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Abstract: The trend in using games in elementary level education also spreads through higher
education levels and specific domains such as engineering. Recently, researchers have shown
an increased interest in the usage of games in software engineering. In this paper, we are
presenting a systematic review and analysis of 350 papers regarding games in software
engineering education that was published in the last fifteen years. After applying our inclusion
criteria and manual inspection of these studies, we have ended up with 53 primary papers.
Based on a systematic process, we reported and discussed our findings with possible future
research directions. The main results of this study indicate that the studies are accumulated
around 5 categories. Games that learners/students play, games that learners/students develop as
projects, curriculum proposals, developing/coming up with new approaches, tools, frameworks
or suggestions and others.
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1 I ntroduction

Software engineering is a discipline that addresses valuable solutions for complex
problems, which requires a good combination of theoretical and practical information
[Sommerville, 04]. However, typical software engineering education with theoretical
formation could not be able to highlight potential practical problems that a novice
software engineer should have to deal directly with. Games can be considered as a
tool to train novice software practitioners and may address such problems that might
cause by alack of practical information [McGonigal, 11].

With the increased usage of games in many domains including education and the
related research in academia, software engineering education aso took its part in this
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trend. The motivational and other charming aspects of games gain importance in
software engineering education [Kurkovsky, 09] [Aydan, 16]. Also, it is stated that
software engineers need to work in a highly social and collaborative environment
[Kosa, 15] and games are good at providing the collaboration needed while being
played and also while being designed [Zagal, 06] [Brandt, 04]. Interestingly, agile
development, for instance, was likened to a cooperative game itself [Cockburn, 07].
Therefore games appear to be an appropriate tool to be used in software engineering
education.

Games can be used in creative ways to enhance learning [Gee, 05] and provide
motivation to the learners/students in-class [Nemerow, 96]. Because of the affordance
of creativity that games supply to the developers, it is intriguing to research how they
are being utilized in different settings by different software engineering educators.
There are many sub-topics in software engineering curriculum that games can be used
such as requirements engineering, process modeling, software management, software
testing, risk management and so on. Simulating a real-world situation may provide
students with the experience they are lacking which aso helps unifying the practical
understanding with the theoretical knowledge. Also, different approaches
(digital/non-digital) may facilitate different learning environments that are worth
studying. Therefore, the goal of this study is to conduct a systematic review, and
synthesize the available evidence regarding the usage of games in software
engineering education.

The remainder of the article is structured as follows. Section 2 gives the
methodology of the review with the research questions, inclusion criteria, data sources
and search strategy. Then the results are described with primary findings in Section 3.
In Section 4, the results are discussed and lastly at Section 5, the study is concluded
and future directions for research are briefly provided.

2 Review Method

As briefly mentioned above, the purpose of this study is to review and characterize
the state of the art of the utilization of games in software engineering education. To
carry out this review, we followed the recommendations in [Kitchenham, 04] [Keele,
07] and [Petersen, 08]. In this section, the planning of the review is explained and the
details of the review method are explained below. The details include the research
questions, inclusion criteria, data sources and search strategy.

To get an explicit view of the current trend in game-based software engineering
education, this literature review is conducted with the following specific objectivesin
mind.

The objectives of our work are multifold. First, we would like to understand the
nature and types of games that are used in software engineering education. Second,
we would like to investigate and find out what benefits are obtained from such games
if any. Third, we would like to observe the studies to find if any methodologies to
develop games for software engineering education exist and if they are empiricaly
validated. Finally, we would like to see if there is a growing interest in the field or
not. Overall, we would like to highlight the nature of research resultsin the literature.
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21 Resear ch Questions

We trandlate our research objectives into specific research questions as follows:

(RQL) With what kinds of purposes are games used in software engineering
education? Are they mostly utilized in the sense that students play games or students
develop gamesin the learning process?

(RQ2) What kinds of games are used in software engineering education? Are they
digital or non-digital?

