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The main goal of this thesis is to explore and analyze different video game testing methods
and see how well they work in an indie game setting. Techniques and methods that are being
used in AAA game development will be analyzed from the perspective of whether they work
in indie games or not, taking into consideration the restrictions that indie game studios have.
The current state of the indie game testing scene is also analyzed via existing literature on
the matter.

The results show that indie games are tested well with regards to the resources available, but
there is a lot of room for improvement. Main improvements that could be made are using a
proper structured testing plan and creating more reusable and comparable test cases.

The analysis of the techniques shows that while most of the techniques used by AAA game
studios work in at least some capacity for indie developers, some methods may be
inaccessible or not viable for indie use. This is due to the restrictions indie game developers
have compared to AAA game studios, such as lack of personnel or resources.



TIVISTELMA
Lappeenrannan—Lahden teknillinen yliopisto LUT
LUTin insindoritieteiden tiedekunta

Tietotekniikka

Roope Turkki

Indiepelien testaus tekniikat ja metodit

Tietotekniikan kandidaatintyo
2024

21 sivua
Tarkastaja: Tekniikan tohtori Erno Vanhala

Avainsanat: Indie pelit, videopelien testaus, ohjelmistotestaus

Tamén kandidaatin tyon péitavoitteena on tutkia ja analysoida erilaisia videopelien
testausmenetelmid ja selvittdd kuinka hyvin ne toimivat indie-pelien testaamisessa.
Analyysissid tutkitaan AAA-pelistudioiden kayttdmid tekniikoita ja tutkitaan toimivatko ne
indie-pelien testaukseen, ottaen huomioon indie-pelistudioiden rajoitteet. Myds indie-pelien
testauksen nykytilaa tutkitaan aiheeseen liittyvén kirjallisuuden pohjalta.

Tulokset osoittavat, ettd indie-peleja testataan rajoituksiin ndhden hyvin, mutta parantamisen
varaa on olemassa. Tarkeimmaét parannukset, joita indie-pelien testaamiseen voisi tehdd ovat
kunnollisen strukturoidun testaussuunnitelman kayttaminen sekd uudelleenkiytettdvien ja
vertailukelpoisten testitapausten luominen.

Tekniikoiden ja menetelmien analyysi osoittaa, ettd vaikka suurin osa tdssd kandidaatin
tyOssd tutkituista AAA-pelistudioiden kéyttdmisté tekniikoista toimii indie-pelikehityksessa
joissain maarin, jotkin menetelmaét ovat liian hankalakayttoisid indie-peleille. Tdma johtuu
indie-pelistudioiden rajoitteista, kuten henkildston- tai resurssien puutteesta.
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1 Introduction

Video game development is a rapidly growing area of software development (Video Game
Market Size, Share And Growth Report, 2030, no date). People are playing games more than
ever and thus the demand for video games is on the rise. The demand is not just for big AAA-
games, but for smaller indie games as well. Indie games are games created and published
without a publisher and usually with limited resources (Fiadotau, 2018). In contrast, AAA-
games are games created and published by a major studio with very little financial

restrictions (Garcia, 2020).

The popularity of indie games can be seen from the success of games like Among Us, Lethal
Company and Stardew Valley in recent years. Not all games achieve popularity, indie or not.
For instance, Assassins Creed Unity, a game in a well-known franchise, received very mixed
reviews at launch because of the numerous bugs and glitches in the game (Ahmad et al.,
2017). Furthermore, CD Projekt Red released their game Cyberpunk 2077 in December
2020. Their game also received a lot of complaints about bugs at the start, and personnel
from the company named lack of testing to be one of the main reasons for this. (Politowski

et al., 2021) To avoid this, games need to be tested thoroughly before release.

