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Abstract

omputer game production has long transcended

the entertainment industry to become a com-

plex, high-tech, innovative, highly profitable
field with transformative potential for other sectors. It
synthesizes technical and humanities disciplines such as
artificial intelligence (AI), virtual reality, behavioral psy-
chology, cognitive science, design, agent-based modeling,
scenario planning, Foresight, complex systems science,
and others. The paper explores the prospects of expand-
ing this interdisciplinary field through the application of
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more sophisticated technologies, including Al algorithms.
Foresight methodology was used, including such tools as
horizon scanning, analysis of scientific, technological, po-
litical, economic and value factors, assessment of effects
and uncertainty, as well as expert surveys. The collected
data set formed the basis for four scenarios for the industry
in Malaysia over the next ten years. This study contributes
to informing policy rationale for the use of Al for game de-
velopment for various purposes, including strategic plan-
ning practices.
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Introduction

While formally belonging to the entertainment in-
dustry, the computer games industry has reached
a new level in the process of ongoing profound
transformation. Today it is a high-tech and high-
ly profitable sector that helps solve a wide range
of serious problems. The ideas and developments
emanating from here continue to transform many
areas of the economy and public life. Models of the
metaverse and virtual currencies were born here,
and great development potential remains through
the integration of new technical and humanitarian
areas, such as virtual reality, behavioral psychol-
ogy, cognitive science, design, agent-based model-
ing, and scenario planning. Particularly significant
transformation processes in this sector, as in many
others, are associated with the further develop-
ment of artificial intelligence (AI), the increasingly
complex algorithms of which open up a wide range
of new opportunities.

The leaders in the described process include the
USA, China, Great Britain, Japan and some other
countries in Europe and Asia. Thus, the Nether-
lands is a leader in the development of serious
educational games related to the management of
systems from local to global levels, in such areas
as water resources (den Haan et al., 2020), infra-
structure, transport (Duffhues et al., 2014), energy
(Hettinga et al., 2020) and agriculture'. In Japan,
gamification has become an integral part of annual
nationwide exercises to prepare for rapid response
to natural disasters®.

The global volume of this industry is expected to
reach $282.3 billion by the end of 2024, with the
largest revenue coming from China ($94.49 billion).
By 2027, its total turnover will increase to $363.2
billion (an annual increase of 8.76%), and the total
number of users will be 1.472 billion people.?

Such dynamics stimulate the development of relat-
ed areas, such as e-sports®. In 2023, the size of the
global market in this area was estimated at $1.72
billion. It is predicted that this year its value will
approach $2.06 billion, and by 2032 it will grow
to $9.29 billion (average annual growth rate dur-
ing 2024 -2032 will be 20.7%). Market growth is
influenced by trends such as an increase in the fre-
quency of live broadcasts of cyber tournaments, an
increase in viewer interest, and increased invest-
ment in e-sports infrastructure. Universities view
esports as a tool for developing specific profession-

al skills in students, offering special educational
programs®. The synthesis of virtual and physical
reality with artificial intelligence (AI) in computer
games, every year expands the possibilities of en-
riching the gaming experience (Tang et al., 2020).
Moving games to mobile platforms has made them
accessible and convenient for more users.

The role of serious games aimed at developing
professional skills in education, healthcare, and
management is increasing. The effectiveness of
educational games (to acquire new skills and be-
havioral patterns) is enhanced by the dynamic
response of Al algorithms to user actions, which
is expressed in the behavior of smart characters
that adapt to the player’s learning style and think-
ing (Tang et al., 2020; Fairclough et al., 2002; Shi
et al., 2023; Waltham, Moodley, 2016). Advanced
Al-based analytics improves the quality of assess-
ment of the educational process. With the increas-
ing use of Al in the development of different types
of games, there are prospects for the development
of expanded skills and competencies in many dis-
ciplines. Considering their real and potential ef-
fects, a deep analysis of the fundamentals of A, an
understanding of the development processes of the
corresponding systems, and an assessment of the
ethical aspects of their use are necessary.

In general, a vast amount of literature is devoted
to the issues of game development as such and the
areas of their application. Our scanning of interna-
tional scientific databases revealed over 3,800 such
publications over the past 10 years. However, only
a small number of works are devoted to the use of
Al in this process.

Our article contributes to filling the corresponding
gap. The main directions of using AI in the devel-
opment of the gaming industry are considered in
relation to the context of Malaysia, and four alter-
native development scenarios have been developed
until 2032.

Literature review

The production of computer games began in the
1950s. and over time has grown into the most prof-
itable segment in the global entertainment indus-
try. The connection between AI and games can
be traced back to the appearance of the first chess
program. The quest to create Al capable of win-
ning strategy games against high-end players has

! https://agriculture.newholland.com/en-gb/europe/new-holland-world/farming-simulator, accessed 05.06.2024.

* https://www.gfdrr.org/sites/default/files/publication/learning-from-disaster-simulation-drills-japan-report.pdf, accessed 09.04.2024.
* https://www.statista.com/outlook/dmo/digital-media/video-games/worldwide, accessed 03.12.2024.

