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Abstract: The field of Artificial Intelligence (AI) has gained increased attention since the release of ChatGPT in late 2022. 
Following the popularity and wide application, several generative AI (GAI or GenAI) tools have been released, with 
capabilities of generating novel content such as text, images, audio, and video. Previous research has noted both 
opportunities and limitations with GAI for various fields. One field with high potential impact is the game industry and the 
subfield of serious games, where the purpose of the game extends that of pure entertainment. GAI could play an important 
role for design and development of serious games, where design teams are typically smaller (compared with big commercial 
games), and competences in game mechanics, graphics and other game resources can be limited. This paper explores the 
opportunities and limitations of GAI tools to support development of serious games. This is done through the development 
of a serious game, based on the author’s PhD thesis, where various GAI tools are used to generate game content such as in-
game dialogue, graphics, and audio. Development of the game artefact, which is named ‘Computer Programming in Schools’, 
follows the process of a design science research (DSR) project where emphasis is placed on the design in one iteration of 
development. The author’s experiences of utilizing GAI tools during the development of the game were recorded in a 
researcher diary, together with screenshots and images from the game. In this paper, these experiences are discussed and 
compared to related research in order to seek the most salient opportunities and limitations for GAI to support design and 
development of serious games. The paper provides several hands-on examples of design and development of a serious game 
with GAI tools and concludes with a set of recommendations for the future use of GAI in game development. 
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1. Introduction 
The field of Artificial Intelligence (AI) has a long history, with the concept coined in the 1950s, but the idea can 
of course be traced back even further. With the release of ChatGPT in November of 2022 the field has gained 
increased attention by both scholars and industry professionals. Following the wide application of ChatGPT, 
several other AI tools have been developed and released to the public under the umbrella term Generative AI 
(GenAI or GAI for short). GAI include AI models and tools that can produce high quality and novel text, images, 
video, audio, and animation. 

Previous research has raised questions of challenges and opportunities with GAI, for example potential impact 
in medicine, on schools, and higher education. An interesting field for the application of GAI is game 
development and especially the development of serious games. Serious games refer to games which are 
developed with a purpose beyond entertainment only, such as education. Contrary to big commercial games, 
serious games are often developed by smaller teams or the practitioners themselves. Challenges associated with 
this can be the difficulty of building a game (mechanics, resources, design and so forth), but also connecting 
game elements to learning outcomes. 

The aim of this paper is to explore potential opportunities and limitations of GAI tools to support development 
of serious games. The structure follows the process of design science research (DSR) where a game, based on 
the author’s PhD thesis (Humble 2023), is designed and developed with GAI tools to highlight the opportunities 
and limitations of utilizing these tools in practice. Figure 1 depicts the start menu of the game developed in this 
project, ‘Computer Programming in Schools’. In this paper, the following questions are explored and answered: 
1) What are potential opportunities with artificial intelligence for development of serious games? 2) What are 
potential limitations with artificial intelligence for development of serious games? 
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Figure 1: Start menu of ‘Computer Programming in Schools’ 

2. Background 
The concept of Artificial Intelligence (AI) was coined by John McCarthy in 1956 but the idea of intelligent 
machines had been around before, for example in Sci Fi writer Isaac Asimov’s “Runaround” and the seminal 
paper “Computing Machinery and Intelligence” by Alan Turing. A common distinction in AI is that between 
Artificial General Intelligence (AGI) and narrow AI, where AGI refers to universal problem-solving capabilities 
and narrow AI to problem-solving in narrowed fields. 

Since the release of ChatGPT in November of 2022 and the attention it and similar AI systems have raised in 
academia and industry, another concept has gained popularity: Generative Artificial Intelligence (GAI). GAI is an 
umbrella term for AI systems with the capability of creating, or generating, a variety of new content in the form 
of audio, programming code, images, text and so forth. 

Research have highlighted that GAI technologies have the potential of transforming both science and research, 
for example, to write essays, summarize literature, identify research gaps, and conduct peer reviews (Van Dis et 
al. 2023). On the other hand, it has been noted that we should be careful of what work is passed over to AI since. 
As expressed in an article, following the release of ChatGPT: 

“scientific record is ultimately one of the human endeavor of struggling with important questions. 
Machines play an important role, but as tools ... the product must come from—and be expressed by—
the wonderful computer in our heads” (Thorp 2023). 

2.1 Generative AI and the Game Industry 

Research has noted the potential impact of generative AI on the game industry. One study highlights that early 
career game developers had mixed feelings about integrating GAI tools in their work, including for example 
concerns about ethics, professional change, efficiency, and usability (Boucher et al. 2024). There are of course 
many potential use cases for GAI in game industry, such as 3D modelling and more natural interaction with non-
playable characters (NPC), which could aid and enhance design and development. However, research has also 
noted the potential impact on occupations related to game industry, such as content creation, development, 
legal, and media due to generative AI, where some jobs could be partially or fully displaced (Zarifhonarvar 2023). 