In AAA-game studios a testing team is responsible for the games testing, unlike in indie
game studios where testing and quality assurance is often an additional role for developers
or other actors involved in the development process (Cho & Ali 2023). Consequently, this
leads to indie games being tested considerably less than big AAA-games. Of course, as indie
games usually have a much smaller scope, they do not require the hundreds of hours of
testing a big AAA-title needs, but many indie developers report that their projects have no
concrete testing plans and the approach to testing is chaotic and unstructured (Cho & Ali,

2023).

According to a survey done by Entertainment Software Association (2022) 50% of players
report overall quality of the game as a substantial influence for purchase decision, and 86%
of players pay attention to review scores. This further confirms that quality assurance in
video game development is a key area, that AAA-studios and indie-studios alike should

spend time and resources performing.



The main objective of this thesis is to analyze techniques and methods of video game testing
from existing literature and explore their applicability to indie game development, as well as
to observe the current state of indie game testing according to literature. The focus of the
technique application will be on indie games whilst techniques will be identified from both

AAA-games and indie games.
The thesis aims to answer two (2) questions:

Q1: What is the current state of indie game testing?
Q2: What techniques or methods of video game testing exist, and can they be applied in

indie settings?

In chapter 2 existing related research will be explored and testing techniques will be
identified so they can be analyzed later in this thesis. Chapter 3 will focus on the current
state of indie game testing, identifying possible shortcomings of the most used approaches.
In chapter 4 the previously identified techniques will be analyzed, and their applicability in

an indie setting will be assessed.



2 Related research and technique identification

This chapter aims to explore existing literature of the topic and to introduce the literature the
rest of the thesis will highly rely on. Additionally, most of the techniques and methods that

will be explored later will be identified here.

2.1 Related research

The topic of the thesis has lots of existing research. Murphy-Hill et al. (2014) explores the
difference between game development and traditional software development and found that
especially requirements have a big difference. Game developers usually have just one main
requirement — the game needs to be fun (Murphy-Hill et al., 2014). This affects testing as
traditionally test cases are made based on the requirements, and “fun” is a very subjective

requirement.

Politowski et al. (2021) found that automating game testing is the next step, but developers
don’t have the processes, frameworks or tools to achieve it, resulting in ad-hoc techniques

that are very game specific.

Many papers identify manual playtesting as one of the main methods of testing (Politowski
et al., 2021; Cho & Ali, 2023; Murphy-Hill et al., 2014). The papers reported that manual
playtesting is used for a few main reasons: it’s cheap, it’s resilient to change, and lack of
standardized automatic testing methods. However, some research on automatic testing has
been done. Gutiérrez-Sanchez et al. (2022) presents a testing environment for automatic
testing in Unity3D, with their game “Liquid Snake”, using machine learning agents with
Unity3D’s built in Test Runner tool. Politowski et al. (2022) reports that “game developers

are skeptical about using automated agents to test games.”

Schulz and Bryant (2017) explore a lot of different testing methods for video games in their
book “Game Testing: All in One”, including test flow diagrams, cleanroom testing,

playtesting and many more.

Aleem et al. (2016) examines the post-production phase of game development in the context
of the lifecycle of a game development process. They researched quality assurance, beta

testing, heuristic-based testing, empirical testing and testing tools, based on other literature.



They concluded that quality assurance in games needs more research done, as there is very

little literature.

As seen here, lots of research has been done on video game testing. The aforementioned
papers and books will be used more later in this thesis in identifying different techniques,
methods and frameworks for testing video games, as well as in exploring the current state of
indie game testing. The techniques identified in this section will be more thoroughly

explored in section 4.

2.2 Technique identification

In this section the techniques will be identified and categorized into a few categories,
depending on what they test and how. The categories will focus mainly on mechanical testing

of games.

22.1 Unit testing

Unit testing is a low-level testing method where a single function or method of code is tested
(Atlassian). It is the most common way of testing — at least in traditional software
engineering. It is used to confirm that the function or method being tested gives the correct
output for a given input (Kasurinen, 2013). Guibert (2017) found that in video games unit
testing mostly helps in better code organization, as writing testable code leads to more

reusable code. One of the main benefits of unit testing is that it is easily automated.