* https://www.fortunebusinessinsights.com/esports-market-106820, accessed 03.07.2024.

> For example, Syracuse University University, USA) announced a new course dedicated to eSports in 2023.
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spurred research, which in turn has led to signifi-
cant advances in game design. Al technologies have
revolutionized various aspects of game creation,
from intelligent character generation and context-
sensitive content to adaptive game mechanics and
sophisticated analytics. Gaming companies see the
benefits of Al, particularly in terms of opportuni-
ties to improve gaming experiences and save costs.
Its application areas include, for example, improv-
ing visual effects, increasing their realism, dynam-
ic content creation, balancing gameplay ditficulty,
and generating intelligent characters. Using Al in
game design simplifies the development process,
improves animation quality, and improves the effi-
ciency of level design and content creation. The use
of AT algorithms allows players to have a more im-
mersive and dynamic gaming experience. AI-pow-
ered systems can adapt to the behavior of specific
players, offer personalized challenges and increase
engagement. The emergence of virtual and aug-
mented reality, other immersive technologies, and
their adaptation to mobile platforms will radically
transform this area and open up vast opportunities
for both developers and users.® The role of games
itself has expanded, going far beyond the scope of
entertainment purposes - they perform various
complex tasks, penetrating into the field of educa-
tion, business, management, medicine, energy, etc.

In the study (Bharathi et al., 2024) explored op-
portunities to improve educational programs in a
new context based on Al In this regard, signifi-
cant attention is paid to business simulation games,
which are recognized by an increasing number of
experts as an effective practice-oriented tool for
interactive education. They are increasingly used
by universities and companies to make decisions
and develop strategies. Along with AI, adaptation
to mobile platforms and cloud computing make a
certain contribution to their improvement. An at-
tractive, motivating atmosphere is created that en-
hances cognitive processes and improves the qual-
ity of information absorption due to the effect of
complete immersion. Game-based learning creates
opportunities to practice project management con-
cepts in a simulated, safe environment, promoting
active engagement, developing critical thinking,
problem-solving, collaboration and creativity skills
(Jahan Tumpa et al., 2024).

The game approach is becoming widespread in
STEM education (Gao et al., 2020). New research
is revealing the pros and cons of integrating games
into specific disciplinary contexts, contributing to
a growing understanding of their potential for the
educational field.

Qin T'Y., Abdullah N.H., Emran N.M., pp. 21-30

The connection between games and cognitive sci-
ence and strategic thinking

The impact of various game genres on the cogni-
tive functions of the brain, their contribution to
the development of complex competencies and the
improvement of strategic thinking has been the
subject of numerous studies (Ghasemi et al., 2024).
Differences in cognitive abilities lead to individual
differences in working memory functions, visual
perception, and reaction speed. As a result, the va-
riety of behavioral models that determine attitudes
towards risk, uncertainty, ambiguous, complex
and confusing situations is expanding (Frederick,
2005). New developments allow the creation of in-
creasingly advanced games aimed at increasing the
productivity of strategic planning in business, the
military sector, medicine, ecology and other areas
(Bellotti et al., 2014).

The synthesis of such subject areas as game theory,
cognitive psychology and systems thinking helps
to reveal the nature of strategic thinking and iden-
tify effective tools for its development. Based on
the differences in cognitive functions and the va-
riety of behavioral patterns, developers face a dif-
ficult task - using Al to create gaming algorithms
that adapt to the specifics of a particular user.

Business simulation games create an experimen-
tal reality where you can plan projects, implement
them in roadmaps and experience the consequenc-
es of mistakes, gaining valuable experience (Dantas
et al., 2004). An engaging, immersive gaming envi-
ronment helps reinforce the right or wrong steps
taken (Sanzana et al,, 2024), key entrepreneurial
skills, communication, problem solving, resource
management, etc. are developed (Shabbir, Pallares-
Venegas, 2024).

Recent research suggests the integration of seri-
ous games into soft skills development programs.
With their help, employees are trained in diverse
communication (Sutil-Martin, Otamendi, 2021). A
number of universities have created gamified vir-
tual biology and chemistry laboratories, allowing
students to practice dangerous experiments with-
out risk (Sanzana et al., 2024). Educational games
significantly improve problem-solving skills by
identifying hazards early and taking preventive ac-
tion (Solinska-Nowak et al., 2018). Based on the
understanding that games should reflect complex
real-world environments with emergent behavior,
land use simulations have been developed (Bishop
et al., 2009), energy policy (Dolin, Susskind, 1992)
and water and climate change management (Ver-
voort et al., 2022; Zhou, Mayer, 2017).

¢ https://techcrunch.com/2015/10/31/the-history-of-gaming-an-evolving-community/, accessed 04.17.2024.
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Business games synthesize the modeling of system
dynamics and agent behavior (Alessi, Kopainsky,
2015; Le Page et al., 2012; Smajgl et al., 2015), dy-
namic interactions between elements of complex
systems are displayed, which makes it possible
to anticipate the effects of feedback and develop
preventive measures (Alessi, Kopainsky, 2015). A
special genre of games has emerged for proactive
management (anticipatory games), focused on the
formation of a preferred future within the frame-
work of scenario planning (Vervoort, Gupta, 2018).

