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In addition, games present several characteristics that differentiate their development from classical soft-
ware development.

Objective: This study aims to assess the state of the art on research concerning software engineering for
computer games and discuss possible important areas for future research.

Method: We employed a standard methodology for systematic literature reviews using four well known
digital libraries.

Results: Software engineering for computer games is a research domain that has doubled its research
activity during the last 5 years. The dominant research topic has proven to be requirements engineering,
while topics such as software verification and maintenance have been neglected up to now.
Conclusion: The results of the study suggest that software engineering for computer games is a
field that embraces many techniques and methods from conventional software engineering and
adapts them so as to fit the specific requirements of game development. In addition to that, the
study proposes the employment of more elaborate empirical methods, i.e. controlled experiments
and case studies, in game software engineering research, which, have not been extensively used
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1. Introduction

Currently, 3D applications appear to be one of the most modern
and fast growing software fields from industrial point of view. The
most popular subcategory among 3D applications is considered to
be computer games. In 2007, the video game industry revenue was
approximately $60 billion; that almost equals the size of the US
Department of Defense expenditures on research [17]. Further-
more, the game industry is so innovative that in many cases, the
hardware and software technological advancement, are applied
to games before being adopted by other scientific domains
[12,14]. Additionally, among the young game playing hours sur-
pass television watching and listening to music. Finally, concerning
open-source communities, games appear to be thriving [15].

Creating computer games is a very complicated task that re-
quires the involvement of extremely skilled professionals from a
wide spectrum of computer science [4]. Typically, computer games
demand real time high quality performance. The main performance
aspects are related to display frame rate, real time audio playback
and processor response. Programming a game in low level is so
complex that hundreds of thousands of code lines are required in
order to implement a commercially viable game. The size of such
programs, in combination with the evolving nature of the software,
demands flexible design, maintainable implementation and
straightforward documentation, in order to improve understanding
among the development group and facilitate future developments.
Consequently, game developers must employ specific software
engineering techniques in order to achieve high quality levels.

In McShaffry et al. [13] the authors present a practitioner’s ap-
proach to the aspects that differentiate game software engineering
from classical software engineering. More specifically, games are
products that have much more limited lifecycle than conventional
software products. Games are usually developed in a smaller time
period and all phases of the lifecycle need to be shrunk. In addition,
the main maintenance activity for computer games is corrective
maintenance, because most games, after being delivered to the
market, have an average life of 6 months and in that time interval
the next version of the program is created. During this period, the
main maintenance task performed is bug fixing, which is typically
provided without charge to the end-users. Consequently, the game
development companies do not have corrective maintenance in-
come [13]. However, successful games are often the basis for one
or more sequels. If the sequel includes revisions to the user inter-
face or game controls as a result of comments from users, this is a
form of perfective maintenance. This procedure does not directly
provide any income to the game development company which pro-
vides an additional revenue stream to the game developers. Addi-
tionally, another interesting characteristic of games is the fact that
in many cases, the game development companies release purchas-
able extensions. These releases use the same game core in order for
the “new story” to be told through the “old” game engine, which is

already purchased from the end user. This process can be charac-
terized as adaptive maintenance, as well.

Financial shortcomings that derive from the absence of in-
come from the maintenance phase are balanced by game exten-
sions and from marketing campaigns that aim at selling old
game titles at lower rates. The extreme marketing demands of
the game industry sometimes press the development companies
to further shrink their development timetables. Often the sched-
ules are overrun and poor release date estimation becomes an is-
sue. Considering the above, game project management is a
complicated task that diverges from traditional software project
management.

Even though software engineering methodologies for game
development is a field of great interest, there is no clear picture
on the advancements in this field. Additionally, to the best of our
knowledge no systematic reviews concerning game development
has been reported in the literature. The purpose of this study is
to summarize the existing evidence concerning software engineer-
ing techniques applied to computer games and identify possible
gaps in current research, in order to suggest areas for further inves-
tigation and to provide background information to any relevant fu-
ture work. Furthermore, the paper aims to describe the current
state of the art in game software engineering with respect to re-
search approaches and methods. In order to achieve this, the evi-
dence-based research paradigm has been employed. The
possibility of employing the evidence-based paradigm in software
engineering has been proposed in [6,10]. This procedure aims to
identify an answerable question that provides information, find
evidence that answers the question and evaluate that evidence
[1]. According to [1], a systematic review of the literature consti-
tutes the first step of performing evidence-based research. Guide-
lines on conducting a systematic literature review are thoroughly
explained in [1,8].

In the next section, we explain how we have used the method-
ology discussed in [1]. In Section 3, we present some statistics
about the primary studies we analyze in this paper. In Section 4,
we answer our research questions and in Section 5 we present pos-
sible threats to validity and our plans for future work. Finally, in
Section 6 we present our conclusions.

