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ABSTRACT
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Context: Gamification is now used widely in education in order to improve students’ engagement,
performance, satisfaction, and motivation. There contains various types of research on how to apply
gamification in software education and how it affects the student

Objective: This paper will carry out a systematic literature review method to give an overall picture of the
current state of gamification in software education.

Method: We conduct the review by identifying the search string and screening out the irrelevant studies by 4
research questions: How do they define gamification, in which software education context, which game
elements, and what are the effects?

Results: We found 28 primary studies between 2020 to 2023. Software engineer and computer science are
the most popular field in software education. They also use multiple common game elements and have
positive results for students.

Conclusions: The existing research in the field shows a highly positive result in student engagement and
motivation. Future research could also focus more on the performance effect and focus on other software
education domains.
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1. INTRODUCTION

Motivation is an important aspect of human that affect engagement and performance in Software
Engineering [1][2]. It is emphasized to have the biggest impact on the productivity of students.
There are various methods and techniques have been studied and applied to enhance motivation
in education. One of the strategies is known as gamification, which as the name suggests, uses a
set of game techniques to make activities more interesting and appealing or turn activities into

“game-like” [3].

In the early 2010s, the gamification concept became popular and has been applied in various
domains. It has multiple definitions and is mainly defined by Deterding et al. [4] as “the use of
game design elements in non-game contexts”, while Hamari and Sarsa [5] define it as “the concept
of applying game-design thinking through the use of game mechanics to drive game-like player
behavior to non-game applications”. Moreover, Werbach [3] understands gamification as close to a
serious game and more of turning activities into a game. On a similar note, gamification can also
be defined as “a process of enhancing a service with affordances for gameful experiences in order

to support user’s overall value creation” by Huotari and Hamari [6].

Gamification has been applied in many different domains in the last years such as health and
wellbeing [7], brand [8], management [9], transportation [10], and sustainability [11]. Gamification is
also a crucial part of designing mobile apps for smartphones and tablets in order to achieve more
user satisfaction. Some companies also try to improve the customer experience of their website
through the use of gamification [12]. It has also been applied in some corporations to improve the
results of employees’ performance of their daily tasks and work [13]. But the most potential domain
is that gamification will be used in education and training where students can be more engaged
and excited with the lessons [14][15].

This short paper will focus on how gamification has been clarified and used in software education,
and what is its effect on the student. Its application deserves more attention and promises to help
improve the daily engagement and motivation of software students in their courses. The method
will be carried out as a systematic literature review. The following sections are structured as such:
Section 2 presents the related work. Section 3 shows how systematic literature was planned.
Section 4 we analyze the results we obtained during the search and answer the research
questions. Section 5 will discuss the obtained result and shows the limitation of this method. And

finally, conclusions of the papers and future research suggestions will be in section 6.



2. RELATED WORK

In recent years, there are many studies about gamification in software development using a
systematic literature review. For instance, Barreto and Franga [16] pulled out systematic literature
research combined with an Ad-hoc review and gained positive overall results. After reviewing 130
studies, the result describes that gamification is expected to produce both positive results and little
negative impact in both behavioral and technical dimensions. The studies show the potential of
gamification in software development and need more sophisticated views on this field. Other
papers studied by Oscar [17] also support that there is a lack of studies about this research subject
and the result is very preliminary or even immature. The lack of user profile analysis, appropriate
design methods, and too simple gamification schemas make it below expectations. “More than
38% of the studies only consider the simplest gamification element, namely rewarding user’'s
behaviors with points, which could be called “pontification”, instead of gamification”, Oscar stated
[17]. Furthermore, Xu [18] conducts literature research about how gamification is used in web
applications. He concludes that the application still uses relatively superficial game mechanics
such as points, levels, leaderboards, and badges. As a future direction for research, Oscar [17]
and Xu [18] highlight it would be significant to use more different mechanics and tools to measure

engagement metrics and behavior analytics.

From an education perspective, gamification is also implemented in Moodle platform which
provides some story-based, narrative courses towards a fully gamified course or app such as
Duolingo [19]. The experienced report also stated that there are difficulties in establishing game
elements in university settings, besides some difficulties, they could implement good gamification
in the lessons with the aim to motivate the students. In addition, Valéria conducted an experience
report on gamification in remote teaching software engineering courses during the COVID-19
pandemic. The results show that students in both Software Engineering (SE) and Fundamentals of
Programming (FP) engaged in the gamified teaching methodology since most of them like to play
video games and RPGs. The advantage of gamified remote teaching is nowadays every student
has access to the Internet which allowed them to follow gamification remotely. It also presented
that some students are not interested in gamification activities or don’t know how to play games.
Therefore, in this paper, we will conduct literature research on how education applies gamification

and how do they affect the students.