(RQ3) How positive is the outcome of the usage of games?

(RQ4) Do the studies being carried out provide empirical results?

(RQ5) Are there any design guidelines specific to the software engineering domain?
(RQ6) What is the distribution of studies being conducted according to the years? Is
there an increasing/decreasing trend?

2.2 Inclusion Criteria

Studies that are either empirical or not, either composed of digital games or not,
written either by academics or otherwise are included starting from 2000. The review
did not differentiate between qualitative or quantitative studies and included
workshop papers as well. Papers that are hit by the keyword search that are about
coding and programming are included if it claims that the study is in for software
engineering education. Only the studies that are written in English are considered.
Other literature reviews on the subject are excluded since it is thought that they would
not be directly contributing to the answers for the research questions described above.
We have subjectively included studies which are at the intersection of games,
software engineering and education in a very broad sense. Our evaluation was non-
stringent, however studies that are about games and software engineering but not
education were omitted, for instance.

Inclusion Criteria Papers come up from the search string
Journal, conference or workshop papers
Papers written in English

Published in or after 2000

Studies that add vaue to software

engineering education

Exclusion Criteria e Papers that do not focus on software
engineering education

e  Other literature reviews

e  PowerPoint presentations

e Blogs or websites

Table 1. Summary of the inclusion/exclusion criteria

2.3 Data Sour ces
2.3.1 Digital Databases
The search has been performed on electronic databases which are:



Kosa M., Yilmaz M., O’ Connor R.V., Clarke P.M.: Software Engineering ... 1561

- ACM Digitd Library

- |EEE Xplore Digital Library
- ScienceDirect

- SpringerLink

- Wiley Online Library

We tried to keep the keyword scope narrow since if one fails to determine the
scope appropriately, game-based learning may bring loads of studies not necessarily
reside in the software engineering scope. A couple of initial informal searches have
been conducted to determine the best keyword combination. “Video game” keyword
is avoided for the non-digital games to be also included in the study. Other than that,
“computer science” or “information systems’ keywords were not chosen not to stray
too far off and to be able to remain in the exact domain of software engineering. The
keywords for the search have been selected as. “software engineering education” and
“games’. They are searched in titles, abstracts and keywords.

2.3.2 Gamesand Software Engineering (GAS) Workshop

Other than searching for studies in the digital databases, papers published in “Games
and Software Engineering Workshop” have been skimmed since it is obvioudy
relevant to the topic at hand. The papers found from the workshop were generally
from the “ Games and software engineering education” track. For 4 years (2011, 2012,
2013 and 2015 since the workshop was not held in 2014), there were a total of 43
papers where 3 of them were selected to be included in this review study. Other than
these papers, relevantly found 5 papers were identified to be duplicates of the digital
database search, which are then ignored. The breakdown of numbers of studies
according to the yearsis below:

e Games and Software Engineering (GAS), 2011 1st International Workshop —
o g;meﬁ and Software Engineering (GAS), 2012 2nd International Workshop
o égmeﬁ and Software Engineering (GAS), 2013 3rd International Workshop
o égrin& and Software Engineering (GAS), 2015 4rd International Workshop

24 Sear ch Strategy

The search was carried out for the studies since 2000. Selected studies are listed in
Appendix A.

Firstly, the systematic review process was started with the search for the studies by
using the previously defined keywords (“software engineering education” and
“games’). By manual abstract inspection, the irrelevant studies were then excluded.
After that, the duplicates were removed from the study. Then the studies were further
eliminated by inspecting the content of the paper. Lastly, the remaining studies were
classified according to their purpose and scope. The search strategy is summarized in
Figure 1.
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STEP 1: Search for the databases for the keywords in titles, abstracts and keywords -> 350

3

STEP 2: Include relevant studies (manual abstract inspection) -> 97

3

STEP 3: Remove duplicates -> 79

3

STEP 4: Eliminate studies according to the content of the paper -> 53 (Appendix A)

3

STEP 5: Categorize papers -> 53 (in 5 main categories, bel ow)

Figure 1: The Search Procedure and Number of Papers Included in the Review

STEP 1: In this step, al the papers written in English that contain “software
engineering education” and “games’ in their titles and/or abstracts and/or keywords
were included. Data sources were selected as several respected digital databases and
“Games and Software Engineering Workshop” as mentioned above.