2. Review methodology

Performing a systematic review can be decomposed into three
main phases: planning, conducting and documenting the review
[1]. Every phase is a combination of other simpler procedures.

Planning phase:

o specify research questions
e develop review protocol
o validate review protocol
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Conducting phase:

o identify relevant research
e select primary studies

e assess study quality

e extract required data

e synthesize data

Documenting phase:

e write review report
e validate the report

According to [8,9], planning a review consists of six definitions
as shown below.

o define research questions

o define search process

o define inclusion and exclusion criteria
o define quality assessment

o define data collection

e define data analysis

2.1. Research questions

In this study, we are planning to investigate several issues con-
cerning research on game engineering. The main research ques-
tions addressed in the study are:

Qi: Which is the intensity of the research activity on software
engineering methods for game development?

Q>: What software engineering research topics are being
addressed in the domain of computer games?

Q3: What research approaches do software engineering
researchers use in the domain of computer games?

Q4: What empirical research methods do software engineering
researchers use in the domain of computer games?

With respect to Q;, the research group has identified a corpus
number of research publications. The graphical representation of
the number of publications per year will indicate the existence
of an increase or a decrease in the research activity. The slope of
the line for game engineering is compared to the corresponding
slope of the line representing research activity on traditional soft-
ware engineering, as provided by [7].

To address Q,, Q3 and Q4, each primary study has been associ-
ated to a research topic, to a certain research approach and to a
specified research methodology. The classification of the primary
studies into corresponding categories is discussed in detail in Sec-
tions 2.5.1 and 2.5.2. Concerning Q,, the results will be compared
to those concerning traditional software engineering as presented
in [3], whereas the study results on Qs and Qg4, will be compared
to those of [5,7].

2.2. Search process

A systematic review on a “new topic” should identify and high-
light specific sources about the subject under study. However, no
such sources exist in the domain of software engineering for com-
puter games. Thus, related studies may be published in journals
and conferences that are related either to “traditional software engi-
neering” or to “entertainment computing”. In the area of entertain-
ment computing some dominant publishers such as Association for
Computing Machinery (ACM), IEEE Computer Society (IEEE), Spring-
er and Elsevier provide several journals and conferences, such as
“Computers in Entertainment”, “Entertainment Computing”,

“Conference on Advances in Computer Entertainment”, “Conference
on Foundations of Digital Games”, “SandBox Workshop”,
“Conference on Future Play” and “Conference on Entertainment
Computing”.

The search procedure aimed at the identification of candidate
primary studies that would be either included or excluded from
the final set of the review studies. The search plan involved auto-
mated search into four well known digital libraries: ACM Digital Li-
brary, IEEE Digital Library, ScienceDirect, and SpringerLink. The
search parameters included one keyword, i.e. game, which should
be included in the article title and another keyword, i.e. software,
which should be mentioned at least once in the article full text.
In addition to that, before the manual observation of the studies,
automated filtering was employed. In ScienceDirect the search
was limited to subject “Computer Science” and in SpringerLink,
the search was limited to subject “Software Engineering”.

The article set that has been returned from the aforementioned
query consisted of 3463 articles. However, the majority of these
articles were identified marginally related to software engineering.
The exclusion of irrelevant articles was manually conducted accord-
ing to the inclusion and exclusion criteria defined in Section 2.3.

2.3. Inclusion and exclusion criteria

The papers that are selected as primary studies in the review
had to be relevant to software engineering, i.e. the article should
be classified under a software engineering topic, as described in
Section 2.5.1. In line with [5], there are four stages in filtering
the article set in order to produce the primary study data set. These
stages are:

(a) identify relevant studies - search digital libraries (on the
completion of this stage the article set consisted of 3472
articles),

(b) exclude studies on the basis of titles (on the completion of
this stage the article set consisted of 223 articles),

(c) exclude studies on the basis of abstracts (on the completion
of this stage the article set was consisted of 130 articles),

(d) obtain studies and select those relevant to software engineer-
ing on the basis of full text (on the completion of this stage
the final primary studies dataset consisted of 84 articles).

All papers that have been considered in the primary study selec-
tion phase, after the completion of filtering out papers according to
their title, are presented in the paper’s website (http://sweng.
csd.auth.gr/~apamp/survey_games.html). In line with [1] the title
and abstract were examined by the first author whereas the full
papers which were not rejected at the first three stages were
examined by both authors. During the survey, we came up with
a variety of interesting papers, but we preferred to include in the
review only research that was closely related to software engineer-
ing issues. The main issues that are related to game development
but are not related to software engineering are “game based learn-
ing”, “artificial intelligence”, “social impact of gaming”, “network-
ing” and “graphics algorithms”. Finally, in the review only journal,
full conference and workshop papers have been considered, con-
ference short papers, smaller than four pages, and posters have
been removed from the survey. The final primary study dataset
consisted of eighty-four (84) research articles that are presented
in an Appendix by the end of the paper.

