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Abstract

Over the years, many researchers have attempted to apply ludic elements from
games to perform experimental tasks. Cognitive psychologists have tested mul-
tiple approaches to ”gamify” validated tasks. However, there is no consistent
framework for the development of such academic task and there is a lack of con-
sensus on how validated tasks can be ”gamified”. Furthermore, game elements
must be applied with care, as ludic games often present elements that conflict
with the validity of a task. This thesis investigates how game design can be
applied to a game version of a property verification task for cognitive psychol-
ogy to increase ecological validity while maintaining experimental validity. This
game was developed in a collaborative setting with three cognitive psychology
researchers with no prior experience with academic games, and two experts of
academic games as participants to the collaboration. The game was developed
using direct feedback from the participants in four iterative feedback cycles,
resulting in a game that satisfied the validity requirements set by the partic-
ipants. The entire collaborative development was also documented, including
design rationale, iterative changes, and collaboration challenges. The discussion
of the process and the final result may help the development of future cogni-
tive task games by suggesting strategies to satisfy researcher’s expectations for
valid cognitive tasks. Adding narrative elements and game-like elements such
as 3D environments and game-UI to cogntivie tasks could help generate eco-
logical validity without sacrificing the validity of the experiment. Developers
should consider the specific design of visual elements to reduce distractions and
make sure that the narrative framing does not interfere with the research goal
or introduce biases. Validated academic task games could limit the variability
of the game between participants, by making the game state progress inde-
pendent of the player by applying hidden manipulations to guide players into
consistent game states, though this may compromise repeated experiments and
the overall image of future academic games. Furthermore, strategies for col-
laborative development with researchers, such as setting the final design earlier
in development, being able to visualize the design on a detailed level through
mock-ups, preparing discussions for topics that could potentially overlooked by
researchers, and offering multiple levels of ”gamification” approaches can help
smoothen communication with stakeholders and prevent the concept from being
changed throughout implementation.
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Chapter1

Introduction

Since their inception, video games have grown into a widely popular medium,
attracting increasing interest in their applications beyond entertainment. Re-
searchers and developers have increasingly collaborated to design and implement
video games as tools for academic research, exploring their potential for applied
purposes. This has led to the rise of serious games as effective tools in various
domains [1]. One of these domains is using video games as a research tools
to study cognitive and motor functions, a practice dating back to at least the
1990s [2].

In research settings, games can be designed to incorporate experimental
tasks, allowing participants to engage with research activities in a game-like
environment. This approach helps maintain the suspension of disbelief, which
is often crucial in such studies [3], [4]. For instance, cognitive psychology re-
searchers have developed video games as alternatives to traditional assessments
like the Stop Signal Task, where participants must inhibit a response upon re-
ceiving a stop signal [5]. Presenting tasks within a game format can enhance
engagement with minimal gameplay elements [6]–[9]. More complex games that
incorporate narratives and immersive environments can further improve ecolog-
ical validity, allow for detailed event logging, and support scalability through
modular design [10].

However, designing academic games for experimental research—and applied
games more broadly—introduces a tension between game mechanics intended for
player engagement and those necessary to meet research objectives [11]. This
challenge, referred to as ludo-utilitarian dissonance [12], requires developers to
balance engaging gameplay with the rigorous experimental controls needed for
valid research outcomes. As a result, trade-offs may be necessary, potentially
affecting both participant experience and the integrity of the experimental data.

This dissonance is also reflected in the development process of academic
games. Researchers wanting to employ games for their studies often hire inter-
nal or external developers to co-develop the game for them or have some sort
of experience with game or interaction design themselves. However, this col-
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laboration is often far from smooth due to an imbalance in the understanding
of academic games. Researchers are sometimes unable to support or suggest
engaging game designs, while developers may lack understanding in how game
design affects the research [12].

