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Abstract

Generative Al is a much-hyped topic in both research and industry spheres, and the race
to develop and deploy AI technologies have both large economic and political
implications. Meanwhile, researchers and developers alike envision what this
technology could do in their own niche, and what could be gained by its integration.
Unfortunately, this near craze brings with it research unwilling to address limitations of
the tech and other pain-points associated with adoption. This paper outlines research
concerned with attempts at integration of GenAl in the art related aspects of game
development, analysing the research in terms of quality and through the lens of issues
that exist in the broader machine learning field.

Keywords: Generative Al, Video games, Art, Al implementation, Heuristic evaluation,
problematic research
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1 Introduction

Generative Al has become ubiquitous in public discourse, affecting most industries and
promising endless returns on investment. In regard to game development, GenAl continues
to gain ground with programmers and administrative, marketing, and managerial roles.
However, artistic roles have not done the same to such an extent. This paper investigates why
this is the case through a meta-analysis, looking at relevant papers from the last five years,
reflecting on general approaches and findings.



2 Background

Artificial Intelligence or Al is today an umbrella term referring to a myriad of different
technologies, real and imagined, often but not always under the machine learning umbrella.
“AI” could for example be used to refer to everything from NPC behavioural algorithms in
video games, Large Language Models (LLMs) such as ChatGPT, or the pursuit of Artificial
General Intelligence (AGI) that reach a near human cognition with a wide variety of uses.
This broad use of the term necessitates a certain level of specificity in discussions and
research pertaining to different fields that come into contact with these technologies.

2.1 Economics and Politics

The race to develop and deploy AI technologies have both large economic and political
implications. With for example American and Chinese lawmakers and politicians noting Al
technologies as something that represents a major shift and opportunity to grasp onto global
power and further national interests (Webster & Laskai 2017, Executive Office of the President
2025).

American political power is as of right now deeply involved with economic leaders within the
technology and Al fields. With AI and tech CEOs taking the front row of the 2025 presidential
inauguration (Associated Press 2025). This is sure to have a large impact on the types of Al
regulation and laws that one can expect to see coming out of the USA. So far, we have seen the
Trump administration roll back what regulations and recommendations were imposed in Al
development by the previous Biden administration, to have the United States “retain global
leadership in artificial intelligence” (Executive Office of the President 2025). While this is
happening, there are notable cases against Al model developers making their way through the
American judicial system (New York Times v. Microsoft Corporation, OpenAl 2023). Similar
cases have been brought before EU and Chinese courts to differing outcomes.

As it stands right now, globally speaking, rules and regulations affecting different types of Al
use and development differ greatly based on region and political climate. In particular when
it comes to the legal framework that determines allowances for training data and data mining
to create datasets for such a purpose (European Parliament 2024a, Shin, 2024), allowed and
disallowed uses of Al (European Parliament 2024b, Shin, 2024), and determinations in
regards to copyright (European Parliament 2024a, Tan, Lau & Wong 2024, Chua, Ke &
Roberts 2024, United States Copyright Office 2025). These regulations are at times in flux,
especially due to the relative newness of these technologies. For example, with the EU AI act
(European Parliament 2024b) coming into effect in stages following its passing last year.

2.1.1 EU

EU legislation outlines rules for the training of AI models in regard to rules regarding data
mining/scraping and permitted uses for Al systems. When it comes to training data, any use
of copyright protected content requires the authorization of the rightsholder unless relevant
copyright exceptions and limitations apply, such as in the case of scientific research. Under
these rules, rightsholders may reserve their rights over their works to prevent text and data
mining. Where this right has been expressly reserved in an appropriate manner, providers of
general-purpose Al need to obtain authorization from the rightsholder in order to use this data
(European Parliament 2024b). Providers of general-purpose Al are required to put in place a
policy to comply with union law regarding copyright and related rights, in particular to identify
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and comply with a reservation of rights pursuant to article 4(3) of Directive (EU) 2019/790,
that is to say they must respect opt-out to being included in datasets (European Parliament
2024b). In order to fulfil these obligations, a level of transparency is expected and required to
be observed

In terms of copyright for AI generated content; as of right now the European courts have
determined that images created with AI cannot be copyrighted following a Czech ruling
(European Union Intellectual Property Office 2025), citing the tried works lack of human
input.

2.1.2 USA

In a US context, there are no specific legislations that directly address data mining or ones
that specifically regulate AI development or use. And what guidelines were previously in place
have been repealed by the sitting administration (Executive Office of the President 2025).

As it stands, in practice data mining is allowed on a case-by-case basis beholden to the US
federal trade commission and the United States copyright office, with a trend of datasets being
given leeway though fair use clauses in cases where their original use was research-based in
nature (Jiang et al. 2023). This gives rise to a sort of data laundering, where it's all a bit of a
wild west situation where rules and regulations have not always caught up to current
development.

In terms of copyright, the current state of things is that generated content is not eligible for
copyright due to the lack of human authorship (United States Copyright Office 2025)

2.1.3 China

In a Chinese context, GenAl service providers must follow certain requirements in regard to
data training. They must use data and models from legitimate sources, respect intellectual
property rights as well as personal information (Shin, 2024). Generative Al in China has
defined lawful use definitions and must comply with data labelling rules intended to minimize
algorithmic bias and discrimination. It is also prohibited to generate content seen as
subverting the state, or otherwise damaging the national image (Shin, 2024). Main regulations
are concerned with deep fakes and synthetic media being used to spread misinformation or
sowing political unrest (Webster & Laskai 2017).

There are furthermore rules regarding labelling of GenAlI content which come into effect as of
September 2025, requiring both implicit labelling in file metadata, as well as explicit labels
that are embedded in the text, image, etc. and can be perceived by users. (Shin, 2024).

When it comes to copyright, legal precedent from China state that Al generated content can
be copyrighted (Tan, Lau & Wong 2024), but also that Al generated content can constitute
unauthorized derivative work (Chua, Ke & Roberts 2024)

2.2 Al types and definitions (or the lack thereof)

In order to approach Al as a topic, it is important to be clear on what is being discussed. To do
this, this paper gives an overview of the term AI, Generative Al in the context of both the
technical and the public discourse, and the legal definitions that are applied in the jurisdictions
of the EU, the USA and China.



2.2.1 Overview

The term Al can at its lowest form be used to refer to algorithmically driven processes
involving some sort of input and a resulting output, but this is not really what most people
mean today when using the phrase. Al at its core is this notion of artificial intelligence, an
autonomous thinking machine intended to recreate and utilize human logic and reasoning to
perform tasks.

Rooted in the advent of programming and mechanical calculations such as those devised by
Charles Babbage and Ada Lovelace in the 1800s, these ideas have their grounding in
mechanical schemas of human reasoning, though we wouldn’t necessarily class these things
as Al in the present day. Al research as it stands today and its scientific approaches stem from
the broader field of machine learning (ML) and serves as one of the hot spots of innovations
and progress within the field.

In present common usage Artificial intelligence (AI) refers to systems in which based on data
driven algorithms and analysed data tasks are executed based on programmed and developed
reasoning in the pursuit of a specified goal. This is done through a couple of different methods
for varying functions and purposes. The basis for making AI systems develop an internalised
reasoning is neural network. A neural network is a model inspired by the structure of a brain,
with different nodes (called neurons) and connecting edges (called synapses) that form an
interconnected net (Zhou et al. 2009). The model takes in inputs and runs them through the
net, adjusting and updating itself based on what the data is. Typically, these networks are
trained on labelled data, and different statistical probability methods and parameters are
utilized to shape the model. One exception to this are models utilizing self-supervised learning,
where the model doesn’t rely on external labelling of data. (Zhou et al. 2009)

Different system architectures within AI utilize neural networks in different ways, some
widespread architectures include General Adversarial Networks (GANs) and Diffusion
models. In the case of GANSs, two separate neural nets are trained at the same time in an
adversarial position to each other in a feedback loop that further refines both nets (Goodfellow
et al. 2014). While in a Diffusion model it relies on iteratively utilizing noise and de-noising
processes to approximate the final output (Bergmann & Stryker, 2024). These are just two out
of many possible architectures used.

2.2.2 Generative Al

In current public and research-based discourse, Generative artificial intelligence, also known
as GenAlI or GAI is ubiquitous (Ronge et al. 2025). With major players on the global AI scene
such as Chat-GPT (OpenAl 2024) and Stable Diffusion (Stability.ai 2022) being examples of
generative models, and with the field sparking significant interest in both academic spheres
and industry (Lovato et al. 2024). Despite this Ronge et al. (2025) argue that there is no unique
and unambiguous definition of GenAl, with noted discrepancies between technical and public
perceptions of the term. Ronge et al. (2025) argue that a functioning definition of GenAl that
is partially independent from the technical definition is necessary due to the public concept
being too far removed from its technical basis. This due to the fact that the public, and non-
technical discussion surrounding GenAl impacts moral and legal sentiments, and thereby
shapes future possible applications of the tech. Having a functional definition further aids
technical researchers, semi-technical researchers, and the public in serving as a reference
point in communication, and aids in identifying when and where concepts are being
misapplied or confused (Ronge et al. 2025). This lack of a clear definition can be linked to the

4



recurring issue in ML research that is misuse of language, something that ends up muddying
colloquial terms by using suggestive language and by overloading technical terms, leading to
spillover (Lipton and Steinhardt, 2019).

An example of how this current definition gap can impact the broader situation and view of
the AI phenomena is how researchers from different disciplines may at times approach the
topic of Al diverged from its technical definitions, in particular when evaluating the tech from
the point of view of ethics or impact analysis. In these scenarios, one could even argue that
some of the technical details don’t really matter for the topic at hand. For example, a survey
on Al tool adoption in a particular sector may rely on the participants own understanding of
what constitutes Al tools, and not what their technical definition is, and a user of Chat-GPT
doesn’t need to know how it was trained to use the service.

Ronge et al. (2025) introduce four central aspects of GenAl in order to approach an
approximation of the term, these are (multi-)modality, interaction, flexibility, and
productivity.

(Multi-)modality: the three modalities most commonly associated with GenAl are
text (language and code), image/video, and sound (music or synthesised speech). The
debate surrounding this aspect of GenAl largely centres on the Al systems taking in
natural language input, such as prompts, and producing one of these modalities based
on this input (Ronge et al. 2025). Ronge et al. further note that Al systems that perform
well on tasks for these modalities can lead to strong emotional responses, in part due
to human tendencies to anthropomorphize these AI models. This tendency is
something also mentioned by other researchers (Jiang et al. 2023).

Interaction: An important aspect that sets generative Al apart from other Al systems
is the intuitive way that they can be interacted with, in particular these systems being
accessible (in terms of usage) to laypeople. Ease of interaction is noted as a driving
factor in technological adoption and popularity, and therefore a central aspect of the
public perception of GenAl (Ronge et al. 2025).

Flexibility: With an increase in scope, new text-generating AI models achieve greater
generalizability and flexibility. The same model can now do multiple types of tasks
(Ronge et al. 2025), and as developers strive for this human-like flexibility, the
tendency to anthropomorphize grows larger as these models take on what some refer
to as human cognitive characteristics (Ronge et al. 2025, Jiang et al. 2023).

Productivity: This aspect is unrelated to the structure and technical working for
Generative Al itself but rather refers to the way people use these systems, and the
impact of these on productivity. The aspects of multi-modality, flexibility and ease of
interaction potentially makes GenAl a prime tool to integrate into different types of
workflows (Ronge et al. 2025).

Despite the promises and possibilities sort of inherent in this framework of Generative Al, not
everyone is keen on the tech, its impact, or the companies behind these models (Jiang 2023,
Lovato 2024, GDC 2025). In particular, concerns exist surrounding the ethics and the legal
aspects of data collection(Jiang 2023, Lovato 2024, GDC 2025), as well as copyright (Lovato
2024, GDC 2025), and job automation (Lovato 2024, GDC 2025). In order to further tackle



these aspects, one must have a functioning definition of what GenAl is, and what legally
speaking constitutes as the same.

2.2.3 Legal definitions

On top of a definition gap between the public and technical spheres (Ronge et al. 2025) there
is an additional layer to consider, the legal definition of what constitutes Al, and generative Al
in particular. These vary somewhat on a global scale.

For example, EU legal definitions lack references to specific architectures or structures, and
more so approach legislation and legal definitions on the basis of use cases and capabilities of
Al systems. In relation to GenAl, the EU AI Act makes use of the definition “General-purpose
AT” referring to generative models capable of generating text, images, and other content
(European Parliament 2024b)

The US legal definitions of Al is as follows.

“a machine-based system that can, for a given set of human-defined objectives, make
predictions, recommendations, or decisions influencing real or virtual environments”
(National Artificial Intelligence Initiative Act of 2020, 2020, p.5).

and Generative Al as.

“the class of AI models that emulate the structure and characteristics of input data in
order to generate derived synthetic content. This can include images, videos, audio,
text, and other digital content” (Booth et al. 2024, p.22).

Currently, China does not have a clearly defined legal definition of AI but has defined
“generative Al technology” to refer to models and related tech with the ability to generate text,
images, audios and videos, as well as other content (Shin 2024).

None of these legal definitions really touch on very technical terms. Instead, they are closer in
alignment to what public perception of GenAl is, rather than any technical definitions.
Similarly to how Ronge et al. (2025) discuss there are differences in public perception and
research-based notions that influence this definition in the face of ongoing discourse and the
evolving nature of what constitutes Al from a legislative point of view.

2.3 Ethical considerations

Over the past years of upswing in the AI field, ethical issues have become increasingly
prominent (Xu 2024), both in terms of algorithmic bias (Xu, 2024) and in terms of data
security and privacy concerns (Xu 2024, Yu et al. 2024). There are also calls for more critical
examinations of the ethical implications of these tools and methods (Lovato 2024, Barnette
2023). As many of the models have transitioned beyond academia, this jump has in some cases
had some adverse consequences as a result (Lovato 2024, Jiang et al. 2023). In particular
ethical and moral concerns are oftentimes raised in regard to AI generated images and
copyright, with several anti-Al initiatives led by artists (Shan et al. 2023, Shan et al. 2024).

2.3.1 Copyright and training data

In order to make the sort of systems that we have come to associate with the term GenAlI, one
needs a certain level of sheer volume when it comes to training data. Parameter numbers range
from fairly small in comparison to allegedly up to 175 billion. Up until recently Al was a very
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academically rooted and non-profit focused field. As such it didn’t really need to concern itself
as strictly with considerations of copyright due to exceptions made in many jurisdictions for
research.

As the field shifts towards more commercial applications, the kind of data volumes necessary
for training current models become an economic and logistical obstacle for AI developers
(Walker 2025). Ergo. it becomes harder to acquire and more expensive to process if you need
to make sure that you have valid permission to use said data.

American companies OpenAl and Google have issued statements urging US policymakers to
expand on and make allowances for Al training on copyrighted data (OpenAl 2025, Walker
2025) citing this as critical for either national security (OpenAl 2025) or note that copyright,
privacy and patent policies “impede appropriate access to data necessary for training leading
models”(Walker 2025). Google further claims that exemptions on these fronts (copyright,
privacy & patents) for Al training helps “avoid unpredictable, imbalanced and lengthy
negotiations with data holders”(Walker 2025) and that these exceptions furthermore do not
significantly impact rightsholders (Walker 2025). These claims of a lack of significant impact
are however contentious, and do not necessarily hold true (Jiang et.al 2023, Xu 2024, Yu et
al. 2023).

2.3.2 Artists and countermeasures

One group that is particularly divided when it comes to AI development and adoption in their
niche is artists, making this an interesting group to observe in terms of evaluations and
implementations regarding Al tools and techniques. With a majority of artists holding a
negative opinion on GenAl, with some variation within the field based on speciality and niche
within the area (Lovato et al. 2024). A majority of US artists believe that AI models pose a
threat to art workers (Lovato et al. 2024)

In particular a large majority have concerns about the data used to train generative Al models
(Lovato 2024, Jiang et al. 2023), and the potential impact that these models are having, and
likely will have on workers within different artistic fields (Jiang et al. 2023). In particular
transparency, or publicly available information for what data has been used to train AI models
is overwhelmingly supported by art practitioners. With over 80% of artists agreeing that model
creators should be required to disclose this information (Lovato et al. 2024) much in the vein
of how the EU AI act outlines (European Parliament 2024b).

On this side of the discourse one can also find several cases of attempts to disrupt Al data
scraping and non-consensual training on affected artists work, such as the Glaze (Shan et al.
2023) and Nightshade (Shan et al. 2024) projects as well as a growing inclination in artist
communities to not share their works online (Jiang 2023, Xu 2024). Glaze and Nightshade
are programs developed in academic circles in collaboration with artists aimed at polluting
data that may be used for Al training without rightsholders explicit permission, that is to say,
as countermeasures against data scraping. These programs aim to “poison” datasets by for
example incorrectly labelling metadata for images, introducing noise etc., with varying levels
of success and security (Shan et al. 2023, Shan et al. 2024).

Artists are not the only ones seeking to restrict data scraping, as an increasing number of top
web domains restrict Al crawlers, with 48% having full restrictions in 2024, up from just 12%
in 2022 (Longpre et al. 2025).