They offer unique opportunities to create and ex-
periment with new systems of governance, includ-
ing the creation of rules and institutions, the dis-
tribution of roles in dynamic contexts (Vervoort
et al., 2022). For example, there are adaptations
of popular Sim games City and Minecraft, which
allow you to reproduce in the digital environment
different development scenarios for cities of the fu-
ture’. Various game theory heuristics are used as
objects of political debate (Bekius et al., 2018).

Difficulties in developing computer
games and the contribution of AI
to overcoming them

Creating computer games requires a wide range
of skills from different disciplines, particularly a
combination of technological and artistic abilities
(Hodgson, Briand, 2013). As gaming companies
grow, the need for effective methods to manage the
development process and its high-tech components
increases (Kanode, Haddad, 2009). When creating
complex software, problems often arise related to
violation of the planned deadlines for project imple-
mentation, primarily due to the initial underesti-
mation of the expected time costs (in 65% of cases)
(Petrillo et al., 2008). In the professional environ-
ment, the practice of constant rush jobs in the devel-
opment of games and other software is widely dis-
cussed, and their reasons are analyzed (Dyer-With-
eford, De Peuter, 2006; Peticca-Harris et al., 2015).
The successful implementation of projects is also in-
fluenced by the quality of communication between
members of an interdisciplinary team, the provision
of which is particularly difficult. To develop com-
plex educational games, in most cases it is necessary
to select the appropriate tools, documentation and
algorithms for AI, animation creation, rendering
and learning analytics (Tamla et al., 2019).

In psychology, there are biofeedback mobile apps
and serious games to help young people manage
their anxiety and fears effectively, using Al to ana-
lyze user data and provide personalized feedback
and recommendations (Almeqbaali et al., 2022).
The AI can recognize the player’s emotions and
stress level and reduce psychological tension®.

Adaptive Al systems evaluate player behavior and
adjust the game difficulty in real time according
to the player’s preparedness. The result is that the
game remains fun without being overly difficult®.
The “engines” that provide support for various
game attributes are critical. For example, games
serve as an “assistant coach” for people undergo-
ing medical rehabilitation. They are created tak-
ing into account the individual needs of patients,
creating a motivational environment to achieve the
required results (Ambros-Antemate et al., 2021).
In games like this, increasing the adaptability of
the algorithms can radically affect the recovery
results. Therefore, the difficult task is to provide
their automatic correction and a convenient inter-
face for manual configuration (Smeddinck, 2020).
For this purpose, dynamic complexity adjustment
approaches have been developed (Dynamic Diffi-
culty Adjustment (DDA), which increases player
engagement by adapting game difficulty based on
the player’s performance. To automatically change
the difficulty of the game depending on the level
of the player, Al systems (for example, AlphaDDA)
have been created, making the gameplay harmoni-
ous and attractive (Xue et al., 2017).

Research methodology

To solve the problem (expanding the base of empir-
ical data on the use of AI in game development), an
exploratory study was carried out using Foresight
methods, including horizon scanning, STEEPV
analysis and the development of scenarios for the
next 5-10 years. The STEEPV method was used
to analyze existing and potential problems and
trends that could affect the economy and society
as a whole. Six groups of factors were taken into
account: social, technological, economic, environ-
mental, political and value. In this way, a question-
naire was constructed and distributed to a target
sample of game developers. Its structure is present-
ed in table. 1. As of the first half of 2023, there were
86 game startups in Malaysia'’.

7 http://www.edudemic.com/minecraftedu-and-simcityedu-blazing-trails-for-interdisciplinary-learning/, accessed 05.02.2024.

8 https://safeinourworld.org/news/how-ai-and-biofeedback-are-helping-players-manage-stress-and-anxiety/#:~:text=By%20tracking%20the%20
player’s%20heart,symptoms%200f%20stress%20and%20anxiety, accessed 01.19.2024.

° https://www.gdgtme.com/features/ai-in-gaming-taking-video-games-to-the-next-level/, accessed 02.18.2024.
' https://tracxn.com/d/explore/gaming-startups-in-malaysia/__lrKvnVOpLT8CmWXvf1x5HSuJ4pbuDM-c7kHiP]7NgMM/companies, accessed

03.09./2024.
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Since exact data on the number of employees in
each company was not available, we proceeded
from a generalized conditional threshold - at least
five specialists (general population of 430 people).
After filtering it in accordance with the method de-
scribed in (Krejcie, Morgan, 1970), the sample size
was 205 respondents. 33 questionnaires were com-
pleted (response rate - 16.1%) and analyzed using
Microsoft Excel.

Secondary data was extracted from periodicals,
online publications and dissertations relevant to
the research topic and was not limited to Malaysian
ones. The collected unstructured information was
filtered to extract meaningful information.

