2019a)

Concept Description Dimension

Acknowledgement Type of feedback that praises the players’ specific actions. Some examples and Performance
synonyms are badges, medals, trophies.

Chance Randomness and probability properties that increase or decrease the odds of Ecological
certain events; examples/synonyms: randomness, luck, fortune.
Competition When two or more players compete against each other towards a common Social
5
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goal; examples/synonyms: Player vs Player, scoreboards, conflict.

Cooperation When two or more players collaborate to achieve a common goal; Social
examples/synonyms: teamwork, co-op missions.

Economy Transactions within the game, monetising game values and other elements; Ecological
examples/synonyms: markets, transaction, exchange.

Imposed Choice Decisions that the player is obliged to make in order to advance the game; Ecological
examples/synonyms: judgements, forced choices (different from Narrative).

Level Hierarchical game layers, providing a gradual way for players to obtain new Performance
advantages upon advancing; examples/synonyms: character levels, skill
level.

Narrative Order of events happening in a game; i.e., choices influenced by player Fiction
actions; examples/synonyms: strategies the player uses to go through a level
(stealth or action), also the good/bad actions influencing the ending, karma
system (different from Imposed Choice).

Novelty New, updated information presented to the player continuously; Personal
examples/synonyms: changes, surprises, updates.

Objectives Guide the players’ actions. Quantifiable or spatial, from short- to long-term; Personal
examples/synonyms are missions, quests, milestones.

Point Unit used to measure users’ performance; examples/synonyms: scores, number Performance
of kills, experience points.

Progression This allows players to locate themselves (and their progress) within a game; Performance
examples/synonyms: progress bars, maps, steps.

Puzzles Challenges within the game that should make a player think Personal
examples/synonyms: actual puzzles, cognitive tasks, mysteries.

Rarity Limited resources and collectables; examples/synonyms: limited items, rarity, Ecological
collection.

Renovation When players can redo/restart an action; examples/synonyms are extra life, Personal
boosts, renewal.

Reputation Player titles to accumulate in-game; examples/synonyms: titles, status, Social
classification.

Sensation Use of players’ senses to create new experiences; examples/synonyms: visual Personal
stimulation, sound stimulation.

Social Pressure Pressure through social interactions with another player (s) (playable and non-  Social
playable); examples/synonyms: peer pressure, guilds.

Stats Visible information for the player, about their in-game outcomes; Personal
examples/synonyms: results, health bar, magic bar, HUD, indicators, data
from the game presented to the user.

Storytelling The way the story of the game is told (as a script) within the game, via text, Fiction
voice, or sensorial resources, examples/synonyms: stories told through
animated scenes, audio queues or in-game text queues.

Time Pressure Pressure through time in-game; examples/synonyms: countdowns, clock, Ecological

timer.

3. Application

In this section, we aim to describe how we used the Design Sprint method to propose the gamification design
instantiating the taxonomy proposed by Toda et al., (2019a). Our main idea was to use the Design Sprint method in
order to think, propose, prototype and evaluate the gamification design. The team is composed of five experts (each
with more than five years of experience) in Education, Computer Science, Gamification Design, and Human-
computer Interaction (HCI). This number is also a recommendation by Nielsen and Landauer (1993).

On the First Day (understanding and discussions), the team members set the long-term goal, mapped project

challenges, and set targets for the project execution. As a result, it was decided to propose a gamification design,
capable of being used in the implementation of different gamified systems and implementing the gamification
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elements proposed in the taxonomy. In the challenge mapping stage, four challenges were defined to guide the
project management:

1. Definition of a general gamification design architecture (Day 1 and 2): At this stage, the main objective was
to define a general architecture of a gamified educational system and defining how the elements could be
organised (i.e., on which pages each element should appear); this was done through a brainstorming session.

2. Implementation of the elements according to the taxonomy (Day 3): At this state, the main objective was to
define how gamification elements should be organised and the internal relationships between elements and
activities in the system (e.g., when finishing an activity, which gamification elements should be changed as a
reward to the user); to achieve this step, we mapped the activities and events on the system and matched each
with the elements based on recommendations presented in previous works (Toda et al., 2018a; Toda et al.,
2019c¢).

3. Gamification design proposal (Day 3 and 4): At this stage, the main objective was to write the documentation
of the gamification design, condensing the results from the previous steps. In other words, this meant
formalising the gamified strategies (A gamified strategy in the scope of this work is an event that links a task
and a given gamification element, e.g., Perform a Login (Task) and receive a badge (Gamification element:
Acknowledgement)).

4. Gamification design instantiation (Day 5): In this step, the main objective was to apply the design in a
learning system.

On the Second Day (focus on solutions), team members reviewed what was defined in the previous day. Through
meetings and brainstorming sessions, the team re-analysed what was proposed and made any changes that could
impact onto the final system. Then, an outline of the proposal was defined, seeking to relate each gamification
element and discussing how the elements could be implemented. These annotations and definitions were made using
Trello (see https://www.trello.com), a system design to manage team projects.

On the Third Day (decision), team members detailed how each gamification element should be implemented in
educational systems, and how these elements relate to each other. At the end of the day, the team finished the
gamification design, seeking to define how the elements proposed in the taxonomy could be grouped, organised and
implemented within an educational system, through the gamified strategies (Figure 3). An example was to design the
Home page. In this page, the students would have visual access to certain elements, as the weekly leaderboard
(Competition and Time Pressure), Cooperation (Their groups), their progress within the system (Point, Level,
Progression, Acknowledgement and Reputation) as well as the missions that were assigned to them (Objectives).
These elements were combined and proposed based on the recommendations of the Taxonomy and other studies that
validated those combinations with students (Toda et al., 2019d).
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Figure 3. Gamification design flowchart

On the Fourth Day (prototype), the gamification design was discussed among all team members and all team
members agreed with the proposal. Next, through another brainstorming session, the team defined the functions that
would be present in the prototype. On the Fifth Day (test and validate), we analysed the prototype and tested the
gamification elements interactions through decision tables testing, which is a common software development
technique for defining software restrictions and events. It is a systematic method to test input combinations and their
output (Jorgensen, 2013). An example of the Decision table testing can be seen in Table 3, where each “Event” row
is an action that can be performed in the prototype and the following columns are the gamification elements that are
affected by that action.

Table 3. Table testing example

Event Point Acknowledgement Competition Time Pressure  Social Pressure  Imposed Choice

Al: Student got Yes  Partially Yes No Partially No
a question
right

A2: Student No No No No No Yes
chose their
avatar

A3: Student Yes  Yes Yes Partially Yes No
achieved a
new rank on
the leader
board

A4: Student got  Yes  Yes Yes No Partially No
5 questions
right in a
sequence

An example on how to understand Table 3 is the first row, where Al is the event “Student got a question right,”
triggered when the student is answering a question related to a certain content. When students answer correctly, they
gain a Point, which can be summed towards an Achievement (Acknowledgement), and towards the Leader Board
(Competition). The update on the Leader Board can influence the Social Pressure in the system, since the student
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can increase their rank or decrease it, affecting other students. Figure 4 demonstrates an interaction diagram of the
events Al and A4, to exemplify the approach.

Student gains System sums POINT
a POINT for ACHIEVEMENT

Student got a
question right

Studentgot 5 System updates
correct questions

LEADERBOARD with
POINT

Student gained an
ACHIEVEMENT

System summed Student increases
T 5 POINTs position in
LEADERBOARD

AL Dark Blue
A4: Orange

Figure 4. Interaction diagram to exemplify the decision table test

The system consists of three main pages: Home, where students can track their progress and evolution in the system;
Learn, where students will have educational activities; and Profile, where students will have access to all their
information. The Home page has a sub-page called Store, where students can buy special items. The Learn page has
three task settings (missions), where students will have lessons. The Profile page has a sub-page called Friends,
where students can view other members and follow them. These pages were designed using scenarios and evaluated
using the persona technique, which is based on creating goal-directed, role-based and fictional users that will interact
with the system (De Borba, Gasparini, & Lichtnow, 2017; Nielsen, 2013; Preece, Rogers, & Sharp, 2015). For
example, Gareth, the undergraduate student and avid competitor, who tends to get questions wrong, and may not
notice functionality of the system due to his impulsivity. Or Cynthia who likes to buy clothes in real-life, and is
attracted by the store icon in the system, etc. This technique is used for testing prototypes and can aid designers to
visualise the behaviours within the system. This technique has also been used to evaluate other gamified educational
systems, as seen in Palomino et al (2019a).

An example for the gamification design is the implementation of the Point element is as follows: “The Point element
will be displayed on all pages (in the fixed header) and will be represented by experience points (XP). The student
will earn seven (or a specific number according to the system specificities) points for each activity done and two
extra points if the activity is done correctly (hit the answer). Points will be updated each time the student completes
an activity group. The total points will also be highlighted on the Profile page.” Table 4 synthesises the proposed
gamification design.

Table 4. Proposed gamification design

Concept Design description

Acknowledgement The Acknowledgment element should be displayed on all pages and will be represented
through the achievement feedbacks. Thus, the user will receive immediate notifications of
all achievements in the system.

Chance The Chance element should appear on the Learn page and will consist of a random option
offered to the user to increase their prize.
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Competition

The Competition Element should be featured on the homepage and represented by weekly
leaderboards with up to 10 students.

Cooperation

The Cooperation element should be featured on the Homepage and represented by the
formation of random teams of up to 5 students.

Economy

The Economy element should appear on every page and represented by coins that can be
used to make in-game purchases.

Imposed Choice

The Imposed Choice element should be displayed on the Profile page. When viewing their
profile for the first time, users should be able to choose an avatar to represent them in the
system. This avatar will evolve when using the system. In addition, the student should have
to make different types of choices during use (e.g., choosing between chests with coins).

Level

The level element should be displayed on the Homepage, represented by phase (bronze,
silver, gold, and diamond, respectively).

Narrative

The narrative element should be presented on the Learn page, represented by the user's
ability to do extra activities. At times, when the user completes a quest, they may choose to
visit other system pages or immediately do a new quest, for earning extra coins.