2.3.3 Tech industry counterarguments and attitudes
By and large the technical industry (and the academic underpinnings) developing these Al
tools do not really see any problems in how they are currently made.

Jiang et al. (2024) discuss the proclivity for some to anthropomorphize Al agents and systems,
likening an AI model's training data as its “inspiration”. Noting that some liken the training
process to be ethically equivalent to a human artist learning something from another. This
tendency to anthropomorphize Al is also noted by other researchers and may stem from either
the multi-modal nature of interaction with these models (Ronge et al. 2025) or by the language
used in describing these systems (Lipton & Steinhardt 2019). The fact that Al and ML terms
are so deeply rooted in language describing human brains and minds inherently leads to a
certain kind of misuse of language where colloquial meanings of terms skew the perception of
the technical reality of what is happening (Lipton & Steinhardt 2019).

Another point made by the general Al industry is that the impactful nature of this tech should
exempt it from common conventions, as previously noted by lobbying for expectations in
regard to copyright (OpenAl 2025, Walker 2025) as well as a sort of rhetoric regarding
“democratization”(OpenAl 2025, stability.ai 2022). Democratization in this regard refers to
the spread of Al tools and technologies for non-expert users and is often accompanied with
wording around empowerment through the use of Al tools (stability.ai 2022). One could argue
that with the usage of this word “democratization” there is the implication that being “anti-
AT” is undemocratic and at least in a western sense, as something ethically dubious.

An example of this are comments from the main developer of the tool img2dataset and
contributor to the Laion-5b and Laion-400m datasets, Romain Beaumont (rom104) on using
a new default version of img2dataset that respects scraping exclusion headers on sites:

“If using this default, be aware there are ethical issues with slowing down
democratization of skills and art to millions of people.” - Beaumont (2022)
(ref: https://github.com/romi504/img2dataset/pull/218)

This coupled with leading AI companies' lack of interest in adhering to copyright protections
when it comes to training data as seen through both public statements (OpenAl 2025, Walker
2025) and ongoing legal battles, paints a somewhat grim picture when it comes to cross-
discipline reconciliation. This democratization rhetoric and blasé attitude towards the ethical
implications of the current way that the tech is being developed are unlikely to change this.

2.4 Games and Al

One of the first times Al appears in relation to games is with programs that play chess. One
could argue that this serves as a sort of proto-NPC, in it being a synthetic opponent. This along
with more modern instances are generally defined as constituting the “game AI” even though
this doesn’t really have a connection to the current AI debate. Apart from these more
traditional uses of the term, there are examples of emerging uses for GenAl in games, both in
a production sense, and as included aspects of gameplay.

Examples of games that include generative Al as a part of gameplay elements are The Finals
(Embark Studios 2023) where in-game announcements are generated, and inZOI (inZOI
Studio 2025) where the player can generate textures for items in the game using a diffusion
model. Apart from these in-game uses, there are also generative Al tools used in the


https://github.com/rom1504/img2dataset/pull/218

development process, with varying prevalence based on discipline and workplace, as well as
being dependent on studio policies regarding their use (Game developers Conference, 2025).

2.4.1 Prevalence

According to the GDC 2025 state of the industry report, 36% of respondents to the yearly
survey indicated that they themselves use generative Al tools in their work. This represents an
increase from 31% last year. Furthermore 52% indicated that they were working at companies
where they know that Gen Al is used in some capacity. Al tools were most commonly used by
developers in Business and finance (51%), Production and Team leadership(41%), and
community/marketing/PR(39%).

As it stands 64% of respondents work at companies with implemented Al policies, be they for
or against, a number that goes up to 78% within AAA studios. Out of these companies 9% have
mandated usage of GenAl tools, while 16% have forbidden their use. This represents an overall
increase by 13 percentage points in companies establishing policy specifically in relation to Al
from 2024. (Game developers Conference, 2025)

2.4.2 Motivations and developer attitudes

Despite rising usage, developer opinions on the tech are souring somewhat. With GDC
reporting an 8-point decrease in positive, and a 12-point increase in negative sentiment
towards how surveyed developers considered generative Als impact on the industry. These
shifts in sentiments can be seen in figure 1.

GDC - developer sentiment towards Al (percentage)

M 2024 | 2025
30

20

10

Positive Negative

(Figure 1)

In particular, developers cite concerns with intellectual property theft, energy consumption,
quality issues, potential biases, and regulatory issues. Furthermore, some developers point out
the fear of being replaced by this new tech (Game developers Conference, 2025). This may
partially be connected to the gap in Al adoption between older and younger developers, where
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younger developers are more likely to have a negative opinion on GenAl, and a lower rate of
adoption. (Game developers Conference, 2025. Johansen & Mourath, 2024)

2.4.3 Layoffs and changing job prospects
The games industry has been very unstable for the past couple of years, with major layoff in
pretty much all facets. Affecting developers from all disciplines and experience levels.

In terms of western game developers, there is widespread instability in terms of the job
market, with 41% of developers being affected by layoffs in the last year. That is to say that
they themselves, colleagues, or other departments have been affected (Game developers
Conference, 2025). As GDC broadly represents a sample of western game developers with a
majority of these being from the United States, these figures are not necessarily representative
of the global state of the industry (Game developers Conference, 2025). It is uncertain if one
can fully tie layoffs to Al in terms of causation.

One example of this being the case however is Swedish game company Mindark laying off 25
employees representing 40% of their workforce as a result of the company's AI ambitions.
Mindark intends to utilize AI technology both in terms of data analysis, but also in generative
cases such as natural language interaction, content, and image generation (Jerkrot, 2023).
Jiang et al. (2023), note that it is a reality that Al tools have resulted in job loss, layoffs and in
particular a stop on new artistic roles being created for projects both in the games industry
and in other entertainment industries. Particularly in the case of illustration and adjacent uses
in the case of the Chinese games industry (Jiang et al. 2023).

2.5 Hype and issues with scholarship

With growing academic interest and associated hype in the public domain (Ronge et al. 2025)
AT represents a field with broadening attempts at finding ways of applying it in a variety of
sectors (Ronge et al. 2025 , Feher 2024). With the most current upswing of Al research Lipton
and Steinhardt (2019) went about identifying aspects of flawed scholarship in the ML field. As
Al research is of course a subsection of the more broader machine learning field of research,
it doubtlessly inherits certain aspects of the field at large, such as avenues for publishing,
common approaches and methodologies, and potential pitfalls.

2.5.1 Pitfalls in AI and ML research

Lipton & Steinhardt (2019) pose that the value contributed by an ML paper is not dependent
on the subject matter, as such a thing's value is subjective, but on having certain characteristics
that “serve their readers”. These characteristics are.

“papers should (i) provide intuition to aid the reader’s understanding, but clearly
distinguish it from stronger conclusions supported by evidence; (ii) describe empirical
investigations that consider and rule out alternative hypotheses [62]; (iii) make clear
the relationship between theoretical analysis and intuitive or empirical claims [64];
and (iv) use language to empower the reader, choosing terminology to avoid
misleading or unproven connotations, collisions with other definitions, or conflation
with other related but distinct concepts [56].” (Lipton & Steinhardt 2019, p.1)

Lipton and Steinhardt (2019) further pose that what was to them recent progress in machine
learning departed from these ideals and define four patterns exemplifying this that appear to
be “trending” within ML scholarship.
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1. Failure to distinguish between explanation and speculation.

2. Failure to identify the sources of empirical gains, e.g. emphasizing unnecessary
modifications to neural architectures when gains actually stem from hyper-parameter
tuning.

3. Mathiness: the use of mathematics that obfuscates or impresses rather than clarifies,
e.g. by confusing technical and non-technical concepts.

4. Misuse of language, e.g. by choosing terms of art with colloquial connotations or by
overloading established technical terms.

They also note that this discussion of similar flaws within ML scholarship have recurred since
at least the 1980s (Lipton & Steinhardt 2019). With the prevalence and expanding scope of Al
research and discourse (Ronge et al. 2025), it becomes crucial to be vigilant against these
common pitfalls as well as other potential sources of bias. The types of potential bias that one
may expect to find beyond those outlined by Lipton and Steinhardt (2019) would be for
example WEIRD bias (Heinrich, Heine and Norenzayan 2010) and the sometimes-
accompanying pushback that comes with “making an obvious point that everyone already
recognizes” in regard to demographics and generalizability of results (Heinrich et al. 2010).

WEIRD, is an acronym coined by psychology researchers (Heinrich et al. 2010). The acronym
stands for Western, Educated, Industrialized, Rich, Democratic, and was coined to analyse
how findings in psychology, but also other fields such as economics, routinely make
assumptions in the generalizability of results gathered from a very narrow sample of
individuals.

“Leading scientific journals and university textbooks routinely publish findings
claiming to generalize to “humans” or “people” based on research done entirely on
WEIRD undergraduates.” (Heinrich et al. 2010, p.63).

Tying this back to Lipton and Steinhardt’s (2019) trends, one could for example expect to see
some papers which evaluate GenAl tools though excessive mathiness, evaluations done with
inappropriate subjects (such as though destructive convenience sampling) and speculations
on their usability in an appropriate context, and who misuse language to either sidestep ethical
evaluation or avoid grasping with the implications. That is to say, if the pattern persists.
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3 Problem statement

The study aims to utilize meta-analysis methods to map current trends in game development
research in regard to Al tools and compare these findings to Lipton and Steinhardt's identified
trends in ML research. This in order to approach a definition of a suitable evaluation method
for Al tools developed for the games industry.

For the purposes of this study, we are interested in looking at attempts to integrate or use
different kinds of generative Al for the purposes of “creating content” for use in games (AIGC
- Al generated Content) or the game development process in the case of tools. Focus is placed
on graphics related applications over narrative/QA/design related uses for a more reasonable
scope and a clearer definition of who would constitute a suitable validating tester for proposed
tools. Ergo not in cases of coding or personnel management etc.

Developer insights in regard to Al perception and adoption are further approached as an
avenue of inquiry due to how these are likely to impact attempts at integration.

3.1 Research Question(s)
RQ:

What is the state of the research regarding GenAl tool development and integration in/for
game development (more specificity on chosen field of graphics)? To answer this, the following
questions are evaluated.

Q1: Does the research evaluate its findings/the tool created in an appropriate manner? For
example, by using appropriate testing groups, parameters, or methodologies for conclusions
drawn.

Q2: Does the research address the ethical implications of the developed tool?

Q3: Do the issues brought up by Lipton and Steinhardt in regard to broader ML research also
exist in this segment of AI development?

3.2 Method

Utilizing a mixed method grounded in a qualitative approach (Patton 2014) , this study will be
structured as a literary review with an accompanying meta-analysis (Herrera Ortiz et al. 2022)
in order to answer the stated research questions and draw conclusions on the following: Is the
proposed tool or method legal and ethical, is it made with game developers in mind, does it
provide utility or benefit relevant to the tasks of game developers, and is it evaluated in a way
that is suitable for its proposed use case?

In order to do this, the studies are broken down into summaries and labelled, and then meta
evaluations are done on the counts of method, theory, and data-analysis. This is then followed
by an inductive analysis and creative synthesis that is then viewed from a holistic perspective
based on the background (Patton 2014). This method has been chosen to provide qualitative
contributions to the subject area though making case comparisons that illuminate potential
patterns and themes.
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3.2.1 Study design

The structure of the study is primarily based on Herrera Ortiz et al.”s (2022) description of
the steps of a systematic literature and meta-analysis, with some elaboration for clarity. Some
aspects are further adjusted to suit the aims of the study The steps as carried over are as
follows:

1. Define the research question(s)

Carry out the literature search, using defined selection criteria and a comparison
focused sampling strategy (Patton 2014), as well as a pre-defined search strategy.
(Herrera Ortiz et al. 2022).

3. Remove the duplicated articles; with a preference for full articles over conference
submissions and prioritising the most recent version of a given text.

4. Perform screening for eligibility; using criterion of GenAl being used or
discussed and the paper being set specifically in regard to game development and
graphics related fields.

5. Carry out data extraction; the information of interest is extracted and saved in a
table. The table contains the following information - the author, the year of publication,
the type of study, the number of participants (if applicable), and other relevant
information regarding the research questions(s) (Herrera Ortiz et al. 2022). In the case
of this paper, rather than adhering to predefined rules, the approach is influenced by
notions of emergent design flexibility (Patton 2014) and concepts of openness in order
to achieve a certain level of adaptability in preparation to both the analysis and
synthesis portions of the paper. Due to this approach, papers are summarized and
result and RQ relevant data is noted through labels.

6. Results of surveyed research are summarized in order to support the analysis
and find further relevant themes.

7. Analysis of method, theory and data; using inductive analysis, one begins with
immersion in the specifics of the inquiry and from there attempts to discover
important patterns, themes, and interrelationships, guided by analytical principles
rather than strict rules (Patton 2014). Analysis is based on traditional criteria (Patton
2014) as well as developed evaluation standards in regard to Lipton and Steinhardt’s
(2019) trends, excluding the trend “Failure to identify the sources of empirical gains”
due to lack of relevance to the research questions.

8. Creative synthesis: Through the analysis, further avenues of inquiry are found, and
an attempt at zooming out from the particular to the general was made (Patton 2014).
The analysis is then put in a broader context against the background.

3.2.2 Sampling and data collection
For the literature search, the criteria and method is as follows:

Peer reviewed articles were located using the databases Web of science, Google scholar, IEEE
Xplore, and the University of Skovdes compilatory search tool LibSearch.

Search terms include the following: AI, GAI, GenAl, generative ai, content, generation,
diffusion, model, GAN*, art, concept*, storyboard*, game*, develop*, procedural, agent*,
visual*, graphic*, AIGC, content, generate*, Midjourney, diffusion

Articles outside of the 2020-2025 timespan were excluded. And screening further filters out
any articles that do not relate to specifically game development and practical usage there-in in
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a graphics/art related sub-field or application area. Articles in pre-print, and non-published
student work such as bachelor theses are also removed during screening. Articles were
gathered until the post-screening sample size approached 30 in order to achieve a sufficient
level of data triangulation (Patton 2014).

More specifically; 24 articles were collected in the initial literature search, but 6 articles were
removed from the final sample during screening due to duplication and misaligned topics. Due
to the number of articles removed during screening, a second batch of articles was gathered in
order to achieve a better sample size. In addition to the methods used for the initial data
search, an attempt was made to extract sources from already relevant and screened articles,
with some mixed results such as scientific misconduct in the form of deeply misleading
citations in two of the papers.

Due to these findings, the focus shifted somewhat to more thoroughly assess the sources
referenced in the initial batch as further sources for the sample, rather than focusing on
expanding the literature review to more publications. In this second batch of research, 12
articles were gathered in total , and 8 remained post-screening.

The total number of articles included in this paper's analysis is n=23.

3.2.3 Strategy for analysis

There are different approaches and criteria that can be used to judge the quality of findings,
ranging from traditional research criteria (e.g. rigour, validity, reliability, generalizability),
evaluation standards (e.g. utility, feasibility, propriety, accuracy), and non-traditional criteria
(e.g. trustworthiness, diversity of perspectives, clarity of voice, credibility of the inquirer to
primary users of the findings) (Patton 2014). This paper takes a mixed approach to arrive at a
holistic view of the quality of the surveyed articles. To do this, the paper evaluates these though
Patton’s (2014) outlined traditional criterion in conjunction with further evaluation standards
developed in relation to Lipton and Steinhardt’s (2019) identified trends.

RQ1 can be answered through the traditional research criterion validity, reliability, and
generalizability (Patton 2014), as well as an evaluating utility though whether or not a tool or
method provides utility (Patton 2014) or benefit relevant to the tasks of game developer, and
if the methodology is suitable for assessing it in the first place. RQ2 primarily addresses the
traditional criteria of rigour (Patton 2014) but could also be said to in a sense be a judgement
or evaluation of propriety (Patton 2014). In order to answer RQ3, the study approaches finding
evidence of Lipon and Steinhardt’s trends in the following ways.

Failure to distinguish between explanation and speculation; evaluated though for
example conclusions on utility based on speculation - e.g. The tool is pleasant to use, ergo it
is good, or broad unsubstantiated statements on generalizability of results. This criterion
further covers conclusions that are unsupported by the content of the text.

Mathiness; In the context of the studied subject, inappropriate hyper-focus on mathematical
validation of how useful a tool is, or inflation of numbers.

Misuse of language; inappropriate usage of colloquial terms or trying to assign extended
meaning to technical terms. This trend can also be seen in anthropomorphising language in
regard to Al tools or agents.
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The analysis then further attempts to find future avenues of inquiry and attempts to expand
from the particular to the general (Patton 2014). and is then compared and contrasted towards

the background and its already established themes though emerging interrelationships and
commonalities.

Failure to identify the sources of empirical gains; Omitted due to scope and direct
relevance to the RQs.
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4 Results

This section covers the contents and findings of the surveyed articles and serves as a basis for
analysis and discussion. Information presented include stated aims and contributions,
approaches and methodologies, publishing information (year and avenue of publication), data
on Al system usage present in the research, general findings and an overview of the surveyed
samples approach to ethics. Further notes and tag-breakdowns can be found in Appendix A.