Prior research has also noted the potentials of generative AI for development of serious games, where the 
purposes go beyond that of pure entertainment. Design and development of serious games can be both complex 
and expensive due to the different expertise needed in game development (Colado et al. 2023). However, it has 
been highlighted that generative AI can, for example, support in serious game prototyping and development by 
automating and reducing some of the tasks that needs to be conducted, such as artistic content, graphical 
resources, and creation of scenarios and characters (Colado et al. 2023). 
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2.2 AI Generated Text 

The most famous example of a GAI system focusing on text creation is ChatGPT released by OpenAI in November 
of 2022. These types of systems are often labelled as Large Language Models (LLMs) or ChatBots and both 
OpenAI’s ChatGPT, Microsoft’s Copilot, and Google’s Gemini could be mentioned as examples. It has been 
highlighted that these types of tools could support in speeding up writing tasks, such scientific paper and grant 
applications, but that oversight by a human is advised (Jo 2023). Prior research has highlighted that GAI tools for 
text creation have difficulties in both understanding the details of the instructions and getting the details correct 
in the answers. For example, not being able to provide the correct number of words in a paragraph (Figure 2) or 
‘lying’ about the content (Humble et al. 2023). Seemingly lying about content or outputting information that 
does not correspond with reality is a well-established problem with GAI and is often labelled as ‘Artificial 
Hallucination’. 

 
Figure 2: ChatGPT claiming that a paragraph is 100 words when it is not 

2.3 AI Generated Images 

Today, there are GAI systems that can produce high quality and realistic images in a range of different styles, 
using text prompts that describes the desired image to be generated. Some examples of text-to-image 
generative AI are DALL-E, MidJourney, StableDiffusion, and more recently Sora, an upcoming GAI system with 
the capability of generating realistic videos based on text prompts from the user. It has been highlighted that 
generative text-to-image AI brings with it both challenges and opportunities for the artistic field. It can foster 
innovation and creativity by making it more accessible, but also potentially threaten the creative job market 
(Vartiainen & Tedre 2023). GAI has also been discussed in relation to the usage of training data, and the potential 
ethical and legal aspects of using artists’ and copyright holders’ material without consent for developing these 
GAI models. Although the capabilities of many GAI tools to create realistic images are often impressive, there 
are limitations. Many have seen how GAI struggles with getting the correct number of fingers, hands, and legs 
when making images of humans. Similarly, GAI can struggle with a creative task that most elementary school 
children can master relatively quick, such as drawing a duck with basic shapes using the Python programming 
library Turtle (Figure 3) (Humble et al. 2023). 
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Figure 3: ChatGPT using Python library Turtle to draw a duck 

2.4 AI Generated Audio 

Another aspect of AI generated content is sound, through text-to-audio or text-to-music prompting. These GAI 
systems have been noted for their ability to, for example, assisting visually impaired people in their daily lives, 
providing text-to-speech, or image-to-speech, descriptions of everyday objects and facial expressions. However, 
it has been noted that there is a lack of diversity in generated audio and that it tends to sound homogeneous, 
especially within a specific audio category (Xie et al. 2024). Developing models for text-to-music generation also 
presents a specific challenge, compared to other type of audio generating, because of limited access to music 
that is not copyright protected and can be used for training (Chen et al. 2024). 

3. Building a Serious Game with AI 
Inspired by the activities in design science research (DSR) - which commonly include analysis and definition of a 
problem and requirements, as well as development and evaluation of an artefact - this paper seeks to explore 
the possibilities and limitations of recent AI technologies for game development, through the development of a 
serious game artefact based on the author’s PhD thesis (Humble 2023). Since this paper will report on one 
iteration of development and focus mainly on design and development, the approach could be described as non-
iterative (Figure 4) and design-focused (Figure 5) design science research (Humble & Mozelius 2023). 

 
Figure 4: Non-iterative DSR 
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Figure 5: Design-focused DSR 

Development of the game was conducted mainly during the fall semester of 2023, following the defense and 
publication of the PhD thesis in spring semester of 2023. During the design and development of the game 
artefact, which is labelled ‘Computer Programming in Schools’, a diary was kept to document tools that were 
used, thoughts about these tools, and reflections on the progress of the game development. The game has also 
been tested and informally evaluated by research colleagues and other contacts to the author, but no systematic 
data collection from potential end users have been conducted for evaluation of the game artefact. Testing and 
evaluation with potential end users should be part of future research and a second iteration of re-design and 
development. 