STEP 2: After gathering all the relevant papers according to the search keywords,
abstracts of those papers were inspected manually and studies outside of the scope of
this review were taken out.

STEP 3: Since we have accumulated the studies from multiple resources (digital
databases and a specific workshop), there were duplicates and therefore they were
omitted and the number of papersincluded were calculated again.

STEP 4: Manually inspecting the remaining studies showed that several of them were
irrelevant and they were eliminated. Some of the reasons for elimination in this step
are;
- Theshort versions of studies that were already in the review as another study
(another form of duplication),
- Explanation of addition of a new feature to an already existing approach,
- Studies that are more inclined to focus on other domains rather than software
engineering
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- Studies that develop a rather generic method and not necessarily software
engineering

STEP 5: In this step, having all the pertinent studies ranging between years 2000 to
2015 at hand, according to how games are utilized, they were categorized in to groups
as explained in the results section.

3 Results

The overview of the results of the review is given in Appendix B.
Quantitative results achieved after each step can be seen in Table 2. Studies
included from digital databases and from workshops are presented separately.

ACM IEEE | ScienceDirect | Springer | Wiley | GASs | Tota
STEP1 61 69 12 179 3 43 350
STEP2 30 37 4 11 4 11 97
STEP 3 29 28 3 11 2 6 79
STEP4 20 18 3 7 2 3 53

Table 2: Number of papers according to the search. GASs: Games and Software
Engineering Workshops

After STEP 4, it has been seen that the remaining studies are accumulated around 5
main categories (Figure 2):

1. Games that learners/students play (23): A game is developed for students to
play that helps the learning process of software engineering concepts.
Studies in this category explain the game mechanics of their game and how it
enhances learning.

2. Games that learners/students develop as projects (11): Games are developed
by students where they experience the software development processes.
Games are used as the motivating factor for students to develop projects and
they are used to expose students to challenging problems that they cannot
generaly face with non-game projects. Authors of the papers that fall into
this category generally present the experience they had while using this
method or the challenges and benefits of the method.

3. Curriculum proposals (4): Seemingly similar nevertheless distinct from the
second category, authors present curriculums that can be adopted by teachers
of project-based courses where students need to develop a software system.
Gamification of the curriculum approaches are aso examined in this
category.

4. Developing/Coming up with new approaches, tools, frameworks or
suggestions (8): Rather than describing a game-based course as in category
2, the studies selected for this category posit new approaches, tools,
frameworks or suggestions for the acceptance of usage of games in software
engineering education.
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5. Others (7): Last category was created for the studies that do not fit into any
of the above categories and also do not accumulate enough to be in a
separate, distinct category. The studies in this category are about acceptance
of game-based learning in software engineering education [S2], importance
of experience [S12], interest and success of women [$42], effectiveness of
gamified approaches [S40], games as research tools [S7], using games in
game design [$44] and game programming and evaluation of an aready
developed game [S29].