4.1 Stated aims and contributions

The studies surveyed approach the implementation of AIGC in game development from a
multitude of different avenues, in particular when it comes to the stated aims of the research.
These include but are not limited to; time saving measures (Singh et al. 2024), cost reductions
(Singh et al. 2024, Mercioni et al. 2024), lowering the barrier for artistic creation (Li 2024),
and cross-discipline communication (Ling et al. 2024). Often, but not always explicitly stated,
there is an overarching aim that one could broadly label “efficiency”. Efficiency in this context
is oftentimes not labeled as the stated contribution or aim of the research and is in a sense an
already assumed conclusion of succeeding at Al implementation. That is to say, the outcome
is in part assumed and is not necessarily evaluated.

This can for example be clearly seen in Mi et al. (2023) where the stated aim of the paper is
to optimize game character creation - the aim is efficiency. In this paper, the prior research
portion contains the speculative claim that using AIGC for the purpose of increasing efficiency
in the specific context of the study is going to be successful before the research has occurred.

Other aims seen in the sampled research are more divorced from active utilization of AI tools
and include mapping developer attitudes and Al tool adoption (Vimpari et al. 2023, Johansen
& Mourath 2024, Inie et al. 2023, Boucher et al. 2024), or analysis of how current Al tools
meet or fail to meet the expectations and needs of developers (Kanervisto et al. 2025, Galotta
et al. 2025).

Overall, the resulting topics are varied but come together into 3 main categories; Developer
mapping (5), existing tool analysis (4), and tool implementation and development
(13), with two articles labelled as other.

4.2 Approaches and distribution

The field shows a breath of different approaches when it comes to both structure and
methodological approaches. with no clear preference for methodology or evaluation methods.
Despite the set timespan of 2020-2025, all articles in the final sample were published between
2022 and 2025, with a majority of articles having been published in 2024. the year-by-year
distribution of the sample can be found in figure 2.
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year-by-year distribution within the sample

year: 2020
year: 2021
year: 2022
year: 2023
year: 2024

year: 2025

(Figure 2)

These numbers roughly coincide with the release of several major Al image generators like
DALL-E in 2021 and Midjourney in 2022 etc. As well as the popularisation of AT models such
as ChatGPT in early 2023.

That is, after accounting for the time needed to conduct, and subsequently get the research
published. As of right now, the lack of relevant research published in 2025 breaks the previous
positive trend, but the year has not yet come to its conclusion. This may also simply be due to
either a shift in internal terminology or changes of focus in the research field.

4.3 System usage

For the research most focused on Al integration into practical application, a majority of studies
utilized commercially available AI tools rather than custom tools. With some exceptions
varying in complexity from tweaking available models (Qiu 2023) to creation of more cohesive
wrappers integrating multiple such tools into a sort of workflow or pipeline Sun et al. 2024,
Wee Tan et al. 2024). Commercially available models utilized and tested include for example
DALL-E (Singh et al. 2024, Kawai (2024), Ling et al. 2024), Midjourney (Singh et al. 2024,
Mi et al. 2023, Lee et al. 2023, Qiu 2023), Stable Diffusion (Chan et al. 2024, Lee et al.
2023, Sun et al. 2024, Qiu 2023, Wee Tan et al. 2024), Pixray (Mercioni et al. 2024),
ChatGPT (Kawai 2024, Qiu 2023, Ling et al. 2024, Mi et al. 2023), GPT (Jo et al. 2022),
CLIP (Mercioni et al. 2024, Jo et al. 2022, Yi Chan et al. 2024, Wee Tan et al. 2024), Claude
(Kawai 2024), and Artflow (Mi et al. 2023). It would be accurate to say that most research
surveyed is largely dependent on these existing models, rather than models developed by the
researchers themselves.

Breaking it down into categories, the applicable research falls into 4 camps.

1. utilizing one or several commercially available or public Al models as is.
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2. using existing commercial- or public models with tweaks and attempts at integration.
(e. g. utilizing LoRa’s, creating custom Ul or interaction layers to serve as “wrappers”
for existing models)

3. ground up models made to purpose with the research in mind using a public dataset.

4. ground up model with a private dataset.

These are represented in the following proportions as seen in figure 3;

System Usage Distributions

10

(Figure 3)

Al models and systems utilized are varied, but the research and developed tools are stability-
wise heavily reliant on public and commercial models remaining available, something that is
not guaranteed. For example, this can be seen with models being retired such as when
ChatGPT-5 launched in August of 2025, and 8 older models became temporarily unavailable
(OpenAl, 2025). Not all models are vulnerable to this type of thing, especially if one can
maintain a local version of whatever AI model is being utilized, but this is often not allowed.
Out of the models represented in the sample, only Stable Diffusion is open in such a way.

Some discussion approaching the topic of reliance can be found within the sample, primarily
in regard to royalties and variable costs associated (Mercioni et al 2024, Singh et al. 2024),
but it is not a recurring issue noted.

4.4 Findings of surveyed articles

The findings and content of the surveyed articles are compiled and presented in this section.
Divisions are based on the established topics outlined in the stated aims and contributions
section.

4.4.1 Developer mapping

Developer mapping shows clear general trends across the different groups in focus. Most
surveyed developers are western in some capacity, be that through location or heritage.
Groups specifically looked at include creative professionals in primarily Europe and the USA
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(Inie et al. 2023), Game developers in Nordic countries (Vimpari et al. 2023, Johansen &
Mourath 2024), early career game developers in the USA (Boucher et al. 2024), and “non-
profit driven” indie developers (Panchanadikar et al. 2024) sourced from large game
development forums on Facebook and Reddit.com.

A central theme found is developers differing opinions and willingness to utilize Al for their
work based on their niche. With programmers being more likely to adopt and utilize it
(Boucher et al. 2024, Vimpari et al. 2023) but only in some cases (Johansen & Mourath 2024).
This difference in perception between artists and programmers may stem from how
developers in these niches view their work in relation to a sense of authorship (Boucher et al.
2024). Artists were pointed out as a group with a much stronger negative opinion on Al tools
and technologies for a variety of different reasons such as mismatches with existing workflows
and creative limitations (Boucher et al. 2024, Vimpari et al. 2023). Some general themes can
be seen in regard to developers overall having similar reasons for adopting Al tools, and for
“resisting” AI adoption.

These themes leading to a “resistance” or unwillingness to adopt Al can be distilled into the
following; a lack of practical use cases that align well with established pipelines
(Johansen & Mourath 2024, Vimpari et al. 2023, Boucher et al. 2024, Inie et al. 2023),
creative limitations (Boucher et al. 2024, Vimpari et al. 2023, Inie et al. 2023, Johansen
& Mourath 2024), public perceptions (Panchanadikar et al. 2024, Boucher et al. 2024) ,
legal issues such as copyright (Panchanadikar et al. 2024, Johansen & Mourath, 2024,
Vimpari et al. 2023, Boucher et al. 2024, Inie et al. 2023), ethical concerns(Johansen &
Mourath, 2024, Vimpari et al. 2023, Boucher et al. 2024), and AI impact on employment
(Vimpari et al. 2023, Panchanadikar et al. 2024).

A lack of use cases are described broadly through aspects of friction or dissatisfaction in
working with Al tools, as well as a general sense of scepticism in certain groups.

A lack of perceived practical use cases are directly described by some researchers (Johansen
& Mourath 2024), while others are more specific on what these perceived problems are.
Specific examples of struggles experienced with Al include specificity and other aspects
resulting in creative limitations, and a loss of control is experienced as a result (Boucher et al.
2024). This leads to worse quality outputs and resulting issues with quality and efficiency (Inie
et al. 2023, Boucher et al. 2024) and a lack of perceived use for the outputs made using the
tools for artists (Boucher et al. 2024). This is noted as being connected to a lack of context
specific tools that enhance the existing workflow of artists (Boucher et al. 2024)

Younger developers, or those early in their game development careers are more likely to skew
towards scepticism towards the claimed benefits of GAI (Boucher et al. 2024) and otherwise
have a lower rate of adoption (Johansen & Mourath, 2024). This is despite this age range
generally having the highest rates of adoption towards Al in a more casual context seen relative
to the general population (Boucher et al. 2024).

Current workflows and surrounding creative processes are at this time seen as too complex for
Al to fully imitate (Inie et al. 2023), but use-cases are seen as something that will inevitably
exist in the future, despite many current use-cases being too limited to include in working
production (Vimpari et al. 2023). In contrast to this friction for artists, GenAl for
programming is more accepted and easier to integrate into existing workflows. It was
perceived to be more useful for this group (Boucher et al. 2024). Boucher et al. (2024) note
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that normalization amongst programmers is particularly likely, with many accepting GAI as
an inevitability due to the practical use-cases found.

Creative limitations can be largely described as issues resulting from flaws and the
applications of GenAl outputs. Creative dilemmas occur due to Als inability to maintain
consistency across outputs (Panchanadikar et al. 2024, Vimpari et al. 2023). and the inherent
randomness of Al is seen as both a strength and a weakness (Vimpari et al. 2023) Integrating
AT tools is at times seen as a weakening of the creative process (Inie et al. 2023), producing
pretty, but unoriginal content (Inie et al. 2023). Resulting in potential creative pitfalls with
the technology (Johansen & Mourath, 2024), connected to a loss of control (Boucher et al.
2024). Potential increases in productivity are contrasted with the view of these same systems
cutting out the most rewarding part of the work being done (Vimpari et al. 2023).

Public perceptions are mixed in regard to GenAl, with some perceiving Al generated
content as cheap and low quality (Panchanadikar et al. 2024). Online perception of Al use in
games affect developers' willingness to use them in final products, making its use in
preproduction more palatable than outright generating final assets or designs (Boucher et al.
2024).

“as far as the community concerned, the use of AI-generated images in a video game
can potentially result in review bombing, as there is a lot of hostility towards the use
of AI image generation due to potential ethical concerns” (Panchanadikar et al. 2024,

p.5)
This marks the public discourse surrounding Al as a potential driving factor in adoption.

Legal issues, in particular relating to copyright, stand out as a developer concern
noted by all studies concerned with developer mapping (Panchanadikar et al. 2024, Johansen
& Mourath, 2024, Vimpari et al. 2023, Boucher et al. 2024, Inie et al. 2023). Partially in terms
of potential legal trouble for a production associated with GenAlI assets in the final product
(Vimpari et al. 2023, Panchanadikar et al. 2024), but also in terms of the inherent ethical
aspects of copyright as a system (Inie et al. 2023).

Ethical concerns surrounding GenAl primarily revolve around training data and
compensation practices (Boucher et al. 2024), with multiple studies discussing developer
unease at leveraging their fellow artists work as training data (Vimpari et al. 2023, Johansen
& Mourath 2024). Some developers’ usage of Al tools is conditional and based on these ethical
concerns (Vimpari et al. 2023), with a case where more than half of surveyed developers were
only willing to use Al system outputs separately from the final product, due to both legal and
ethical concerns (Vimpari et al. 2023, Boucher et al. 2024). Developers were far more likely to
be open to tools trained on voluntarily provided data (Boucher et al. 2024).

These ethical concerns serve as a major roadblock in terms of adoption, and researchers urge
future research to take the matter seriously. Boucher et al. (2024) notes that it is critical to
take early career professionals' scepticism seriously. Inie et al. (2023) in this same line of
thought note in relation to Al that.

“We hypothesize that such technology can reach its full potential only if creative
professionals truly participate in its development” (Inie et al. 2023, p.5).
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Impact on employment is perceived as inevitable by developers. In the study by Vimpari
et al. (2023) a majority of participants expressed concerns about people losing their
livelihoods. Some considered Al to be potential competitors for their own jobs as well (Vimpari
et al. 2023). Amongst indie developers, career growth challenges are seen as implicit following
Al adoption (Panchanadikar et al. 2024). Connected to this one can see assertions of
overwhelm at the rapid rate of progress in regard to Al system outputs (Vimpari et al. 2023).

Noted themes connected to Al adoption can be summarised as the following; ability to fit
into established workflows (Boucher et al. 2024), use-cases related to placeholder
creation and brainstorming (Johansen & Mourath, 2024, Vimpari et al. 2023, Inie et al.
2023, Panchanadikar et al. 2024), the potential for empowerment or equalization of
solo or small development teams (Panchanadikar et al. 2024, Vimpari et al. 2023),
efficiency though automation of repetitive work (Vimpari et al. 2023, Panchanadikar
et al. 2024), cost reduction (Panchanadikar et al. 2024), and a general feeling that AI
tools are about to become mandatory or better in the future - and wanting to “keep
ahead of the curve” (Vimpari et al. 2023).

Increases in efficiency and productivity are major motivating factors in Al tool adoption
(Inie et al. 2023, Vimpari et al. 2023), with some developers viewing Al as an avenue for
alleviating tedious work (Vimpari et al. 2023) and envisioning the potential for automation of
mundane and repetitive tasks (Panchanadikar et al. 2024). This strive for increased efficiency
is noted as prioritizing the produced “final game” over the technology's potential impact
(Vimpari et al. 2023) with regards to employment and creative freedoms.

Empowerment and equalization is a theme seen mostly in relation to indie developers.
Al tools are perceived to make indie game development more open and accessible
(Panchanadikar et al. 2024) and may empower small non-profit driven teams in streamlining
development processes. This would allow for more focused and cost-effective development
(Panchanadikar et al. 2024, Vimpari et al. 2023). In turn enabling more exploratory
approaches to game development (Panchanadikar et al. 2024). This train of thought is also
available outside of the developer mapping section in for example the research done by Singh
et al. (2024).

Uses related to brainstorming, prototyping, and pre-production are the currently
most widespread and accepted usage of GenAl for graphics-related development. With
placeholder creation and brainstorming being the main stated use-case (Johansen & Mourath,
2024, Vimpari et al. 2023). Al tools are noted as particularly useful for.

“facilitating ideas and content generation to jumpstart their game development”
(Panchanadikar et al. 2024, p.4)

Other preproduction specific uses are as inspiration sources (Inie et al. 2023), and reference
art (Inie et al. 2023).

Envisioning the future, there are a multitude of perceived eventual uses for Al
technologies, (Panchanadikar et al. 2024) such as not yet achieved methods of automation
(Panchanadikar et al. 2024, Vimpari et al. 2023) and possibilities of support in more niche
tasks such as UI variations (Panchanadikar et al. 2024). As well as theorizing on what the
future impact of AI will be, with some predicting a shift in the role of developers going from
first hand craftsperson to a director of the AI (Vimpari et al. 2023).
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4.4.2 Existing tool analysis

The existing tool analysis research outlines a variety of current Al use-cases, flaws and
limitations of the AT tools, and describes both current and potential future impacts.

LLMs are the primary technology pointed out as influential (Yang et al. 2024, Galotta et al.
2024, Wu et al. 2025), due to the widespread attention that can be seen in particular the with
the GPT series (Yang et al. 2024), With modern LLMS like GPT-3.5 and GPT-4 having
emerged as powerful tools for streamlining game design workflows (Wu et al. 2025). Use cases
for GPT in game development include some of the following: story generation, quest
generation, level generation, character generation, PCG uses, creating game scenarios, design
aide for creating game mechanics and rules, programming tasks, and playtesting (Wu et al.
2025). This represents a wide variety of uses across multiple disciplines related design related
endeavors and more (Gallotta et al. 2024).

A notable and defining trend is combining different Al technologies, e.g. LLMs with
generative frameworks such as stable diffusion (Wu et al. 2025), for example through
integration of GPT into wrapper tech like Sketchar (Wu et al. 2025). Al tools are reshaping
workflows (Wu et al. 2025) and enabling quick iterative design processes (Wu et al. 2025), at
times kickstarting the creative process (Gallotta et al. 2024). Through the lowering of technical
barriers (Wu et al. 2025), Al tools reduce resource constraints, particularly for small studios
and independent developers (Wu et al. 2025). Other researchers herald Al tools as enabling
rapid expansion in terms of asset creation without the need for tedious manual creation
(Ratican & Hutson 2024).

Current identified technical, creative and ethical challenges exist for Al tool
integration (Wu et al. 2025). Within this group the main ethical challenges mentioned are as
follows: cultural sensitivity, and design bias which can result in stereotypical cultural
depictions (Wu et al. 2025, Ratican & Hutson 2024, Gallotta et al. 2024). Some of these biases
are noted to be the result of cultural biases in training data (Wu et al. 2025). Other noted
ethical issues are sustainability, copyright, explainability, and privacy (Gallotta et al. 2024).
Another notable trend in regard to ethics is that only a few articles deeply discuss ethical
problems (Yang et al. 2024)

Maintaining stylistic consistency in Al generated assets identified as another issue (Wu et al.
2025), though some claims are made that GANs can maintain a uniform aesthetics through
the usage of predefined parameters (Ratican & Hutson 2024). While others note recurring
issues which require fine-tuning by a human (Gallotta et al. 2024). One of the other technical
limitations for LLM integration currently listed is high requirements for precision. In order to
alleviate this, it is critical to enable designers through increasing the possible input methods
and the controllability of tools (Wu et al. 2025). Yang et al. (2024) note the general lack of
discussion surrounding limitations in regard to Al tools.