Novelty

The Novelty element should appear on the Learn page and the Store page. On the Learn
page, it should be represented by hints that will be appear when the user misses a sequence
of three questions in a row. On the Store page, it should be represented by selling special
objects.

Objectives

The Objectives element should be displayed on the Homepage and should be represented
by a quest tree. This tree can show the entire sequence of missions the student has in the
system.

Point

The Point element should be displayed on all pages (in the fixed header) and should be
represented by experience points (XP). The student should earn points for each activity
done and extra points if the activity is done correctly (hit the answer).

Progression

The Progression element should be displayed on the Home and Learn pages and should be
represented as a progress bar. The Homepage should be represented by a circular progress
bar in the activity tree, indicating how much of each activity group has been completed and
how much remains to be completed. In the Learn page it should be represented by a
progress bar, showing how much has been completed and how much is left to complete
each activity group.

Puzzles

The Puzzles element should be presented on the Learn page and should be represented by
proposing (non-mandatory) surprise challenges, related to the subject being studied.

Rarity

The Rarity element should appear on the Store page and should be represented as a series
of shields. Rare items should be available in the system store with purchase values that can
be purchased through coins.

Renovation

The Renovation element should be displayed on the Learn page and should be represented
through the possibility for students to perform activities in which they err. There should be
no cost for students to redo the activities they have missed.

Reputation

The Reputation element should be displayed on the Homepage and should be represented
by the student's title/patent display. Different hierarchical levels can be achieved through
special sequences in the system.
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Sensation The Sensation element should be displayed on the Learn page and should be represented
by immediate feedback (visual and audible) regarding each action/response from users,
indicating whether they have hit or missed each question.

Social Pressure The Social Pressure element should be displayed on the Profile page and should be
represented by an alert message, whenever the user drops in the ranking (is exceeded by a
colleague).

Stats The Stats element should be present on the Profile page and should be represented by all

user progress information, which by default will already be displayed on the Profile page.

Storytelling The Storytelling element should be present on the Profile page, represented by the
evolution of the avatar (and its story) of a student (thus associated with the Imposed
Choice element).

Time Pressure The Time Pressure element should be present on the Home page and should be represented
by a weekly countdown (thus associated with the Competition element).

4. Discussions and limitations

Before starting the discussions related to our study, it is important to highlight that our study generated some
limitations inherent to this type of study. Initially, because it is a critical and creative process, it is not possible to
systematise all design decisions (e.g., document all discussions). To mitigate this limitation, we used a process
known in the literature and used in similar studies (Design Sprint method). In the last step (Fifth day), it was not
possible to perform an evaluation with users; however, we used the persona technique, which is a valid HCI
technique.

Additionally, there is the limitation of implementing content elements from the Taxonomy by Toda et al., (2019a).
By content elements we especially refer to Storytelling and Narrative (Kapp, 2012; Palomino et al., 2019b) that,
although already mentioned in the literature, e.g., Marczewski’s Periodic Table of Gamification Elements (Tondello
et al., 2016) and Klock’s gamification conceptual model (Klock et al., 2019), lack systematically validated
procedures (e.g., frameworks or processes) guiding designers on how to implement them. For instance, Armstrong
and Landers, (2017) investigated the impact of transforming regular texts into scripted texts, thereby making users
interact with texts telling a story, which fits in the Storytelling game element (Toda et al., 2019b). Another example
is Champagnat, Delmas and Augeraud, (2010) research which dealt directly with the Storytelling concept applied to
learning. They presented a variation of Campbell’s Hero Journey (Campbell, 2008), specifically, for interactive
storytelling, and detailed how this model could be used in an educational context.

In these cases, authors often rely on some specific or self-developed framework/process for implementing those
elements. Whereas there exist options for developing stories, which might be used for Storytelling (e.g., that used by
Landers et al. (2017)), the literature still lacks a systematic process for adding the Narrative game element to GES,
although research towards this direction has recently emerged (e.g., Marczewski, 2015; Palomino et al., 2019c).
Thus, future studies maturing the field in terms of how to implement content game elements would benefit designers
and, as using these elements along with other common game elements (e.g., Cooperation, Objectives and Puzzles) is
of users’ interest (Palomino et al., 2019b), their experiences would be benefited as well. Therefore, we call for
further research on this topic.

Furthermore, defining which set of elements to use together was another challenging process. This happens due the
lack of studies that provide clear guidelines and justifications on the combination of game elements, which has been
pointed as an important aspect in the gamification design (Dichev & Dicheva, 2017; Toda et al., 2018b). On one
hand, each element from the taxonomy used in this work has a specific goal and, therefore, is likely to be used in
different occasions. On the other hand, there are some elements that have similar goals, as can be seen by their
grouping shown in Figure 2. However, selecting which game elements to use together, by simply following their
grouping, might not be the best option as, for instance, one might be seeking to create a gamification design (game
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elements set) that involves showing users’ performance (one group) based on their social interactions (another
group). To define those sets, there are two high-level approaches that have been explored: theory- and data-driven
insights.

While theory-driven approaches explore theories such as the self-determination theory (Deci & Ryan, 1985) to
define which game elements to use, data-driven ones rely on, for instance, usage data to select the gamification
design (Meder, Plumbaum, & Albayrak, 2017). On the other hand, the data-driven approaches have recently
emerged, and scholars have defended their benefits over theory-driven ones, in the context of gamification (Meder et
al., 2017) . Given this context, studies on how to define gamification designs based on data have started to appear
(Toda et al., 2019c¢). Nevertheless, as this is a recent field study, it is yet to mature and further research is required to
both improve the understanding on how to create those data-driven designs, as well as to identify whether those are
more effective than theory-driven designs in affecting users’ behaviour — or perhaps combined approaches are
required.

Another recent, relevant issue of gamification designs that was not addressed by the design we presented in this
study is personalisation. That is, providing gamification design tailored to different user types aiming at improving
their experiences (Oliveira & Bittencourt, 2019). As gamified systems are a specific type of information systems, the
personalisation dimension is an important aspect to be tackled (Klock, Ogawa, Gasparini, & Pimenta, 2018; Liu &
Stacey, 2015). Personalisation emerges as an approach to accommodate different users within the same gamified
systems (Seaborn & Fels, 2014), which is a necessary step, as users have different behaviours, interpretations,
preferences, and experiences (Lavoué, Monterrat, Desmarais, & George, 2019; Orji, Tondello, & Nacke, 2018),
thereby, the same gamification design is unlikely to work for all of them.

Thus, we highlight two closely related research veins that should be tackled. Future studies should further investigate
whether the use of personalisation approaches can improve gamification’s effectiveness, compared to generic design.
The other is that personalisation approaches focusing not only on the users, but also on the task they are performing,
should be performed, to provide gamified design aiming to satisfy users’ preferences, as well as the task at hand.
Consequently, creating guidelines on how to deploy it, which will then support practitioners deciding on how and
whether to personalise the gamification designs of their systems.

Regarding the use of the Design Sprint method, it was noted that this method allowed team members to propose a
solution rapidly and through a critical-creative approach, where team members were able to share opinions on each
step of the solution proposal, and at the same time, criticise colleagues’ proposals and self-criticise their propositions.
Thus, it is possible to conduct further studies using this method and perform evaluations that can measure the
effectiveness of the method in the gamification design process.

5. Conclusions and future work

This work presented a method on how we can use gamification elements to gamify learning environments. We
compared our taxonomy with other works concerned with gamifying learning activities that were found through an
existing systematic mapping. We also used an agile process alongside the given taxonomy. Through this work, we
present a new way on how to gamify learning systems using methods different from other frameworks. We also
believe that this taxonomy can be used within most existing frameworks in the education field, since its definitions
cover most of the elements that exist in previous frameworks.

For future work, we are focusing on designing an experiment to research if this taxonomy can be used alongside
data-driven gamified recommendations based on the elements that compose it. We intend to conduct a deeper
analysis on the scenarios provided in Table 3, by using other types of evaluation besides the persona technique (e.g.,
students’ evaluations of the system). We also intend to design a gamified educational system based on the
gamification design proposed in this article and to conduct a longitudinal study assessing the students’ experience in
that system. We are especially interested to investigate the gamification influence in the students’ flow experience
and learning outcomes.
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ABSTRACT

Gamification frameworks can aid in gamification planning
for education. Most frameworks, however, do not provide
ways to select, relate or recommend how to use game ele-
ments, to gamify a certain educational task. Instead, most
provide a “one-size-fits-all” approach covering all learners,
without considering different user characteristics, such as
gender. Therefore, this work aims to adopt a data-driven
approach to provide a set of game element recommenda-
tions, based on user preferences, that could be used by teach-
ers and instructors to gamify learning activities. We anal-
ysed data from a novel survey of 733 people (male=569
and female=164), collecting information about user prefer-
ences regarding game elements. Our results suggest that
the most important rules were based on four (out of nine-
teen) types of game elements: Objectives, Levels, Progress
and Choice. From the perspective of user gender, for the fe-
male sample, the most interesting rule associated Objectives
with Progress, Badges and Information (confidence=0.97),
whilst the most interesting rule for the male sample associ-
ated also Objectives with Progress, Renovation and Choice
(confidence=0.94). These rules and our descriptive analy-
sis provides recommendations on how game elements can be
used in educational scenarios.

1. INTRODUCTION

Gamification has been a widely popular phenomenon in the
past few years, being used in various domains, including that
of education. Gamification is defined as the use of game el-
ements outside their scope (i.e., games or game playing)
[1, 2]. However, educators often may not be familiar with
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specific game-related concepts, or know how to use game
elements, or may not have the resources or time necessary
[3, 4, 5]. A solution is to employ conceptual gamification
frameworks [6]. Still, existing frameworks lack resources and
explanations on how to use game elements appropriately [5],
especially when considering user preferences affected by de-
mographic differences. Understanding users’ characteristics,
such as gender, may be especially beneficial, e.g., in STEM
education, where the well-known problem of ’the leaking
STEM pipeline’* occurs [7].