2.4. Quality assessment
The quality assessment phase of the review procedure aims at

validating that primary studies are solid in their methodology and
results. Therefore, the results of the evidence-based procedure,
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which derive from analyzing the primary studies, will be solid as
well, in the sense that the quality of the primary studies guarantees
the integrity and accuracy of the data set of the secondary study.
Considering the high standards of the review process of the selected
journals and conferences we believe that the quality of the pub-
lished articles is satisfactory. The workshop papers have not been
excluded from the survey since they are selected through a high
standard peer review process and in many cases they are published
in sources specializing in entertainment computing. Additionally, it
is expected that workshop papers represent research trends that
are likely to be published in a journal or a conference in a later time.

2.5. Data collection

On the completion of the paper inclusion or exclusion proce-
dure, a dataset of primary studies has been created. During the
data collection phase the authors have extracted several attributes
of the primary studies. The data extracted from every paper are:

e Type of Publication (journal, conference, workshop)

e Published in (journal or conference name)

e Publisher (ACM, IEEE, Elsevier, Springer)

e Year of Publication

e Country and Continent

o Classification of topic (as defined in Section 2.5.1)

o Classification of research approach (as defined in Section 2.5.2)
o Classification of research method (as defined in Section 2.5.2)

2.5.1. Classifying topics

This section of the paper aims at clarifying the categories that
each study can be classified to, with respect to the software engi-
neering issue it involves. The classification system that was em-
ployed is the ACM Computing Classification System that is widely
adopted in many journals and conferences. The actual primary
study classification has been made through the original classifica-
tion of the study as presented in ACM digital library and therefore
is considered safe. In addition to that, articles related to heuristics
on user enjoyment are classified in D.2.1, since such heuristics are
considered useful in the requirements elicitation phase. Finally, pa-
pers dealing with usability testing are classified in D.2.5. The same
method has been employed in [3]. Table 1 presents the selected
classification schema.

2.5.2. Classifying research approaches and methods

According to [7], scientific research papers can be characterized
with respect to their approach and method. In the aforementioned
work, an analysis of a classification scheme on handling research
approach and methods is presented.

Table 1
Software engineering topics [3].

Software engineering

D.2.0 General - miscellaneous

D.2.1 Requirements/specification
D.2.2 Design tools and techniques
D.2.3 Coding tools and techniques
D.2.4 Software/program verification
D.2.5 Testing and debugging

D.2.6 Programming environments
D.2.7 Distribution, maintenance and enhancement
D.2.8 Metrics

D.2.9 Management

D.2.10 Design

D.2.11 Software architecture

D.2.12 Interoperability

D.2.13 Software reuse

Table 2
Empirical methods.

Empirical Description

method

Experiment A set of subjects is asked to perform a task in a highly
controlled environment. The results are derived from
observing of the subjects during the experiment, from
inspecting the task outcome or from questioning the subjects
at the end of the procedure

Survey A set of subjects is asked to fill-in questionnaires either
directly, or via internet. The results are derived from the valid
answers to the questionnaire

Case study A project, an activity or an assignment is monitored with

respect to the methodology under study. Results are directly
derived from project measurements

The main scientific approach categories mentioned in [7], are
the descriptive approach, the explanatory approach and the empir-
ical approach. A descriptive research paper typically describes a
system, tool or method. In addition to that literature reviews are
considered to be descriptive studies. On the other hand, explor-
atory research is conducted in a case where a problem was not
clearly defined. Exploratory research helps determine the best re-
search design, data collection method and selection of subject. Fi-
nally, empirical research produces its findings on direct or
indirect observation of real subjects.

According to [16], there are three major methods of empirical
investigation that are used in order to evaluate new techniques,
methods and tools. These investigation types are surveys, case stud-
ies and experiments. Experiments are appropriate for exploring
relationships, i.e. testing the correlation between two variables.
On the other hand, surveys are a suitable way of investigating if
the method under study is in use for a while. Additionally, case
studies are used for similar reasons as experiments, but their level
of control is lower in the sense that they are mostly observational
studies [11,16]. The above mentioned empirical validation types
are summarized in Table 2. The same classification on empirical
methods was employed in [5].

2.6. Data analysis

The collected data that are mentioned in Section 2.5 were tab-
ulated (see Appendix B) and statistically analyzed so as to
investigate:

e The number of studies that are published per year (addressing
Q).

e The number of papers that are published in journals and confer-
ences, the journals or conferences that appear to be more active
in game engineering research and the number of papers con-
cerning game engineering that each digital library hosts
(addressing Q).

e The number of studies that each country and continent pro-
duced during the last 5 years (addressing Q).

e The major software engineering topics that were investigated
by game engineering research (addressing Q).

e The number of studies that employed each research approach
and method (addressing Qs and Q).