Research gaps identified in regards to existing tools relevant to graphics include a
lack of end-to-end workflow integration, as research is usually limited to isolated applications
(Wu et al. 2025), a lack of cultural or behavioral depth (Wu et al. 2025), lack of ability to
further refine without the need for manual manipulation (Wu et al. 2025), few studies
demonstrating the performance of Al tools in realistic (to development) scenarios (Wu et al.
2025), and issues with abstract or unconventional input (Wu et al. 2025).
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In contrast to the more copyright adjacent ethical concerns discussed in 4.5.1, this
subsection of papers more so focus on the copyright discussion in relation to the inability to
copyright AI generated material in a US context (Gallotta et al. 2024), and the political and
policy related underpinnings.

“the design industry should advocate for policies to address challenges related to
originality and copyright protection, acknowledging the complexities involved in
safeguarding intellectual property in the era of AI” (Wu et al. 2025, p.13)

Overall, this segment of research is a lot more positive towards Al tool usage and integration,
with a focus on the predicted large impact of AI on the games industry and research (Gallotta
et al. 2024). Many researchers are envisioning a future where Al democratizes game
development (Ratican & Hutson 2024), and where Al is not just as a tool but a driving force
in co-creative processes (Ratican & Hutson 2024, Galotta et al. 2024).

4.4.3 Tool implementation and development

Studies focusing on tool implementation and development comprise the largest category
amongst the core topics. These papers attempt to make use of existing tools for a set purpose,
utilize multiple consecutive Al methods and tools to create a partially or fully alternative
pipeline, case studies of real development utilization, or the attempt at developing methods
and Al tools to address specific needs in development.

Five different papers attempt to utilize Al tools and methods for set use-cases. Out of these,
most aim to use Al for some type of asset generation(ref, ref, ref, ref), with some focusing on
the improvement of communication and collaboration within a team context (ref, ref).
Another explored use case is producing pre-production graphics in the form of storyboards

(ref).

Papers attempting to utilize GenAI for 2D asset creation try to replace the asset
production process, fully automating it. Singh et al. (2024) compares DALL-E and Midjourney
for the purpose of generating 2D assets for a platformer game, aiming to increase efficiency
and cost reductions in comparison to traditional methods. They achieved favourable results
with a method utilizing pre-structured prompts. Mercioni et al. (2024) have a similar use-case
and attempt to utilize Pixray in creating pixel art sprites, to less favourable results. With a
focus on indie development and cost reductions, Mercioni et al. (2024) conclude that the
utilized workflow necessitates a lot of management and post-processing, with the process not
ending up cheaper than hiring an artist to create the art assets directly (Mercioni et al. 2024).
Despite this, a use-case was found for generating variations on sprites.

“The technology effectively adds variations to existing assets, which can significantly
reduce an artist's workload by allowing them to create a few default sprites and use
Pixray to generate variations” (Mercioni et al. 2024, p.4)

Overall, the resulting suggestions from Mercioni et al. (2024) concern using Al for idea
generation, followed by artist refinement for polish as well as noted suitability for game jams
and short-term projects (Mercioni et al. 2024).

“they might not yet be ideal for professional indie game development due to the

potential quality trade-offs and the substantial trial-and-error required with these
solutions” (Mercioni et al. 2024, p.4)
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Qiu (2023) utilizes a near full pipeline of AT implementation in order to create an animated
2D character sprite. Al tools used include: ChatGPT, Midjourney, Stable diffusion, Photoshop
AI, and WD 1.4 Tagger (Qiu 2023). No evaluation is performed on the created material. The
study's aim is to investigate the feasibility and potential of GenAl for 2D game animation.
Narrative content uploaded to ChatGPT and is used to create a general character outline. This
result is then used in conjunction with Midjourney to create the character design. specifics
surrounding prompts used and a template is provided in the text (Qiu 2023). Midjourney used
in redrawing and refining details and face. The resulting image was processed using photoshop
and its Al features to create the cut sprite later used with a skeletal rig (Qiu 2023). A custom
Stable Diffusion instance where a LORA finetuning was used was in conjunction with
Midjourney and reference images used to generate hand variations (training parameters are
provided in the text) (Qiu 2023). The sprite was then implemented and rigged in Unity, and
the animation is created within the engine. (Qiu 2023). The experiment was deemed a success,
but barriers for the proposed workflow are noted (Qiu 2023). These barriers include
practitioners needing specialised knowledge to set up animations in Unity for effective
implementation and execution (Qiu 2023). Out of the 2D focused tool implementations, Qiu
is the only one in which no evaluation is performed of the created material.

Singh et al. (2024) and Mercioni et al. (2024) represent two fairly different outcomes despite
their similar intended use-case and baseline aim (2D asset generation and cost reduction
respectively). In a similar vein, one can compare two other research papers that have the same
use-case, Storyboarding.

Jo et al. (2022) conducted an exploratory study with the goal of integrating a multitude of Al
models to create a resulting tool and user interface (Gennie) that allows user input to be used
for generating storyboard segments. The main focus of the study was to attempt human-AI co-
creation for this task. The main intended use-case being utilizing Gennie as a brainstorming
and inspiration gathering tool (Jo et al. 2022), which was tested with an unspecified sample
of users given the task to. Evaluation aspects for the results centred on; liking the resulting
output, enjoyment of the creation process, if participants felt that the collaboration with Al
worked well for the purpose of creating storyboards, and whether or not the participants felt
a sense of authorship or ownership with the resulting storyboard. Authorship was measured
though asking participants to rate whether or not they felt that they created the storyboard
completely by themselves. (Jo et al. 2022)

Results indicate enjoyment with the tool, but users did not overall adapt well to the co-
creation process (Jo et al. 2022). As well as notable portions of participants lacking a sense
of authorship over the created storyboards. Despite this, the authors claim that the system is
a novel invention and potential partner in collaboration.

Wee Tan et al. (2024) similarly develop a wrapper tool called SketchBoard, establishing a
pipeline where AIGC is used for multiple steps within the storyboard creation process,
combining GPT use for narrative and stable diffusion for image generation (Wee Tan et al.
2024). The described pipeline goes as follows; Stable diffusion is used for character art design,
then GPT is used for generating backstory, finally the developed interface of SketchBoard is
utilized for “game character design.” (Wee Tan et al. 2024).

The base stable diffusion model is refined though retraining to achieve the final model (Wee
Tan et al. 2024). Utilizing a dataset specifically based on League of Legends art and characters,
the trained model mimics the style from the dataset more so than the baseline model (Wee
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Tan et al. 2024). User evaluations are done with students with an unspecified field of study,
and resulting evaluation points towards limitations connected to image styles, quality, visual
coherence, and relevance of the generated stories (Wee Tan et al. 2024), with noted room for
improvement in coherence between images (Wee Tan et al. 2024). Key success metric is high
user satisfaction rates (92%) to “deliver an engaging experience” (Wee Tan et al. 2024).

Since both papers centring on storyboarding seem to focus on user enjoyment in interacting
with the developed interface tools and lacked information in regard to who is being used as a
tester, it is unclear if any relevant data can be drawn from this conclusion. Limitations fall
in line with those experiences in other contexts of Al tool integration with visual
coherence being a factor with a more pronounced impact here due to the sequential nature of
storyboards.

Attempts at utilizing Al tools for concept art differ in some major ways, with one
focusing on collaboration and communication in a professional context (Ling et al. 2024), and
the other on character design related to a refined cultural context with an execution in 3D (Mi
et al. 2023). Both studies utilize Al based interactive characters derived from or as a base for
conceptual work (Ling et al. 2024, Mi et al. 2023).

Ling et al. (2024) attempt to apply GenAl for the facilitation of collaboration and
communication, with a use-case centred on conceptual work for characters. Their method is
constructed based on a user study of 10 game design professionals in the form of designers
and illustrators, who outline the character design process in interviews. This description is
then utilized as the basis for the developed tool.

Methodologically, Ling et al. (2024) made use of the same type of pre-structured prompts
used by Singh et al. (2024), with users inputting parameters into the tool and generating an
interactable character. The tool provided the user with suggestions about visual design and
relationships to other characters that were also created with the tool. Collaboration seems
focused on others being able to simulate chats with the character (Ling et al. 2024).

Results-wise; it was found that character designers with artistic backgrounds
always produce more detailed character designs and high-quality reference
images than those without such a background, with those same designers also having
higher demands for details in game character design (Ling et al. 2024). Respondents with
artistic backgrounds also exhibited a propensity towards discontentment with the tools
generated output (Ling et al. 2024). In contrast, designers without artistic background found
the tool to be more useful, with the caveat that it was “better than nothing” (Ling et al.
2024). Limitations were noted in regard to biases, with stereotypical depictions of
indigenous populations and gender-based stereotypes as examples of issues with the created
tool (Ling et al. 2024).

Mi et al. (2023) approach implementing AIGC for concept art from an efficiency-based
perspective, aiming to optimize game character creation. Mi et al. (2023) as previously
mentioned in section 4.1 go into the study already certain that AIGC can be utilized for the
purposes of the study with the intended outcome. Which is based on statements in the prior
research portion, making the claim that using AIGC can be used for the things that the study
ostensibly is researching before the research has even commenced (Mi et al. 2023). Therefore,
we will approach Mi et al. (2023) as somewhat of an exploratory study, implementing AIGC
throughout the character concept pipeline. The study seemingly has three parts, a case study
applying AIGC, with manual work resulting in a 3d model, an evaluation portion of the
resulting design, and an interactive implementation of the final character design.
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The described application path for the case study includes ChatGPT for information search,
Midjourney for character setting and image generation (character design), and a 3d model
made with MAYA and Zbrush. The interactive portion in the last part of the study utilizes an
Al tool called Artflow (Mi et al. 2023). Notably the main portion that is fully reliant on AI is
the 2d design stage, where the art concept is fully reliant on Midjourney, with no described
selection criteria (Mi et al. 2023). This method is noted as of great utility by the researchers.
However, the final interaction design elements that were implemented with Artflow, that is to
say that the demonstration example looks significantly different from the 3d model from the
first part of the study. Based on information presented, it does not appear to have been
evaluated though any testing method. Instead, the finalised 3d model is what is surveyed (Mi
et al. 2023).

Evaluation of the quality of the character design is done through a survey distributed in a fan
forum, with 219 valid responses. 77% were satisfied with the design (Mi et al. 2023). Based on
feedback from the survey, the design was changed significantly - noted as changes in terms of
materials, lighting, hair, historical and cultural aspects(Mi et al. 2023). The final design does
not have any significant similarities to the design made in 3D and the bear design shown is
also clearly AI Generated, with 4 and 6 fingers respectively on each paw. This further implies
issues with the presented application path and utility of the method, or a general lack of
creative control.

Results surrounding the usage of Al tools for concept art use-cases show limitations in line
with those noted by other researchers such as stereotypical depiction and a lack of
control of the final output. With additional notes on developers with artistic
backgrounds in general being unsatisfied with the outcomes of using Al tools
in this context.

Using similar methods to both Ling et al. (2024) and Singh et al. (2024) is Sun et al. (2024),
with a stylistically modified instance of Stable diffusion as the base and pre-made and guided
prompts. Sun et al. (2024) introduces Text2AC, “a text-based agent character (AC) creation
system”. A method is proposed to translate natural language into the aforementioned pre-
made image prompts in terms of structure, and aids players in crafting sufficiently detailed
character descriptions readable by the system. Evaluation is done by 8 prospective players
familiar with creating player characters and avatars after interacting with the AI tool through
a web-based character creation interface. The tool is evaluated through the following
heuristics: satisfaction levels on the efficiency and performance of character creation,
experience iterating on the generated characters. 75% (6/8) were satisfied with quality and
detail. A majority considered the outcome in line with their inputs. Authors note the developed
tool to be comprehensive, enabling users to use natural language to generate easy to deploy
characters for different web platforms and engines (Sun et al. 2024).

Apart from the study by Mi et al. (2023), Karnevisto et al. (2025) and Kawai (2024) both also
have a focus on implementation in 3D contexts. Karnevisto et al. (2025) attempted to
address how current state of the art Al models fail to meet expectations of creatives, with the
focus on 3d game development as a lens for inquiry (Karnevisto et al. 2025). Kawai (2024) by
contrast attempted to implement GenAl for filling gaps in the full game pipeline (concept to
3d model, programming, and game design), aiming to create new gameplay experiences
through integrating GAI in the development process. Kawai (2024) reports generally good
results but also a large need in relation to developers having the technical skills necessary to
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efficiently use Al systems coherently. The lack of insight into their method, tools etc. make it
hard to draw firm conclusions regarding the findings of this paper. The more focused scope of
Karnevisto meanwhile, results in a developed method for evaluating AI models in terms of
capabilities identified as desired by users in the study - Consistency, diversity, and persistency
(Karnevisto et al. 2025).

Karnevisto et al. (2025) argues that machine learning research aimed at supporting
creativity have different innovation needs, and that model evaluation should be purposefully
informed by the requirements of human creatives. They further make conclusions regarding
the unlikeliness of the models being the end in and of themselves, rather valuable assets in a
workflow (Karnevisto et al. 2025).

One singular study within the analysed sample looks at Al tool integration for graphics in a
real development scenario. Lee et al. (2024) performs 2 case studies of commercial projects
in pre-production in which the same game designer accounts for time and cost expenditures
of graphical assets and preproduction pipelines. One of the projects attempted to integrate
Al tools and methods, and the other did not. These are compared to each other, and
limitations are outlined. Results from this study show great potential for Al tool integration,
with generative Al services able to “enhance content designers’ capabilities immensely”.
(Lee et al. 2024)

In essence, the study shows how a single developer or small team may benefit from AI and
become able to produce the same output as a larger team at a tangible cost reduction both
monetarily and timewise. The Al assisted project was completed with 50% of working hours
and 20% of cost (in terms of resources) in comparison to the conventional project (Lee et al.
2024). Additionally, the smaller teams utilized in the Al assisted project allowed for
streamlined communications.

Attempted use-cases in this project include character design, building design, UI generation ,
and storyboarding. Out of the four tested AI models used, only half were deemed
satisfactory. Midjourney and Webtoon AI Painter were utilized in the final project, but Stable
diffusion and NovelAl proved unsuitable for quality issues and for stylistic reasons
respectively (Lee et al. 2024). Attempts at designing the Ul interface with GenAlI were not
successful, and icons successfully generated had low impact on productivity (Lee et al.
2024). Attempts were made at using Midjourney to create storyboard images, and while the
designer found the process enjoyable, they were not satisfied with the outcome to the same
extent as with the asset-design. (Lee et al. 2024). By considering Wee Tan et al. (2024) and
Jo et al. (2022), with Lee et al. (2024) included in the discussion as well, this makes for three
separate instances of attempts at utilizing GenAl for storyboarding purposes. All of these
make mention of the process being enjoyable, but only Lee et al. (2024) reflect on the utility
of the process, deeming it non-satisfactory in terms of outcome.

Limitations for the attempted use-cases include issues with depicting the same character
from different angles, quality issues - such as. too many fingers - and problems with intricate
details. Finally, the images generated did not often align with the designers’ intentions due to
problems with maintaining shapes in conjunction with stylistic consistency, further noting
that the pre-trained models were unable to generate something fully original (Lee et al.
2024).

Within the sample, the least connected research to game development was Li (2024), whose
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focus was on lowering the threshold for artistic creation by using GenAl. The article provides
some theoretical basis for the development of digital illustration style judgement
applications in relation to image style classification.

4.5 Approach to ethics

Out of the applicable research the answer to Q2: Does the research address the ethical
implications of the developed tool? is oftentimes a resounding no. Most commonly
ethical implications are not mentioned at all in the research (52%), or it is touched upon in
passing without much if any elaboration (17%). This lack of deeper discussions surrounding
ethical dimensions is also noted by researchers such as Yang et al. (2024).

Mapping these different approaches to ethics gives us three main outcomes. Ethics not
mentioned, Ethics approached superficially, and Ethics explored. Distributions can
be seen in figure 4.

Ethics distribution

12

10

not menitoned superficial approach exploratory approach

(Figure 4)

4.5.1 Ethics not mentioned

In a majority of cases where ethical aspects are not mentioned the general topic of the research
is tool development or a case study/use case evaluation of some kind. All of the studies with
this approach fall into the category of tool implementation and development in terms of
topic.

Among this group are a few cases of utilized datasets that are easily confirmed to be gathered
in a way inconsistent with generally preferred practices described in developer mappings.
Such as Wee Tan et al. (2024) using LOL depictions from Studio fortiche, who are well known
to oppose their work being associated with GenAl, and Li et al. (2024) whose Kaggle dataset
contains images of art with both artist signature and watermarking deliberately removed.
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Other issues also arise with a lack of disclosures around other utilized datasets originating
data.

4.5.2 Ethics approached superficially and further explorations
An example of what a superficial approach looks like is the following.