3. PLANNING OF THE SYSTEMATIC LITERATURE

From the related papers, we need to do further research to characterize the state of gamification
now in software education which forms a big question “What is the state of Gamification applied to

Software Education now?”.

To execute the systematic literature, we followed “Guidance on Conducting a Systematic Literature
Review” by Yu and Maria [21] and some recommendations in [22][25]. The steps for planning

included: research questions, data sources and search strategies, and quality assessment.

3.1 Research methods and questions

The aim of the research questions are established is to provide a general insight into relevant
factors of the existing studies in gamification applied to software education. These questions
include how other proposals define the topic, which game mechanics they apply, and in which
software context. We also want to analyze how they affect on students in general, positive or

negative. The literature review questions are presented in Table 1.

Num. Research question

RQ1 How do literature studies in Software Education define gamification?

RQ2 Which Software Education field is gamification being applied to?

RQ3 Which game elements or game mechanics are used in Software Education?

RQ4 What are the effects on students gamification achieved?

Table 1: Literature review research questions

3.2 Data sources and search strategy

The search string we built has 2 major focuses: “Gamification” and “Software Education”. The
second major term will be refined into the string with multiple software development processes.
We construct the search string by following the steps in [23][24]. The Boolean OR is used to
represent alternative terms, synonyms, or related terms, Boolean And is inserted to link to two
major terms, and Symbol * indicated all the relations to the major term. The search string in the
Scopus database: TITLE-ABS-KEY ( gamif* ) AND ( TITLE-ABS-KEY ( software AND
engineering ) OR TITLE-ABS-KEY ( software AND testing ) OR TITLE-ABS-KEY ( software AND
design ) OR TITLE-ABS-KEY ( software AND process ) OR TITLE-ABS-KEY ( software AND



requirements ) OR TITLE-ABS-KEY ( software AND implementation ) OR TITLE-ABS-KEY

( software AND configuration ) OR TITLE-ABS-KEY ( software AND construction ) OR TITLE-
ABS-KEY ( software AND integration ) OR TITLE-ABS-KEY ( software AND framework ) OR
TITLE-ABS-KEY ( software AND maintenance ) OR TITLE-ABS-KEY ( software AND verification )
OR TITLE-ABS-KEY ( software AND validation ) OR TITLE-ABS-KEY ( project AND

management ) OR TITLE-ABS-KEY ( project AND planning ) OR TITLE-ABS-KEY ( project AND

assessment ) ). The search string can be simplified in table 2 below.

Major terms Alternative terms
Gamification gamif* AND
Software Education ((software engineering) OR

(software testing) OR
(software design) OR
(software process) OR
(software requirement) OR
(software implementation) OR
(software configuration) OR
(software construction) OR
(software integration) OR
(software framework) OR
(software maintenance) OR
(software verification) OR
(software validation) OR
(project management) OR
(project planning) OR

(project assessment))

Table 2: Search string

The main academic database we use for searching is Scopus, and the search strategy is

presented in Table 3.



Search Strategy

Academic databases searched | - Scopus
- Science@Direct (subject Computer Science)
- IEEEXxplore

- ACM Digital Library

- Springer
Other data sources - Google
Target items - Journal papers

- Workshop papers

- Conference papers

- Industry/Professional workshop contributions

- Industry/Professional conference contributions

- Non-academic online publication

Search applied to - Title

- Abstract

- Keywords
Language - Papers written in English
Publication period - From 2020 to April 2023

Table 3: Search strategy

With the help of Scopus, we can directly check the publisher site such as Science@Direct,
IEEExplore, and ACM Digital Library. We aim for professionals paper or forums such as
conferences and workshops. The search string was also modified multiple times in the pre-search

stage in order to give the most accurate results.

3.3 Quality assessment

The expected search results will be large, therefore, the inclusion and exclusion criteria are
created to assess the quality of searched studies. The inclusion/exclusion criteria are presented in

table 4 below:

10



Inclusion/Exclusion criteria

Inclusion criteria

- Terms fulfill the search string

- Academic journal, conference, and workshop papers
- Contributions to industry/professional conferences,
workshops, and online publications

- Papers written in English

- Publication date: From 2020 to 2023

Exclusion criteria for titles and abstract

- Papers which do not focus on either gamification and
software education

- Papers available only in the form of abstracts or
PowerPoint presentations

- Personal blogs or web pages

- Product brochures

Exclusion criteria for full text

- Papers presenting a summary of a workshop

Table 4: Inclusion/Exclusion criteria

In this search stage, we first needed to record all the titles, abstracts, and keywords for the search

using the inclusion criteria. After having a list of studies, exclusion criteria will first be applied for

tittes and abstracts to screen out most of the irrelevant research. Finally, after careful screening,

reading the full text to analyze the data, and possibly some of them presented a summary of the

workshop or inaccessible.
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4. RESULTS

With all the planning for systematic literature research, this part will show the result of the search

and how they reflect the research questions.