The game artefact was developed using Ren’Py (www.renpy.org), a game engine specialized for visual novel 
games, which uses the Python programming language at its core. Game development is conducted by writing 
game scripts in a code editor (Figure 6) and adding graphics and audio for characters and scenery (Figure 7). 
Several AI tools were used to support design of in-game graphics, audio, and text. A combination of OpenAI’s 
ChatGPT and Google’s Gemini (previously Bard) were used to transform the content of the PhD thesis into in-
game dialogue. Game graphics were generated using Microsoft Image Creator (DALL-E), and audio through 
BeatBot (www.beatbot.fm). 

 
Figure 6: Default Ren’Py script in Visual Studio Code 
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Figure 7: Main menu in the Ren’Py developer environment 

4. AI Opportunities and Limitations for Game Development 
In this section, design and development of the game artefact is presented and discussed. The discussion 
highlights opportunities and limitations of various AI tools that have been identified through development. 
These are presented related to the design of game dialogue, game graphics and game music in subheadings 
below. 

4.1 Game Dialogue 

The dialogue in the game was generated through the use of ChatGPT and Gemini. Text from the PhD thesis was 
provided to the AI tools together with instructions to summarize the text and make it more accessible to an 
audience outside of academia. Compared to what has been highlighted in previous research, that GAI tools can 
have the opportunity of speeding up the writing process in for example grant application and scientific papers 
(Jo 2023), holds true to some extent. Typically, ChatGPT or Gemini (or any other GAI tool) will not provide a 
‘perfect’ answer on the first attempt. It was discovered early on in the work on the dialogue of the game artefact 
that both ChatGPT and Gemini works best when used in multiple iterations where the prompts are specified and 
refined. In that sense, quite a lot of work is needed to get the desired generated content. Therefore, not only 
human oversight is advised (Jo 2023), but also a clear goal of what the tool is to provide. 

Providing the AI tools with more context usually generated better answers. For example, in the game artefact 
there is a cartoon cat as character (described further in the game graphics subheading) which can be included 
as information, together with the targeted audience, to set the tone of generated text. Through iterations and 
refinements of the prompts it was discovered that getting the generated text ‘just as intended’ was quite difficult 
and that it usually was better to aim for generating ‘good enough’ material that can be manually adjusted. For 
example, the targeted audience for the game artefact is not necessarily primary school children but adding that 
as information was usually a good strategy for making the language and choice of words less formal and less 
academic. The generated text could then be adjusted to suit the game dialogue and a wider audience, for 
example by removing content such as: 

Prompt: “Summarize this text as if you were an enthusiastic cartoon cat with primary school children as 
the audience [...]”  

ChatGPT: “Hey there, kiddos! Imagine I'm your super-friendly cartoon cat, and I'm here to make this text 
super-duper fun and easy to understand! [...]” 

The biggest challenge for the AI tools regarding transforming the content of the PhD thesis to in-game dialogue 
was long, complex and multilayered texts. This can also be difficult for humans to understand so it should not 
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be considered surprising. Examples that often proved to be too difficult for the AI tools to handle sufficiently 
was the methodology section and the discussion section of the thesis (Figure 8). The author does not believe 
that this was because the content was difficult, but rather because there are many layers of information to keep 
track of in these sections. A common mistake for the AI generated content was to get the different layers of 
information wrong, for example mixing up findings of the thesis with that of related research. This could be 
compared to the concept of ‘Artificial Hallucination’. Although, calling it ‘lying’ or ‘hallucination’ is a bit 
misguided in this case, but it is still a limitation of accuracy in the generated output that one should be mindful 
of when using GAI tools. 

 
Figure 8: Screenshot from the game covering the methodology section of the thesis 

4.2 Game Graphics 

The graphics in the game were generated with Microsoft’s Image Creator (DALL-E). The graphical style of the 
game is inspired by the game engine used for development, Ren’Py, which is typically used for developing visual 
novel games, and the context for the PhD thesis that the game content is based on, teachers’ use of 
programming in secondary school mathematics and technology subjects. As previously highlighted, generative 
AI tools can produce high quality and realistic images in a range of different styles. However, during development 
it became evident that there are some limitations when using generative AI for image creation. For example, 
generative AI seems to be better at certain artistic styles, which is probably due to the access of training data. 