“Previous studies have shown that in game development using generative Al,
programmers tend to be more accepting of the technology, while artists remain
hesitant due to ethical and practical concerns” (Kawai 2024, p.1)

Further engagement with the theme of ethics then ceases, and the author's own research is not
contrasted or discussed.

Papers in the studied sample with existing but superficial approaches to ethics do look fairly
similar to papers which take a more in-depth approach in terms of what ethical aspects are
mentioned in terms of scope and general findings.

Developer mappings show ethical concerns tied to copyright and intellectual property to be a
trend across all surveyed groups. Furthermore, ethical challenges for tool implementations
are many, including everything from bias and a lack of cultural sensitivity to
hallucinations(Wu et al. 2025), privacy (Wu et al. 2025), and various security vulnerabilities.

More specifically, developer insights tell us that some have ethical issues with using other
artists’ work as training data (Johansen & Mourath, 2024, Inie et al. 2023), and some accept
only very narrow use cases for Al due to ethics and accompanying legal implications such as
placeholder/brainstorming being the main stated use case (Johansen & Mourath, 2024,
Vimpari et al. 2023).
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5 Analysis

The analysis portion of this paper largely focuses on defining and presenting found trends and
patterns using inductive analysis. Analyses made with both traditional and developed
evaluation heuristics are presented, as are trends found in the findings of analysed papers.

5.1 Traditional evaluation heuristics

Overall, a fairly large portion of the surveyed articles show consistent deficiencies in terms of
traditional measures of quality. Primarily these issues can be seen in regard to source quality
and reliability, but issues with validity are present as well. Source quality is a recurring
potential issue of note.

5.1.1 Validity
Approximately 38 % of studies have some level of issues with validity

The research overall hesitates to evaluate the outcomes, or worse, at times skew the
evaluation method inappropriately towards a positive result for the tested or developed
method. E.g. Singh et. al (2024) showcase their result in tables compressed in such a way that
differences between the two compared models seems to be greater than they actually are.
Furthermore, when comparing time taken to create assets with the AI and conventional
methods, the numbers indicated for the conventional method consist of the time it would have
taken to create the full 78 assets (amount for full study), while the ATl method is presented with
numbers indicating the time it takes to create two (amount of asses for one user).

A fair few studies noted to be “exploratory” in nature lack sound evaluation strategies, at times
omitting them all-together. Qiu (2023) performs no quality evaluation on the study's resulting
graphical asset, but make the strong claim that

“the amalgamation of Al with various software tools has the potential to entirely
supplant traditional artists and the customary procedures of character design.
Beyond this, Al also demonstrates the capacity to replace conventional methods of
creating animations, such as the traditional animation method — the pose-to-pose
technique.” (Qiu 2023, p. 159)

A large portion of issues relating to validity overlap with those of the developed evaluation
heuristic failure to distinguish between explanation and speculation and can be
found under heading 5.2.1.

5.1.2 Reliability

69% of applicable studies have poor reliability, mostly stemming from opaque
methodology, incomplete data presentation, or through insufficiently described
connections between data and stated conclusions.

In the case of Singh et al. (2024) Gameplay engagement in the resulting platformer
implementation was measured through time of average game session, with DALL-E edging
out Midjourney here with longer average sessions. (67,21 seconds vs 60,64 seconds). This
difference is attributed to player satisfaction (Singh et al. 2024), however no clear
connection between how this conclusion was made and the presented data is shown.

Longer play time could for example be attributed to lack of clarity in graphical assets leading
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to misses in platforming. This could be read as either an issue with validity or reliability.
Either the issue lies in an inappropriate method of evaluation, or in a method and data
described without sufficient clarity, resulting in a hard to replicate study.

It is hard to give concrete examples of the issues tied to this heuristic, similarly to those
surrounding a lack of ethical considerations as seen in section 4.6.1 There is simply little to
quote since there is a lack of data and descriptions.

5.1.3 Source quality

One notable factor found in regard to source quality is a relative prevalence of non-peer
reviewed references. One prominent and recurring example of this are pre-print articles
available on the research-sharing platform aiXiv.org. Within the analysed sample there are
109 instances of referencing arXiv based articles. The average and mean distribution of these
references are a=4,74 and m=1,5 respectively. 78% of articles contained at least one source
published on arXiv.

While there is a registration requirement and a rudimentary process surrounding identity and
affiliation verification required for posting on arXiv, it is not a source of peer-reviewed
material. Some papers within the final sample of this study were initially in pre-print on arXiv
before finding a peer-reviewed avenue of publication. Not all articles end up being published,
however. Earlier this year for example, a highly publicized pre-print paper on arXiv by an MIT
PHD student titled “Artificial Intelligence, Scientific Discovery, and Product Innovation”
with over 60 citations was withdrawn following an internal review at MIT (MIT Economics
2025). This further underscores the danger of relying on pre-print research, if new research is
built on potentially flawed or fraudulent sources then that can cause the propagation of
misinformation. This noted, this paper also contains 2 references published on arXiv,
referenced in the background

Apart from this prevalence are much more direct cases of source quality issues within the final
sample, with two of the papers within the final sample having clear instances of incorrect and
inappropriate referencing. One of the papers (Li & Liu, 2024) made claims wildly inconsistent
with their own sources, citing a public policy paper on conflict and cooperation as an instance
of successful usage of a GAN model for video game character design (McLaughlin et al. 2022).
Another such inconsistency found was a paper on Russian international affairs and
conflict(Lewis 2022) being referenced in regard to Blizzard's World of Warcraft using AIGC to
generate monsters and characters, to “significantly improved game content creation
efficiency” (Li & Liu, 2024).

Another case of inappropriate referencing can be found with Ratican and Hutson (2024), who
cite a paper on mass editing of LLMs through meta learning as a source for the
"democratization of game development”, despite the source having no clear relation to games.
Ratican and Hutson (2024) further reference a 2014 paper as a supporting reference on Al
systems being used for rapid prototyping. They also make the claim that CDProjectREDs
Cyberpunk 2077 and the Witcher 3 integrate Al systems to dynamically adapt the narrative of
the game, a claim that is not in line with mainstream understandings of the term AlI,
constituting misuse of language (Lipton and Steinhardt 2019). Overall, Ratican and Hutson
(2024) display a consistent tendency to try and fit their own opinions into tangentially related
sources.
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Due to the dubious quality of these papers, the result and conclusions of them are no longer
relevant for this thesis at large, and their findings are thereby not analyzed. However, they are
still discussed in regard to the traditional and developed evaluation heuristics relevant to the
RQs.

5.2 Developed Evaluation heuristics

In analysing the sample for issues in regard to Lipton and Steinhardt's (2019) trends, 53% of
articles exhibit signs of at least one of them, with the most common trend being misuse of
language at 48%. The next most common trend was failure to distinguish between explanation
and speculation at 26%. Only ca 9% of the surveyed articles had issues in line with Lipton and
Steinhardt's definition of mathiness.

5.2.1 Failure to distinguish between explanation and speculation

Most of the issues here are rooted in issues with validity and reliability both, with speculative
statements presented on utility that are not grounded in the presented data. Either because of
opaqueness in regard to methodology is, and sometimes because results and
supporting data for the conclusions are not presented to the reader. Some of these
issues stem from non-representative testing groups, or a lack of collected data. At
times, issues arise from researcher speculation on methods or processes that they are
unfamiliar with

Ling et al. (2024) for example make clear statements on what communicative challenges may
be addressed by their created tool, as well as its suitability in regard to collaborative work. This
despite participants in their tool evaluation not communicating with each other within the
confines of the test. Their conclusion is thereby speculative in nature.

As previously mentioned, a recurring trend seen is the utilization of non-representative testing
groups. When making claims on the usability or utility of a particular method or tool with an
inappropriate evaluation method such as this, researchers fall into something resembling may
draw faulty conclusions from the gathered data. For example, a claim made about professional
utility, but with a validating testing group composed of non-relevant users cannot be
considered to be fully accurate. One such example is Wee Tan et al. (2024), where students of
non-specified fields comprise the testing group, yet the researchers make claims regarding the
utility of the presented tools in line with these testers being potential professional users.

Researchers who themselves are not familiar with the processes where they intend to integrate
Al tool use at times draw speculative conclusions on what issues are being addressed by the
Al usage. Wee Tan et al. (2024)’s focus on image quality for the generated storyboard outputs
for their study for example somewhat miss the point of what a storyboard is utilized for in
active production, such as consistent colour, mood, and compositional guidance, as can be
seen in Lee et. al. (2023).

5.2.2 Mathiness
The least prevalent of Lipton and Steinhardt's (2019) trends, mathiness exists in two distinct
ways within the sample.

Misleading data presentations and applications through inflated numbers, as seen in
Singh et al.(2024), and in Umarov et al. (2024) where “Digital technologies” are defined and
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described primarily through Boolean algebra, something not further referenced to in
the rest of the paper.

5.2.3 Misuse of language

Misuse of language is the most prominent trend seen in the analysed sample (ca 48%). Within
the results it shows itself in a few different ways; Assigning extended meaning of what
constitutes AI and Generative Al, Assigning extended meaning to the term
“democratization”, and Anthropomorphising of Al

Attempts can be seen to inappropriately extend the definition of generative Al
in two papers (Ratican & Hutson 2024, Qiu 2023) and narrowing what "traditional" or non-
Al methods entail in one (Qiu 2023).

Qiu (2023) utilises a skeletal animation method within the Unity engine as the culminating
implementation of a Generative Al pipeline and tries to make the case that apart from the uses
showcased for character design and sprite generation, AI may also supplant traditional
methods of animation.

“Beyond this, AI also demonstrates the capacity to replace conventional methods of
creating animations, such as the traditional animation method — the pose-to-pose
technique.” - (Qiu 2023, p. 159)

Qiu (2023) furthermore in the abstract of the paper describes exploration of specifically
generative Al in the 2D character animation process to be the content of the text, from
character design to full animation. The resulting read of the paper as such carries the
implication that the skeletal animation and linear interpolation used constitute generative Al.
The skeletal animation techniques utilized in the study do not align with either their technical
or public perceptions of the term as outlined by Ronge et al. (2025), it similarly doesn’t align
with any of the legal definitions aligning with the term either (National Artificial Intelligence
Initiative Act of 2020, 2020, Shin 2024, European Parliament 2024b).

Everything computational or algorithmic is not automatically Al, as such this becomes a clear
case of overloading the technical term Generative Al. Thereby falling under the misuse of
language trend (Lipton and Steinhardt 2019).

Democratization as previously discussed is defined as increasing the spread of Al
technologies and tools to non-expert users (stability.ai 2022). However, the usage found in the
sample diverges from this meaning. Wu et al. (2025) write about "democratizing the creative
process” through the use of different Al frameworks in order to improve design efficiency and
reducing creative barriers, while Singh et al. (2024) describe Al as democratizing through
reducing the time and cost associated with asset creation. Similarly to Singh et al. (2024),
Ratican and Hutson (2024) write about the democratization of game development, here
referring to how integrating autonomous systems may enable indie developers to create
content in line with what is made by larger studios in terms of complexity and polish. They
further make the assertion that generative tools are set to democratize game development
through the lowering of technical barriers.

Democratization has in this usage come to mean something divorced from the original
meaning, albeit with a fairly cohesive re-interpretation with a similar through-line. Instead of
referring to the spread of Al tools, it has in these instances come to mean the perceived or
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potential outcomes of the spread and adoption of Al, in particular in regard to notions of
accessibility. Another example of this usage is seen in the developer attitude mappings done
by Vimpari et al. (2023)

This falls under misuse of language (Lipton and Steinhardt 2019) as is attempting to extend
the meaning of what is at its core a technical term. This may be happening due to a colloquial
interpretation of the word “democratic” as a sort of implied vision of equality and fairness,
carrying with it an inherent positive message. or the velocity of the field morphing terms as
things progresses. Lipton and Steinhardt (2019) may in fact term the original meaning of
democratization as a type of misuse of language on its own due to the inherent suggestiveness
of the wording.

Some researchers have a tendency to anthropomorphize the Al tools and methods they are
creating or working with to different levels (Ronge et al. 2025, Jiang et al. 2023), this is also
true in this sample. One such example is Ling et al. (2024) who state the following.

“this methodology empowers the tool to comprehend and address user inputs in a
coherent and contextually relevant manner” (Ling et al. 2024, p. 10)

Another is Mi et al. (2023) who makes the claim that ChatGPT has achieved a near-human
understanding of language. This humanising language referencing understanding,
empowerment, and comprehension skew the perception of the technical reality surrounding
these systems in line with Lipton and Steinhardt‘s (2019) definitions.

5.3 Conclusions of surveyed articles

Results and general methodology utilized in the analysed articles come together into fairly
distinguishable trends.

5.3.1 Issues with the research

The general quality of research is lacking, with issues in regard to validity, reliability, and
source quality all existing in notable percentages. Major issues were found with the results of
the evaluations of both the traditional and developed evaluation heuristics.

Overall issues exist with inappropriate evaluation methods, opaque methodologies,
incomplete data presentations, unsupported conclusions, non-representative testing groups,
and loaded language.

5.3.2 Prospective use cases and benefits to AI adoption

AI adoption has the potential to reduce cost and increase productivity, with a variety of
explored use-cases; these include storyboarding, concept art creation, sprite generation,
brainstorming, avatar creation, and character design.

5.3.3 Technical limitations and barriers to adoption

Main barriers to AI adoption are poor integration into existing workflows, clunky
implementations (utilization of Al at times require further refinement, rendering an otherwise
familiar workflow into something with more friction), creative limitations, public perceptions,
legal issues in regard to e.g. copyright, model bias, and issues with consistency. Apart from
these more technical limitations, another core barrier is based in developer ethics.
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5.3.4 Ethical considerations

Ethical considerations seem to be a driving force in why a large cohort of developers lack
interest in adopting Al tools and technologies in their work. As such ethics serve as a major
aspect of tool development that future research needs to account for. Be that through focuses
on co-creation as suggested by some, or the utilization of clean and ethically sourced data sets.
Considering the prevalence of ethically motivated gripes amongst developers, the lack of
accounting for this in tool development research is staggering.

5.3.5 funding and economic aspects, legal and political stakes
The economic and political aspects of Al research can clearly be seen within the analysed
sample, with about 35% of papers receiving external funding for the projects.
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6 Conclusions

This section summarizes the contents and conclusions of the paper at large and provides direct
answers to the research questions. findings are discussed in relation to the background and
the surrounding Al discourse.

6.1 Summary

The state of research surrounding Al tool development and integration for art and graphics-
related uses is a bit bleak. The general quality is lacking in regard to methodologies, the quality
of sources, and the evaluation methods currently employed. On the whole, the research
surrounding tool development stands in contrast to general developer opinions and
evaluations of the tech.

Tools developed for graphical uses fail in two main ways, they are not fulfilling the needs
of developers in a way that integrates with existing pipelines, and ethical
concerns are being sidestepped. Developer attitudes may limit adoption rates due to the
lacking response to their ethical concerns regarding Al technology overall.

Limitations of existing and developed tools must be evaluated more rigorously, with more
focus on utilizing relevant developers in the study design for further attempts at Al integration,
as developers with and without an artistic background have fundamentally different needs and
quality requirements of Al tools. Ease of use, while key for adoption, is not a substitute for
quality evaluation. This is especially important since researchers at times seem divorced from
the workflows and pipelines they are trying to optimize. In cases such as this, it is all the more
crucial for the research to be grounded in industry professionals and their needs. Furthermore,
reliance on closed AI models may cause disruptions to existing and future research.

In conclusion the answers to the RQs are as follows.

Q1: Does the research evaluate its findings/the tool created in an appropriate manner? For
example, by using appropriate testing groups, parameters, or methodologies for conclusions
drawn.

A1: The research generally utilizes inappropriate evaluation methods, at times missing them
altogether. Testing groups in particular are often non-representative of the intended user
demographic. Conclusions drawn are often speculative.

Q2: Does the research address the ethical implications of the developed tool?
A2: No

Q3: Do the issues brought up by Lipton and Steinhardt in regard to broader ML research also
exist in this segment of AI development?

A3: Yes, in particular misuse of language is rife within the sampled research. Failure to
separate explanation and speculation occurs in a fourth of the research. Mathiness is by-and-
large avoided however, which is likely a byproduct of the general level of technical specificity
seen within the sample.
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The state of the research in the investigated segment (GenAlI tool development and integration
in regard to game development graphics) is largely sub-par.

6.2 Discussion

As noted in the background, the existing Al industry does not see their own actions and
development patterns as ethically dubious, this seems to largely also be the opinion of AI tool
developers within the studied research segment, contrasting with the opinions in regard to
ethics seen in a not insignificant amount of game developers. Whether or not researchers
consider these ethical concerns to be warranted, to a certain extent doesn’t matter. Due to the
very firm trend of opinion amongst developers, future researchers need to at the very least
address these implications, or else adoption rates may stagnate. In particular, researchers and
developers interested in creating Al tools or methods should take a stance in regard to ethics
in general, rather than sidestepping it all together. Despite these ethical concerns however,
developers and researchers alike still have a sense of optimism towards the tech, though as
seen in this year's GDC report (GDC 2025), this may not stay the case.