4.1 Results of the search

In the searching stage, we applied 7 steps which are presented in Table 5 below:

Step Description Deleted Total
Step 0 | Literature search +818 818
Step 1 | Duplicated manuscripts -15 803
Step 2 | Lack of relation to either gamification or software development -266 537
Step 3 | Only related to gamification and lack of software development -272 265
Step 4 | Only related to software development and lack of gamification -160 105
Step 5 | Related to gamification and software development but lack of -60 45
education
Step 6 | Inaccessible -17 28

Table 5: Literature search
The literature search found a total of 818 studies, which is a large number and will be screened
step by step. Step 2 indicates the studies don’t relate or lack relation to gamification or software
development even though they fulfill the search string. Step 3 concerns the lack of software field in
the studies, for example, “A framework of gamified learning design targeting behavior change and
design of a gamificated time management training manual” by Chen [26], which relate to
gamification but focus on time management. Lack of gamification is step 4 and it is easily
misunderstood as a serious game or VR, AR, and Al will be gamification. As defined before in
Section 1, Gamification is more of applying game elements to non-game applications, not actually
creating a serious game [4]. For instance, “Lego Serious Pay in Software Engineering Education”
by Daniel [27] which build an actual game to teach software engineering so the studies are not
selected. For education, we searched for teaching or education keywords, and finally, there are

few inaccessible resources due to paid studies or different languages.

4.2 Research questions

4.2.1 RQ1. How do literature studies in Software Education define
Gamfication?

Most studies define gamification as the application of game elements, mechanics, or techniques

(67%, 19/28 studies) in a non-game context, or environment (39%, 11/28 studies) [4]. A small
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number of studies also define gamification as the use of game thinking or game fulfiliness [5]. The

purpose of gamification is also well defined as 11 studies stated that it provides more engagement

and 9 studies show that it provides more motivation. 9 researchers don’t provide the definition,

which assume the readers already know about it and use it directly in context. The definition can

be summarized in the table below.

Definition Studies Total

Game elements [A1], [A2], [A3], [A5], [A6], [A7], [A9], | 19

[A11], [A12], [A13], [A14], [A15],
[A16], [A18], [A21], [A23], [A24],
[A25], [A27]

Non-game contexts [A1], [A2], [A3], [A6], [A13], [A14], 11
[A15], [A16], [A18], [A21], [A24]

Game-thinking [A1], [A5], [A23], [A25], [A26] 5

Engagement [A2], [A5], [A6], [A9], [A11], [A12], 11

[A14], [A18], [A21], [A23], [A27]

Motivation [A2], [A7], [A9], [A11], [A12], [A13], |9

[A18], [A21], [A27]

Not defined [A4], [A8], [A10], [A17], [A19], [A20], | 8

[A22], [A28]

Table 6: Gamification definition

4.2.2 RQ2. Which Software Education field is Gamification being applied?

There are various fields in that gamification is applied but most of them all is software testing

(17.8%; 5/28 studies). Since some of the studies state that software testing isn’t that appealing to

students compare to software design or programming. Therefore, a large amount of experience

and studies implement gamification in this field. Other popular is generally such as software

development (32%, 9/28 studies) and computer science or programming (17.8%; 5/28 studies).

Field Studies Total
Software testing [A1], [A16], [A23], [A24], [A28] 5
Software in general [A2], [A11], [A13], [A18], [A20], [A21], 9
[A22], [A25], [A26]
Computer Science or Programming [A3], [A6], [A9], [A14], [A17] 5
Cyber Security [A4], [A8] 2
Software Project Management [A5] 1
Blockchain [AT] 1
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Software Process Improvement (SPI) | [A10], [A12] 2
Software Modeling Learning [A15] 1
Software Quality Assurance [A19] 1
Software Measurement Process [A27] 1

Table 7: Software field is Gamification being applied

4.2.3 RQ3. Which game elements or game mechanics are use in Software
Education?

As these studies define gamification as the implementation of game elements or game mechanics,
we will have a look at which game elements are used the most. Hamari et al.[5] describes some of
the most used mechanics: points, leaderboards, achievements/badges, levels, story/theme, clear
goals, feedback, rewards, progress, and challenge. Among those mechanics, points are the most
used with 60.7% in about 17/28 studies, and achievements/badges are second with 46.4% in
around 13/28 studies. Surprisingly, clear goals mechanics have the least use which only has
10.7% around 3/28 studies.