3. Results

This section of the paper deals with presenting the results of the
statistical analysis on the dataset of primary studies. At this point,
it is necessary to clarify that a comparison between game engi-
neering and other fields, accompanied with discussion on the re-
search questions (Section 2.1) is provided in Section 4. The
dataset of the primary studies characteristics are tabulated, so as
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Table 3

Research activity per year and citation type.
Year
Citation type <2003 2004 2005 2006 2007 2008 2009 Total
Journal 2 ® 1 1 8 6 5 26
Conference 2 4 6 6 5 16 15 54
Workshop 0 1 0 0 2 1 0 4
Total 4 8 7 7 15 23 20 84

for the reader to be able to trace the categories that each study is
mapped to and the interested reader can refer to Appendix B.

Table 4
Journals/conferences number of publications.

In Table 3, the publication count per year is being presented.
Moreover, the aforementioned table provides information on the
number of articles that each type of publication (conference, jour-
nal or workshop) is associated with, per year.

Furthermore, Table 4 presents the most active research publica-
tion outlets for game engineering studies. Moreover, Fig. 1 depicts
the most active countries in game engineering research. Table 5

Name #Papers
@ ! ! shows the distribution of the publication count in software engi-
omputers in Entertainment 6 . L. . .
Communications of the ACM 4 neering for computer games among the digital libraries. The data
ACM Future Play 3 in Tables 3-5 and Fig. 1 will be the basis of the discussion in re-
IEEE I‘nterniational Conference on Requirements 3 search question Ql-
Engineering ) In Table 6, the results of classifying the primary studies into the
Science of Computer Programming 5] . R R
ACM Special Interest Group in Human Computer 3 ACM sqftvx./ar.e engineering categories (Table 1) are presented. At
Interaction this point it is necessary to clarify that the sum of this table does
ACM Advances in Computer Entertainment 2 not equal the number of primary studies, since three studies have
International Conference on Computer Graphics, 2
Imaging & Visualization
Workshop on Design, Specification & Verification of 2
Interactive Systems Table 5
International Conference on Entertainment Computing 2 Number of publications per publisher.
IEEE Software 2 A R R
MindTrek Conference 2 Publisher name # Publications
Mobile Human—Computer Interaction Conference 2 ACM 32
Queue 2 IEEE 25
ACM Special Interest Group in Computer Science 2 Springer 19
Education Elsevier 8
25 —
20 -
3 15
c
(1]
3
o
@
1
w0 4
5 -
: |_||_||_II_II_|I_II_II_II_| [ )
rr o 1.1 r o
- = —
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Fig. 1. Research activity per country.
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Table 6
Game engineering research topics.

Software engineering topic Frequency Percentage

0),2,0 General 4 4.76%
D)oL Requirements/specification 33 39.29%
D.2.2 Design tools and techniques 2 2.38%
0),8.& Coding tools and techniques 10 11.90%
D.2.4 Software/programverification O 0.00%
D.2.5 Testing and debugging 7 8.33%
NESNE) Programming environments 8 ONB27
D.2.7 Distribution, maintenance and (0] 0.00%
enhancement
D.2.8 Metrics 2 2.38%
0),8,9 Management 10 11.90%
D.2.10 Design 3 3.57%
D.2.11 Software architecture 3 3.57%
D.2.12 Interoperability (0] 0.00%
D.2.13 Software reuse 2 2.38%
Table 7
Game engineering empirical research methods.
Empirical Method Frequency
Case Study 4,20
Experiment 6/20
Survey 10/20
Table 8
Game engineering research approach.
Research Approach Frequency pct
Descriptive 24 28,5%
Empirical 20 23,8%
Exploratory 40 47,7%

been classified in two categories each. The data from this table will
be used in the discussion of research question Q,, in Section 4.2.

In Tables 7 and 8, the results concerning the most popular re-
search approaches and empirical methods are presented.

4. Discussion

This section of the paper discusses the finding of the review
concerning the research questions specified in Section 2.1. The
findings of our research on game engineering will be compared
to the results of similar studies [3,5,7] in order to identify domain
specific characteristics.

4.1. Game software engineering research intensity

The results of Table 3, clearly suggest that game software engi-
neering research has increased during the last years. In Fig. 2, the
increase in the research activity of software engineering and game
software engineering are presented. The research activity increase
for yeary; is calculated as a fraction. The numerator of the fraction
equals the number of publications in year;, whereas the denomi-
nator equals the number of publications in yearg).