Ethical tensions are most likely partially a by-product of both the current economic downturn,
but also the somewhat antagonistic stance between adopters and non-adopters. “Adapt or die”
as noted by one of the developers interviewed by Vimpari et al. (2023) can be taken as both a
threat and a warning. The language surrounding Al technology seems to be incredibly loaded,
for example in the use of the term democratization. As misuse of language is the most
prominent issue in regard to Lipton and Steinhardt's (2019) trends, democratization along
with anthropomorphising skew these somewhat opposing sides further away from each other,
as each develops language describing the Al situation differently, see for example the quote by
Beaumont (2022). In terms of other barriers to wider AI adoption, Ronge et al. (2025) outline
(multi-)modality, interaction, flexibility, and productivity as central aspects of Generative Al.
In this analysed segment, one could postulate that one of the defining differences between
discipline specific adoption of Al may stem from the lack of some of these central aspects. Al
tools for art related uses for example often lack flexibility, with productivity and interaction as
the main current focus points.

An interesting finding was what definitions of AI were utilized by researchers. Oftentimes “AI”,
referred to LLMs, or were otherwise closer to legal definitions vs those utilized by the general
ML research field. That is to say, there was a surprising lack of focus on technical definitions
of AI, rather the used definition falls more in line with the one used in public discourse.

During the writing of this paper, a recurring thought has been circulating, why are so many of
the testing groups and evaluation methods so unsuitable? is it a lack of more suitable
participants, are those who have adopted Al tools unwilling to have their usage analysed, are
developers who have not adopted AI simply uninterested in doing as such for academic
purposes? It has at times almost felt like some researchers approach the evaluation stage with
either a preconceived notion that AI will solve everything and work for all use cases, or they
go the other way, where as long as they don’t claim their results to be generalizable it’s all fine,
no one needs to make that obvious point about the limitations of the conducted study.
Regardless of whyj, it is the largest issue identified with current research.
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6.3 Limitations and author bias

As this paper concerns itself with quality evaluations in regard to the traditional heuristics of
validity, reliability, and generalizability - it is appropriate to discuss these in relation to the
limitations present in this paper.

In regard to these heuristics, no claim is made on the generalizability of the results outside of
this paper's specified context. This paper has accurately measured what it intended to measure
and as such archives a good level of validity overall. While the intended scope of 30 texts would
have strengthened the validity further, it is the author's opinion that all relevant texts have
been gathered from the specified avenues outlined in the methodology. If further research
were to be done, this is one of the main potential avenues of improvement. The reliability of
the presented work is however somewhat unstable due to the qualitative methodology
employed, and the singular authorship of this paper. These elements primarily relate to
potential author bias.

In order to combat these potential issues however, a number of bias mitigation strategies have
been employed. Firstly, due to the nature of the work, and the general sort of zeitgeist present
regarding generative Al, the authors overarching opinions and potential biases on the subject
are presented thus.

The author has prior to this master’s programme graduated with a bachelor's degree in a field
related to 2D graphics and is currently enrolled in an atelier style art programme. The author
further does not presently utilize any Al tools in their creative, personal or professional work.
While some of this stems from ethical concerns related to copyright, this lack of utilization is
primarily due to a lack of interest or perceived benefit. Overall, the author's position started
as somewhat ambivalent, leaning negative. Post writing this paper, opinions fall more towards
clear scepticism.

Knowing the somewhat negative lean in opinion, the author further tried to reduce bias though
deliberately ensuring that no aspect of article selection concerned itself with the outcome of a
given study, and furthermore that evaluation methods were as clear as possible and were as
far as possible “checkable” by third parties. Throughout the writing of this text, fellow students
and others with academic backgrounds were recurrently asked if evaluations done seemed
“fair” or “accurate”, and conclusions in regard to the three research questions were thus
somewhat reviewed by external parties. For readers of this paper, the information in appendix
A gives further insight into author thought processes through notes and more specific analysis
on a source-by-source basis.

6.4 Future Work

It is critical for future research to investigate the underpinnings of the ethical considerations
limiting AI tool adoption. And in that same context investigations into the feasibility of
ethically and legally sourced datasets to be utilised for pre-trained models integrated into
creative work. Apart from this a push is needed for more case studies or other research of Al
integration in commercial or actual game-development or adjacent processes.

Without more concrete connections to developers and their needs it is unlikely for this niche
to become more accepting or willing to integrate GenAl.
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Appendix A -

information presented in the following tables are as following;
Author

Year of publication + place of publication

Type of study + number of participants

General notes

Q1: Does the research evaluate its findings/the tool created in an appropriate manner? For example by using appropriate testing groups,
parameters, or methodologies for conclusions drawn.- validity, reliability, generalizability - , utility, benefit relevant to game developers.

Validity is the extent to which a study accurately measures what it intends to measure
Reliability refers to the consistency and stability of the results
Generalizability refers to the ability to apply the results of experiments to different settings, groups, and situations

Q2 Does the research address the ethical implications of the developed tool? - rigour.
Q3 Do the issues brought up by Lipton and Steinhardt in regards to broader ML research also exist in this segment of AT development?

Failure to distinguish between explanation and speculation; evaluated though for example conclusions on utility based on speculation
- eg. The tool is pleasant to use, ergo it is good, or broad unsubstantiated statements on generalizability of results. conclusions unsupported by
the content of the text.

Mathiness; In the context of the studied subject, inappropriate hyper-focus on mathematical validation of how useful a tool is, or inflation of
numbers.

Misuse of language; inappropriate usage of colloquial terms, or trying to assign extended meaning to technical terms.



Author(s) (Year) Publication N Method Topics Results and analysis

Singh, D., Banerjee, J. and | 2024 IEEE 26 Experiment and AIGC, asset Notes: State research contribution as assessing time saving, and cost

Jayaraj, L. (2024) International Quantitative survey | creation, 2d saving in utilizing GAI for 2d asset production. Compares DALL-E
Conference on assets, and Midjourney. Assesses efficiency by looking at asset generation
Metrology for commercially | time, cost, and player satisfaction(satisfaction of the players also
eXtended available generating the assets).

Reality, Artificial
Intelligence and
Neural
Engineering
(MetroXRAINE)

models, DALL-
E, Midjourney,
GAN model,
Diffusion
model. Real-
time
generation?
tool

implementati
on and
development

User testing demographics general in nature, involves both game
developers, gamers, and students. Age range 20-43.

During testing, players are in charge of generating assets.
“Background and obstacles of the game are generated by the models
based on prompts provided by the user.” Both models are played
though by all players, in a set order. Players then select their
preferred outcome between the two and proceed to a survey. Pre
made prompts with players selecting set parameters.

Midjourney took much longer time to generate assets, and was more
expensive to utilize in this testing scenario.user satisfaction with
DALL_E higher than mid journey, but difference was minor. Tries to
claim that longer gameplay sessions were appropriate metrics for
engagement? - unsubstantiated by text. Average score was higher in
games created using mid journey assets.

Findings summarised as DALL-E as more time efficient than
Midjourney, and both more efficient than traditional methods.
However measuring is different between AI models and traditional
methods - with the former being expressed as per image, and the
latter for the total 78 images used in one of the tested game versions.
Furthermore there is no stated basis for expected time of the
traditional method (15-50 hours). Translated to x78 - times are as
follows: DALL-E: ca 28 minutes

Midjourney: ca 188 minutes - 3 hours and 8 minutes.




DALL-E is more economical than Midjourney, both are cheaper than
traditional methods. Speculation on cost without sources.

Player satisfaction was higher with DALL-E generated assets in
comparison to midjourney (8,80 /10 vs. 8,37 /10), no comparison in
this instance made to traditional methods.

Gameplay engagement measured through time of average game
session - with DALL-E edging out Midjourney here as well with
longer average sessions. (67,21 seconds vs 60,64 seconds). This
conclusion being based on this metric is not substantiated by the
text - longer play time could for example be based on lack of clarity
in graphical assets leading to misses in platforming. The difference
in playtime is not significant enough to come to this conclusion.

Tables compressed in a way that implies differences between the two
models to be greater than they actually are.

Lack of proper information about the survey content and structure.
Eg. How is satisfaction defined?

Claims made of notable differences between the tools not clearly
shown in results.

Qu:study lacks validity due to inappropriate parameters and
unsuitable methodology in pursuit of stated research contributions.
Clear intended used case utility - cost and time reduction -
unsubstantiated deductions are made from collected data. Lack of
insight into survey content and definitions further lead to reliability
issues,despite the generally good selection of testing group
demographics.

Speculation is rife within the study, and data is presented in
misleading ways though both differences in scope within the same
results section(time per 1, vs time per 78), and through heavily
compressed diagrams.




Q2:no aspects of ethical or legal concern are noted.

Q3:The paper fails to distinguish between explanation and
speculation and contains strange conclusions. Language is
somewhat loaded though usage of for example democratisation
rhetoric. Paper does fall victim to mathiness due to inflation of
numbers, and how impactful differences between the surveyed tools
actually are.

Adriana Mercioni, M.,
Bogdan Cazacu, R. and
Holban, S. (2024)

2024
International
Symposium on
Electronics and
Telecommunicat
ions (ISETC)

N/A

Experiment

AIGC, indie
games, Pixray,
VQGAN, CLIP
tool
implementati
on and

development

Notes:Intersection between genai and pixelart. Focus on indie titles.
Publicly available models/tools - focus on low cost.

Uses pixray - likens to dall-e - intersection between CLIP and
VQGAN, for commercial use royalties must be paid to the libraries
creator. “Negotiable and undisclosed are the terms of the

royalties. Pixray is still the greatest tool for our use-case,

despite this.”

The tool is evaluated to be used in creating pixel art, but the
workflow necessitates a lot of management and post-processing, the
process is not cheaper than hiring an artist to create the art assets
directly. Use case found for generating variations on sprites.
Suggests using Al for idea generation, followed by artist refinement
for polish.

“While they may be suitable for video game

jams [25] or short-term projects, they might not yet be ideal
for professional indie game development due to the potential
quality trade-offs and the substantial trial-and-error required
with these solutions. The technology effectively adds
variations to existing assets, which can significantly reduce an
artist's workload by allowing them to create a few default
sprites and use Pixray to generate variations.”

Q1:The study draws conclusions in line with their intended aims,




with a focus on utility. But the reliability of the results is somewhat
harmed by the lack of insight into the process of generating images
with the tool, and how the post-processing methods were utilised.
Overall however the validity of the results are high, with a clear use
case and outlined potential benefit, with well reasoned pros and
cons of the tool.

Q2: The study does not address ethical or legal concerns directly, but
does make note of commercial usage requiring royalties to be paid to
Pixray (the library), in a way that is called out to be undisclosed.
This does have an impact on the utility of the tool for commercial
purposes that is not sufficiently addressed in the text. Furthermore
the study does not make note of datasets used, and pixray itself does
not disclose this information.

Q3:The study does not fall into any of Lipton and Steinhards pitfalls.

Kanervisto et al. (2025)

Nature,
638(8051)

27

User study and

Model development

Model
development,
creativity
support,
computational
creativity, PCH
(procedural
content
generation)
tool

implementati
on and
development

Notes: Attempts to address how current state of the art Al models
fail to meet expectations of creatives. Focus on 3d game
development as a lens for inquiry.

Develops methods for evaluation models in terms of capabilities
identified as desired by users in the study. Consistency, diversity,
and persistency.

Argues that machine learning research aimed at supporting
creativity have different innovation needs, and that model
evaluation should be purposefully informed by requirements of
human creatives. Makes conclusions regarding the unlikeliness of
the models being the end in of themselves, rather valuable assets in
a workflow.

Q1:appropriate demographic for user study. methodology
appropriate for context. Study has high validity and sufficient detail
is provided in order to potentially replicate the study in a different
context. The model is constructed in such a way that generalizability
is likely.




Q2:sufficiently approaches ethical construction of own user study,
but does not outright touch on legal or ethical aspects of own
developed model. The model does however appear to be trained on
legitimate data gathered through background reports for a gaming
company in collaboration with the researchers. Ergo the ethical
implications of this study are well and good, with proper precautions
for privacy taken.

Q3:no pitfalls in relation to LnS’s trends.

Kawai, Y. (2024)

2024
International
Conference on
Cyberworlds

(CW)

N/A

Game prototyping
and development

Al limitations,
PLATEAU 3D,
spatial
displays,
DALL-E,
ChatGPT,
Claude

tool

implementati
on and
development

Notes: research aims to create new gameplay experiences though
integrating GAI in the development process. Looks at game design,
character design, and programming. Overall generated code worked
without issues, but some issues arose in relation to the spatial
reproduction display, necessitating a substantial level of engineering
expertise for functionality. Study serves as an excellent example of
AIGC being used throughout the full arts pipeline (concept art to
final 3d models). But some aspects (such as the game world) were
pre-constructed. Evaluation method unclear, conclusions drawn
about eg. influences to player decision making, but it is unclear how
this was measured, and what led to this conclusion. Lack of insight is
also present in the particulars of developed methods and tools.

Q1:research follows through on its intended aim, but it is unclear
how and what is measured. Due to this lack of information, the
validity is uncertain and the reliability is poor. Same with the
generalizability of results. While the research paper shows glimpses
of an interesting approach, too little information is given to conclude
anything about it from an outside perspective.

Q2: ethical concerns noted but not addressed. “Previous studies
have shown that in game development using generative Al,
programmers tend to be more accepting of the technology, while
artists remain hesitant due to ethical and practical concerns [1]”
general academic rigour is lacking.




Q3:no issues in regards to this aspect.

Vimpari, V., Kultima, A.,
Hamaldinen, P. and
Guckelsberger, C., (2023)

Proc. ACM
Hum.-Comput.
Interact. 7, CHI
PLAY

14

Qualitative semi
structured
interviews with a
template analysis

HCI, TTIG,
developer
attitudes,
adoption of
GAI, Finnish
video game
industry
Developer

mapping

Notes: gives examples of TTIG models. Stated positive

opinion on creative Al by researchers. “further advances are not only
inevitable but welcome”. RQs as the following: what are
professionals' perceptions and attitudes towards TTIG systems and
their future?How are they adopted and used in creative practice
now? How will TTIP systems change and be used in future creative
practice?

12 overarching themes, with 39 sub-themes. Background exploring
technical specifications on how these systems work. Solid
recruitment and sampling for participants. Attempts made to
present as neutral as to not sway participants due to the contentious
nature of at the time current GAI discourse. All participants had at
least some prior experience with TTIG systems. Demographics
skewed heavily male, but was mostly in line with expected
demographics of group of interest (finnish game developers).age
skews older (34+), median time in industry was 12 years.

Perception: majority of participants were impressed by, or
interested in TTIG systems. Most participants expressed concerns
about people losing their job or livelihood. More than half expressed
ethical concerns (copyright and commercial rights) , lots of
interesting stuff here, and relevant thematic divisions.

Similarly, more than half of our participants decided, motivated by
legal and ethical concerns, to use a system’s output only separately




from the final product” almost too much stuff to mention here,
echoes results from other papers analysed. The stand out difference
here is the somewhat older age distribution, and that ALL
participants had used GAI in some capacity.

Q1:solid study construction and appropriate testing group, though
age range of participants is somewhat limited. Validity is good, as is
reliability. With well documented interview templates leading to
easy replicability in other contexts. Generalizability of results is
however somewhat questionable, due to the relatively small sample
size of 14, and differing results from other demographic groups.
Q2:researchers do not themselves discuss ethical or legal aspects of
GALI but do note these as themes found in their interviews with the
participants. Q3:There is some speculative language in the text, but
not in a way that conflates it with explanation. No other of LIpton
and Steinhardt's trends are seen.

Umarov, H.,
Mirzaraimova, V.,
Yakubova, M. and
Tashpulatov, R., (2024)

E3S Web of

Conferences
(Vol. 548, p.
06011). EDP
Sciences

N/A

“Analysis of

industry practices”

Literature review +
industry surveys ->

technological

analysis, and “much

more”

Industry
overview,
graphics
rendering,
animation
tools, graphics
APIs,
integration of
ML and Al
trends and
innovations.
other

Notes: starts off with honestly, an overly math centric description of
digital technologies. With an extremely sudden switch out of it.
References a bit far apart. Unclear what is referenced and what is
the author 's voice. Very verbose and unpleasant to read. Incredibly
large scope and very broad and extensive methods. Lack of
references for results and conclusions, lack of substantiating
information for discussion.badly done research

Q1:badly done research. Lacks references for most of the results
section and following discussion. Methodologies stated but specifics
completely missing, such as search parameters for literature review,
or approach to analysis methods. Validity low and reliability non-
existent. Generalizability not applicable.

Q2:Not mentioned.

Q3:mathiness - definitions of digital technologies do not need to
involve descriptions of boolean algebra. Misuse of language though
overloading technical terms.