One such field that particularly struggles with implementing games into
research tasks is psychology. Traditional psychological experiments consists of
validated tasks that are designed to be highly controlled. However, games are
designed to be engaging and fun, which introduces confounding variables and
studies that utilize gamified tasks often require comparability with previous
studies using the conventional task in order to be relevant to the field [13].

Games that incorporate validated tasks, often do so for the sake of improv-
ing engagement and maintaining performance [7], [9], [14]–[18]. However, such
games have also been utilized for their capability to increase ecological validity
and immerse the player [3], [12], though increasing ecological validity is only ex-
plicitly targeted in a handful of validated cognitive tasks [7], [9]. Additionally,
the ecological validity offered by the context of a game needs to be balanced very
carefully against deviating from the validated task. This leads to the following
main research question underlying this current thesis:

How can game design be integrated into the development of an academic
task game to create a methodologically valid game acting as a validated
task for research?

• What game mechanics can be adapted to enhance ecological valid-
ity while maintaining experimental validity?

• What strategies facilitate effective collaboration between cognitive
psychologists and game developers to ensure experimental validity
of an academic task game?

This report aims to contribute to the development of future academic task
games by documenting the design and development of an academic test game.
I will focus on how specific design elements were crafted to support research
validity, the iterative changes made over time to maintain and enhance that
validity, as well as challenges that arose in developing a game in collaboration
with academic stakeholders.

To this end, I developed a game in collaboration with two researchers af-
filiated with the ”Cognition and Plasticity research group at the Max Planck
Institute for Human Cognitive and Brain Sciences” and one researcher affiliated
with the ”Section for Cognitive Electrophysiology at Ulm University”, these
parties hereafter referred to as CoPla and CogEl respectively.

This game, commissioned by the CoPla for their use in future research, aimed
to function as a property verification task within experimental psychology re-
search. I provided designs and implementation of this game, guided by feedback
from the two researchers affiliated with CoPla as well as one researcher from the
CogEl, and two experts in academic game development, affiliated with the Uni-
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versity of Twente. This development was part of a larger multifaceted project
aimed at examining both the collaborative dynamics between researchers and
developers and the unique design challenges inherent to academic game devel-
opment. A preliminary interview study was conducted as part of the Research
Topics for this Thesis to inform the collaborative development process of this
project and also resulted in a full paper to be presented at Foundations of Digital
Games 2025. While this report focuses on the documentation and analysis of the
game’s design, a planned subsequent publication will present a meta-analysis of
the collaborative development process.

This game meets the requirements set by the CoPla stakeholders, providing
added value to the original task through the enhancement of ecological validity,
while maintaining the mechanical validity of the task and is intended for use
in future works. The discussion of this process will serve to show the conflicts
between ludic games and classical experiments, and suggest strategies of what
ludic elements can be incorporated into experiments, and how certain develop-
mental strategies can help smoothen the development process of future academic
task games.

During the course of this thesis, the focus of the research has evolved sig-
nificantly. In the original scope, the collaborative elements of the development
process were focused on more, making the design of the game itself secondary to
the meta-analysis of the collaborative process. As a result, the interview study
conducted during the research topics phase was mainly conducted with the goal
of informing the collaborative elements of the thesis. However, the relevant re-
sults of the research topic are still presented in this thesis to inform the design
of the collaboration, as well as my philosophy for the design of the academic
task games.
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Chapter2

Related work

Many studies that use games as research tasks primarily focus on the final prod-
uct and research methodology, offering limited insight into the design process [6],
[7], [9], [19], [20]. This lack of transparency regarding the reasoning behind spe-
cific design choices can lead to the unintended change of essential elements in
future research, such as when adding specific game elements that were originally
omitted for experimental control. Consequently, discussions on the challenges
of game design and development are often overlooked, particularly in relation to
the complexities of interdisciplinary collaboration and its impact on the design
process.