The comparison of the research intensity between the two do-
mains has been conducted in proportion to the first year of the
study and not with absolute values, because research on game soft-
ware engineering is a subset of research on software engineering.
As shown in Fig. 2, the research activity of game engineering is
growing at a higher rate than software engineering. This fact indi-
cates that during the last 5 years game software engineering is an

3,50 4

3,00

2,50 -

2,00 4

1.50

1,00 A

0,50 A

0,00
1styear 2nd Year

—=— Game Software Engineering

3rd Year 4thyear SthYear
»— Traditional Software Engineering

Fig. 2. Scientific domain research activity increase.

increasing research domain. More specifically, the number of game
engineering publications has almost tripled up since 2005.

While examining research activity in different countries, the
USA dominates software engineering gaming research since US
researchers co-authored 26% of the primary studies. Furthermore,
until 2004 the research on software engineering for computer
games was dominated by the American continent (75%), but since
then Europe seems to have published a similar number of research
papers. Finally, concerning the most popular venues for game engi-
neering papers, ACM seems to host the main bulk of publications
(about 38%), followed by the IEEE Computer Society. The ACM jour-
nal entitled Computers in Entertainment has published 6 articles on
software engineering for games followed by 4 articles in Communi-
cations of the ACM.

4.2. Game software engineering research topics

This section of the paper aims to identify the main research top-
ics in game engineering and comparing them to the main research
topics of software engineering. Table 6, clearly suggests that the
category in which most game engineering takes place is D.2.1, i.e.
Requirements/Specification, followed by D.2.3, i.e. Coding Tools &
Techniques. On the other hand, categories concerning Software Ver-
ification, Distribution, Maintenance, Enhancement and Interoperabil-
ity, appear not to have attracted the interest of researchers.

In Fig. 3, a comparison between each research topic activity in
game engineering and software engineering is presented. The data
concerning software engineering are extracted from [3]. The differ-
ences between game and software engineering are most probably
caused by two facts. Firstly, it is caused because of the special
needs and priorities of game development. Secondly, it is caused
by the fact that game engineering is a young domain, which is in
need of more fundamental research, such as research on require-
ments elicitation and specification, development and coding tools,
etc. It is expected that when research on such subjects matures, re-
search on other issues such as maintenance, verification, etc, will
attract the interest of researchers.

Concerning game specific characteristics that have been dis-
cussed in Section 1, several issues in game development are not
covered by conventional software engineering. Consequently, re-
search on these topics appears to be more active. Because games
are a form of entertainment, elicitation of user enjoyment require-
ments is more important to the development team than other as-
pects of game software. Additionally the requirements for a
attractive user interface makes stringent demands on the game
control systems and often need extensive prototyping of interface
requirements. As a result, research effort on game requirements
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Fig. 3. Research topics.

engineering has increased. Furthermore, in [13] it is suggested that
the implementation phase in computer games is smaller with
respect to traditional software engineering, since the time to mar-
ket for games is rather limited. Thus, we expected that categories
D.2.3 and D.2.6 would exhibit higher research activity, since game
development demands efficient coding and programming tech-
niques. Moreover, the divergences of game project management
tasks from conventional software management, which were dis-
cussed in Section 1, are supported by the relatively intense research
efforts on this subject. Finally, the difference in research load be-
tween game design and generic software design (D.2.10 in Fig. 3)
suggests the need for sophisticated design techniques, which are
necessary to improve the “bad” internal quality reported in [13].

On the other hand, the amount of research on testing/debugging
is not proportional to the intensity of testing effort in computer
games. Based on the credits of a popular computer game, the
development team appears to consist of 67 programmers while
53 people deal with quality assurance. However, much of quality
assurance effort in gaming goes to game-play testing, which is con-
sidered to be a form of requirements elicitation. Game-play testers
produce new requirements in the form of enjoyment heuristics or
improve existing requirements.

In addition to that, Fig. 4 indicates the growth of each research
topic during the period under study. In order for the graph to be
more informative the 13 categories described in Table 1, are now
merged in six, namely generic, analysis, design, implementation,
quality and management. It is observed that in generic studies
were mostly released during the early years of the research (about
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Fig. 4. Research topics growth timeline.

50%). On the other hand, studies on game project management ap-
peared mostly during the last 2 years (about 70%).

A significant part of a review on the research state of the art is
the actual primary studies description. Additionally, according to
[2], the primary studies of a mapping study should be clearly asso-
ciated with the research topic they address. Next, a short descrip-
tion of the research effort on each game software engineering
research topic is presented, accompanied with the full reference
list for every topic. At this point it is necessary to clarify that, sim-
ilarly to [6], the full list of primary studies is presented in an
appendix, separately from the rest of the paper references.

4.2.1. General - miscellaneous

In [S7] the authors review several general issues concerning wire-
less game development. In [S9, S14 and S27], several issues such the
difficulties of game development, the evolution of mobile games and
a quality-driven game development process are discussed.