In this paper, we apply a data-driven approach to provide
insights into the educational domain, via the research ques-
tion: “How can gender differences in preferences about gam-
ification elements be used to support gamification design?”
We conducted a very large survey (808 raw answers) allow-
ing respondents to rank gamification elements. We based
these elements on the works of Dignan [8] and Toda et al.
[5], due to (a) the relatively large number and variety of
elements, (b) the availability of synonyms used. Next, we
used an unsupervised learning algorithm to generate Asso-
ciation Rules to find patterns within the dataset, in order
to understand relations among these elements, based on the
users’ genders. Our main contributions are: (a) a survey?
for extracting preferences for gamification for education, ap-
plied to a large, varied number of respondents; (b) extract-
ing gamification elements relevant to the different genders,
for the educational domain; (c) extracting relations between
these elements, relevant to the different genders; (d) insights
into users’ acceptance of specific game elements, or groups
thereof (and their relations).

2. RELATED WORKS

As there are very few frameworks focusing on gamification in
education domains, we discuss: (i) existing models related
to game elements, () gamification studies on user charac-
teristics, (%) planning of gamification.

ldropout in STEM education
*https://forms.gle/hFgTT7kCqBKLqiPd8
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Yee and Marczewski both proposed models on how to use
game elements,using also large data collections [9, 10]; how-
ever, their focus is different: they collected (a) players’ moti-
vations towards online RPGs and (b) generic gamified appli-
cations. [10] only provides recommendations of elements for
behavioural profiles, but not user demographic characteris-
tics, such as gender. Yee’s model additionally analysed be-
haviours from a gender perspective, but only fo online RPG
(World of Warcraft) players exclusively. A recent study by
Shi and Cristea [11, 12] proposed a model and a set of rec-
ommendations based on the Self-Determination Theory [13].
Their Motivational Gamification Strategies related game el-
ements with each construct of the SDT, i.e., Autonomy,
Competence and Relatedness, and implemented them [11],
achieving positive results for each construct. Such studies
show how motivational theories and gamification constructs
can be related, as well support gamification in education.
They however do not support the design process of gamifi-
cation for educators and teachers.

Denden et al. [14] conducted an experiment analysing user
preferences (N = 120) over eight game elements within a
gamified educational system, based on personality traits (the
famous 'Big Five’ [15]). According to the authors, only
extraversion, openness and conscientiousness affected stu-
dents’ preferences for particular game elements. The au-
thors also stated the importance of this kind of recommen-
dation to designers and instructors when gamifying their
learning environments. However, the gamification in edu-
cation literature lacks studies which relate the acceptance
and influence of game elements with users’ genders, involv-
ing large-scale data [16]. One recent study [17] conducted
an experimental study aiming at identifying differences be-
tween male and female users (N = 70) towards 'gaming the
system’ behaviours. It was shown that game elements led to
male users decreasing their undesired behaviours; moreover,
female users felt less competent than male users. Never-
theless, although the results are interesting, the number of
students who were analysed is still relatively small, with stu-
dents from within a course context - whereas our study has
a wider scale and variety of participants.

Toda et al. [5] proposes a framework for blended class-
room environments using social networks, via a list of rec-
ommendations (names of gamified strategies) based on pre-
vious studies in gamification in education. They also ap-
ply Dignan’s game elements classification [8]. However, the
gamified strategies proposed are solely based on literature.
Nevertheless, their positive results show that game elements
are suited for educational environments (e.g., classroom and
digital platforms). As noted, other gamification frameworks
focused on specific domains (e.g. Computational Thinking
[18]). Klock et al [19]’s framework is usable for adaptive sys-
tem. Still, Mora et al [6] note that this framework focuses
on the researchers, rather than the stakeholders (teachers
and instructors) and presents limited recommendations on
game elements usage.

Thus, whilst gamification shows potential benefits for ed-
ucational applications, the gender differences in preference
towards specific game elements needed further, large-scale,
systematic studies, to better provide support for Data-Driven
Gamification Design, as tackled by our current paper.

3. DATASET AND METHODS

Our survey on game elements contains 29 questions. The
first part collected demographic information (age, favourite
game setting, and gender). The second part asked to what
extend certain game elements were relevant to users in the
gamified educational system context, through a Likert Scale,
from 1 “I think this element is irrelevant to me” to 5 “I think
this element is highly relevant to me”. The game elements
used and their advantages and potential drawbacks are pre-
sented in https://tinyurl.com/y44kqvn5 based on [8] and
used in [5] in an educational domain.

Additionally to theoretical motivations, we further validated
the selected gamification elements with 4 specialists in gam-
ification, who were also teachers, via an interview, verify-
ing the specialists’ acceptance of the used elements, con-
cepts, as well as questions cohesion. Finally, a pilot sur-
vey with 18 people verified the time spent and the consis-
tency of the questions, before launching the main survey
https://goo.gl/forms/d0i5WosBcMVWvQAK2. We then re-
cruited surveyees through social networks, forums and digi-
tal environments used by people who play games.

In total, we collected 808 raw answers. Further cleaning
removed data from users who: (a) did not answer all ques-
tions; (b) claimed not having played any digital games; (c)
were of age<0 or age>90. Then, we analysed our population
characteristics based on demographic data. As the normal-
ity test showed a non-normal distribution, a Mann-Whitney
test [20] was used to compare males and females.

Finally, we used association rule mining to analyse the re-
lations amongst our data, based on gender. Unsupervised
learning was used as we do not have any predefined la-
bels (outputs) and also to understand the relations between
the elements (different from clustering which create groups
based on all variables of the dataset).The algorithm analyses
the items’ frequency (support) and renders a level of confi-
dence, ranging from 0 to 1 (where 1 is the maximum confi-
dence). The confidence can also be supported by conviction
[21], lift and leverage -— both measuring the independence
of items.

4. RESULTS AND DISCUSSION

4.1 Gender differences

After filtering, we retrieved 733 valid answers (90.72%). We
applied Cronbach’s a on the second group of questions (as
game elements were based on a Likert scale) and achieved
an o = 0.83 (high reliability factor [22]). Our sample is
varied in terms of age (ranging from 13 to 68), but limited in
terms of experience in playing (at least a year: by design and
filtering) and country of origin (Brazil; due to convenience
sampling). Nevertheless, the sampling size is much larger
than the recommended one (733 >> 384; people playing
online games estimated at 700 mio; confidence level 95%).

We further organised our valid answers into two groups:
males (N = 569) and females (N = 164), and verified the
distribution of the data using the Shapiro-Wilk normality
test. The result showed that our data rejected the null hy-
pothesis (p < 0.05), so we adopted non-parametric tests in
further analyses. Table 1 summarises the result.
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Table 1: Relevance of game elements, averaged per
gender

Gender (mean) Mann-Whitney

ation is only marginally relevant. Social Pressure is signifi-
cantly less liked by females (difference of 7.7%).

Element Female Male W p-value Table 2: Cooperation, Competition and Social Pres-
Point 3.76 368 44836 0.429 sure answers.
Level 4.14 4.21 48418 0.427 Cooperation Competition Social Pressure
Cooperation 3.62 3.86 52306 0.013 fc F2 ?3 2/7[ ? go ?;2 i\g ‘7%4 F4 % 2/21 %6
e 2 7 5 . 4 14 85 5.
gompettl.tlon i'fg g‘?g ggg;g (2).(;26 i 3 90 122 53 03 95 152 80 141 96 158 63 111
cnovation : : -obe” 3 38 238 100 17.6 44 268 137 241 45 274 146 257
Progress 4.24 4.32 48856 0.312 1 43 262 142 25 43 262 135 237 34 20.7 160 28.1
Objective 4.41 44 45902 0.791 5 51 311 237 41.6 32 105 175 308 45 274 168 295
Puzzles 4.14 3.91 40636  0.008
Novelty 4.05 4.16 49530 0.197 Scarcity was instead favoured (significantly) by males (Ta-
Chz%nces 3.68 3.61 44901  0.447 ble 3), where 37.8% of the females are indifferent. Classi-
Social Pressure 3.43 3.65 51142 0.05 fication, also a social element, was considered significantly
Acknowledgement 3.85 3.73 44673 0.387 more relevant by males. 50.6% of the females considered it
Data LU 209 26675 0.994 relevant, against 60.6% males (Table 3). Based solely on
Scarcity 3.16 3.42 52468 0.011 e .
- our descriptive analysis, we observed that the male popula-
Choice 4.07 4.23 50267 0.08 . . .. .
- tion considered limited or rare tasks, allowing, e.g., rewards
Time Pressure 3.16 2.97 42711 0.09 . . . . L
such as interaction or collecting titles, as relevant. Again, in
Economy 3.41 3.42 46738 0.973 . .. . .
— practice, this information allows the teachers to create titles
Sensation 3.62 3.1 37094 1.17e-02 . . . .
Classification 351 379 51340 0.042 for completing specific tasks during their lectures e.g., by

Table 1 shows many significant differences (p-value < 0.05).
Interestingly, Competition, Cooperation, Social Pressure,
Scarcity and Classification were considered slightly more rel-
evant by the males, whilst Renovation, Puzzle and Sensation
elements were considered more relevant by females. Time
pressure was disliked by males, but not as much by females.

4.2 Descriptive Analysis

Comparing surveyees, for elements preferred in different pro-
portions, which are statistically significant between males
and females, Cooperation was more relevant to males (57.3%);
with 41.6% males selecting highly relevant, vs. 31.1% fe-
males (Table 2).

Gender

[~ [
1

w

Figure 1: Favourite game elements for males (a,b-
correspond to Tables 2,3, rsp.)

A more drastic difference appeared when more than 25%
of the females did not consider Competition to be relevant,
versus 54.5% males. This result suggests that males may
perceive social interactions, such as Competition elements
and Cooperation, as highly relevant overall in games, with
a slight preference of Competition. For females, however,
Competition is not that relevant, but, surprisingly, Cooper-

giving a title of ’Speedster’ to the student who completes a
list of task correctly and quicker than the others.