S.Jo, Z. Yuan and S. -W. 2022 IEEE 25 Tool development | Storyboards, Notes: develop tool to help co-create storyboard in sketch format.
Kim (2022) International and user pre-trained Contour drawing focus to achieve this. The user is presented with
Conference on evaluations model, co- two goals, generating a new topic and drawing a specific scene.
Consumer creation, Intended usage brainstorming/inspiration gathering tool. Adequate
Electronics-Asia Gennie,wrappe | technical description of the tool. Results were split, and evaluation
(ICCE-Asia) r, GPT, CLIP criteria were somewhat vague in their relation to the aim of the
tool study. The aim of the study seems to be exploratory but this is not
implementati | made clear in the text. Evaluation points for results include 1-7
on and | ranking of the following: i like the storyboard i created, i enjoyed the
process of creating the storyboard, i made the storyboard completely
development by myself, in collaboration with AI was done well in making
storyboards. Results indicate enjoyment with the tool, but users did
not adapt well to the co-creation process. Despite this, the authors
claim that the system is a novel invention and potential partner in
collaboration. These conclusions are not supported by results shown
in the paper - as these are not solidly grounded in the data
presented.
Q1:Validity of the results is low due to a lack of clarification in
regards to research aims and non supported conclusions,reliability
of results is a bit weird, it should be high due to the clear structure,
but results data is not fully presented, and it is therefore hard to test
against. The testing group is further undefined. Generalizability of
results is limited. Intended use case is clear, but real-life utility is
hard to establish due to the structure of study.
Q2:ethical and legal aspects are not mentioned in the paper.
Q3:none of LIpton and Steinhardt's trends apply.
E. M. Yi Chan, C. K. Seow, | 2024 IEEE 22nd | 50 Tool Development | AIGC, GPT, Notes: AIGC for storyboards, combining gpt use for narrative and
E. S. Wee Tan, M. Wang, P. | International and User Stable stable diffusion for image generation.
C.Yau and Q. Cao, (2024) | Conference on Evaluation diffusion,
Industrial Sketchboard, Does a good job outlining current uses of genAl and technical
Informatics Storyboards, functions.
(INDIN) CLIP

Process outlined as follows: SD used for character art design. -> GPT




tool

implementati
on and
development

for backstory,-> SketchBoard for “game character design.”
Describes refinement mechanism - retraining a pre-trained model to
achieve final model. Dataset specifically based on LOL art and
characters (including art from Arcane - known to oppose their art
being associated with Al at all)

The trained model mimics the style from the dataset more so than
the baseline model.

Authors seem to be unaware of what a storyboard is used for.

User evaluations are done with students (unspecified field of study)
evaluation points : image styles, quality, visual coherence, relevance
of the generated stories. High user satisfaction rates (92%) to
“deliver an engaging experience”. Room for improvement noted in
coherence between images. Uses sketches as the basis for the tool?
Specifics unclear from text.

stable diffusion issues with ethics and training data

Q1:The theoretical grounding is solid in terms of the background,
but validity of study uncertain - it is unclear what the study intends
to measure, and there are missing results for noted evaluation
metrics. Reliability also therefore low, unclear results and
definitions (eg. what constitutes the definition of satisfaction with
the tool?) makes replication hard. Lack of information on testing
groups, noted as simply “students” (fields non-specific) makes it
hard to establish generalizability. Intended utility clear, but lacks
grounding in real-life application due to clear IP infringement,
realistic use case, and perhaps somewhat overestimated quality of
outputs.

Q2:research does not address ethical or legal aspects, and dataset for
further training of the model contains a clear case of copyright
infringement, from a product (studio fortiches Arcane) and team
vocally against their work being used in relation to GenAl.

Q3: the study does not fall into LnS’s trends of mathiness or misuse
of language, but does at times fail to distinguish explanation and
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speculation. Conclusions on the utility of the tool are not grounded
in the presented data, and while the study doesn’t claim the
developed tool to be perfect, as it serves an exploratory purpose, the
text does make implications on quality and use-case which are
speculative in nature.

San, T., Kanematsu, Y. and | ZfffflFEL£/X | 50 Algorithmic Colour Notes: background mentions: colour combination palettes, visual
Mikami, K., (2023) 5 20(4) - analysis and user analysis, interest, fine art instruction, and Al painting (disco diffusion).
Journal of the testing concept art,
Society of Arts visual centre Analysis 100 instances of game concept art gathered from Artstation
and Sciences, other for data and analysis in terms of colour usage though algorithmic
22(4) means. By doing this they outline three prominent colour
combinations; typical, monochrome, and balanced.
Further 50 testers were evaluated in finding visual centrepoints.
These two are combined for the results, which from here are
intended to be applied for further development of art instruction
and Al painting software.
Q1:methodology and sample size sound for scope of research.
Validity high. Reliability is a bit all over the place, as the general
method is clear but selection methods/criteria for artstation images
are not. Generalizability is uncertain due to lack of information
about the user testing group.
Q2:not mentioned, data gathering methods of dubious ethical
standards. Perfectly fine in a research setting but training non
academic tools on this data, is a bit fraught.
Q3:no issues of the LnS’s variety
Li, Z., (2024) 2023 N/A | Model development | Artstyle Notes:current state, notes lowered threshold for “artistic creation”.
International classification, | Aim of research - “this article hopes to provide some theoretical
Conference on deep learning, [ basis for the development of digital illustration style judgement
Data Science, concept art applications by studying digital image style classification, thereby
Advanced tool helping people without artistic knowledge to better complete Al
Algorithm and implementati | painting art creation” notes prior research in style transference.

11




Intelligent
Computing (DAI
2023)

on and
development

The Kaggle dataset used is very easily identified to be taking images
from unauthorized sources - and removing artist watermarks. Other
two datasets used were not disclosed and simply stated to be “from
the Chinese internet”.

Sufficient technical explanation of model. The model seems to
adequately fulfil intended aims.

Q1:methodology sound for stated goals. Process described in
sufficient detail in order to make something similar, but specific
details on two out of three datasets is missing. Ergo - high validity,
but hard to determine reliability. Generalizability should be implicit
based on model structure.

Q2:no mention of ethical aspects, and the dataset from Kaggle is just
straight up using images in an unethical manner - such as through
deliberate removal of watermarks and signatures.

Q3:no issues with conflating explanation and speculation or
mathiness. But uses loaded language with clear bias and tendency
towards inappropriate usage of colloquial terms - though this may
be due to language barriers.

Long Ling, Xinyi Chen,
Ruoyu Wen, Toby Jia-Jun
Li, and RAY LC. (2024)

Proc. ACM
Hum.-Comput.
Interact. 8, CHI
PLAY, Article
337 (October
2024)

10 -
13 -
17

Tool development
and user study with
thematic analysis +
qualitative study for
using the tool +
quantitative study
for comparative
baseline of tool vs
traditional
sketching

Cross discipline
collaboration,
character
design,
ChatGPT,
DALL-E,
concept art,
illustration, co-
creation, tool
creation
(wrapper).
tool
implementati

Notes:

RQs: what are the challenges to communications between designers
and illustrators - character design.

AND

How can collaboration and communication be facilitated BY
applying GAI for conceptual and illustrative purposes

Gives overview of other collaboration avenues utilising GAI.

10 game design professionals (designers and illustrators) were
interviewed, which was used as the basis for study. The character
design process is detailed. - this is then used to define design goals
for the developed tool.

The designer inputs parameters into the tool and it generates an

12




on and
development

interactable character - with suggestions about design and
relationships to other characters created with the tool. Collaboration
seems focused on others being able to simulate chats with the
character? Al agents for the created characters.

Found that character designers with artistic backgrounds always
produce more detailed character designs and high-quality reference
images. - and also lead to higher demands for details in game
character design. These respondents also exhibited a propensity
towards discontentment with tool generated output. In contrast,
designers without artistic background found the tool to be more
useful than nothing.

Discusses defining differences between arts and non artist
interaction with tools, and their perceptions of it. As well as the
quality of characters generated using the tool.

CSI scores used for evaluation

Notes issues with biases - indigenous populations and gender based
stereotypes serve as examples of issues with the created tool.

CSI as a measurement/evaluation method of tools does come with
some slight issues. Due to the nature of the CSI - there are some
factors inherent to the system that lean towards a positive
interpretation of an analysed tool in the vein of GAI. eg.
effort/reward tradeoff. Due to this and a lack of motivation for using
CSI, one may wonder as to if the choice has been made with hoped
for results in mind.

Methodology is thorough, but not very well motivated.

Qu:study is well structured, with a clear methodology and approach
suitable for the intended rqs, validity should therefore be fairly well
established, though the paper's conclusions are a bit divorced from
the research questions. The reliability of the study is overall good,

13




with clear adherence to the stated methodology.

Q2:ethical concerns are mentioned and discussed in relation to both
biases and artists cautions surrounding the tech. Though no
statements are made on ethics problems with GAI tools
incorporated into the wrapper tech, the authors propose more
discussion between game companies and indie creators about data
training and establishing data collection rules.

Q3:the paper fails to separate explanation from speculation on both
what communicative challenges may be addressed by the created
tool, as well as its suitability in collaboration, as the participants do
not communicate within the confines of the tests. Somewhat
conflates ease of use/pleasantness with utility. No excessive
mathiness, but some slight misuse of language though
anthropomorphizing statements. Such as calling “this methodology
empowers the tool to comprehend and address user inputs in a
coherent and contextually relevant manner .

X. Mi, Y. Cao and Q. Li,
(2023)

2023 4th
International
Conference on
Intelligent
Design (ICID)

219

Case study

AIGC,
character
design, 3D,
optimization,
chat-gpt,
midjourney,
artflow

tool
implementati
on and

development

Notes: approaches AIGC from an efficiency based perspective, but
states the aim of the paper to be the following: optimize game
character creation, provide insights for the creation of monster
characters in JotW, promote chinese monster culture and “the spirit
of the journey”.

Gives comprehensive outline of different Al models used in
theoretical and commercial context in relation to animation and
games - but lacks references in the parts mentioning the tools that
they themselves use - these are mentioned and described in the
background “in-between” properly referenced sources. Speculative
statement in the prior research portion, making the claim that using
AIGC can be used for the things that the study ostensibly is
researching before the research has even happened.
Anthropomorphizing language used in relation to chat-gpt, but has
proper sources on use cases for the same tech.

Describes used application path for AIGC for case study, with
different AI technologies being implemented at 3 stages in the
process (information search(chat-gpt), character setting/image

14




generation(midjourney), interactive design(artflow)) notably, the 2d
design stage/art concept is fully reliant on Midjourney.

Makes claims on utility of method unsupported from presented data
- evaluation of method not available in the text. - lack of specificity.
Present long and detailed information on the concept of monsters in
Chinese storytelling and in JttW, giving detailed information on
different nuances - lack of information gathered with Al assistance
vs. not. 3d creation made with a mix of MAYA and Zbrush.
Midjourney used as basis for design - no mention is made on
selection criteria based on images made (3-5 per element).
Interaction design elements (artflow) demonstration/example looks
significantly different from 3d model, and based on information
presented, it does not appear to have been evaluated though any
testing method. Instead the finalised 3d model is what is surveyed.
Evaluation of the quality of the character design is done through a
survey distributed in a fan forum, with 219 valid responses. 77%
were satisfied with the design. Survey analysed through NPS
calculation method. Based on feedback from the survey, the design
was changed significantly - noted as changes in terms of materials,
lighting, hair,historical and cultural aspects.

The “final design” does not have any significant similarities to the

design made in 3D - the image shown is also clearly AT Generated.
This does further imply issues with the presented application path
and utility of the method. Thus, the conclusions drawn are wholly

unsubstantiated by the data and results presented.

Q1:evaluation methods are poorly implemented and described, and
are not clearly tied to the stated aims of the paper. Low validity and
reliability of results, unsubstantiated conclusions drawn from
presented data. Stated utility highly in question.

Generalizability limited due to scope and specificity of paper.

The survey presents shallow and ambiguous results, though with
clear specificity and an appropriate group of respondents, just not
for stated aims of the paper.
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Q2:no ethical considerations mentioned.

Q3: The paper clearly shows a prime example of LaS’s failure to
distinguish between explanation and speculation, as well as some
misuse of language. Mathiness is however avoided.

Ergo, unsupported claims on quality of method explored, pre-
emptive claims on utility, issues with motivating the use of certain
tools (artflow) in the background sections, and anthropomorphising
language in regards to Al tech.

Johansen, N., & Mourath,
F. (2024)

Game Tech
Academy Report
2024-01.
University of
Skovde

21

Mixed method
survey

Developer
attitudes,
nordic context
Developer

mapping

Notes:clear presentation of survey participants. Approximately half
of surveyed developers report using GAI tools in their professional
work. General use cases noted as testing, brainstorming and to
create placeholder assets - with all participants also noting that all
instances of GAI created content as being replaced by the time that a
game shipped. All surveyed developers over the age of 30 used GAI,
but younger developers were less likely to use it. These older
developers had a “get on the train or get left behind” type of
mentality.

Mixed findings on participants seeing a use case for the tech in their
given field. And clear differences can be seen depending on the
disciplinary role of respondents.

For artists surveyed, those that did not use GAI did so partially due
to ethical concerns, those artists that do use it think its ok to use for
inspirational purposes, but were skeptical to broader use.

Q1:choice of methodology is sound in regards to the aim of the
article, and the findings are compiled and evaluated in an
appropriate manner. The testing group is relevant to the research
question. Validity of the article is therefore high, but some details of
the survey are opaque, and it is therefore hard to measure reliability.
Generalizability is hard to establish due to sample size, but this flaw
is appropriately noted in the text.

Q2:1 need to rewrite this question for some of these. Overall touches
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on ethical implications as brought up by survey respondents. No
mentions of legal aspects.

Q3:does not end up in any of LnS’s pitfalls. Partially due to the
nature of the article and the RQ.

Li, J. and Liu, Q. (2024)

Journal of the
Knowledge
Economy

AIGC, game
character
design, GANs,
Neural
networks tool
implementati
on and
developmen

notes:

Aims to improve efficiency and quality of game character design.
Designs an image extraction model based on a convolutional neural
network, and a general adversarial network model. Experiments
performed to evaluate “loss of the model”. Evaluates against a
traditional method on the following points;

average realism

average value of peak signal-to-noise ratio.

fréchet inception distance indicator

time cost

uniqueness analysis.

results in summary - AIGC has important application potential in in-
game character design - which provides higher-quality, more
realistic, and diversified game character design.

Well researched background/introduction to the topic tying back
into prior research. May be interesting to look at for my own
reference gathering. Makes differentiation between domestic and
foreign

research and likewise in tech adoption and utilization.

Research questions concerned with; 1. How can AIGC tech be used
to generate game character art designs. 2. What are the benefits of
using AIGC tech for this purpose. 3. What are the challenges - notes
ethical concerns briefly. 4.what is the future of AIGC. tech in in-
game character art design.

Qu:
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Q2: “Additionally , the reliance on large datafest for training Al
models raises ethical considerations regarding data privacy and bias
mitigation”

Q3:

---Research fraud---
made up background and prior-research results. Excluded from
sample due to academic dishonesty.

Inie, N., Falk, J. and
Tanimoto, S., (2023)

Extended
Abstracts of the
2023 CHI
Conference on
Human Factors
in Computing
Systems

23

Qualitative survey

Developer
attitudes,
participatory
Al, creative
professionals
Developer

mapping

Notes: some creatives view GenAl as a threat, others express
curiosity and excitement. Regardless, study views it as “fruitful” to
answer questions about how GenAlI and creatives can coexist.
Authors are optimistic about empowerment of workers though
enforcing values of inclusion, plurality, collective safety and
ownership. Attempts to answer, “how might we design and perform
participatory AL.” limitations based on demographics of survey.

“Not worried yet”, notes on weakening the creative process and
copyright issues. More than half of participants expressed
excitement about the prospects of Al in their field. Focused around
productivity and individual efficiency. Hypothesising about future
applications such as real time generation of 2d and 3d assets. Notes
how creative professionals speculate about and anticipate impact of
AT on their creative work

Not game specific but near enough in scope and focus.

Qu:validity slightly in question due to somewhat non-representative
demographics of participants. Can you really make a statement
about creative professionals when not all participants fall into this
category etc. clear methodology and survey structure, though with
arguably slightly leading questions though providing definitions for
some things and not doing so for others, and using loaded language
in some questions eg. “Are you excited about Al contributing to
creative work in your profession?“ instead of something like “how do
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you feel about Al in relation to creative work in your profession?”.
Evaluation overall feels non-appropriate for stated aims of study.
Q2:ethical issues addressed, though very shallowly. Kind of
mentioned and then moved on from with haste. Legal aspects not
mentioned.

Q3:none of LnS’s trends apply, but one could argue that loaded
questions constitute a kind of misuse of language.
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Gallotta, R., Todd, G.,
Zammit, M., Earle, S.,
Liapis, A., Togelius, J. and
Yannakakis, G.N., (2024)

IEEE
Transactions on
Games.

Not
discl
osed

Survey and
Roadmap/ Analysis

Historical
context,Al use
cases, meta
analysis
adjacent
existing tool

analysis

Notes:basic historical stuff, notes on terminology, size central to
used definition.