Even though unit testing is one of the most used testing methods in traditional software
engineering, it has not been widely integrated into video game development, or at least not

much research has not been done on the topic of using unit testing in video games.

222 End-to-end testing

One of the most widely used ways of testing in indie games is some variation of end-to-end
testing (Cho & Ali, 2023). In end-to-end testing user behavior is replicated and performed
(Atlassian). One of the most common ways of performing end-to-end testing is playtesting.

Playtesting usually consists of a playtester playing the game and giving feedback based on



their play-session (Ariyurek, Surer and Betin-Can, 2023). Playtesting usually aims to answer
questions like: “is the game too hard?”, “are the controls intuitive?”” and most importantly

“is the game fun?” (Schultz & Bryant, 2017). Playtesting is usually manual work.

One of the main challenges of playtesting is how to gather and analyze data from the tests

efficiently (Mirza-Babaei et al., 2016).

223 Ad-hoc testing

The term ad-hoc comes from Latin and directly translates to “for this” and means that
something was made “for the particular end or case at hand without consideration of wider
application” (Merriam-Webster, 2024). Ad-hoc testing follows this definition closely as ad-
hoc tests are made for one purpose and often improvised (Schultz & Bryant, 2017). It is an
unstructured way of testing and thus extremely hard to generalize into a reusable test between

different projects or games.

The SWEBOK guide (2014) appoints ad-hoc testing as one of the most used testing
techniques. A problem with using ad-hoc style testing extensively in game development is

that the results are often very subjective and up for interpretation and not easily reproducible

(Cho & Ali, 2023).

224 Exploratory testing

Explorative testing aims to fill in the gaps left by traditional structured approaches to testing
(Schultz & Bryant, 2017). As per its name, explorative testing means that the tester explores
the games capabilities and features using their own knowledge and intuition on where defects

or bugs may appear (Kasurinen, 2013).

In exploratory testing the test cases are not predefined but are made up and executed on the
spot. The effectiveness of exploratory testing is highly dependent on the tester's knowledge
and skills. (SWEBOK guide, 2014) Explorative testing in traditional software engineering
has a bad reputation for being very unprofessional as the test results are not easily

reproduceable (Kasurinen, 2013).



2.2.5 Automated testing techniques

Some research has been done on automated testing in video games. Even though research is
being done, game developers are skeptical about automation being mainstream in the next
10 years, and most believe manual testing will still be the de facto way of testing (Politowski

et al., 2022).

Research indicates that machine-learning could be used to perform regression testing in
video games, and a working prototype framework “Liquid Snake” already exists and is in
active development (Gutiérrez-Sanches et al., 2022). Others have also identified using

machine learning as a feasible way to automate playtesting.

2.2.6 Other techniques

Many other techniques also exist. One of the most notable ones being heuristics-based
testing, which is a quick-and-dirty solution to find problems early (Desurvire and El-Nasr,
2013). Heuristics are rarely employed alone but are more commonly used in parallel with

other testing techniques.

Desurvive and El-Nasr (2013) also present Lewis Clayton’s (1982) paper on using the
“think-aloud” method for evaluating playtests, although the method was originally
presented for cognitive interface design. The technique gives insight into the user's thought
process when using a system and their questions or confusions (Clayton, 1982). This can

be helpful when assessing a game’s non-functional requirements.



3 State of indie game testing

In this section the current state of indie game testing will be explored and analyzed briefly,
based mainly on the aforementioned literature. The areas of testing that need the most
improvement as well as the areas that are well tested in indie games will be illustrated in this

section.