Table 3: Scarcity and Classification answers
Scarcity Classification
Sc F % M % F % M %
16 98 32 56 13 79 25 44
25 152 78 13.7 14 85 68 119
62 378 189 332 54 329 131 23
39 23.8 161 283 42 256 163 28.6
22 134 109 19.2 41 25.0 182 32.0

Y | W DO =

As for the elements most favoured by females (Figure 2),
Renovation scored highest. 76.2% said it was relevant, with
50% considering it highly relevant. In contrast, only 30.0%
of the males considered it highly relevant, with almost 30%
indifferent (Table 4). In a learning context, this may tell
the teacher that female students might be more pleased with
features as “continue”, “try again” or be given ’extra lives’.

Another element highly relevant to females was Puzzles:
80.8%, against 68.1% of males; with 21.9% males indiffer-
ent. Again, females, in this scope, considered that testing
their skills was more relevant than males did. The Puzzle
and Renovation elements, when combined in practice, allow
problem solving, with the opportunity to correct mistakes.

Finally, the Sensation element was considered more relevant
by females. More than half (54.8%) of the female sample
considered it relevant, against 42.5% of the males. This
could be explained by Sensation being related to the user
experience [8], and, based on Table 4, we can infer that the
most relevant elements for the female sample were related
to the experience, rather than social ones. This means that
they may perceive tasks that involve their senses, e.g., with
a visual or phonetic appeal, as more relevant, which could
further be redone whenever they wish, to improve a certain
skill through challenges. In practice, this means that using
materials and resources that are more visual appealing may
be more pleasant to female students than the male ones.
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Figure 2: Favourite game elements for the female
sample

Table 4: Renovation, Puzzle and Sensation answers

Renovation Puzzle Sensation
Sc F % M % F % M % F % M %
1 4 24 14 25 5 3 17 3 12 73 108 19
2 9 55 39 68 8 49 40 7 21 128 97 18
3 26 158 167 29.3 20 12.2 125 22 41 25 122 214
4 43 26.2 161 283 57 348 180 31.6 34 20.7 115 20.2
5 82 50 188 33 74 452 207 36.4 56 34.1 127 22.3

4.3 Association Rules analysis

To identify the strongest rules for each gender and to ver-
ify how the rules found matched or complemented the find-
ings from our descriptive analysis (Section 4.2), we used the
Apriori algorithm in Weka, with: (7) minimum support of
10% for the male sample size and 20% for female (to bal-
ance sample sizes); (it) minimum confidence of 90%; and,
after applying those attributes, (74) we used the measures
of interest conwviction, lift and leverage to find the most in-
teresting rules [23]. Using this setting we found a total of
11 rules for the female sample and 13 rules in the male one.

The majority (>90%) of the rules were based on the Ob-
jective element, which suggests its overall popularity. This
translates into a general recommendation towards using ’Ob-
jective’ elements in the educational gamification design, such
as missions, milestones and quests, to guide the students.
In this work we focused on analysing the most interesting
rules in female and male samples. For females, the strongest
rules were associated with the Objective (Table 5). The lift
> 1 and leverage near 0 indicate that our items are inde-
pendent and have a positive correlation, and the conviction
between 1 and 5 indicates that these are interesting rules.
The strongest rule relates Progress, Acknowledgement and
Data elements (e.g., Representations of progression, badges
and medals and results screen) with Objective (e.g., mis-
sions and quests). Rules regarding Progress and Level were
also amongst the 10 strongest. Thus, we can suggest that
teachers and instructors should use Acknowledgement (such
as badges and trophies), with other elements associated with
the personal enhancement of users (Progress and Level).

As for the male sample, Objective was also the main ele-
ment but, in contrast to the females, we did not find any
rules (with confidence > 90%) related to elements that were
most relevant to the male population (Table 6). There was
only 1 rule that specified a social element (Social Pressure)
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amongst all the 14 rules. We can observe that Progress ap-
pears in almost all the rules, followed by Choice, appearing
in seven rules. This means that, in our sample, designers
and teachers should consider quests and missions that con-
tain a form of progression and allow the students to make
meaningful choices; those choices can be tied to a challenge
(Rule 14), to transactions (Rule 24) and points (Rule 16).

Based on the data on Tables 5 and 6, we can observe that
Objective associated to Progress is a concept that is (gener-
ally) well accepted by both genders. This means that teach-
ers and designers should focus on, e.g., developing quests
(which can be tied to their original learning objectives) that
allow the learners to place themselves within the task. This
is important, since in some educational context, students do
not know why they are learning a specific content; and con-
sequently, may become demotivated [24]. In practice, this
means that teachers can create milestones or goals, allowing
students to visualise their progress towards this goal. Thus,
guidelines can be provided to teachers, to convert their ob-
jectives in their classes into milestones or quests. Addition-
ally, other representations of Progress, showing the users
where they are in the course could be implemented, such as
those supported by Levels, Points and Data.

4.4 Further Discussion

We consider this work to be important, as, with the advent
of 'big data’, various theoretical assumptions and statements
can now be backed up by (significant) evidence. In the case
of game elements, there is firstly a vast (not always research-
based) evidence that games are linked to motivation, and
keep players ’in the flow’ [25]. Some studies even link spe-
cific game elements to higher levels of commitment or mo-
tivation [9]. Based on this evidence, as well as theories of
motivation, gamification has been proposed for education.
Currently, however, the data supporting these assumptions
is scarce. There is a lot of small-scale empirical evidence, at
classroom-scale, of approaches that showed mixed successes
[26, 27]. In a similar way, there is evidence that gamification
can also have undesirable effects [28]. This clearly points to
the fact that there are parameters which need taken into
consideration, which may influence the outcomes of gami-
fied approaches to education. In this study, we specifically
focus on demographic parameters - namely, gender.

Gender in education has been brought to the fore recently,
with the advent of initiatives such as the ’Athena SWAN’?
initiative towards gender equality in Higher Education in the
UK, as well as similar initiatives world-wide. Importantly,
equality doesn’t mean ’one size fits all’: on the contrary, gen-
der equality means that the provision of education takes into
account specific preferences that may be gender related. In a
similar vein, certain types of games appeal to certain demo-
graphics and not others. For instance, card-related games
are potentially more appealing to women, and first-player-
shooter games to men (although, of course, preferences can
vary) [29].

Further analysis of Table 1 shows that male and female pref-
erences of some elements is relatively similar; e.g., Data,
Economy, Objective are almost identical, and some are only

3https: //www.ecu.ac.uk/equality-charters/athena-swan/
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Table 5: Relevant association rules for female sample

}:]L;lle If Then Conf Lift Lev Conv

1 {progress, acknowledgement, data} {objective} 0.97 1.63 0.08 7.04

2 {level, progress, acknowledgement} {objective} 0.97 1.62 0.08 6.84

3 {progress, acknowledgement} {objective} 0.96 1.6 01 6.04

4 {level, acknowledgement} {objective} 0.95 1.59 0.09 5.5

5 {point, acknowledgement} {objective} 0.95 1.58 0.08 4.96

6 {progress, puzzles} {objective} 0.94 1.57 0.1  4.73

7 {puzzles, novelty} {objective} 0.92 1.54 0.07 3.82

8 {novelty, acknowledgement} {objective} 0.92 1.54 0.07 3.72

9 {acknowledgement, choice} {objective} 0.92 1.54 0.07 3.72

10 {acknowledgement, data} {objective} 0.91 1.52 0.08 3.54

11 {puzzles, acknowledgement} {objective} 0.9 1.51 0.08 3.38

Table 6: Relevant rules to male sample

E”;ﬂe If Then Conf Lift Lev Conv
12 {renovation, progress, choice} {objective} 0.94 1.6 004 5.37
13 {progress, social pressure, data} {objective} 0.93 1.59 0.04 5.04
14 {progress, puzzles, acknowledgement } {objective} 0.93 1.59 0.05 5.16
15 {level, renovation, progress} {objective} 0.93 1.59 0.04 4.96
16 {point, objective, puzzles} {level} 0.92 1.93 0.05 5.74
17 {level, progress, puzzles, choice} {objective} 0.92 1.57 0.04 4.27
18 {progress, acknowledgement, data} {objective} 0.91 1.55 0.05 4.13
19 {point, progress, choice} {objective} 0.91 1.55 0.04 4.01
20 {progress, novelty, data, choice} {objective} 0.91 1.55 0.04 4.01
21 {progress, novelty, acknowledgement, choice} {objective} 0.91 1.55 0.04 3.95
22 {renovation, progress, novelty} {objective} 0.91 1.55 0.04 3.92
23 {level, progress, data, choice} {objective} 0.91 1.55 0.04 3.92
24 {progress, novelty, economy} {objective} 0.91 1.54 0.04 3.78
25 {progress, choice, economy} {objective} 0.91 1.54 0.04 3.78

slightly different. Thus, some game elements may be per-
ceived similarly by males and females - which makes the
teacher’s job much easier, in terms of design choices. This
also puts more emphasis on the game elements where large
differences exist, as well as on game elements where the dif-
ferences in preference are slight, but statistically relevant.

Some of the results obtained were surprising: for instance,
we expected females to appreciate cooperation more than
males, but results (see section 4.2) showed otherwise. We
did, on the other hand, obtain the expected results in terms
of preference for competition. It is possible that online social
interaction overall is perceived differently by males and fe-
males; for instance, females may perceive any type of social
interaction online, where people are not known in advance,
and anyone from anywhere can participate, as potentially
threatening. These types of areas need further analysis.

For educational applications, it may seem that such poten-
tial 'fears’ are less likely in controlled (classroom, or classroom-
based) environments. However, for example, on Massive
Online Open Courses (MOOCs), where people can partici-
pate from anywhere, such issues can again prevail. In fact,
research on social interactions on MOOCs (e.g., comments,
etc.) shows a predominance of males performing such ac-
tivities. In contrast, females preferred puzzles (which can
be solved also as solo-player) and the 'Renovation’ element
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(see Figure 2), which allow for an independent style of play
where one focuses only on ones own progress, instead of be-
ing interrupted by others.