Results

The accumulated array of information became the
basis for assessing the effect and uncertainty and
constructing scenarios. Subsequent analysis re-
vealed two underlying factors that lead to the great-
est impact and greatest uncertainty when using Al
The effect-uncertainty matrix presented in Fig. 1
served as a framework for developing four alterna-
tive scenarios for the use of Al in the gaming indus-
try over the next five to ten years. To fill them with
content, we used the results of the STEEPV analy-
sis, which identified eight key factors reflected in
Table 2. The information collected is intended to
enrich the evidence base for developing a holistic
and informed approach to scientific and innova-
tion policy in relation to the gaming industry.

The characteristics of the sample of respondents
are presented in Table. 3, and the average values
of the assessment of answers to the questions are
in table. 4. According to respondents, factors re-
lated to intellectual property rights for AI con-
tent produce the greatest effect, and the greatest
uncertainty is caused by technical problems of Al
algorithms. Therefore, intellectual property rules
require further analysis and refinement to protect
the rights of developers. The importance of this
aspect in the gaming industry has been noted in
a number of sources. Key legal issues have been
identified, in particular, the need to protect against
game cloning''. The fact that for Malaysian engi-
neers the highest level of uncertainty is associated
with technical problems of AI algorithms reflects
their current level of knowledge in the field.

In Fig. 2, the red circle highlights the factors re-
sponsible for the maximum magnitudes of effect
and uncertainty, indicated by codes D5 (“Game-

Qin T.Y., Abdullah N.H., Emran N.M., pp. 21-30

Table 1. Structure of the Questionnaires

Section

Items
A Demographics of the respondents

B The impact of drivers towards the AI in gaming de-
velopment.

© The uncertainty of drivers towards the Al in gaming
development.

Source: auhtors.

play and immersion”) and D6 “Technical problems
of AI algorithms.” They became the basis for sce-
nario analysis.

Scenarios for the future use of Al for
game development

The scenario matrix is based on two factors that re-
ceived maximum ratings from respondents: “Tech-
nical challenges of AI algorithms” and “Gameplay
and immersion” (Figure 3).

Scenario 1 “Dynamic game environment”. Rec-
ognized as the most preferred option, as it com-
bines the low level of technical problems of AI al-
gorithms with a high degree of immersion in the
gameplay and a high-quality gaming experience. In
this scenario, Al is used by most game developers
to create the most dynamic gaming environment
possible. AI algorithms will take the gaming indus-
try to a new level of development, expanding op-
portunities for user engagement. The use of AI is
ushering in a new era with an unprecedented qual-
ity of gaming experience'’. Increasing the com-
plexity of character behavior, procedural content
creation, and game balancing combine to create a
game world that is both complex and interesting
for users. Al-powered analytics allows develop-
ers to study player behavior to create games that
automatically adapt to different gaming styles and
preferences.

Scenario 2 “Long game development cycle.” Has
both positive and negative aspects. The upside is
that a long development cycle can ensure polished,
polished games are created. Thus, the famous game
“The Last Guardian” has been in development for
eight years. Such a protracted process does not
have one obvious reason; rather, it should be said
that there are a number of interrelated problems.
Among the factors that slowed down work were the
departure of key studio employees, conflicts with
the publisher (Sony) and other problems'. Despite

https://www.qualityoracle.com/intellectual-property-rights-in-the-gaming-industry/#:~:text=Under%20IP%20protection%2C%20developers%20

will,and%20sale%200f%20said%20games, accessed 04.18.2024.

" https://ilogos.biz/the-role-of-ai-in-game-development/#:~:text=Impact%200f%20AI1%20in%20Gaming &text=This%20technological %20
advancement%20has%20allowed,and%20challenging%20environment%20for%20players, accessed 05.05.2024.

Phttps://www.dualshockers.com/games-with-longest-development-times/#8-8-ultima-ix-ascension-five-years, accessed 02.14.2024.
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Figure 1. Impact-Uncertainty Matrix
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Table 2. Drivers Related to Merged Issues and
Challenges

1. Data Security and Privacy Concerns

« Data misuse or unauthorized access and theft
« Lack of transparency and responsibility

« Information withhoYding

« Privacy challenges

2. Ethical Considerations and Responsibility

« Ethical concern

« Ethical framework

o Al ethics

« Responsibility for harmful content or biased algorithmic
outputs

o Mitigation of ethical risks

« Ownership and control of affective models

« Stereotypical portrayals of women

 Encouragement of violent behavior

o Safety and well-being of participants

o Trustworthiness

3. Ownership and Intellectual Property of AI-developed content

o Attribution of authorship and copyright concerns

« Patent protection and patentability

« Challenges in ownership, transparency, and responsibility
o Absence of comprehensive frameworks for ownership

« Ownership issues, data security, and user privacy

4. AlI-driven Gaming Innovation

 Alin game-based learning

« Al integration into games

« Revolutionize the gaming experience
o Advanced Al models

o Al-generated content

« Shifting to utilizing neural networks

5. Gameplay Experience and Immersion

« Addictive tendencies

. Enjoirable and immersive gameplay experience

o Challenge for fair gameplay

o Al-generated content for engaging and human-like gameplay
« Automatic level generation