[S39] was identified to be fitting into both first and second categories since
the idea of the paper is both to make students design games (by senior
students) and to play those games (by junior students). Being said that, we
have considered this study to be appropriate to fit in the second category for

the sake of this review study.
Category Distribution
25
20
15
10
5 l l
; | B |
Games that Games that Curriculum proposals Developing/Coming Others
learners/students  learners/students up with new
play develop as projects approaches, tools,
frameworks or
suggestions
Figure 2: Category Distribution of the Papers Included in the Review
4 Discussion

The most obvious finding to emerge from the analysisis that the studies that are being
carried out in the intersection of software engineering education and games are
accumulated around 5 main categories. Figure 2 articulates those categories and gives
the number of papers included in each category. Returning to the research question
(RQ1) posed at the beginning of the study, it is now possible to state that game notion
is used both for playing and designing.
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With respect to the second research question (RQ2), as can be seen from Figure 3,
there is significant amount of study on digital games which may not seem to be
surprising in this day and age. Figure 3 outlines the numbers of selected papers which
have a digital game approach, non-digital game approach or both. Although
utilization from studies from the digital perspective is unquestionable, the capability
of non-digital efforts should not be disregarded. Bringing its own unique attributes,
non-digital games may provide additional benefit. For instance, educators may utilize
them, harnessing its social characteristics (e.g. face-to-face interaction) especialy in
teaching complex subjects that involve social aspects and that are hard to teach
without simulating. Using a hybrid approach, which encompasses both digital and
non-digital approaches, may also be an option where necessary.

Digital vs Non-Digital Approaches

50
45 -
40 -
35 -
30 -
25 -
20 -
15 A
10 -

Digital Non-Digital Both

Figure 3: The Numbers of Digital and Non-Digital Approaches

There are studies which provide empirical evidence that the utilized game or
method actually enhances learning [S5] [S19] [S39]. Conducting experiments in
multiple institutions is a solid validation to show that the developed game or method
practically works in different environments [S29]. This approach should be adopted
by other game developers (for software engineering education) as well. Also, these
kinds of empirical evidence in different settings are essential to support an academic
point of view. According to the findings, the third research question (RQ3) can be
addressed as the game approach outcomes are mostly reported as positive. As for the
forth research question (RQ4), it would be convenient to state that although there are
empirical studiesin the literature, we can conclude that there needs to be more studies
with empirical parts.

For the fifth research question (RQ5) that was posed, it can be claimed that there
are not much studies which attempts to develop design guidelines or heuristics for
developing games for software engineering education however, one study in this
review reports its findings on the efforts for mapping game design elements to the
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learning elements for the software management education in particular [S19]. The
scarcity of these kinds of studies shows us that there is still space to be discovered on
supplying design guidelines for devel opers.

Returning to the sixth research question (RQ6) that was set forth in the previous
sections, Figure 4 shows the number of studiesin years. If we were to break them into
3 year intervals (Figure 5) it would be easier to see that there is a somewhat
increasing trend in the papers published in the last 15 years on software engineering
education and games. This shows also that games are being considered and tested for
usage in software engineering education more and more and even further adopted in
software engineering classes. In addition to this, we have decided to see the trend in
the first category papers which have been defined as the * games that learners/students
play” and which is the category that hosts maximum amount of studiesin this review.
The distribution of the first category papers according to years can be seen in Figure
6. This figure tells us that since 2005, a steady amount of work is being done in
category 1. Therefore, if one thinks about the forecast, it can be stated that
developers/educators will be designing games and testing them for software
engineering education at a steady pace in the upcoming years.

Distribution of Papers According to Years
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Figure 4: The Numbers of Selected Sudiesin Years
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Distribution of Papers in 3 Year Intervals
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Figure 5: The Numbers of Selected Studies (Category 1) in 3 Year Intervals

Distribution of Papers (Category 1) According
to Years
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Figure 6: The Numbers of Selected Studies (Category 1) in Years

Other than the answers to the research questions posed, there are some insights
that can be deducted from the study which are mentioned below.

Some of the empirical studies in this review suggest that a game-based learning
approach enhances positive experiences for participants and ultimately improve the
learning levels of students. It has been also reported that the game-based learning
approaches are more favored by the software engineering students with respect to
traditional teaching methods. In addition, when we have alook at the categories 1 and
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2 (where they constitute most of the studies of the review), games are being utilized
because of their instant feedback mechanisms and their ability to create/improve
motivation (e.g. [S6], [S8]). We argue that when students are playing games or
designing games, their actions are mostly voluntary. In general, this review showed
that games provide extra motivation and positive experiences which both creates an
entering point to the learning process for unmotivated individuals and adds value to
the learning process for already motivated ones making it more effective.