3.1 Areas of improvement

According to Cho and Ali (2023) the main testing areas where indie game developers
struggle over bigger studios is the planning and the structure of testing. The lack of testing
plans and structure leads to the testing results being non-standardized and subjective, thus
the results being up for interpretation. According to their research indie game studios rarely

do systematic verification. (Cho & Ali, 2023)

Unit testing is another way of testing mostly ignored by indie game studios, leading to the
tester needing to retest even the simplest features by hand, as well as almost all other

automated methods of testing (Politowski et al., 2021).

In addition, indie game studios also rarely use DevOps tools or other specialized tools to aid
with development but rather rely on free and more generalized tools (Cho & Ali, 2023).
Moreover, game developers in general, whether indie or bigger, tend to not use any

automated testing for playtesting (Politowski et al., 2022).

3.2 Well-executed areas

Based on literature, indie game developers often focus mostly on playtesting and rely on ad-
hoc testing practices (Cho and Ali, 2023). These techniques are viable to rely on for small

scale projects that indie game developers usually work with.

Additionally, as indie game studios usually do not have a distinct testing team, the
developers test their own product i.e., they know the inner workings of the feature they are
testing very well (Cho and Ali, 2023). This can be a good thing, as Politowski et al. (2021)

points out that developers who understand the source code should be a part of the testing



process, although the use of fresh eyes that haven’t seen the game yet for testing can be

helpful and beneficial.
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4 Analysis of the identified game testing techniques

In this section the techniques of video game testing identified in section 2 will be evaluated

and analyzed from the perspective of their applicability to indie game development.

4.1 Unit testing

Unit testing is a testing method largely ignored by game developers (Murphy-Hill et al.,

2014). This does not mean that unit testing is not viable as a testing method in video games.

Unit testing for indie game developers, who do not have a separate testing or quality
assurance team, comes with benefits and drawbacks. The main benefits are the ability to
easily test corner cases which would otherwise be hard to test, as well as giving the developer
confidence in having actually fixed the bug and a similar bug not coming back after a while.
The main disadvantage in unit testing for indie game developers is the need to write more

code and that takes time, which usually is limited. (Guibert, 2017)

This means that while unit testing can be a valuable technique for indie game developers, its
effectiveness depends heavily on the specific circumstances. It is also a technique that is

widely available and possible to implement in all major game engines and environments.

4.2 End-to-end testing

End-to-end testing methods are one of the most used techniques of video-game testing
practiced by indie game developers (Cho & Ali, 2023). Common end-to-end testing methods

such as playtesting and “soft launches” are widely used among indie game developers.

Playtesting is an important part of all video game development as it is one of the few ways
to test the fulfillment of the more subjective non-functional requirements (Schultz & Bryant,
2017). Playtesting can also bring out unexpected behaviors from the game's side or the
player's side. Game’s side unexpected behaviors may be bugs, glitches or anything similar.
The player’s side behaviors could be for example that players want or expect to do something

different than the developers intended.
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End-to-end testing techniques are highly beneficial, and they can be very cost effective, thus
being favorable in indie game development. Money and resources can be spent on end-to-
end testing by hiring external play testers, but it is possible to do it for free by using soft

launches or friends of developers to test the game.

4.3 Ad-hoc testing

Ad-hoc testing is widely used by indie game developers (Politowski, 2021). As ad-hoc
testing is very freeform, it works well in indie settings. Ad-hoc tests can be very effective in
finding new problems and solutions to existing problems (Schultz & Bryant, 2017). Ad-hoc
testing by itself is not a good way to test, as it relies on the developers or testers intuition on

whether everything works well or not (Kasurinen, 2013; SWEBOK guide, 2014).

4.4 Exploratory testing

Exploratory testing is another highly suitable way of testing for indie game developers. The
method is good for indie game developers as it doesn’t require many resources and can often
be merged with in-house playtesting as well as ad-hoc testing. It also allows the developers

to “just play the game” without pressure about testing a specific feature.

The method i1s very much used within indie game development, and many indie game
developers mention that their testing strategy is focused on experimental playtesting (Cho &

Ali, 2023). Experimental playtesting falls under exploratory testing and ad-hoc testing.