» Addressing sequential decision-making challenges

6. Technical Hurdles of AI algorithmn

o Al explanation

« Limited tools

o Technical hurdles or constraints

« Uncertainty surrounding the opponent’s decision
« Black-box nature of games

» Lack of transparency and predictability

o Addressing sequential decision-making challenges

7. Competitive Game Innovation

« Competitive environment for players

« Increasing player base

o Al voice recognition and perspective plug-in

o Al-generated engaging and human-like gameplay

8. Competitive Gaming Industry Environment

» Mounting competition among game developer
« Rapid growth of online gaming

Source: auhtors.

this “The Last Guardian” was successfully launched
into the market and received mostly positive re-
views. The disadvantages of a protracted develop-
ment process include lost market opportunities
or changed user preferences. What is considered
innovative at the beginning of the cycle may lose
relevance by the time it ends, and the risks of fall-
ing behind competitors’ increase. Developers will
have to invest more time and resources into the
project with no guarantee of profit'. Thus, despite
the complex technical problems of AI algorithms,
this scenario also seems acceptable provided that
players will receive a quality gaming experience
through deep immersion.

Scenario 3: Dominance of technological complexi-
ty. It is assumed that when combined Due to signif-
icant problems with AI algorithms and a low level
of immersion in the gameplay, developers will have
to pay excessive attention to technical aspects. This
can lead to the loss of consumers who are inter-
ested not so much in technological innovation as in
the attractiveness of the process. Over-reliance on
technological complexity can result in losing the
immersion and engaging gaming experience that
players have come to expect. The risks of losing
such attributes that are responsible for interest in
the game, such as an exciting plot, a detailed game
world and an intuitive interface, are increasing.
Consequently, the likelihood of this scenario being
realized may be low, since it depends on the bal-
ance between technological innovation and game-
play, and the passion for improving AI algorithms
can upset it.

Scenario 4: Monotonous gameplay. In a gaming
context, monotony means that players have to deal
with a limited standard set of tasks, missions, or
quests. If AT algorithms lack complexity and the
ability to create game challenges, the process be-
comes predictable and repetitive. Characters con-

Figure 2. Impact-Uncertainty Analysis

4.1
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Source: auhtors.

“https://www.gamedeveloper.com/business/the-risks-of-long-term-game-
development, accessed 05.07.2024.
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Table 3. Demographics of respondents

Category Frequency  Percentage
(%)
Gender
Male 22 66.7
Female 11 33.3
Age
18-24 years old 10 30.3
25-34 years old 11 33.3
35-44 years old 9 27.3
45 years old and above 3 9.1
Place of work
Game development companies * 13 39.4
University ** 2 6.1
Freelancing 10 30.3
Prefer not to say 8 242
Current job role
Game designer 8 242
Game programmer 10 30.3
Producer 1 3.0
Artist/animator 9 27.3
Writer / Storyteller 2 6.1
Tools Developer 3 9.1
Busy mode
Student 7 21.2
Full time employed 14 424
Part-time employed 6 18.2
Self-employed 6 18.2
Years of experience in game development
Less than 1 year 5 15.2
1-3 years 14 424
4-6 years 5 15.2
7-10 years 5 15.2
More than 10 years 4 12.0
Size of the development team
Individual developer 12 36.4
Small team (2-10 people) 11 333
Medium team (11-50 people) 7 21.2
Large team (51+ people) 17 9.1
Priority game platform focus
PC 16 48.5
Console 2 6.1
Mobile 9 27.3
Virtual Reality 4 12.1
Augmented Reality 2 6.1
Familiarity with Al in gaming
Very familiar 6 18.2
Somewhat familiar 19 57.6
Not very familiar 5 15.2
Not at all familiar 3 9.1
Integration of Al in current projects
Actively integrating Al features 8 24.2
Considering integrating Al features | 11 33.3
Not currently integrating Al features | 8 24.2
No plans to integrate Al features 6 18.2

* Gameka, Knowles, Double 11, Dandelion Studio, Quurk, AC,

HY Building, KPM, Alchymy Creative, Manson Games, Kayangan,
PlayStation, Illuminative (each by alone representative).

** UOW Malaysia, Universiti Tunku Abdul Rahman (each by alone
representative).

Source: compiled by the authors.
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Table 4. MEAN score of Impact
and Uncertainty drivers

M
Code Drivers ean .
Impact Uncertainty

D1 Data security and privacy 3.879 3.636
concerns

D2 Ethical consideration and 3.970 3.485
responsibility

D3 Ownership and intellectual 4.000 3.455
property of Al-developed
content

D4 Al-driven gaming innovation. 3.970 3.727

D5 Gameplay experience and 3.879 3.848
immersion

D6 Technical hurdles of AT 3.970 3.970
algorithm

D7 Competitive game innovation 3.606 3.545

D8 Competitive gaming industry 3.485 3.576
environment

Source: auhtors.