“LLMs can also produce

instructions for other LLMs or Foundation Models (FMs)
without a user request in the first place. In CrawLLM [97],
the Mixtral 8x7B LLM [98] generates the theme, visual style,
and even enemy descriptions which act as blueprints to
guide additional LLM queries for producing player-facing
narrative (e.g. introductory text) or textures and animations
via Stable Diffusion [78] for re-theming a dungeon crawler
game with card-based combat mechanics. In CrawLLM, the
game design (code and card details) are pre-authored by the
human, while LLMs and foundation models re-theme the
assets to provide a visually and narratively novel experience
every time (see Fig. 5).”

Touches on AIGC as well as mentioning Al use for Asset creation
(visual and otherwise)

Section on ethics - notes sustainability, copyright, explainability,
privacy, and biases as points connected to ethical issues.

“LLMs trained on data under copyright is an unfortunate common
practice [171], deservedly raising public outrage [172], [173]”

“The

potential of LLMs in that regard is already voiced by many
evangelists in the field, but research on actual implementation of
such ideas and on addressing the IP concerns they

may raise (see Section 6) are still forthcoming.”

Q1:Study presents a thorough overview on LMM use cases and
current applications. With a high level of validity. Consistency of
results is somewhat unstable, and is noted to be as such, especially
due to chosen methodology and the rapidly changing field. It is also
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a bit unclear what methodology has been used more specifically.
Generalizability is not claimed, and not present in that sense.
Q2:The text touches on both ethical and legal implications/issues
and potential effects on perception of Al tools by the public and the
games industry. Good academic rigour in this regard.

Q3:The text is somewhat speculative about potential future
applications, but does acknowledge this. Does showcase some signs
of “misuse of language” though anthropomorphizing language about
AT agents. Mathiness is however avoided.
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Boucher, J.D., Smith, G.
and Telliel, Y.D., (2024)

Proceedings of
the 2024 CHI
Conference on
Human Factors
in Computing
Systems

26

Qualitative study -
ethnographic
interviews +
participatory
observation

Developer
attitudes,
programmers,
artists, early
career
professionals,
GAI resistance
Developer

mapping

Notes:study examines developer perceptions and usage of GenAl
tools in the context of a professional development program - mobile
games. Study contributions listed as : framework for categorizing
resistance to GAI amongst young professionals (game developers) -
main notes on friction in workflow, ethics, agency, and ownership,
as well as usability, utility, and efficacy. Further notes on imagined
GAL futures. Research further notes contribution on implications for
research, design, and pedagogy emerging from honoring resistance
to GAI that is responsive to concerns.

Notes negative reaction to GAI - environmental, social impact and
biases.

Papers advocate for inclusive and just development of Als with focus
on Al literacy, ethics, and development of new cultural and
professional norms.

Demographics clearly outlined.

General disinclination to use GAI tools by subjects, particularly note
of participants feeling friction in regards to image generation.
copilot(programming) noted as exception/higher acceptance

“I know from what I've heard, a lot of the artists still prefer to stay
away from it, either for ethical reasons, or just because it’s not as
good at concepting as would be useful. On the programming side, I
think we’ve kind of just accepted it.”

Participants were more open to tools that were trained on
voluntarily provided data. And expected not to be asked to use GAI
tools due to ethical and legal issues, while the program director
expected GAI tools to be used as far a s able to without getting sued.
Programmers saw GAI integration as inevitable.

“Ethics becomes a design concern, and design becomes an ethical
question.”
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“Much of the interns’ resistance to GAI is traceable to a resistance
to dominant ideologies and politics in the underlying technologies.
Current narratives of these tools as productivity-enhancers,
timesavers, and replacement labor [17, 42, 44] run counter to the
values held by this generation of artists, designers, and (with some
exception) programmers. The commodification of the artworks
produced by both their peers and those in positions they aspire to
via taking their work without consent for training data further
exacerbates this divide [8].”

Notes usage of the word “tools” to describe GAI as an attempt to
distance discourse of GAI as a replacement for human labour.
Further notes own usage of the term (self awareness?)

Q1:Study makes good use of its methodology in order to explore the
chosen area within the relevance constraints, with appropriate
furtherance as time went on. Validity well established. High
reliability of results, and generalizability seems likely in relation to
other results in this analysis, but not touched upon in text.
Appropriate testing group, and method for conclusions drawn.
Q2:deep and extensive look at both ethical concerns and participant
opinions on the topic. Well structured and clear ties to results.
Q3:avoids speculation and mathiness, but does note own language
used to be somewhat distancing in the aspects of impact and
implications. (“tools”)

Lee, J., Eom, S.Y. and Lee,
J., (2023)

IADIS
International
Journal on
Computer
Science and
Information
Systems

Case studies,
developer insights,
comparative
methods

Efficiency, cost
reduction,
Midjourney,
NovelAl, stable
diffusion,
Webtoon Al
Painter,

Notes: 2 case studies. Compares two in-production commercial
game design document examples (same designer), traditional
method vs using different GenAlI services. Study supported by
"Leaders in Industry-university Cooperation 3.0" Project from the
Ministry of Education and National Research Foundation of Korea.
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tool
implementati
on and
developmen

Argues that “generative Al services can enhance content designers
capabilities immensely”.

In essence shows how a single developer or micro team may
benefit/become a sort of “super game designer” - able to produce the
same output as a larger team at a thereby tangible cost reduction.

The Walking Dead: identities - case study (1) traditional

Initial outsourced artwork did not meet expectations. resulting in 3
months for the designer to work on specifics for revision. Total time
taken for project pitch = 7 months

Team consisting of 1 game producer, 1 game designer, 1 character
artist, 1 background artist, 3 UI artists, 0.5 animators, 0-5 lenient
programmers (8 man-months per month)

Ca 100 characters - ca 7 days per illustration (56h)
Storyboarding and simulated gameplay scenes totaling 107 scenes.
Average time per scene = 2 hours.

Project NOX - case study (2) Al assisted

Team - designer, assistant designer, artist

Ai used - Midjourney, NovelAl (tested),stable diffusion (tested)
Webtoon Al Painter - attempted use cases : character design,
building design and storyboarding

Example assets designed using Al; Windmill (ca 6 hours - 77 images
generated), Pub (2 hours, 20 images generated), Main character (not
disclosed)
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Provides prompts and results of generations, iterative approach with
same prompt utilized multiple ties. NovelAl proved unsuitable for
stylistic reasons. Some speculative language presuming a method for
reliably making the Al generate the backside of the character can be
found, and simply hasn’t already.

Attempts were made at using Midjourney to create storyboard
images, and while the designer found the process enjoyable, was not
satisfied with the outcome to the same extent as with the asset-
design. Issue noted with depicting the same character from different
angles. Outsourced storyboard creation, but utilised AI methods for
colouring the resulting sketches.

Total of 106 images for storyboard of gameplay and opening images.
Unspecified time taken by the outsourcing artist(s). Colour tool 5
seconds per image, but due to adjustments each image took ca 10
minutes - total time taken 9 hours.

Limitations surrounding tech found that impact the quality of final
input. Eg. too many fingers, incorrect perspective, unable to
generate correct details (such as pose, intricate details, different
poses of the same character). Images generated did not often align
with the designers intentions, such as in cases of style and
maintaining shape (stable diffusion). Design of the UI interface was
not successful - icons generated but low impact on productivity.
Notes pre-trained models further are unable to generate something
fully original.

Due to the smaller team, communications surrounding the game
(during pitching) were streamlined. In comparison to TWD:I.
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Total time taken for project pitch - 1.5 months
The Al assisted project was completed with 50% of working hours
and 20% of cost (in terms of resources) in comparison to TWD:I.

Qu:validity high, reliability not applicable, generalizability not
claimed.

Q2: no

Q3:somewhat speculative at points, but not to the extent where it is
an issue. No LnS issues.

Sun, Q., Luo, Q., Ni, Y. and
Mi, H., (2024)

Extended
Abstracts of the
CHI Conference
on Human
Factors in
Computing
Systems

Tool development,
user evaluation

Character
generation,
character
design, 2D,
text-to-
character, tool
development
tool
implementati
on and
developmen

Notes: associated company - kotoko.ai Uses Al for 2D user-
interactive character creation.

Aims to though exploration establish a framework.

Introduces Text2AC, “a text based agent character (AC) creation
system”. Authors note the developed tool to be comprehensive,
enabling users to use natural language to generate easy to deploy
characters for different web platforms and engines. A method is
proposed to translate natural language into image prompts, and aids
players in crafting sufficiently detailed character descriptions.
Evaluates tool via a user study (8 participants).

Creates a web-based character creation interface. Stable diffusion as
base, LORA to stabilize style. Automatically segments the body and
deforms sections into set positions on a mesh. Implements rigging in
Spine. The final design can be edited by the user.

The testing group consists of “games”/players.tool is evaluated
through the following heuristics; satisfaction levels on the efficiency
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and performance of character creation, experience iterating with the
generated characters. The average time spent on character creation
was 3 minutes. All participants agreed on the efficiency of the
system. 75% (6/8) were satisfied with quality and detail. A majority
considered the outcome in line with their inputs.

Q1:clearly described methodology, high validity, reliability, though
lacking enough of a sample size and information on tester
demographic to establish generalizability

Q2: no

Q3: no issues.

Panchanadikar, R.,
Freeman, G., Lj, L.,
Schulenberg, K. and Hu,
Y., (2024)

Extended
Abstracts of the
CHI Conference
on Human
Factors in
Computing
Systems

1540

Qualitative analysis

Developer
perceptions,
indie
development
Developer

mapping

Notes: indie game development focus (non-profit driven), developer
perceptions. Analysis based on 1540 posts and comments from
online forums (which forums? (reddit + facebook), algorithmic
influences on what the researchers may see?(very likely)) human-
centered computing as an overarching concept. Notes growing trend
of genAl for “creative work”, mentions of new and urgent issues -
example given “the replacement of the human creative workforce”.
Chosen focus based on differences from the traditional creative
workforce, who the researchers believe have already been
extensively studied in regards to GenAl impact. RQ: how do non-
profit driven indie game developers perceive both opportunities
and challenges of emerging generative Al technologies for their
creative practices? Thematic analysis used for a qualitative analysis.
Findings show that these developers find Al technologies in their
creative practices as a blend of novel opportunities, and urgent
challenges.
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Perceived positives in the studied sample include: speculation on
potential automation of repetitive/tedious tasks, accelerating the
speed of development, ability to more cheaply produce for example
art assets (which may otherwise have been outside of budget/scope
for the project), facilitating/jumpstarting game development though
asset generation or programming guidance. Increasing accessibility
by bridging the gap between developer skills and development
requirements.

Perceived negatives: ai arts effects on career growth (artists,
speculation on concept art becoming moot for game development
though usurpation via Al), ,creative dilemmas brought on by AI’s
inability to maintain consistency in idea generation (slap comps,
inconsistency across game elements), potential copyright concerns,
potential issues with quality perceptions and community receptions
(such as reviewbombing)

Q1: finding as presented and analysed more so than evaluated,
general method suitable for aims, validity high. Reliability is high.
Generalizability not applicable/not claimed.

Q2: ethics touched upon. Good internal consistency with anonymity,
well presented section on perceived ethical implications in findings
(career implications for artists, copyright concerns, community
reception).

Q3:findings contain speculations from the sampled
comments/posts, but these are presented as such, rather than being
an issue with the research itself. Misuse of language in trying to
extend the meaning of democratization
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Qiu, S., (2023)

Lecture Notes in
Education
Psychology and
Public Media

n/a

Exploratory study

ChatGPT,
Midjourney,
Stable
diffusion, game
animation,
character
design

tool
implementati
on and

development

Notes: Al used: ChatGPT, Midjourney, Stable diffusion, Photoshop
AI, WD 1.4 Tagger

Aim - to investigate the feasibility and potential of GenAl for 2D
game animation.

Narrative content uploaded to ChatGPT, and is used to create a
general character outline. This result is then used in conjunction
with midjourney to create the character design. Prompt template
provided in text. MIdjourney used in redrawing and refining details
and face. Resulting image processed using photoshop and its ai
features to create the cut sprite later used with a “human skeleton
rig”. Custom Stable Diffusion LORA used in conjunction with mid-
journey and reference images used to generate hand variations
(training parameters provided). Sprite is implemented and rigged in
unity, and the animation is created within the engine.

Full pipeline created, but lacks any type of evaluation of the results.

“it can be inferred that the amalgamation of AI with various software
tools has the potential to entirely supplant traditional artists and the
customary procedures of character design. Beyond this, Al also
demonstrates the capacity to replace conventional methods of
creating animations, such as the traditional animation method — the
pose-to-pose technique.”

Comment: the rigging and animation method used in the case study
I would argue is already utilised heavily in game development, and is
not unique to this study, as is implied. Rigging is commonly used
with “traditional” sprite creation.

The experiment is deemed a success, but barriers for the proposed
workflow are noted.

These barriers include practitioners needing specialised knowledge
to set up animations in Unity for effective implementation and
execution.
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Q1: mostly high validity, though source quality is somewhat
questionable. Despite this good connection to stated aims, reliability
somewhat diminished due to inherent randomness of Al tools, but
overall the process is clearly documented and replicable.
Generalizability ought to be fairly high. The research lacks any type
of evaluation, but is stated to be exploratory in nature. Some issues
arise as a result of the researcher not being fully familiar with the
process which is attempted to be streamlined, see notes on Q3.
Q2:no

Q3:no major issues in regards to mathiness or failure to distinguish
explanation from speculation, but has some misuse of language,
with the term "traditional" being narrowed to exclude rigging and
sprite setup used in case study.

Yang, D., Kleinman, E. and
Harteveld, C., (2024)

IEEE
Conference on
Games (CoG)

55

Scoping review

GPT
existing tool

analysis

Notes: scoping review of 55 articles exploring GPT’s potential for
games, highlighting current applications, emerging trends and
unexplored uses. “With signs of rapid growth in the new future” -
claim not sourced - speculative in nature. Solid methodology with
clear criteria. Maps the following uses: story generation (14), quest
generation (4), level generation (3), character generation(3), other
PCG uses (2), aid in creating game scenarios (5), aid in creating
design game mechanics/rules (5), assisting with programming tasks
(2), game user research and playtesting + opponent (7). The paper
only mentions “art” once, and does not explore asset generation.
Note a lack of articles that deeply discuss the limitations and ethical
problems associated with GPT, and encourage future research to
“thoroughly explore issues such as; hallucination, privacy, security,
fairness, and prompt attacks in the context of games”.

Q1:solid methodology, clear criteria. High validity, reliability and
generalizability.
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Q2:yes, notes lack of depth in discussions in reviewed articles.
Q3:not applicable

Ratican, J. and Hutson, J.,
(2024)

Metaverse

unclear

existing tool
analysis

Notes: major flaws in content and references, unclear purpose and
aim. Paper tries to say something about everything and ends up
saying nothing.

Q1: incorrect/inappropriate referencing (eg [13] mentions nothing of
development timeline acceleration,[14] mentions nothing about
democratization of game development, or games in general, [28] has
nothing to do with specifically “Al-driven” rapid prototyping) etc.
Poor validity, reliability, and generalizability.

Q2:yes, primary focus on privacy and bias mitigation.- fairly surface
level.

Q3: contains an overly broad definition of “AI”, conflating different
types of Al to build underpinnings for generative technology where
it is not used. Uses democratization rhetoric/ loaded language.
Misuse of language present though trying to extend general Al to
generative Al. highly speculative.

Wu, Z., Chen, Z., Zhu, D.,
Mousas, C. and Kao, D.,
(2025)

IEEE
Transactions on
Games

72

Systematic review

Character
design
existing tool
analysis

Notes: systematic review - examines GenAl in virtual character
design in comparison to traditional workflows.

RQs;

How can GenAl and LLMs streamline workflows for game character
designers?

How do relevant GenAlI and LLM tools function and what are the
core technologies?

What are the current challenges and future trends in applying these
technologies?

31




Solid background, outlines current uses and challenges in regards to
integration.identifies research gaps.methodology and screening
criteria clear. 72 papers, roughly 50/50 articles v conferences.

Extensive overview of current uses, with the main topic found being
review papers and surveys(9,7%), Al research and application
papers (83,3%), and research on risk, policy and impacts of Al
(6,9%).

For Al application related research a multitude of aspects of the
workflow for character visual design, character prop and garment
design, and character behaviour and animation are represented in
the sample. In particular, methods in which 3D models are the
resulting output (from text, image etc. inputs) makes up 54,4% of
the mapped articles.

Clear answers to RQs presented, though somewhat shallow
compassion to traditional methods (as was indicated by the aims of
the paper).

Qu:research overall high in quality. High validity and reliability.
Q2:references back to the artificial intelligence act, stresses
potentially negative outcomes from Al(hallucinations, manipulative
behaviours e.g. in regards to microtransactions, spreading
misinformation), and how these might be mitigated though
development and policy. “The design industry should advocate to
address challenges related to copyright protection, acknowledging
the complexities involved in safeguarding intellectual property in the
age of AI”
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Q3: Misuse of language applicable at times - "democratizing the
creative process” - difference with how the word is used by
industry/Al companies. No other issues.
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