4.2.2. Analysis

In four studies it is suggested that game developers should put
emphasis on the emotional effects of games on players, a point
where games lag in comparison with movies, books and other forms
of entertainment [S12, S68, S73 and S75]. Additionally, in [S11] the
authors highlight the necessity of preproduction documents. The
validation method of this study is extremely interesting since it is
based on data from a special column of a game development mag-
azine, where game development project managers submit failure
reasons for computer game development projects. In four studies
[S2, S22, S36 and S37] the authors investigate the special problems
of developing mobile games in contrast to computer games with re-
spect to both hardware and software aspects. In addition to that,
four papers [S39, S50, S51 and S60] employ prototyping methods
in game development so as to validate ideas and create new ones
at an early development stage. Furthermore, computer games are
created in order to entertain their players. Thus, in nine studies,
the authors attempt to introduce user satisfaction heuristics that
can be used in requirements elicitation phase [S10, S18, S20, S31,
S38, S54, S58, S59 and S66]. In [S1 S23, S64 and S77], requirements
for player-game interaction are discussed. Moreover, in [S30, $45,
S61, S76 and S78], hardware requirements for computer games
are presented. Finally, computer game logical flow is investigated
in two studies, as an enjoyment factor [S15 and S72].
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4.2.3. Design

In literature, two papers [S5 and S49] deal with evaluating the
use of object-oriented design patterns in game development. In
addition, in [S8 and S35] the authors propose design solutions for
implementing game engines and bluetooth games.

In [S24, S26 and S41] innovative architectures that enhance the
reusability of games and game engines are introduced. Such archi-
tectures produce more stable and extensible software, increase
interoperability, improve robustness and scalability, loose coupling
between modules and shorten the architecture’s learning curve. Fi-
nally, in [S16 and S52] reuse opportunities in game development
are examined.

4.2.4. Implementation

One scientific papers deal with automated software engineering
for developing games through game mechanics design patterns
[S19]. Most computer games employ some kind of language in or-
der to implement the world logic. Several papers investigate the
use of mark-up languages (e.g. xml, e-Game, etc.) in order to pro-
gram game scripts [S46, S65, S79 and S80]. Furthermore, some pa-
pers investigate how agile programming methods [S71 and S81]
and object-orientation [S83 and S84] can be used in developing
games, game engines and mobile games. Finally, in [S13, S25,
S28, S33, S40, S43, S44, S56, S62 and S63] the development of
games through multi-language approaches, virtual reality author-
ing systems and toolkits is described.

4.2.5. Quality

Concerning the assessment of game quality, in [S48] an ISO
quality model concerning game controls is proposed, whereas in
[S82] the authors propose metrics that predict the enjoyment of
the user. Moreover, seven publications focus on game usability
testing issues [S6, S17, S21, S29, S32, S57 and S69].

4.2.6. Management

Five studies concern the whereabouts of game development
companies, highlight the timeline of the development process, in-
volve open-source methods and specify development stages [S42,
S53, S67, S70 and S74]. Furthermore, in [S4] the authors discuss
all possible activities and deliverables in the game development
process. In [S34] the author discusses some unique characteristics
of game development when compared to conventional software
engineering. Additionally, in [S55] a survey dealing with the prob-
lems in the development process of electronic games is presented.
Finally, in [S3 and S47] the authors explore application Software
Product Lines in game development.

4.3. Game software engineering research approach

According to Table 8, most studies in game engineering employ
an exploratory research approach. This observation is consistent
with the results of [7] concerning software engineering. In Fig. 5,
a comparison between the research approaches employed on soft-
ware and game engineering is presented.

It is reasonable to expect that since game engineering is a youn-
ger research area, more papers should deal with the description of
research problems, than in a more mature area. As shown in Fig. 5,
this statement is not supported by the research evidence. More
specifically, descriptive and evaluative strategies seem to be
equally employed in both game software engineering and software
engineering. This fact can be explained by the hypothesis that
game software engineering researchers are also involved in the
field of conventional software engineering research and therefore
it is reasonable to expect that they employ similar approaches
and methods.
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Fig. 5. Research approaches.
4.4. Game software engineering empirical research methods

In Fig. 6, a comparison between the empirical research methods
employed in game engineering, conventional software engineering
and agile software development is presented. The domains of the
comparison have been selected as following: (a) Game software
engineering is a subcategory of conventional software engineering.
In addition to that, traditional software engineering is a mature sci-
entific area. (b) Agile software development has been selected be-
cause it is a young domain and consequently it is a complement to
traditional software engineering, with respect to area maturity.