2.1 Exploratory interview study

To explore the field using games as tasks, I conducted an interview study that
aimed to demystify the challenges of designing academic task games in a col-
laborative setting. This preliminary study was approved by the EEMCS ethics
board at the University of Twente under application number 240322 and acted
as part of the research topic for this thesis. Below I will briefly detail the rele-
vant results of that study, though for the interested reader, a pre-print version of
that paper can be found in Appendix B: Research Topics, ”Mapping Academic
Game Development: An Exploratory Investigation”.

During the study, a small sample of 9 salaried professionals within academia
were interviewed based on their experience using video game-like tools as tasks
to conduct research. These participants were questioned on their role within the
development process, assuming a distinction between developers of the game vs.
researchers also referred to as stakeholders employing the game.

These participants were then interviewed in online semi-structured inter-
views that provided insights into the purpose of game-like elements within the
games of participants, as well as challenges found in maintaining the validity
of their research. To help categorize these participants, a 3 axis paradigm was
conceived in the form of a canvas that participants could fill in to help categorize
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Figure 2.1: DIRDI CANVAS utilized in the exploratory interview study.

themselves based on their role in the academic game development process. The
first axis distinguished between participants with expertise in games versus par-
ticipants with expertise in a research field that aimed to integrate games, while
the second axis contrasted those more engaged in the technical implementation
of an academic game and those more engaged with the design aspects. The third
axis represented the participant’s overall involvement in the project relative to
other stakeholders of the development. This canvas was aptly named the quick
and DIRDI canvas (Designer Implementer Researcher Developer Involvement)
and can be found in Figure 2.1.

The results of the interviews were processed with abductive analysis and
revealed nine shared themes among participants. Using those themes, a frame-
work was conceptualized, categorizing games that are used as an experimental
task into three categories. The most important takeaways for this project are
summarized below.

Task games encompass a very broad spectrum of applications. The study
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conceptualized three different purposes for incorporating games as research
tasks. Note that the terms ”emulating” and ”embedded” games were changed in
the latest version of the paper, with the pre-print referring to these as ”immerse”
and ”necessitate” games.

Engaging games are designed with a primary focus on maximizing partici-
pant engagement. The incorporation of game elements in these projects requires
a high level of control to ensure alignment with the adapted validated task, of-
ten following a structured experience. Engagement is typically fostered through
narrative components and visual styles that emulate those of traditional video
games. This approach has been shown to produce valid results while enhanc-
ing participant engagement [6]–[9]. Additional strategies, such as implement-
ing scoring systems [8] and promoting para-telic motivation through enjoyable
tasks [21], can further improve motivation. Developers should aim to enhance
task satisfaction without introducing mechanics that fundamentally alter the
core research task [16].

Emulating games aim to replicate real-world behaviors, often leveraging vir-
tual reality (VR) to enhance realism. While this approach offers the potential
for high ecological validity, it also presents challenges in managing participants’
playful tendencies, which can compromise behavioral authenticity. To address
this, additional game elements are typically minimized to maintain focus on
the core task. Researchers in academic game development have highlighted the
importance of improving the integration of experimental design elements, such
as participant briefings, noting that varying levels of gaming familiarity can
affect the clarity of instructions. Moreover, transitions between tasks, such as
shifting from gameplay to survey administration can disrupt immersion [22],
[23]. This suggests that the entire experimental process, from instructions to
evaluations, should be seamlessly embedded within the game environment to
preserve participant engagement.

Embedded games integrate tasks within conventional video games to study
behavior in specific gaming contexts. However, using commercial games poses
challenges, such as limited control over in-game events and mechanics. To ad-
dress this, re-engineered versions are often created to replicate the original expe-
rience while allowing for experimental manipulation. These games, which rely
on authentic gaming contexts, face fewer design constraints if replicating a true
game environment aligns with the research goals.