Figure 3. Development of Four Alternative
Scenario

High gameplay experience and immersion

Scenario 2
Scenario 1 «Long
«Dynamic Game Development
Environments» Cycles»

Low technical High technical
hurdles of AT hurdles of AT
algorithm algorithm

. Scenario 3
Scenario 4 «Overemphasis
«Monotonous on Technical
Gameplay» Complexity»

Low gameplay experience and immersion

Source: auhtors.

trolled by the AI exhibit monotonous behavior
with minimal differences in reactions or strategic
decisions, resulting in a loss of interest in the game.
This scenario could be the worst. If Malaysian
game developers ignore solving the complex tech-
nological problems of AI algorithms, gameplay im-
mersion will be low and the gaming experience will
be substandard. Resistance to using AI for game
development will increase.

Conclusion

The gaming industry is considered a high-tech, in-
novative and highly profitable sector with a high
potential for impact on the economy and society as
a whole. These opportunities can be unlocked with
the help of AI and other advanced technologies.
It is of interest to assess the readiness of gaming
product developers to implement more complex
and adaptive AT algorithms.
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For the first time in the Malaysian context, the article
examines the prospects for the use of Al in this area.
A comprehensive analysis of the factors determining
them was carried out, combining a study of the litera-
ture and a survey of experts. Based on the two identi-
fied key drivers associated with the greatest impact and
uncertainty, four alternative scenarios are developed.
The “Dynamic Gaming Environment” scenario is con-
sidered the most preferable, since it is the combination
of the lack of complexity with the implementation of
Al algorithms with a focus on enriching the gaming
experience of users that opens up the widest possible
range of opportunities for the gaming industry.

Like any study, the analysis we present has its limi-
tations. This is only the first attempt to provide an
empirical basis for understanding the specific chal-
lenges and opportunities that the gaming industry
may face as it implements AI technologies. Another
limitation is the size and composition of the sample.
Despite this, the collected data set turned out to be
quite informative, which made it possible to solve the
research problem.

References

Several recommendations can be offered to over-
come these limitations. First of all, in future re-
search it would be advisable to expand the meth-
odology and conduct in-depth interviews to better
understand the relevant topics and other issues not
covered in the literature. The presented research
can serve as a starting point for assessing the dy-
namics of the future use of AI by game developers.
In addition, scholars or policy makers can use the
results of this work to assess the impact and uncer-
tainty of Al use in Malaysia. This will help enhance
the positive effects of using such technologies for
game development and mitigate the negative con-
sequences. It is clear that, despite the widespread
use of Al in game development noted in many stud-
ies, concerns about this remain. In general, games,
especially those based on AI, expand the impact on
the development of different areas, as well as com-
plex and valuable skills in users. There is a need to
find the right balance between creating innovation
and using it responsibly to ensure gaming is safe,
inclusive and beneficial for people of all ages.

Alessi S., Kopainsky B. (2015) System dynamics and simulation/gaming: Overview. Simulation and Gaming, 46 (3-4), 223-

229. https://doi.org/10.1177/1046878115596390

Almegbaali M., Ouhbi S., Serhani M.A., Amiri L., Jan R K., Zaki N., Sharaf A., Al Helali A., Almheiri E. (2022) A Biofeedback-
Based Mobile App With Serious Games for Young Adults With Anxiety in the United Arab Emirates: Development and
Usability Study. JMIR Serious Games, 10(3), €36936. https://doi.org/10.2196/36936

Ambros-Antemate J.E, Beristain-Colorado M.D.P, Vargas-Trevifio M., Gutiérrez-Gutiérrez J., Hernandez-Cruz P.A., Gallegos-
Velasco 1.B., Moreno-Rodriguez A. (2021) Software Engineering Frameworks Used for Serious Games Development in
Physical Rehabilitation: Systematic Review. JMIR Serious Games, 9(4), €25831. https://doi.org/10.2196/25831

Bekius E, Meijer S., de Bruijn H. (2018) Collaboration patterns in the Dutch railway sector: Using game concepts to
compare different outcomes in a unique development case. Research in Transportation Economics, 69, 360-368. https://doi.

org/10.1016/j.retrec.2018.06.011

Bellotti E, Berta R., De Gloria A., Lavagnino E., Antonaci A., Dagnino E, Ott M., Romero M., Usart M., Mayer LS. (2014)
Serious games and the development of an entrepreneurial mindset in higher education engineering students. Entertainment
Computing, 5(4), 357-366. https://doi.org/10.1016/j.entcom.2014.07.003

Bharathi G.P, Chandra I., Sanagana D.PR., Tummalachervu C.K., Rao V.S, Neelima S. (2024) Al-driven adaptive learning
for enhancing business intelligence simulation games. Entertainment Computing, 50, 100699. https://doi.org/10.1016/j.

entcom.2024.100699

Bishop I.D., Stock C., Williams K.J. (2009) Using virtual environments and agent models in multi-criteria decision-making.
Land Use Policy, 26(1), 87-94. https://doi.org/10.1016/j.landusepol.2008.01.010

Dantas A.R., de Oliveira Barros M., Werner C.M.L. (2004) A simulation-based game for project management experiential
learning. Paper presented at the International Conference on Software Engineering and Knowledge Engineering (SEKE)