5. CONCLUSIONS

This work presents our approach based on DDGD, towards
planning of gamification in the educational information sys-
tems domain by using data mining. The main contribution
of our work is to present a poll of gamified strategies tied
to male and female genders. Furthermore, we use real data
to aid in the decision process of teachers and instructors
is selecting gamification strategies. Through our data, we
could identify that males would make more use of social in-
teractions, with strong confidence rules pairing gamification
elements Progression and Choice. For the females, we iden-
tified that user experience and rewards are more relevant,
with association rules indicating a strong confidence for the
need of Acknowledgement and Progression. We believe that
this work can impact the way teachers perceive and apply
gamification in their environments, consequently improving
students’ engagement and motivation through a game-like
experience.
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Abstract. Gamification design has benefited from data-driven approaches to
creating strategies based on students’ characteristics. However, these
strategies need further validation to verify their effectiveness in e-learning
environments. The exploratory study presented in this paper thus aims at
verifying how data-driven gamified strategies are perceived by the students, i.e.,
the users of e-learning environments. In this study, we conducted a survey
presenting 25 predefined strategies, based on a previous study, to students and
analysed each strategy’s perceived relevance, instanced in an e-learning
environment. Qur results show that students perceive Acknowledgement,
Objective and Progression as important elements in a gamified e-learning
environment. We also provide new insights about existing elements and design
recommendations for domain specialists.

1. Introduction

Gamification design' has become a topic of interest in recent studies in the field of
computers in education. Many of these studies aim at providing guidelines on how to
implement gamification properly, including in the education domain [Borges ef al., 2014;
Dichev & Dicheva, 2017]. However, literature states that gamification must be designed
based on user characteristics, to ensure positive effects [Toda, Vale & Isotani, 2018;
Santos, Bittencourt & Vassileva, 2018]. Prior works show also that gamification does not
provide enough empirical evidence or enough data to attest its efficiency, which hinders
the gamification adoption by domain specialists (teachers and instructors) [Toda et al.,
2018b].

An alternative to tackling this issue is using the data-driven approach (e.g.,
machine learning and data mining techniques) to analyse data provided by
gamification/game-based systems, in order to provide empirical evidence on the
gamification design [Meder, Plumbaum & Albayrak, 2017]. Although only a few studies
have been conducted in this field, most of them are focused on the domain of business
[Meder, Plumbaum & Albayrak, 2017]. Furthermore, these design strategies must be
validated with users in order to provide their efficiency [Dichev, Dicheva and Irwin, 2018;
Klock et al., 2018a].

" The process / method of creating gamified tasks
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This work thus aims at providing a validation process of the findings of data-
driven gamification recommendations proposed by us in Toda et al (2019), where the
authors used a data mining approach to provide gamification strategies based on user
gender. We conducted a mixed epistemological research, through an inductive method in
a semi-controlled environment [Gomes & Gomes, 2019]. The objective of this paper is to
explore and explain how the data-driven gamification strategies would be perceived by
real users. To this end, we created the following research question "How do users perceive
game elements implemented in e-learning environments, based on prior research on data-
driven gamification recommendations?". The contributions of this work are aligned with
the field of Gamification in Education, providing validated recommendations that could
be used in the development and improvement of gamified educational systems. These
contributions are:

e Approach to validating data-driven gamification recommendations;

e Gamification recommendations that can be used by the domain specialists when
designing e-learning environments;

e New insights into how users’ perceptions are influenced by the game elements
implemented in the environment.

2. Related Works

In the work of Klock et al., (2018b), the authors demonstrated how learning analytics
could be used within a gamified e-learning environment to provide a better insight for
teachers and instructors. Although relevant and providing many insights into the field, it
does not focus/addresses how these analytics could impact on the gamification design
process (e.g., demonstrating which elements are more preferable by certain users).

Shi and Cristea (2016) explored how to approach gamification based on the
theoretical underpinning of the Self-Determination Theory (SDT). The authors provided
a novel way of concretely implementing SDT-rooted game elements in e-learning
environments towards increasing student motivation. Their work also used a survey to
validate the proposed gamification recommendations. However, unlike our current study,
their work only focused on gamifying and improving social interaction features in e-
learning environments.

Another work, conducted by Pedro & Isotani (2016), focused on identifying and
understanding students’ performance and gender differences towards "gaming the
system" (behavior associated with cheating in learning environments). Their results
indicate gender differences towards preferences of game elements in the environment.
The female population had an overall lower performance, compared to males, which may
be associated to the competition-driven elements (e.g. points, leaderboards and levels).
The authors did not focus on giving or analysing gamification recommendations, but they
inferred that female individuals might not like competitive environments.

Finally, the work of Toda ef al. (2019) used Association Rule Mining (ARM) to
identify relations between user gender and game elements in a given dataset. They
provided 25 rules converted into gamification strategies. However, the authors did not
validate those rules with real users, but stated that other demographic variables (e.g., age
group) could be used to provide more focused rules.
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In addition, for the related works above, current research in gamification is
concerned in understanding how the combination of game elements influence on the
perception of students and users, when using gamified systems [Garcia [ruela et al., 2019;
Featherstone and Habgood, 2019].

3. Methods and Tools

To conduct this study, we analysed previous data-driven gamification strategies proposed
in Toda et al. (2019). Following that work, with the aid of specialists in the field of
gamification and e-learning environments, we created 25 mockups (see an example
mockup in Figure 1) on how these strategies would be applied in a generic e-learning
environment. Then, we created a survey, where the users would state the relevance of that
gamification strategy in the context it was applied (that of a generic e-learning system).
The survey was validated with 3 gamification specialists, before being sent to the users.
The strategies can be seen on https://forms.gle/4FdMflL.sE3zbjo9Lu9.

Data

U S E R 1 2 3 (" Acknowledgement
Number of correct answers: 15 ‘

Number of incorrect answers: 3
Number of problems solved: 18

Number of tries: 18 \
Objective

Task 1 . Mission 1
Description: — - Finish 3 tasks

Mission 2

- Finish 5 tasks
Task_2 . Mission 3
Description: — - Finish 10 tasks

Mission 4

- Login for 5 days

'[ask 3
Fig 1. Example of a Mockup (related to Table 1 below, Id 10) that was presented to the users.

The relevance of the mockups was measured with non-polarised questions, in a
non-biased way on a Likert scale [Likert, 1932] from 1 (Totally not relevant) to 5 (Totally
relevant). Furthermore, each mockup was followed by a section where users could give
open feedback and add comments, e.g., "I dislike Renovation" or "I really liked this
layout". We aimed at recruiting people with the same demographics - male and female,
age group between 20 and 30 years, originally from Brazil (convenience sampling
[Saunders, Lewis and Thornhill, 2009]). Henceforth, the recruitment process was
conducted through email invitation. In total, we sent the survey to approximately 50
people.

All users would first need to agree that their data would be used for scientific
purposes. The survey contained 29 questions: three questions were related to user
demographics, one question on their perception of gender influence in game elements
preference, and 25 questions directly about the mockups created. These mockup questions
were divided into two groups, based on the gender (Male or Female). The users would
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receive the groups of questions related to their assigned gender first, then the opposite
gender on the second group of questions. We made the survey this way, in order to explore
how user gender might influence their perception of the data-driven gamification
strategies. The users did not know about these randomised groups until the survey was
submitted. The data used in this paper can be found at https:/bit.ly/2ZIqgwGM. After
collecting the data, we analysed it through descriptive statistics (i.e., Mean and Standard
Deviation) in the general group and per gender. Next, we analysed the comments of each
mockup and summarised the results, for positive (e.g. “I liked this element” or “I think
this combination might work well”’) and negative comments (e.g. “I disliked this element”
or “I don’t think this works”).

4. Results

In total, 15 out of 50 (30%) of the invited people answered the survey, which constitutes
our focus group. The distribution is almost similar between male (N=8) and female (N=7)
populations. The minimum age is 18 and the maximum is 38 (Mean = 28.2, SD = 5.8).
Concerning the education level, five students are at postgraduate level, six are at least at
the undergraduate level, two at high school level, and one at technical and one at
elementary school level. A summary of this data is presented in Figure 2.

Gender distribution Education level

Postgraduate

Undergraduate

Female
Male 46.7% High schoal
53.3%
Technical school
Elementary school
0 2 4 6
Age distribution
®_ 0 0 0
j c Min: 18
Max: 38

Mean: 28.2
SD: 5.8

Figure 2: Summary of the demographics

Concerning the mockups, overall, the majority received a medium score from the
users (respondents), with only one (Id 13, Mean = 2.7) achieving a score below the
indifference point i.e., 3, and two (Id 14 and 18, Mean = 4.2) above the relevance point

i.e., 4. A comparison of the overall results, and the results per genders can be seen in
Table 1.