Using exploratory testing as the only way of testing is not recommended as it is very
unstructured and thus reproducing the results of the testing is hard, if not impossible in some
situations. Exploratory testing can be an effective way of testing when accompanied by other

more structured techniques.

4.5 Automated testing techniques

Automated testing techniques are largely dismissed by all game developers and very few,

excluding the biggest AAA game studios, use them (Politowski et al., 2022). Therefore, it’s
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safe to assume that at its current state for indie game developers, using automated testing is

not worth the effort and time it takes to set up.

For a game to be testable using automated techniques it needs to be programmed differently
than a regular manually tested game. For example, all components that provide any kind of
interactivity between the player and the game, such as input systems need to be fully
decoupled from the game mechanics such as moving the player (Politowski et al., 2022;
Gutiérrez-Sanchez et al., 2022). This is required for an automated system to be able to control

the playable character the same way a human would control it.

Another challenge that makes automated testing techniques hard to implement is all kinds
of randomness. For a game to be fully automatically testable it needs to be deterministic as

well as the core game mechanics shouldn’t change constantly. (Politowski et al., 2022)

4.6 Other techniques

The previously mentioned other techniques are very feasible and useful for indie game
development. The other techniques mentioned, “think-aloud” and heuristics-based testing,
are not very useful by themselves, but rather complementing other techniques such as end-
to-end testing or exploratory testing. Heuristics are commonly used in problem solving and

thus very useful in testing games.
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5 Discussion

As explored in this thesis there are numerous ways, techniques and methods to test a game
and many of those work equally well in indie game development as opposed to AAA-game
development. Although indie game developers have much more restrictions in terms of
resources, they often have much more freedom and flexibility in terms of how they do things
than AAA-developers. By following a more lenient and less structured way of testing, indie
developers can appoint their limited resources and time to the more important parts of the
game, although the reproducibility and thus comparability of the results may be lost in the

process.

The different testing techniques and their applicability discussed in this thesis show that
there are plenty of viable testing methods for indie games, despite not all testing methods or
techniques working for them. In the future it is possible that more techniques such as
automation and even machine learning become viable for indie game developers, even

though developers are skeptical about it (Politowski et al., 2022).

The research questions in this thesis are “What is the current state of indie game testing?”
and “What techniques or methods of video game testing exist, and can they be applied in
indie settings?” According to the literature reviewed the current state of indie game testing
is quite good. Of course, room for improvement exists but with the limited resources of indie
game developers, the state and amount of testing is good. More generalized tools and
methods of testing would help indie game developers to be more thorough and efficient in

their testing.

Regarding the different techniques and methods of testing and their applicability to indie
video game development, most of the techniques and methods discussed in this thesis work
in an indie setting and only one technique, automated techniques, of the selected is deemed
unapplicable due to the workload of setting it up. All other explored techniques are at least
in some way applicable and provide value to the testers. Overall, the state of indie game

testing, the techniques and methods are in a good state.

It is important to note that the methods and techniques discussed in this thesis focus mainly

on mechanical testing of video games and their features and does not consider other equally
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important areas of testing, such as how enjoyable the game is to play. Video game testing in

this thesis is looked at from a programming point of view.
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6 Conclusions

In this thesis the testing of indie video games was explored. The testing was split into
different methods and techniques based on how it tests the game. The thesis also examined
the current state of indie video game testing. The testing was analyzed from a game

mechanics and programming point of view.

In recent years, video game development has been in rapid growth. As people play video
games more than ever, thus creating more demand, it is important that the video game
development process is well understood. As in traditional software engineering, testing is an
important part of the process. This is also the case in video game development, although the

two have their differences.