2004, June 20-24, Banff, Canada.

denHaanR.J.,vanderVoortM.C.,BaartF,BerendsK.D.,vandenBergM.C.,StraatsmaM.W.,GeenenA.J.P.,HulscherS.]. M.H.(2020)
The Virtual River Game: Gaming using models to collaboratively explore river management complexity. Environmental
Modelling & Software, 134, 104855. https://doi.org/10.1016/j.envsoft.2020.104855

Dolin E.J., Susskind L.E. (1992) A role for simulations in public policy disputes: The case of national energy policy. Simulation
& Gaming, 23(1), 20-44. https://doi.org/10.1177/1046878192231003

Dufthues J., Mayer LS., Nefs M., van der Vliet M. (2014) Breaking barriers to transit-oriented development: Insights from the
serious game SPRINTCITY. Environment and Planning B: Urban Analytics and City Science, 41(5), 770-791. https://doi.

org/10.1068/b39130

28 | FORESIGHT AND STI GOVERNANCE | Vol. 18 No 2 | 2024



Qin T.Y., Abdullah N.H., Emran N.M., pp. 21-30

Dyer-Witheford N., De Peuter G.S. (2006) “EA Spouse” and the crisis of video game labour: Enjoyment, exclusion, exploitation,
exodus. Canadian Journal of Communication, 31(3), 599-617. https://doi.org/10.22230/cjc.2006v31n3al771

Fairclough C., Fagan M., Mac Namee B., Cunningham P. (2002) Research directions for AI in Computer Games (Computer
Science Technical Report TCD-CS-2001-29), Dublin: Trinity College. http://www.tara.tcd.ie/handle/2262/13098, accessed
21.04.2024.

Frederick S. (2005) Cognitive reflection and decision making. Journal of Economic Perspectives, 19(4), 25-42. https://doi.
org/10.1257/089533005775196732

Gao E, Li L, Sun Y. (2020) A systematic review of mobile game-based learning in STEM education. Educational Technology
Research and Development, 68, 1791-1827. https://doi.org/10.1007/s11423-020-09787-0

Georghiou L. (2001) Third generation foresight - integrating the socio-economic dimension (NISTEP Report 77), Tokyo: NISTEP.

Ghasemi O., Abooyee M., Labafi S., Shirzad M. (2024) The role of video games in enhancing managers’ strategic thinking
and cognitive abilities: An experiential survey. Entertainment Computing, 50, 100694. https://doi.org/10.1016/j.
entcom.2024.100694

Giannakos M., Voulgari I., Papavlasopoulou S., Papamitsiou Z., Yannakakis G. (2020) Games for artificial intelligence and
machine learning education: Review and perspectives. In: Non-Formal and Informal Science Learning in the ICT Era (ed. M.
Giannakos), Singapore: Springer, pp. 117-133. https://doi.org/10.1007/978-981-15-6747-6_7

Hettinga S., Boter J., Dias E., Fruijtier S., de Vogel B., Scholten H. (2020) Urban energy transition in a gaming context: The role
of children. Land Use Policy, 111, 104903. https://doi.org/10.1016/j.]landusepol.2020.104903

Hodgson D., Briand L. (2013) Controlling the uncontrollable: “Agile” teams and illusions of autonomy in creative work. Work,
Employment & Society, (2), 308.

Jahan Tumpa R., Ahmad T., Naeni L.M., Kujala J. (2024) Computer-based games in project management education: A review.
Project Leadership and Society, 5, 100130. https://doi.org/10.1016/j.plas.2024.100130

Kanode C.M., Haddad H.M. (2009) Software Engineering Challenges in Game Development. Paper presented at the 2009
Sixth International Conference on Information Technology, Las Vegas, NV, USA 27-29 April 2009. https://doi.org/10.1109/
itng.2009.74

Krejcie R.V., Morgan D.W. (1970) Determining sample size for research activities. Educational and Psychological Measurement,
30(3), 607-610. https://doi.org/10.1177/001316447003000308

Le Page C., Becu N., Bommel P, Bousquet F. (2012) Participatory agent-based simulation for renewable resource management:
The role of the cormas simulation platform to nurture a community of practice. Journal of Artificial Societies and Social
Simulation, 15(1), 10. https://doi.org/10.18564/jasss.1928

Papastergiou M. (2009) Digital game-based learning in high school computer science education: Impact on educational
effectiveness and student motivation. Computers & Education, 52(1), 1-12. https://doi.org/10.1016/j.compedu.2008.06.004

Peticca-Harris A., Weststar J., McKenna S. (2015) The perils of project-based work: Attempting resistance to extreme work
practices in video game development. Organization, 22(4), 570-587. https://doi.org/10.1177/1350508415572509

Petrillo F, Pimenta M., Trindade F, Dietrich C. (2008) Houston, we have a problem. A survey of actual problems in
computer games development. Paper presented at the the 2008 ACM symposium on Applied computing. https://doi.
org/10.1145/1363686.1363854

Reckien D., Eisenack K. (2013) Climate change gaming on board and screen: A review. Simulation ¢ Gaming, 44 (2-3),
253-271. https://doi.org/10.1177/1046878113480867

Reeves B., Malone T.W., O’'Driscoll T. (2008) Leadership’s online labs. Harvard Business Review, 86, 58-66.