The results suggest that case studies are more frequently em-
ployed in Agile Software Development research. In addition to that,
surveys are more frequently employed in Game Development re-
search and finally, experiments are more frequently conducted in
Software Engineering research. This result can be explained by the
level of maturity of the three domains under study. Thus, since soft-
ware engineering is the most mature domain, more elaborate
empirical studies are expected to be employed in it. According to
[16] formal experiments are harder to organize and such endeavors
demand significant experience in the field. In addition to that, game
engineering research also has fewer case studies. A possible expla-
nation for this is that performing a case study requires the existence
of project data that should be monitored through a variety of mea-
surements or inspections, and no research databases or repositories
on computer games are available. Finally, concerning surveys, game
engineering seems to outperform the other domains. This fact is
considered reasonable in the sense that game engineering research,
which is inits infancy, is attempting to produce knowledge by ques-
tioning domain experts, game users etc. Additionally, the increased
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Fig. 6. Empirical research methods.
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efforts that use surveys suggest that researchers attempt to seize
the “know-how” experience that is accumulated in game industry.

In near future it is expected that case studies and experiments
are going to appear more frequently in the research of software
engineering for games, since game researchers will investigate
deeper issues in a more thorough way, based on a greater variety
of data that will be available to them.

5. Threats to validity

This section of the paper discusses possible threats to the valid-
ity of the paper and future work. In addition to that, studies that do
not mention the word “game” in the title of the article have not
been included in the primary studies set. Thus, it is possible for
the search procedure to have missed a limited number of studies
that refer to game development, but this is not referenced to its ti-
tle. Moreover, the inclusion of workshop papers in the review
might have altered the results of the review due to the nature of
these studies, with respect to journals and conferences. Addition-
ally, omitting a search of an SE indexing system such as SCOPUS,
EI COMPENDIX or Web of Science means that papers in less known
journals and conferences may have been omitted from the study.
Finally, the employment of different classification schemas, might
have led to different results. For example, if the research topics
were not classified according to the ACM Computing Classification
System, but with the phases described in the waterfall model, many
topics would have been merged and the results would be different.

6. Conclusions and future work

This paper aimed at summarizing the current state of the art
concerning scientific research on software engineering for com-
puter games. In order to achieve this goal we performed a system-
atic literature review, which is considered to be the first step of the
evidence-based research paradigm. The results confirmed that
computer games are a fertile domain for applying software engi-
neering technologies and that it is a research field that is growing
more active year by year.

In addition to that, several research domains appear to be more
active than others, mainly because of certain deviations of game
development with respect to regular software development. The
most active research topic appears to be Requirements Engineering
and the main issues within such subject have proved to be the
elicitation of game requirements according to user enjoyment heu-
ristics, user emotions during game play and user interface attractive-
ness heuristics. Furthermore, research on the Implementation phase
of the development, i.e. Coding Tools and Programming Languages/
Environments, appears to be also very interesting, mostly due to of
the fact that game programming is extremely demanding and the
time period that is provided for game development is limited. How-
ever, Testing/Debugging research does not appear as intense as might
be expected given the emphasis put on quality assurance in games
development, but it has increased over the last year of the review.

Finally, the results of the review underline a certain lack of exper-
iments and case studies in the field of game software engineering.
This fact, although expected for a research subject in its early years,
leads to the conclusion that there is room for improvement in the re-
search evaluation process, through the employment of such research
methods. More specifically, the plethora of open-source games that
are available to researchers facilitate research based on case studies.
Similarly, it is expected that more studies are going to use the data
that are accumulated in game development magazines or evolution
data of existing games as material for their validation.

As future work, a replication of the research in a next 5-year per-
iod will validate the expectations on the trend of game engineering

research. Claims such as “more elaborate empirical research methods
are going to be employed” and that “a wider range of topics is going to
be covered” are going to be investigated. Finally, such future work
will strengthen the fact that game engineering is a scientific domain
rather than a soft skill topic with only a peripheral research activity.
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Publisher Citation_type Topic Country Year Method Approach

So1 Springer Conference Requirements/Specification Belgium 2008 Experiment Emprical

S02 IEEE Conference Requirements/Specification Brazil 2007 Exploratory
S03 IEEE Conference Management Brazil 2008 Exploratory
S04 IEEE Conference Management Netherlands 2009 Exploratory
S05 Elsevier journal Design Greece 2007 Exploratory
S06 Elsevier Journal Testing/Debugging Netherlands 2007 Experiment Emprical

S07 Springer Conference General Finland 2002 Descriptive
S08 IEEE Journal Design USA 1998 Descriptive
S09 ACM Journal General 2004 Descriptive
S10 ACM Conference Requirements/Specification UK 2009 Exploratory
S11 IEEE Conference Requirements/Specification Canada 2005 Case Study Emprical