Across all task games, incorporating familiar game mechanics or adapting
designs from existing games can be used to reduce learning curves and stream-
line both development and participant on-boarding. Furthermore, some players
may be more experienced with games and others less. This skill variation needs
to be considered and accounted for when developing the task game, such as
by implementing ways of measuring performance beforehand or making games
accessible for all skill levels

Regarding the collaboration within academic game development, collabo-
ration between researchers who lack video game or design knowledge and de-
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velopers may be challenging and requires careful communication to effectively
translate the goal of the researcher into an effective and valid game.

Researchers are crucial in identifying validity issues during a game’s develop-
ment, though developers should be cautious of input that may unintentionally
compromise the research objectives. However, as the ultimate stakeholders, the
requirements of researchers should override recommendations of the developer.

Developers should also investigate the background of the research task to
gain a basic understanding of the research objective and task mechanics and
researchers may provide relevant works to help prepare the developer. Clear
research objectives and requirements should be set before the start of develop-
ment.

Regular communication is recommended and regular calibration meetings
should be used to explain and discuss relevant design decisions and get feedback
regarding research validity. Iterative development can help manage expectations
and rough prototypes can be used to demonstrate core game mechanics.

Documentation of the design process, including changes, may help also help
inform future academic games and continuations of similar research.

These findings acted as the foundations of the general design of the game
mechanics and collaboration with the ”researchers” in the upcoming design
project.

2.2 Validated task games

While the interview study provided broad insights into academic task games,
certain challenges arise when integrating cognitive psychology tasks into game-
based environments. Validated tasks in traditional experimental settings require
careful adaptation, as game elements may introduce confounding variables that
may impact task validity [7], [9], [14]–[18], [24].

Several recent works have attempted to adapt established cognitive psy-
chology tasks to ”gamified” solutions. Most of these works take an additive
approach to ”gamification”, taking elements from games and applying it to the
pre-existing task. In the following paragraphs, I discuss the different game ele-
ments that previous works have applied to validated cognitive tasks and what
they can add to experimental tasks.

One of the most common applications of game elements in these tasks is
using narrative storytelling [7], [9], [16], [24]. Researchers have tried differ-
ent approaches to implementing this method, some choosing to only show the
narrative and the context through visuals and text before presenting the task
separately [16], while others may also change the presentation of the task itself,
such as replacing the minimalist graphics of the original task with 3D models
that support the narrative context [7], [9], [18]. Wiley et al. noted that the
first approach was able to temporarily increase enjoyment before and during
the game, though enjoyment after playing the game was worse than the original
task, which they believe is caused due to a mismatch between the story con-
text and the game mechanics [16]. Other researchers that applied the second
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approach encountered mixed results. Friehs et al. and Kirsten et al. noted that
the narrative and visual context did not affect the performance of participants
when compared to the original task [7], [9]. Participants only felt more en-
gagement when having played/performed both the game and the conventional
test, but the researchers did claim that the added visual complexity of the game
was believed to enhance ecological validity [7]. On the other hand, Lumsden et
al. demonstrated that the exact design of the stimuli could negatively influence
performance [24]. The game-visual-like stimuli that their participants needed to
respond to were found to be less distinct than that of the original task, making
the task more difficult for participants and creating more false-positives.

Points have also commonly been applied to validated tasks as a way to add
extrinsic rewards to the execution of the tasks [15], [16], [24]. In these cases,
points involves the usage of some sort of score that is visible to the player.
This score is then increased or decreased based on the player’s performance
of the task. To accentuate the importance of the points, games using this
mechanic also incorporate visual or audio feedback. The implementation of
points has primarily served to maintain participant engagement throughout the
experiment, and has been confirmed to be able to improve enjoyment [15], [16],
[24]. However, researchers have noted different results regarding the effect of
points on performance. Wiley et al. (2020) found that points increased reaction
time and error rate. In a later study, Wiley et al. (2024) conducted a study
with a different validated task, but similar added game mechanics [15]. This
study found that overall performance was enhanced, with players reaching peak
performance earlier and maintaining peak performance longer. On the other
hand, an earlier study by Lumsden et al. found that adding points in their task
game did not affect significantly affect reaction times and accuracy at all [24].