Game elements/mechanics | Studies Total

Points [A1], [A2], [A3], [A6], [A7], [A11], [A13], [A14], [A15]. 17
[A17], [A19], [A23], [A24], [A25], [A26], [A27], [A28]

Leaderboards [A2], [AB], [AT], [A11], [A17], [A19], [A20], [A25], 10
[A26], [A28]

Achievement/Badges [A2], [A4], [A6], [A8], [A11], [A14], [A17], [A19], [A20], | 13
[A23], [A25], [A26], [A28]

Levels [A6], [A8], [A11], [A13], [A20], [A23], [A24], [A25], 9
[A26]

Story/Theme [A1], [A9], [A10], [A12], [A16], [A26], [A27], [A28] 8

Clear Goals [A2], [A8], [A25] 3

Feedback [A1], [A2], [A3], [A11], [A15], [A20] 6

Rewards [A2], [A5], [A10], [A12], [A17], [A28] 6

Progress [A1], [A6], [A10], [A11], [A12], [A15], [A17], [A20], 11
[A24], [A25], [A26]

Challenges [A1], [A2], [A9], [A11], [A13], [A15], [A17], [A22], [A26] | 9

Table 8: Common game elements/ mechanics are used
Besides these common mechanics, other mechanics also have been studied in some research.

These elements need more attention on them and are listed in table below.

Game elements/mechanics | Studies Total

Avatars [A2], [A10], [A11], [A17] 4
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Brilliant Choice

[A11], [A13]

Symbols of Conquest

[A11], [A13]

Power-Up [A3], [A4] 2
Competitive/Coop [A1], [A5], [AT], [A17], [A24] 5
Social Interaction [A1], [A4], [A9], [A14] 4
Experience Points(XPs) [A2], [A8], [A25] 3
Time [A6], [A23], [A27] 3
Building from Scratch [A11], [A13] 2
Tutorial [A11], [A13] 2
Rockstar Effect [A11], [A13] 2
Elitism [A11], [A13] 2

2

2

2

Mysteries box

[A11], [A13]

Table 9: Uncommon game elements/mechanics are used
Software process improvement (SPI) researches used the same elements which are building from
scratch, tutorial, Rockstar effect, and more. One of the studies doesn’t offer any element or

mechanics.

4.2.4 RQ4. What are the effect on student Gamfication achieved?

With the help of [A18], we evaluate the effect of Gamification on students into 4 main categories:
engagement, performance, satisfaction, and motivation. Moreover, don’t have an effect and

negative feedback also be included.

Effect Studies Total

Engagement [A1], [A3], [A4], [A6], [A9], [A10], [A16], [A17], [A18], [A21], | 14
[A22], [A23], [A24], [A26]

Performance [A1], [A3], [A7], [A10], [A12], [A18], [A21], [A24], [A28]

Satisfaction [A3], [A8], [A13], [A15], [A18], [A20], [A21], [A28]

Motivation [A5], [A6], [A8], [A9], [A10], [A11], [A12], [A13], [A14], 15
[A18], [A19], [A21], [A22], [A24], [A25]

No effect [A9], [A27] 2

Negative effect [A2] 1

Table 10: Effect on student Gamification achieved
Engagement (50%; 14/28) and satisfaction (53,57%; 15/28) have the highest rates, and no effect

and negative effect have the lowest with only 1 study containing negative effect.
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5. DISCUSSION AND LIMITATIONS

From the data analysis, most studies research carefully the definition of gamification, and have a
clear vision of how to apply it to the software education field. After reviewing carefully 28 texts,
gamification has a highly positive effect on software education and lots of papers recommend
further research on this topic. Common game elements such as points, badges, and progress bars
have been used the most and have been proven to be effective. By implementing these techniques
in education, students are more encouraged and interested in the topic. As expected, the
engagement and motivation results are high as it reflects some of the definition of the effect of

gamification.

This research contains a small number of review studies that still have some limitations. Some of
the studies couldn’t be accessed, and some of them don’t use experimental or empirical results.
This paper's purpose is to provide a general state of gamification in software education which also

needs to further research in more specific fields.
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6. CONCLUSION AND FUTURE WORK

Overall, most studies show that they understand the theory of gamification and are able to conduct
an experience on this topic. The results have some positive effects on students’ engagement and

motivation.

Even though this systematic literature review shows a highly positive result. There is still more
potential in these Software Education fields. For instance, the gamification method only applies to
software in general and computer science but does not focus on other main software process
domains. In addition, there are multiple effective game mechanics that haven’t been indicated

much in Table 9 which have lots of potentials.

In future research, we suggest researching other software education domains or using other game
mechanics. One more aspect which also needs attention is the performance of gamification effect
on students is still low. We suggest conducting an experiment on the relation between game

elements and students’ performance in software education.
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