Sanzana M. R., Abdulrazic M. O., Wong J. Y., Yip C.-C. (2023). Gamified virtual labs: shifting from physical environments
for low-risk interactive learning. Journal of Applied Research in Higher Education, 16(1), 208-221. https://doi.org/10.1108/
JARHE-09-2022-0281

Sanzana M.R., Abdulrazic M.O.M., Wong ].Y., Yip C.C. (2024) Personnel Training for Common Facility Management Issues
in Thermal-Energy-Storage Chiller Plant using a Serious 3D Game. Simulation & Gaming, 55(2), 224-248. https://doi.
org/10.1177/10468781241232594

Shabbir M.S., Pallares-Venegas E. (2024) Influences of entrepreneurship skills and universities on the promotion of
entrepreneurial intentions of students; mediating role of business simulation games. On the Horizon, 32(1), 1-14. https://
doi.org/10.1108/OTH-10-2022-0062

ShiY, LiH., FuX,, Luan R., Wang Y., Wang N, Sun Z., Niu Y., Wang C., Zhang C., Wang Z.L. (2023) Self-powered difunctional
sensors based on sliding contact-electrification and tribovoltaic effects for pneumatic monitoring and controlling. Nano
Energy, 110, 108339. https://doi.org/10.1016/j.nanoen.2023.108339

2024 | Vol. 18 No2 | FORESIGHT AND STI GOVERNANCE | 29



Strategies

Silva L., Mousavidin E. (2015) Strategic Thinking in Virtual Worlds: Studying World of Warcraft. Computers in Human
Behavior, 46, 168-180. https://doi.org/10.1016/j.chb.2014.12.047

Smajgl A., Ward J.R., Foran T., Dore J., Larson S. (2015) Visions, beliefs, and transformation: Exploring cross-sector and
transboundary dynamics in the wider Mekong region. Ecology and Society, 20(2), 15. http://dx.doi.org/10.5751/ES-07421-
200215

Smeddinck J.D. (2020) Human-Computer Interaction with Adaptable & Adaptive Motion-based Games for Health (ArXiv Paper
abs/2012.03309). https://doi.org/10.48550/arXiv.2012.03309

Solinska-Nowak A., Magnuszewski P., Curl M., French A., Keating A., Mochizuki J., Jarzabek L. (2018) An overview of serious
games for disaster risk management — Prospects and limitations for informing actions to arrest increasing risk. International
Journal of Disaster Risk Reduction, 31, 1013-1029. https://doi.org/10.1016/].ijdrr.2018.09.001

Sutil-Martin D.L., Otamendi EJ. (2021) Soft Skills Training Program Based on Serious Games. Sustainability, 13(15), 8582.
https://doi.org/10.3390/su13158582

Tamla P, Bohm T., Gaisbachgrabner K., Mertens J., Hemmje M., Fuchs M. (2019) Survey: Software search in serious games
development. CEUR Workshop Proceedings, 2348, 155-166.

Tang C., Wang Z., Sima X., Zhang L. (2020) Research on Artificial Intelligence Algorithm and Its Application in Games. Paper
presented at the 2nd International Conference on Artificial Intelligence and Advanced Manufacture (AIAM). https://doi.
org/10.1109/ATIAM50918.2020.00085

Vervoort J., Gupta A. (2018) Anticipating climate futures in a 1.5°C era: The link between foresight and governance. Current
Opinion in Environmental Sustainability, 31, 104-111. https://doi.org/10.1016/j.cosust.2018.01.004

Vervoort J., Mangnus A., McGreevy S., Ota K., Thompson K., Rupprecht C., Tamura N., Moossdorff C., Spiegelberg M.,
Kobayashi M. (2022) Unlocking the potential of gaming for anticipatory governance. Earth System Governance, 11, 100130.
https://doi.org/10.1016/j.esg.2021.100130

Waltham M., Moodley D. (2016) An Analysis of Artificial Intelligence Techniques in Multiplayer Online Battle Arena Game
Environments. Paper presented at the Annual Conference of the South African Institute of Computer Scientists and
Information Technologists. https://doi.org/10.1145/2987491.2987513

West D.M., Allen J.R. (2023) How artificial intelligence is transforming the world, Washington, D.C.: Brookings Institute.

Wu J.S., Lee J.J. (2015) Climate change games as tools for education and engagement. Nature Climate Change, 5, 413-418.
https://doi.org/10.1038/nclimate2566

Zhou Q., Mayer LS. (2017) Models, Simulations and Games for Water Management: A Comparative Q-Method Study in the
Netherlands and China. Water, 10(1), 10. https://doi.org/10.3390/w10010010

30 | FORESIGHT AND STI GOVERNANCE | Vol. 18 No 2 | 2024