The above goes to show that even among multiple games, results can vary
depending on the execution of the design. Two games could have have the
same points mechanic, but the execution of one game, or even the base task
of one game may change the experience to the point of influencing the results.
Thus, academic game developers must carefully consider not only what types of
mechanics to add to their task, but also the specific design of those elements,
in order to ensure that the intended effect on the experiment is accomplished.

2.3 Insights validated task games

These studies highlight the tradeoffs in applying game elements to validated
experiments, and serve to help inform the design philosophy that was employed
throughout the design of the study. First, the presentation of the game pri-
marily focused on the usage of a narrative context, including visual design that
is common in games. Second, mechanics such as points and mechanics that
encouraged players to vary their behavior or directly distract from or overlap
with the main task were avoided. Third, where possible, other game mechanics
that potentially offered more engagement without affecting the primary focus
of the study could be explored, but had to be discussed with the collaborators.
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Finally, the design of the game took inspiration from existing popular games
to ensure that designs were pre-validated (through their popularity or acclaim),
and using existing design aimed to maximize accessibility among participants
with different levels of familiarity with games. Additionally, the design of the
collaboration included an iterative development cycle with multiple calibration
meetings. Researchers were asked to set the requirements for a valid game suit-
ing their research objective at the start of the collaboration and provide related
materials to help understand the background of the task and study. Finally
prototypes and mock-ups were included to aid in the communication with the
researchers.

The following sections will describe the the variables of the study and the
constraints of the task, followed by a documentation of the development, de-
scribing how these insights have shaped the design choices and the resulting
game’s validity.
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Chapter3

Methodology

This section outlines the parameters and methodology of the design case. It first
details the participants, data collection, and initial requirements for validity es-
tablished by the CoPla participants. It then describes the study’s methodology,
which follows an iterative development cycle. In total, five cycles were com-
pleted, incorporating feedback from four semi-structured meetings, conducted
during each cycle, with researchers from CoPla, CogEl, and experts from the
University of Twente (UT) all of whom also acted as participants to the valida-
tion of the game. The iterative design cycle is structured into two key phases:
(1) implementation of design modifications following previous feedback and re-
quirements, and (2) evaluation through the meeting discussions. Findings of the
meeting discussion are then combined to evaluate the final result with respect
to the validation of the requirements.

3.1 Participants

Participants were recruited through professional networks and were affiliated
with either the UT, CoPla, or CogEl. The study included two distinct groups
based on the second axis of the DIRDI canvas (see Figure 2.1 from the ex-
ploratory interview study), distinguishing between cognitive psychology ”re-
searchers” who had no prior experience in academic game development, includ-
ing those from the CoPla and CogEl and academic game ”experts” from the
UT who possessed relevant expertise in the field.

The ”researcher” participants comprised three salaried cognitive psychology
researchers affiliated with the CoPla or CogEl, who also served as end-user
representatives for the implementation of the final game. The ”expert” group
consisted of two salaried researchers from the UT, part of the Human Media
Interaction and the Psychology of Conflict, Risk, and Safety research groups.
In total, the focus group included five participants, two from CoPla, one from
CogEl and two from UT.

This composition was intentionally structured to examine ludo-utilitarian
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dissonance within the development process. By incorporating researchers with-
out prior experience in academic game development, the study allowed for the
natural emergence of development challenges, while allowing these researchers
to challenge the design by conventional experimental standards within cognitive
psychology. Furthermore, the inclusion of ”expert” participants ensured that
the design process remained informed by established academic game develop-
ment principles. This balance facilitated a more comprehensive understanding
of development from both a research perspective and a game development per-
spective, contributing to a more multifaceted evaluation of the design.