The results of this thesis illustrate that most of the techniques and methods used by the AAA
games industry also work for indie game developers. Of the analyzed methods, it was
deemed that all but automated techniques are worth implementing in an indie setting. The
state of indie game testing according to literature was also analyzed. The state of indie game
testing according to the results of this thesis is good but there are many opportunities to
enhance it and make it more effective, such as automating some tasks and moving towards
more standardized and planned testing. The main challenge in indie game testing is the lack
of a formal test plan and the large-scale usage of ad-hoc and exploratory testing, from which

it is hard to get reproducible and comparable results.

In the future, the study could be expanded to include less technical testing, methods and
techniques that also test the “fun” factor of the game being tested, as that is in the main
attribute of a game to be successful. The same study could also be redone by interviewing
indie game developers and studios, to see how they test and how they feel about certain
testing techniques. In addition, the automated methods need to be studied more and some
standardized tools for automatic video game testing could make them more accessible and

viable for use in indie game testing.



16

References

Ahmad, N.B. et al. (2017) ‘How to launch a successful video game: A framework’,
Entertainment Computing, 23, pp- 1-11. Available at:
https://doi.org/10.1016/j.entcom.2017.08.001.

Aleem, S., Capretz, L.F. and Ahmed, F. (2016) ‘Game development software engineering
process life cycle: a systematic review’, Journal of Software Engineering Research and

Development, 4(1), p. 6. Available at: https://doi.org/10.1186/s40411-016-0032-7.

Ariyurek, S., Surer, E. and Betin-Can, A. (2023) ‘Playtesting: What is Beyond Personas’,
IEEE transactions on games, 15(3), pp. 348-359.

Atlassian (no date) The different types of testing in software, Atlassian. Available at:
https://www.atlassian.com/continuous-delivery/software-testing/types-of-software-testing

(Accessed: 8 March 2024).

Cho, J. and Ali, K. (2023) ‘Exploring Quality Assurance Practices and Tools for Indie
Games’, in 2023 IEEE/ACM 7th International Workshop on Games and Software
Engineering (GAS). 2023 IEEE/ACM 7th International Workshop on Games and Software
Engineering (GAS), Melbourne, Australia: IEEE, pp. 16-24. Available at:
https://doi.org/10.1109/GAS59301.2023.00010.

Clayton, L. (1982) ‘Using the “Thinking-aloud” Method in Cognitive Interface Design’.
IBM Thomas J. Watson Research Center. Available at:

https://dominoweb.draco.res.ibm.com/reports/RC9265.pdf.

Desurvire, H. and El-Nasr, M.S. (2013) ‘Methods for Game User Research: Studying Player
Behavior to Enhance Game Design’, IEEE Computer Graphics and Applications, 33(4), pp.
82—87. Available at: https://doi.org/10.1109/MCG.2013.61.

Entertainment Software Association (2022) ‘2022 Essential Facts About the Video Game
Industry’.  Available at: https://www.theesa.com/wp-content/uploads/2022/06/2022-

Essential-Facts-About-the-Video-Game-Industry.pdf



https://doi.org/10.1016/j.entcom.2017.08.001
https://doi.org/10.1186/s40411-016-0032-7
https://www.atlassian.com/continuous-delivery/software-testing/types-of-software-testing
https://doi.org/10.1109/GAS59301.2023.00010
https://dominoweb.draco.res.ibm.com/reports/RC9265.pdf
https://doi.org/10.1109/MCG.2013.61
https://www.theesa.com/wp-content/uploads/2022/06/2022-Essential-Facts-About-the-Video-Game-Industry.pdf
https://www.theesa.com/wp-content/uploads/2022/06/2022-Essential-Facts-About-the-Video-Game-Industry.pdf

17

Fiadotau, M. (2018) ‘Indie Game’, in N. Lee (ed.) Encyclopedia of Computer Graphics and
Games. Cham: Springer International Publishing, pp. 1-4. Available at:
https://doi.org/10.1007/978-3-319-08234-9 188-1.