Generative AI tools also seem to have serious limitations when it comes to the number of fingers, hands, arms, 
legs and so forth that should be depicted in an image. This affected the visual representations of the characters 
in the game, and to limit the potential mistakes in the graphical design there is only one human character, which 
is based on the author (Figure 9). The other two characters are depicted as animals inspired by programming 
language Python and the Scratch block programming environment, their names (Peter the Python and Lisa the 
Cat) were also chosen as an homage to two of the author’s colleagues and friends from the time as a PhD 
student. Still, there were challenges when generating the images for the design. Peter the Python got more than 
one snake tail in several attempts of generating images, and on multiple occasion text appeared in the images 
with words and letters vaguely resembling real ones. 
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Figure 9: The characters in ‘Computer Programming in Schools’ 

Previous research has highlighted both opportunities and challenges for the artistic field with generative AI, such 
as accessibility and creativity but also potential threat to the job market (Vartiainen & Tedre, 2023). In 
development of ‘Computer Programming in Schools’, both of these challenges and opportunities are present. 
Generative AI facilitates creativity by making game graphics more accessible to those less experienced. This is 
evident since the author would have had to collaborate with a graphical designer to make the graphics and 
artwork for the game if not for generative AI. Therefore, this is also a loosed work opportunity for graphical 
game designers. The potential ethical and legal aspects of using generative AI should also be considered, since 
there have been concerns raised that training data could include material from artists and copyright holders that 
have not given their consent. 

4.3 Game Music 

Music in the game were generated through BeatBot (www.beatbot.fm). In this tool, the user can do text-to-
music prompting to generate the desired style of music. The style of the music was inspired by the graphical 
design in the game, which resembles Japanese Cartoon or Anime, and includes AI generated vocals singing about 
computer programming. As previously noted, there is a possibility of using AI systems to provide text-to-speech 
or image-to-speech assistance. Although this game, ‘Computer Programming in Schools’, did not use AI 
generated audio for text-to-speech or image-to-speech description, it is an obvious advantage for future game 
design, which could be incorporated in the second design cycle of the game to make it more accessible. 

However, it should be noted that generating the intended style of music for the game was not a straightforward 
task. It was difficult to know exactly which words in the prompt that would have the desired outcome, therefore 
there was a lot of trial and error in testing different phrases. There was also a fair amount of luck involved in 
getting the desired result, since the same prompt could generate very different styles of music. Generating music 
and audio is limited by the AI models and their training data. Prior research has highlighted that generated audio 
tends to lack in diversity and often sound homogeneous (Xie et al. 2024). This was evident in development of 
‘Computer Programming in Schools’, where certain genres of music that were tested had very limited diversity 
and different phrases in the prompts seemed to have little impact on the outcome (within that specific genre). 
It has also been highlighted regarding training data for AI generated music, as with other AI generated content, 
that there are potential ethical and legal issues to be considered (Chen et al. 2024). 

5. Concluding Discussion 
As this paper has shown, there are several opportunities with AI for game development and serious games in 
particular (summary in Table 1). AI and GAI tools can support game development by speeding up tasks such 
writing story and dialogues and creating graphics and in-game audio. It can also foster creativity among 
inexperienced game developers and in small-scale projects by lowering the threshold for many aspects of game 
design, such as creative writing, sound design and artwork. Implementing more advanced AI technologies in the 
design process, such as text-to-speech and image-to-speech, can also aid in making games more accessible, for 
example for visually impaired people. 
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However, this paper has also highlighted several limitations or challenges with AI for game development 
(summary in Table 1). GAI technologies tend to have limitations in accuracy and details of generated content. 
For example, text can lie about the content (Artificial Hallucination) and images can produce the wrong numbers 
of arms, fingers, legs and so on. Some generated content can also have a lack of diversity, which is related to the 
(limited) access of training data for the AI models. Writing prompts for GAI tools is often not a straightforward 
task but requires a lot of trial and error and luck, which could be viewed as a limitation of the technology. 
Although many of the present AI technologies comes short compared to professionals working with game 
design, the risks of reduced work opportunities are still obvious because of accessibility and possibility of time 
efficiency with these tools. It should also be noted that there could potentially be ethical and legal issues related 
to the training data, for example copyright, which the AI models are based on. 

Table 1: Summary of opportunities and limitations with AI for game development 

Opportunities Limitations 

Speed and efficiency Accuracy and details 

Creativity Diversity 

Support and accessibility Jobs 

 Trial and error and luck 

 Ethics and law 

Based on the opportunities and limitations with AI for game development that have been addressed in this 
paper, the author would like to give the following recommendations: 

1. Use AI for support and not to replace – AI can speed up many tasks but often lacks in details and 
accuracy. 

2. Use AI for simple and narrow tasks – AI can provide efficiency and foster creativity but is still limited 
by its training data. 

3. Use AI mainly for prototyping – AI can generate realistic and impressive content but the quality can 
be varied and there could be potential ethical and legal issues with training data. 

Lastly, it should be mentioned that efforts to identify opportunities and limitations with a fast-developing field, 
such as AI, is like trying to hit a moving target. Some of the opportunities and limitations that have been 
addressed in this paper will probably be perceived as outdated by the time of publication. Therefore, it is 
important that continuous research efforts are being made to study the implications of AI on game design and 
serious games. Especially important should be the investigation and development of ethical and legal practices 
concerning the use and development of generative AI. 
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