Table 1. Overall and gender analyses

Overall Female Male
Id |Elements in the mockup Mean [SD |Mean [SD [Mean |SD
1 [Progression-Data-Acknowledgement-Objective 38|11 38|15 38|05
2 |Progression-Level-Acknowledgement-Objective 36|15 36|19 37|12
766
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3 |Progression-Acknowledgement-Objective 38|11 33|12 43|08
4 |Level-Acknowledgement-Objective 36|11 38| 13 34| 1
5 |Point-Acknowledgement-Objective 3811 39|13 37|11
6 |Progression-Puzzle-Objective 36| 1] 38|08 34|12
7 [Novelty-Puzzle-Objective 31 1 33| 12| 28|09
8 |Acknowledgement-Novelty-Objective 3[11 3[ 1 31,2
9 |Acknowledgement-Choice-Objective 3409 3209 3508
10 |Data-Acknowledgement-Objective 32|12 32|15/ 33|09
11 [Acknowledgement-Puzzle-Objective 36 1 33| 1| 39| 1
12 |Renovation-Progression-Choice-Objective 3,709 38|12 3,7/08
13 [Progression-Social Pressure-Data-Objective 271121 25| 13| 29|12
14 |Progression-Puzzle-Acknowledgement-Objective 42109 38| 1| 4/5(06
15 [Level-Renovation-Progression-Objective 35|11 35|12 35|11
16 |Point-Level-Puzzle-Objective 32|11 4/ 0,6/ 2508
17 |Progression-Level-Choice-Puzzle-Objective 34|09 36| 1| 32|09
18 [Progression-Acknowledgement-Data-Objective 4,21 0,9 4/ 1,2] 43|05
19 |Progression-Level-Choice-Objective 3,6/09( 38| 1 34|08
20 |Progression-Novelty-Data-Choice-Objective 32|12 33|14 32| 1
21 |Progression-Novelty-Acknowledgement-Choice-Objective 34|12 32| 13| 35|11
22 |Progression-Level-Data-Choice-Objective 34| 1| 35| 12 33|09
23 |Progression-Novelty-Economy-Objective 3,71 1 35 1| 39| 1
24 |Progression-Choice-Economy-Obijective 36|12 33 1| 38|13
25 |Progression-Renovation-Novelty-Objective 32|12 32|11 32|13

As we can observe in Table 1, the perceived relevance of these combinations is
relatively similar for most mockups, for both males and females. We highlighted the
lowest (red) and highest (blue) in each column to identify which was the most preferred
by each gender, based on the “Overall” mean. Concerning the mockups, the least
preferred mockup (Id 13), contains Social pressure, which is the use of direct or indirect
peer interaction as a way of motivating and engaging the users/players [Dignan, 2011].
In our mockup, we used a space that presented updates on other users' activities, as a way
of creating a motivational pressure from their peers. As we can observe, this may not be
the best way to present this element, since users didn’t like it, as well as complained about
it in their comments. Concerning the highest scoring strategies, we can observe that both
genders preferred Progression, Acknowledgement and Objective elements.

Progression, according to Toda ef al. (2019) refers to the visualisation of progress
of the users within an environment. In our mockups, this concept was implemented using
a progress bar that could measure the number of activities that were made by the user
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(student). Acknowledgement is related to achievements/trophies, which are rewards
given for specific actions within the environment, e.g., ‘the student finished 5 tasks in a
row’. This was represented as trophies in our mockups. Objective is related to the learning
goals, and was presented as ‘missions’. These were original strategies found more
relevant to males, in the work of Toda et al. (2019) and, in this work, were also found
more relevant by the male individuals.

Concerning the comments, mockup 13 received the highest number of comments
(9). Seven of these users states their “dislike” for the Social Pressure concept, stating that
it may demotivate the final user by comparing them to other users. Only one person stated
that they were pleased with the Social pressure concept. According to two comments,
Social Pressure would be good for competitive users. Still concerning this mockup, the
Data concept received two “dislikes” from the respondents. In our mockups, Data is
presented as the visualisation of the user information as a number of correct and wrong
tasks.

Mockups 12 and 23 received, respectively, a larger number of comments (8).
Concerning mockup 12, most of the comments (5) stated that Choice was misplaced
within this mockup, while four comments praised the use of Renovation. Choice was
presented as a poll where the users (students) could choose their next assignment. Two
comments stated that Choice should be something more meaningful, such as choosing the
next subject. Renovation was presented through a re-do button, providing the student with
the opportunity to perform the same task again. As for mockup 23, seven comments
praised Economy while one said it did not like the element. Economy was presented in
our mockup as virtual currency that could be spent in the system. Comments stated that
Economy was an interesting element but the items that could be used as transactions
should be more meaningful; there was also a statement about Economy being more
relevant than Point. One comment also disliked Objective.

Mockups 2, 15 and 16 received seven comments each. For mockup 2, at least two
users stated that Level and Progression should be one single element. In our mockups,
Level was presented as a number that increased as the user gained points or completed a
task. Two other comments stated that Level was indifferent to them and that the
representation was rather confusing. One comment stated that they preferred Puzzle
instead of Level in this mockup. On mockup 15, six comments stated they disliked Level;
two suggested to group it with Progression. One comment disliked Renovation. As for
mockup 16, five comments disliked the way the elements were presented while one
comment stated that points should be used to buy things inside the system (change to
Economy) and the other stated that Acknowledgement should be in place of Objective.

Mockups 1 and 5 received six comments each. On mockup 1, users stated that
Data might not be that relevant, or should not be visible on the screen all the time. Other
two comments implied that there were too many elements on the screen. One final
comment suggested Data to be linked with Achievement. As for mockup 5, four
comments stated they were displeased with Point, stating that this concept might be
irrelevant when not being linked to Progression. Only one comment praised the use of
Point in this mockup, stating that it should be great for continuous systems, where there
was no progression towards the end.

Concerning mockups 4, 8, 20 and 24, each received five comments. For mockup
4, four users were displeased with Level, stating that it should be tied to Progression; one

768
209



VIl Congresso Brasileiro de Informética na Educacdo (CBIE 2019)
Anaisdo XXX Simposio Brasileiro de Informética na Educagédo (SBIE 2019)

user further stated their preference of Acknowledgement over Level. One person disliked
Objective. Regarding mockup 8, four users did not like the way Novelty was presented.
Novelty in our work was presented as a space presenting updates on the system activities
and changes. One user stated that Novelty should contain more relevant information, and
others said that Novelty was distracting. One user that praised Novelty said that the screen
contained too much information. Mockup 20 received overall mixed comments, where
users stated that Novelty and Choice could be shown in other sections of the system. Data
received similar comments as before, since two comments affirmed that it could be
presented through Progression or linked with Acknowledgement. Finally, in this subset
of comments, mockup 24 also received some mixed reviews, since users stated that
Choice should have another type of presentation. Besides, two users were pleased with
the Economy.

When reaching the threshold of four comments per mockup (4, 6, 7,9, 10, 17 and
25), most of these comments repeated what previous ones stated. Mockup 4 received
mixed comments, where two stated their preference towards this mockup while the other
two made suggestions on how to adequately represent Acknowledgement. Mockup 6 also
received mixed comments, one stated that Puzzle should be linked to a type of reward,
while one user liked the concept of Puzzle. In this work, we represented Puzzle as extra
challenges where users could improve their scores and test their skills. Mockup 7 received
similar feedback, where two users stated they did not like Novelty yet the other two were
pleased. As for mockup 9, three comments praised the combination suggesting that
Choice should be presented in another way, while one disliked the concept. Mockup 10
was disliked by four comments: users stated that Data should be linked to other elements
and Acknowledgement should be tied to Progression. In mockup 17, two comments
suggested that Level and Progression should be one single element or tied to
Acknowledgement. One user stated they were displeased with Choice while other stated
their preference towards it. As for mockup 25, the comments also presented mixed
opinions: one disliked Choice; one disliked Objective; and two praised the combination
and Renovation element.

Finally, under four comments, we have mockups 11, 14, 18, 19, 21 and 22.
Mockup 11 and 14 received three praises from the users, where one of them stated it was
the best combination. It is worth noting that Mockup 14 also achieved a high score overall.
Mockup 18 received the same previous comments towards Data (also achieved the
highest score along mockup 14). Mockup 19 had overall mixed reviews: one comment
stated disliking Choice while the others suggested a link between Level and
Acknowledgement. Mockup 21 received two positive comments: one suggested to
change the way Choice was presented, and the other suggested to remove Objective.
Finally, mockup 22 had two comments towards Data, that repeated what was stated
before.

5. Discussions

Based on our results, we did not find significant differences in terms of the perception of
the mockups, between the two genders, possibly also due to this being only a focus study,
with few users. Moreover, interestingly, we can observe from Table 1 that the mockups
received an almost similar score from both genders. This may occur because of the small
sample size and thus may need further in-depth investigation. We can also observe that,
overall, all the mockups received a similar relevance score near the average point (3).
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When analysing the comments, we can observe that most of them referred to changing
the way an element was presented or linking it to Acknowledgement / Progression for the
sense of progress and meaningfulness. These analyses also allow us to infer some
statements towards this data:

e Users perceive Level and Progression as the same thing, although in the concept
defined by previous works Toda ef al. (2019), Level is usually related to the users’
skills while Progression is related to the system status. Nevertheless, it is
understandable why most of the users stated their preference to link those two
elements, since most games and gamified environments also tie levels and
progression (e.g. Duolingo).

e Progression, Objective and Acknowledgement are usually well accepted when
linked together, rewarding the users with medals/trophies/achievements whenever
they complete a task in the e-learning environment.

e Choice and Data should be treated as part of the system and have a separate
visualisation from the gamified user interface. Choice would be meaningful if
linked to Acknowledgement (e.g., allowing the student to win different trophies
based on their personal choices in the system). Data should be presented in a more
subtle way (e.g., discreetly scattered through the mockup) and provide relevant
information.

e Point is not relevant, according to all people who commented; i.e., it should not
be used alone. Point should be linked to other elements to be more meaningful.
Similar remarks were made about Data.

e Acknowledgement is the most praised element, which can be used to reward
students as well as to make other elements more meaningful to them (such as
Level and Objective).

Our work confirmed the data-driven strategies from prior work: Progression,
Objective and Acknowledgement as the main elements and most accepted by the users.
However, we did not find significant differences towards the genders.

As for the limitations of our work, a major one is the sample size (15) which is
very low. When we asked the participants why they did not answer the survey, most of
them stated that it was either too confusing or too long to complete (the average time to
complete was 20 minutes). Due to this sample size, we cannot confirm using statistics if
our results are significant. However, as it is known from the Human Computer Interaction
literature that five users could be an acceptable sample to conduct a usability study?, we
believe that even though not achieving statistical significance, our results may be
meaningful and able to provide insight from the users’ perspective for designers and other
domain specialists in the field.

6. Conclusions and Future Work

This work presented a validation of gamification recommendations for e-learning
environments using a data-driven approach. This validation was conducted based on the
students’ perception of the game elements in mockups predefined based on prior research
outcomes clustering gamification elements perceived as working well together. Through
this study, we observed that the combination of elements do influence students’
perception of the system. In this work we have shown faint differences between males

2 https://www.nngroup.com/articles/how-many-test-users/
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and females in terms of their perception of gamified elements and their pairing, such as
female individuals preferring Progression element more than male individuals, while the
second prefer Acknowledgement more than female individuals, which is the opposite
from prior findings. However, we have found that Progression, Acknowledgement and
Objective may be a suitable combination for both genders.