If the subject that needs to be taught is a traditional software process model (e.g.
waterfall), game project-based courses -where students develop games- may not be
the best choice since game projects may not necessarily use sequential design
approachesin real life because of its evolving nature with every playtest.

Another observation of this review is that, there are no solid longitudinal studies
in the area which shows that learning is more sustainable with game-based
approaches with respect to traditional methods. Some effort should also be put from
this point of view to show if games provide more lasting learning.

The main limitation of this review study might be that since the keywords
“computer science”, “learn”, “teach”, “simulation” and alike are not used in the first
place, some of the studies may still be excluded athough they are relevant to the
software engineering education domain. Despite there might be relevant studies that
are not included in this review, we believe that the categorization that emerged at the
end of the study would not have been significantly different in the sense that the
initial number of papersincluded in thisreview is acceptable for generalization.

5 Conclusions and Future Work

In conclusion, this review study shows that software engineering education and games
are being approached from several angles that are categorized above. Although there
isan increasing trend in the number of studies, there are no clear design guidelines set
for the design and evaluation of games in this particular domain. Also, studies on non-
digital in-class approaches lack empirical evidence which might be a good starting
point for the new researchers in the area. For instance, development of non-digital
games by the students as a learning intensifier after they have educated by traditional
methods, was not reported in any of the studies which might be a novel approach.
None of the studies should propose to change the traditional education to a whole new
game-based teaching at this level, however a smooth transition into a more game-like
environment blending with conventional methods seems to be the prevalent strategy
as of now. Investment in the software engineering education domain will greatly
affect the future software engineers which in result will be helping to achieve the
overarching goal of software process improvement.
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Appendix B
Study | Category Year Games Used/Devel oped
[S1] 4 2011 Digital
[S2] 5 2015 Digital
[S3] 1 2003 Non-digital
[$4] 1 2005 Non-digital
[S5] 4 2011 Digital
[S6] 2 2007 Digital
[S7] 5 2008 Non-digital
[S8] 1 2008 Non-digital
[S9] 1 2008 Digital
[S10] 3 2005 Digital
[S11] 1 2008 Digital
[S12] 5 2015 Digital
[S13] 4 2012 Digital
[S14] 2 2012 Digital
[S15] 1 2012 Digital
[S16] 2 2015 Digital
[S17] 3 2008 Digital
[S18] 1 2011 Digital
[S19] 4 2015 Digital
[S20] 2 2008 Digital
[S21] 1 2015 Digital
[S22] 1 2011 Digital
[S23] 2 2011 Digital
[S24] 4 2011 Both
[S25] 2 2011 Digital
[S26] 1 2012 Digital
[S27] 2 2009 Digita
[S28] 4 2014 Digital
[S29] 5 2009 Digital
[S30] 1 2005 Digital
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[S31] 1 2005 Digital
[S32] 4 2010 Digital
[S33] 4 2012 Digital
[S34] 1 2015 Digital
[S35] 1 2014 Non-digital
[S36] 1 2011 Digital
[S37] 3 2008 Digital
[S38] 2 2004 Digital
[S39] 2 2013 Digital
[S40] 5 2015 Digital
[S41] 2 2005 Digital
[S42] 5 2011 Digital
[$43] 2 2007 Non-digital
[S44] 5 2013 Digital
[S45] 1 2014 Digital
[S46] 1 2014 Digital
[$47] 1 2009 Digital
[$48] 3 2014 Non-digital
[S49] 2 2009 Digital
[S50] 1 2009 Digital
[S51] 1 2015 Digital
[S52] 1 2013 Digital
[S53] 1 2007 Digital