Garcia, J. (2020) AAA (triple-A) - Video Game Dictionary Guide, IGN. Available at:
https://www.ign.com/wikis/video-game-dictionary/AAA (triple-A) (Accessed: 8 August
2024).

Guibert, F. (2017) ‘Unit testing in video games’, 12 June. Available at:
https://www.gamedeveloper.com/programming/unit-testing-in-video-games (Accessed: 8

March 2024).

Gutiérrez-Sanchez, P. et al. (2022) ‘Liquid Snake: a test environment for video game testing

agents’. Available at: https://ceur-ws.org/Vol-3305/paper7.pdf

SWEBOK guide (no date). Available at: https://ieeecs-
media.computer.org/media/education/swebok/swebok-v3.pdf (Accessed: 11 March 2024).

Kasurinen, J.Pekka. (2013) Ohjelmistotestauksen kisikirja., Ohjelmistotestauksen késikirja.
Jyviskyld: Docendo. ISBN: 978-952-5912-99-9

Merriam-Webster (2024) Definition of AD HOC. Available at: https://www.merriam-
webster.com/dictionary/ad+hoc (Accessed: 8 March 2024).

Mirza-Babaei, P., Moosajee, N. and Drenikow, B. (2016) ‘Playtesting for indie studios’, in
Proceedings of the 20th International Academic Mindtrek Conference. New York, NY,
USA: Association for Computing Machinery (AcademicMindtrek ’16), pp. 366-374.
Available at: https://doi.org/10.1145/2994310.2994364.

Murphy-Hill, E., Zimmermann, T. and Nagappan, N. (2014) ‘Cowboys, ankle sprains, and
keepers of quality: how is video game development different from software development?’,
in Proceedings of the 36th International Conference on Software Engineering. ICSE ’14:
36th International Conference on Software Engineering, Hyderabad India: ACM, pp. 1-11.
Available at: https://doi.org/10.1145/2568225.2568226.

Politowski, C., Guéhéneuc, Y.-G. and Petrillo, F. (2022) ‘Towards automated video game
testing: still a long way to go’, in Proceedings of the 6th International ICSE Workshop on

Games and Software Engineering: Engineering Fun, Inspiration, and Motivation. New York,


https://doi.org/10.1007/978-3-319-08234-9_188-1
https://www.ign.com/wikis/video-game-dictionary/AAA_(triple-A)
https://www.gamedeveloper.com/programming/unit-testing-in-video-games
https://ceur-ws.org/Vol-3305/paper7.pdf
https://ieeecs-media.computer.org/media/education/swebok/swebok-v3.pdf
https://ieeecs-media.computer.org/media/education/swebok/swebok-v3.pdf
https://www.merriam-webster.com/dictionary/ad+hoc
https://www.merriam-webster.com/dictionary/ad+hoc
https://doi.org/10.1145/2994310.2994364
https://doi.org/10.1145/2568225.2568226

18

NY, USA: Association for Computing Machinery (GAS ’22), pp. 37-43. Available at:
https://doi.org/10.1145/3524494.3527627.

Politowski, C., Petrillo, F. and Guéhéneuc, Y.-G. (2021) ‘A Survey of Video Game Testing’,
in 2021 IEEE/ACM International Conference on Automation of Software Test (AST). 2021
IEEE/ACM International Conference on Automation of Software Test (AST), pp. 90-99.
Available at: https://doi.org/10.1109/AST52587.2021.00018.

Schultz, C.P. and Bryant, R.D. (2017) Game testing: all in one. Third edition. Dulles, VA:
Mercury Learning and Information. ISBN: 978-1-942270-76-8

Video Game Market Size, Share And Growth Report, 2030 (no date). Available at:
https://www.grandviewresearch.com/industry-analysis/video-game-market (Accessed: 9

May 2024).



https://doi.org/10.1145/3524494.3527627
https://doi.org/10.1109/AST52587.2021.00018
https://www.grandviewresearch.com/industry-analysis/video-game-market