As future work, we intend to conduct a large-scale validation (with a larger sample
size) on the relevance/acceptance of the combinations of the gamification concepts and
game elements, in order to verify statistical differences towards their relevance to
different genders. We also will be focusing on embedding these recommendations in a
recommender system, to support the gamification design.
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Abstract. Gamification design in educational environments is not trivial and
many variables need to be considered to achieve positive outcomes. Often,
educators and designers do not know when the students’ intentions on the use
of gamified environments might influence their experience. Based on this
premise, this paper describes an exploratory study on the users’ intention to use
gamification, focusing on its influence in the field of education. We conducted
a survey study with participants (N=1.692) and analysed their answers using
unsupervised data mining techniques. As a result, we obtained empirical
evidence showing that demographic and contextual variables influence
(positively and negatively) people’s intention to use gamification. This evidence
can support designers and educators better understand whether and when they
should or should not gamify a learning environment.

1. Introduction

The use of gamification in education has become a trend in the last decade [Deterding et
al. 2011; Klock et al. 2020]. Recent literature studies indicate that gamification in the
education domain has mixed results. From positive effects, such as increasing students’
motivation and engagement, to negative outcomes, such as undesired behaviours and loss
of motivation [Dichev and Dicheva 2017]. Many researcher have pointed out that these
mixed effects are tied to the gamification design and context it is used [Dichev and
Dicheva 2017; Klock et al. 2018; Toda et al. 2018; Pereira et al. 2020b].

The positive outcomes of gamification attracted educators’ attention.
Nevertheless, due to lack of knowledge, time, and resources, these educators are often
discouraged to pursue a good design of gamification and apply it adequately together with
their current pedagogical practices [An et al. 2020]. Furthermore, gamification is context-
aware, which means that it is necessary to understand the contextual factors that permeate
the users’ routine to design gamification in their environment [Klock et al. 2020; Seaborn
and Fels 2014]. According to Savard and Mizoguchi (2019), context can be either
constructed of mental representations (internal context), or environment and
circumstances (external). Internal context reflects personal characteristics that could
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impact the learning process, e.g., people experience and knowledge within a certain
subject may influence their perception on understanding certain situations.

In previous studies, intentions on the use of gamification have been explored in
different contexts and through different perceptions. Hamari and Koivisto (2015)
analysed why people use health gamified applications and pointed out that usefulness,
ease of use, enjoyment and playfulness are associated with a positive intention to use. In
Rodrigues et al. (2016), the authors investigated the intention of use in e-banking context.
According to their results, socialness leads to a positive intention of use, and the intention
of use has positive influence in the users’ perception. As we can observe, in both studies,
the positive intention of use leads to positive attitudes towards a certain field.

To date, we did not find any studies that analysed the intention of use in the field
of education, nor studies that analysed how previous knowledge and context influence
towards that intention. This information is important to educators, to understand when
and for whom they should gamify learning environments, since these design decisions
might influence the students’ perception when interacting with the learning environment
[Klock et al. 2020].

Thus, we aim at providing insights to the existing body of knowledge on
gamification by pursuing the following research question: How users’ demographics and
contextual characteristics influence the positive intention towards gamification in
education? To answer this question, we conducted a survey study (N = 1.692 people) and
analysed through a quantitative approach applying unsupervised data mining methods
namely, Association rules (AR) and clustering, to find patterns within the dataset. AR
analyses the relations between variables and clusters can provide an overall analysis that
can be translated into patterns [Agrawal et al. 1993; MacQueen and Others 1967].
Through these algorithms we can understand how these variables might influence the
gamification intention of use. Our findings include empirical evidence based on real data
that can support the decision-making process of educators to know when and for whom
to gamify learning environments. We also provide insights on how users’ perceptions can
be explored to further increase the acceptance of gamified systems.

2. Methods and tools

To conduct this research, we opted to follow an exploratory approach, since the objective
is to verify the possible relations between the users’ intentions and their context. Through
this approach, we might provide new research questions to be explored in future studies.
We conducted this approach using a survey, since it allows us to gather a considerable
amount of user answers and is also a low-cost solution [Lazar et al. 2017]. We divided
this approach in three steps, considering: data collection; analysis; and report.

For the data collection, we designed a questionnaire containing 12 questions that
aimed to collect demographic (e.g., gender, age and country in which the respondent
resides), and contextual variables (concerned with the users’ background with
gamification applications and games), as well as the intentions of using gamification in
different fields (work environment, routine, health and education).

These intentions were chosen based on the popularity of gamification in those
fields [Vargas-Enriquez et al. 2015]. The intention of using gamification questions
followed a template of “What would be your intention in using gamification in your
[field]” using a 5-point Likert scale [Likert 1932] from 1 “Would not use at all”’ (negative
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intention) fo 5 “Would definitely use” (positive intention). We opted to analyse four
different fields where gamification is usually applied and/or studied [Klock et al. 2020].
In this paper, our focus is on analysing the relations in the field of education. The
recruitment of participants was carried out through Amazon Mechanical Turk (which has
been considered a reliable platform for this kind of study [Bentley et al. 2020]) and social
networks.

In the contextual variables, we consider the experience of the user by asking what
they know about the concept of gamification, since the way an individual understands the
environment (in this case, gamification) may influence the way they perceive the context
[Savard and Mizoguchi 2019]. Concerning the concepts, we adopted three different
concepts of gamification, an “Other” field, and one “I don’t know” answer. For the
concepts, we adopted as the main definition “/¢ is the use of game elements outside of a
game” [Deterding et al. 2011], another definition that is a partial concept “I¢ is a process
to put games in non-gaming context’, and a misconception “It is the process of making
games” [Deterding et al. 2011]. The “Other” concept could be defined by the participant.
Concerning other contextual variables, we have also asked the participants if they usually
play games, how many years they had contact with gamification, and which gamified
applications they might have used. This questionnaire was created under supervision of 3
experts in survey design.

To analyse the data, we used AR and clusters since these methods are used to find
patterns within a dataset and have been used in recent exploratory research concerned
with gamification and data-driven methods [Palomino et al. 2019; Pereira et al. 2020a].
AR were used to find the relations between the intentions and demographic/contextual
variables. These rules were measured and analysed based on their confidence, lift and
support, following previous studies found in the literature [Palomino et al. 2019]. Clusters
were used to identify general patterns; the number of clusters was defined by the knee
point detection. Clustering can be used to analyse the intra- and inter-distance between
cluster values marking the point of maximum curvature. To find this point, we used the
K-means algorithm in a range of values from 2 to 12 (we assume 12 can be our upper
boundary considering our data are on a Likert scale from 1 to 5) [Satopaa et al. 2011].

Moreover, with the goal of grouping similar individuals together into clusters, we
use the popular unsupervised machine-learning algorithm K-means, which can be used to
find subgroups with different profiles on Likert scale [1-5] data, as our intention variables.
To choose the best number of clusters (k), we employed, as said, the knee point detection
algorithm, which is a technique the can be used for automatic detection of the optimal &
by analysing the maximum curvature [Satopaa et al. 2011] for each & point. According to
Satopaa et al. [2011], the automatic & point detection algorithm is more appropriate than
the common (and sometimes misleading) selection by visual inspection (ad-hoc analysis).
As such, we fitted the K-means model with & values ranging from 2 to 12. Figure 1 shows
k on the x axis, whist on the y axis we show the distortion, which represents groups’
density (intra-cluster distance). As a result, the point with maximum curvature is five
(dashed vertical line).

We also calculated the silhouette coefficient (which is the mean ratio of intra-
cluster and nearest-cluster distance) using the same range for & (2-12). Despite it seeming
that k=2 or k=3 (highest values for silhouette score) might be the best values, again, five
was found as the optimal value using the knee point detection (dashed line in Figure 1b).
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In addition, as explained before, we used on the intention variables a Likert scale [1-5],
which likely would lead to one cluster for each Likert value and, hence, five subgroups
of different profiles. Thus, we opted to use k=5 based on our maximum curvature analysis
and because it seems more appropriate for our data scale and, hence, gives us more
nuances for analysis (five clusters instead of only two or three).

Distortion Score Elbow for KMeans Clustering Si\huueneVScUre Elbow for KMeans Clustering

—--- elbowatk =5, scere=0.312

=== elbowatk =5, score= 3042170

distortion score
silhouette score

1
2 4 6 8 10 2 4 6 8 n
k k

Figure 1. (a) On left, distance score; (b) On right, sillhouette score

Finally, to report the finding, we provided the complete data and steps of pre-
processing used in this study, alongside descriptive statistics, association rules and
clusters at the following link https://bit.ly/2EqVISE .

4. Results and Discussions

4.1. Descriptive statistics

Initially, we collected 1.692 answers in 3 months (December 2019 — February 2020).
Following, we pre-processed the data by: (a) arranging the ages in groups; (b)
standardising the concepts of gamification; (c) arranging the countries by continent. In
step (b), we identified 42 different concepts given by the users, that were analysed by two
independent judges to verify if these concepts fall into one of the previous categories or
“Other”. The judges were both experts in the field of gamification, with more than 5 years
of experience. In the initial analysis, using a Cohen’s Kappa « [Cohen 1960], the judges
achieved a low agreement (x = 0,3) then, a third judge was invited. Based on the third
judge decision, 27 concepts were classified into one of the existing concepts and 15 were
considered outliers, then removed. After removing the outliers, we analysed a total of
1.631 valid answers. Concerning the demographic variables, users reported 7 different
genders, with the majority of individuals identifying as either Female (N = 838 | 51,4%)
or Male (N =778 | 47,7%), followed by Prefer not to say (N = 8 | 0,5%), Genderqueer (N
= 1), and Non-binary (N = 6). The average age of our sample is 33,5 years (SD' = 10,5),
minimum age being 14 and maximum being 75. For the countries, the majority (66,5%)
were from North America. In cluster analysis, genders that were not Female nor Male
were considered as NaN due to the low sample that impacted significantly on the cluster
formation (less than 1%). In the same way, both Africa and Oceania were also removed
for cluster analysis, due the sample being less than 1% total.