S12 IEEE Conference Requirements/Specification Canada 2006 Descriptive
S13 IEEE Conference Coding Tools & Techniques Malaysia 2005 Descriptive
S14 Springer Journal General UK 2008 Descriptive
S15 ACM Journal Requirements/Specification USA 2007 Exploratory
S16 IEEE Conference Software Reuse Korea 2008 Exploratory
S17 IEEE Conference Testing/Debugging Korea 2009 Exploratory
S18 ACM Conference Requirements/Specification USA 2004 Exploratory
S19 Elsevier Journal Coding Tools & Techniques Canada 2007 Exploratory
S20 ACM Work in progress Requirements/Specification USA 2004 Exploratory
S21 Springer Conference Testing/Debugging USA 2009 Survey Emprical
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Publisher Citation_type Topic Country Year Method Approach
S22 ACM Work in progress Requirements/Specification Singapore 2008 Survey Emprical
S23 Springer Conference Requirements/Specification Finland 2008 Exploratory
S24 Springer Conference Software Architecture USA 2007 Exploratory
S25 ACM Conference Programming Environments USA 2008 Descriptive
S26 ACM Journal Software Architecture Italy 2008 Exploratory
S27 Springer Work in progress General Canada 2007 Descriptive
S28 IEEE Conference Programming Environments Italy 2008 Descriptive
S29 Springer Work in progress Testing/Debugging Canada 2007 Descriptive
S30 Springer Work in progress Requirements/Specification Korea 2005 Descriptive
S31 Elsevier Journal Requirements/Specification UK 2005 Survey Emprical
S32 IEEE Conference Testing/Debugging Sweden 2008 Survey Emprical
S33 IEEE Conference Programming Environments China 2008 Descriptive
S34 IEEE Conference Management USA 2009 Descriptive
S35 IEEE Conference Design India 2009 Exploratory
S36 ACM Conference Requirements/Specification Finland 2006 Exploratory
S37 ACM Conference Requirements/Specification Finland 2007 Exploratory
S38 ACM Conference Requirements/Specification Finland 2009 Exploratory
S39 IEEE Journal Requirements/Specification USA 1994 Descriptive
S40 Springer Conference Programming Environments Korea 2004 Descriptive
S41 IEEE Conference Software Architecture Taiwan 2006 Exploratory
S42 IEEE Conference Management Korea 2006 Survey Emprical
S43 Springer Journal Programming Environments Korea 2007 Descriptive
S44 IEEE Conference Programming Environments Canada 2004 Exploratory
S45 Springer Conference Requirements/Specification Singapure 2009 Exploratory
S46 Elsevier Journal Coding Tools & Techniques Spain 2007 Exploratory
S47 IEEE Conference Management Brazil 2008 Case Study Emprical
S48 ACM Conference Metrics Canada 2009 Survey Emprical
S49 ACM Conference Design USA 2002 Exploratory
S50 ACM Conference Requirements/Specification Finland 2009 Descriptive
S51 ACM Journal Requirements/Specification Finland 2008 Exploratory
S52 ACM Journal Software Reuse Brazil 2009 Exploratory
S53 ACM Conference Management Finland 2008 Descriptive
S54 IEEE Conference Requirements/Specification China 2009 Survey Emprical
S55 ACM Journal Management Brazil 2009 Survey Emprical
S56 ACM Journal Design Tools & Techniques USA 2004 Descriptive
S57 ACM Conference Testing/Debugging USA 2008 Exploratory
S58 ACM Conference Requirements/Specification USA 2008 Survey Emprical
S59 ACM Conference Requirements/Specification USA 2009 Exploratory
S60 ACM Journal Requirements/Specification Spain 2009 Exploratory
S61 Springer Conference Requirements/Specification UK 2006 Experiment Emprical
S62 ACM Conference Programming Environments USA 2005 Descriptive
S63 Elsevier Journal Programming Environments USA 2007 Descriptive
S64 Elsevier Journal Requirements/Specification Netherlands 2009 Exploratory
S65 ACM Conference Coding Tools & Techniques Scotland 2008 Exploratory
S66 Springer Conference Requirements/Specification Spain 2009 Exploratory
S67 IEEE Journal Management USA 2004 Descriptive
S68 Springer Conference Requirements/Specification Netherlands 2009 Exploratory
S69 Springer Conference Testing/Debugging New Zealand 2004 Descriptive
S70 IEEE Conference Management UK 2005 Exploratory
S71 ACM Journal Coding Tools & Techniques USA 2008 Exploratory
S72 ACM Journal Requirements/Specification UK 2006 Exploratory
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S81 IEEE Conference Coding Tools & Techniques Canada 2006 Case Study Emprical
S82 Springer Conference Metrics UK 2005 Exploratory
S83 IEEE Conference Coding Tools & Techniques China 2007 Experiment Emprical
S84 Springer Conference Coding Tools & Techniques China 2007 Case Study Emprical
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