! Standard deviation
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As for the contextual variables, most (N = 1410 | 86,4%) of our sample usually
play games, while a few (N =221 | 13,6%) stated they do not. Considering the concepts
of gamification, few respondents (N = 248 | 15,2%) assumed they did not know what the
definition was, while 226 (13,9%) respondents stated that gamification is the process of
making games (misconception). Following, 391 (24%) respondents believe in the partial
definition (process of putting games in non-gaming contexts) and a majority (N = 766,
47%) answered with the correct definition. Thus, in general, we can observe that most
of our respondents do not know the correct definition. When asked about previous
contact with gamification, we found a duality between their knowledge definition and
usage, since 740 (45,4%) respondents stated that they did not have a previous contact
with gamification, while 772 (47,3%) stated they had, and 119 (7,3%) affirmed they might
have had contact. In other words, this led us to believe that people that know the
concept of gamification might not know how to recognise a gamified application,
reinforcing the previous finding. We had added an optional question that aimed to
established which gamified applications these respondents might have used and the
majority (approx. 321 entries) answered Duolingo, an educational platform, followed by
TripAdvisor, a touristic guide (approx. 104 entries). Finally, concerning their experience
with gamification (in years), the average is 4 years (SD = 4,1), minimum being 0 and
maximum 30 years. Concerning the experience, the concept was coined in 2011 but
studies have reported that gamification is influenced by past events and practices
that go decades before 2011 [Nelson 2012].

Finally, considering the intention of use, we observed that education (ED) led to
a higher intention of use (63,5%, when summing scales 4 and 5 that are tied to positive
intention). In contrast, work environment (WE) translated into the higher negative
intention to use (25,9%, when summing scales 1 and 2). A summary of these findings can
be seen in Table 1.

Table 1. Intention of use. DR = Daily Routine; WE = Work Environment; ED = Education; HE =
Health

Intention (Scale | Proportion)

Field 1 % 2 % 3 % 4 ) 5 %
DR 157 9,3 201 119 | 459 | 27,1 | 501 | 29,6 | 374 | 22,1
WE 224 | 13,2 | 215 | 12,7 | 406 24 472 | 27,9 | 375 | 22,2
ED 145 8,6 148 8,7 325 | 19,2 | 489 | 28,9 | 585 | 34,6
HE 196 | 11,6 | 177 | 10,5 | 379 | 224 | 466 | 27,5 | 474 28

4.2. Association Rules and Clusters

To mine the AR, we used the R package arules [Hahsler et al. 2007]. Using a minimum
support and confidence of 0,1 we found 723 rules: maximum support of 0,54 — rule 243
(when the user is from the United States, they usually play games); maximum
confidence of 0,96 — rule 491 (when the user gender is male, and they have positive
intention in using gamification in daily routine, they usually play games); and
maximum lift of 3,78 — rule 610 (when the user has a maximum intention to use
gamification in their work environment, health and education, they also have
maximum intention to use gamification in their daily routine).
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Concerned with the intention to use in education, we found 239 rules. Considering
the positive intention (Likert scale 4 or 5), support (> 0,1), confidence (> 0,8) and lift
(>1,3) we can summarise the number of rules to 16 (Rules 608, 254, 617, 621, 263, 629,
633, 296, 626, 273, 642, 309, 306, 650, 23 and 276). Through these rules, we can find
contextual variables linked to the intention to use in education, according to our data,
people who usually play games, had previous contact with gamified applications and
had previous knowledge on what gamification is have a positive intention to use it in
education (Likert scale = 5). In fact, the positive intention of use in other fields also
impact the intention to use in education.

Concerned with the neutral or negative intention, we also found 16 rules related
to the neutral intention (Likert scale = 3), but none of these rules followed the previous
values for confidence (>0,8) and lift (1,3). The information presented in these rules is that
people who usually play games but did not have previous contact with gamification
have neutral intention to use it in education.

In the five clusters that were generated, we analysed the Mean and SD observing
some profiles within our sample: Those who are indifferent (In white, Mean = 3) towards
the use of gamification in education (Cluster 1); those who have positive intentions (In
blue, Mean > 3) to use gamification in education (Clusters 2, 4 and 5); and those who
have negative intentions (In red, Mean < 3) to use gamification in education (Cluster 3).
The summary of the results can be seen in Table 2, and a summary of the Clusters can be
seen on Figure 2.

Table 2. Cluster Analysis. DR = Daily Routine; ED = Education; HE = Health; WE = Work
environment. In RED: Lowest value(s); In BLUE: Highest value(s).

Variables Cluster Labels

Intentions C1] SD C2 SD| C3| SD| C4| SD C5 SD
DR 2,84\ 0,74 47| 0,49 1,5| 0,71} 3,75 0,73 3,61| 0,9
ED 3,06/ 0,85 4,84| 0,421 1,6/ 0,8 4,19| 0,75 4,24| 0,67
HE 2,69 0,85 4,88| 0,33 1,43| 0,71 3,63| 0,74/ 43| 0,65
WE 2,87, 0,8 4,7/ 0,51 1,28 0,52 4,11| 0,5 2,37 0,73

In Cluster 1 (C1), indifferent intentions can be observed; we can also observe that
people in this group tend to have a negative intention to use gamification in other fields.
Most of these people usually play games, know what gamification is, but believe they did
not have a previous contact with gamification. On demographics, gender distribution is
almost equal, they are between 20 and 30 years and the majority lives in North America.

For the positive intentions, we can observe that Clusters 2 and 4 (C2 and C4) have
similar analysis. Both clusters consider a positive intention to use gamification in other
fields alongside education (Cluster 4 having a lesser positive intention in DR and HE).
Considering their contexts, both clusters are composed of people who usually play games
and know what gamification is; however Cluster 2 has more people that had previous
contact with gamification; while Cluster 4 is almost balanced between people who had
and did not have previous contact with gamification. For the demographics, both clusters
are also remarkably similar in gender distribution, differing slightly in the age groups and
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continent, where Cluster 4 has the smallest ratio of North Americans and highest rate of
South Americans.

ey S Conept ot
Tegr g e
C5 °f: C2 C5 s C2 c V;éj o
Gender _ Continent ., AgeGroup
—F:TH C1™ —”3”01:—1:‘: aanlu Above 40
C5 q\ C2 C2 c5 /\\ 2
d ._714/
. e C3 C4 ‘L\\ C3

Figure 2. Clusters’ variables distribution

Considering Cluster 5 (C5, also positive intention to use gamification in
education), we can observe a negative intention towards WE. The context of this cluster
is similar to Clusters 2 and 4, with people who usually play games, know what
gamification is and had previous contact with gamification. Although, when analysing
the demographics, we can observe this cluster has more female respondents than males.
This cluster has also the slightest rate of people above 40 years. Geographical distribution
is similar to the previous clusters.

Finally, considering the negative intentions towards education it is possible to
observe that the whole Cluster 3 (C3) replicates this negative intention towards other
fields. In other words, this Cluster is composed of people who do not want to use
gamification at all, it is composed of people who usually play games, but do not know
well what gamification is about (highest rate of people who assumed they do not know
the concept of gamification or knew it partially). They also believe they have had no
previous contact with gamification. Considering their demographics, we can observe an
equal gender distribution, with people from all age groups and a majority of North
Americans.

In summary, AR and clustering provided similar information towards the context
of our sample, which means that previous contact with gamification, knowledge of the
concept and habit of playing games do influence the infention to use in educational
environments. This information can be used by teachers, instructors, and other educators
to know when to gamify. Our demographic analysis did not present significant differences
— except for Cluster 5, in which most of the sample is composed by female respondents.
These results might have influenced users’ response towards previous used applications,
where most of the respondents (N > 300) used Duolingo as an example of a gamified
application, which is an educational environment.
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4.3. Discussion

This work provides insights on how the users’ context and demographics influence their
intention of use in gamification in education. Through this study, we add other variables
(previous knowledge on gamification, previous use of gamified applications, and playing
habits) that might be important to be considered when the designer and/or educator think
about gamifying their learning environments, which is not often considered when
designing gamification, but do impact on the users’ experience [Hamari 2015; Rodrigues
et al. 2016].

In future studies, researchers might ask the students about their intentions,
knowledge and/or playing habits, to understand if that really influences and has a positive
or negative impact on gamification. Another future research proposal would be
identifying how culture (in this case, the country where the person resides in) is related
to these factors as well, since culture is not a variable that is considered too often in the
gamification empirical literature [Klock et al. 2020].

4.4. Limitations

During the design and implementation of this work we faced some limitations. Some of
these limitations are concerned with the way we collected the users’ intention of use,
which could have been done through validated instruments, such as the Technology
Acceptance Model [Davis 1989]. However, due its complexity and aiming at a broader
public, we opted to use a single question self-assessing the intention of use through a
Likert Scale, which is used to measure abstract ideas. Another limitation is the
geographical distribution of our work, which might have been influenced by using
Amazon Mechanical Turk; we could not control this variable without increasing the
overall cost of this research. This could be enhanced or explored in future works.

5. Conclusion and Future Works

In this work, we focused on exploring and analysing the influence of contextual variables
over intention to use gamification in educational environments. Through the data
collected in our survey, we provided the following empirical contributions: (I) evidence
that context (previous knowledge, habit of playing games, and contact with gamification)
influence the intention to use; (II) and evidence that specific demographic characteristics
do not play a major role in the intention to use.

We believe this analysis could be further explored in future works by increasing
the number of respondents from different countries/continents, as well as different
genders, to increase diversity. Finally, another work would be exploring these contextual
variables within the design of gamification, as something to aid in the decision-making
process by designers and other people who want to gamify a learning environment.
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