3.2 Data collection and discussion design

The focus group meetings with the participants were conducted through online
MS Teams meetings. Both audio, video, and automated transcripts through
the MS Teams platform were recorded of all participants, ranging from 86 to
110 minutes in length. I obtained informed consent for all the data collected,
with no incentive other than the developed game offered. The processing of this
meeting data was approved by the ethics board at the University of Twente
under application number 250417.

The meetings comprising the focus group followed a semi-structured format
with ample leeway given to participants for additional discussion amongst each
other. Each meeting consisted of the following key components: (1) a summary
of development progress since the previous meeting, (2) a presentation of re-
cent design changes, accompanied by visual mock-ups or a working prototype
to help researchers understand and envision designs, and (3) a discussion of
specific design considerations, which I, as the developer, had prepared in ad-
vance. Visual mock-ups were prepared as a strategy to help visualize the game
for the ”researcher” participants, and specific questions were prepared for the
discussion to prompt them on issues that I believed could be overlooked by the
researchers due to a lack of familiarity with games. These discussions included
an evaluation of project requirements to validate the completion of requirements.
Additionally, any emerging topics relevant to the design process were addressed
as they arose throughout the meetings and meeting-specific points outside of
the validation of requirements, such as discussions regarding deployment of the
game within, were added per meeting. The summary per meetings were based
on key themes that emerged in responses of the stakeholders. While no formal
transcript analysis was conducted, iterative feedback cycles were used to ensure
validity through direct stakeholder input. This process is further discussed in
Procedure.

3.3 Validation requirements

The objective of this project was the development of a video game designed
to function as a property verification task, also known as a feature verification
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task. This task is used to investigate cognition in the field of semantic mem-
ory and conceptual knowledge, and participants intended to use this task to
specifically investigate the representation of perceptual-motor features, follow-
ing previous works [25], [26]. This type of task involves assessing a subject’s
ability to determine whether a specific property (e.g., “is yellow” or “can be
thrown”) is applicable to a given object or concept. A typical implementation
of a property verification tasks involve a sequence of computer-based trials in
which participants are presented with a structured series of stimuli. Typically,
each trial consists of at least the following stages: (1) a visual or auditory stim-
ulus representing an object, (2) a delay period, and (3) a subsequent visual or
auditory stimulus representing a potential feature of the object. Participants
must then respond by indicating whether the presented feature is an accurate
property of the initial stimulus [27], [28]. Each screen is designed to be as con-
trolled and non-distracting as possible, using monochromatic backgrounds and
minimizing the number of visual elements on a screen at any given time. Trials
are performed in blocks, with each block allowing for the testing of different
experiment conditions. For example, the first block could have the participant
only focus on material properties, while the second block only prompts sound
qualities. Users are also able to take short breaks between these blocks. A visu-
alization of the screens of a general property verification task is given in Figure
3.1.

The development of the game aimed to enhance the ecological validity of the
traditional property verification task by embedding it within a more immersive
and contextually relevant environment. To leverage the interactive nature of
the game medium, the design prioritized the presentation of physical objects
alongside their corresponding auditory and action-pantomime properties. For
example, a hammer would first be visually presented, followed by the sound of
a hammer striking a nail (sound) or an animation of a person miming the act
of swinging it (action-pantomime).

Additionally, to facilitate validation studies, the game incorporated an op-
tion to replace visual and auditory stimuli with plain text representations.
This feature enabled direct comparisons between word-based and sensory-based
object-property pairings, as well as cross-modal trials where a textual object
description was paired with a visual or auditory property, or vice versa.

Standard practice for obtaining participants at the CoPla was to use finan-
cial incentives. Thus, while increased participant engagement was recognized
as a potential advantage of the game format, it was not a primary objective.
Instead, CoPla emphasized maintaining the core structure of the original task
to ensure methodological rigor and preserve its validity, thereby mitigating po-
tential critiques in future research employing the game.

In summary, the following requirements were taken into account.

• R1: The game must present a task that is mechanically analogous to a
property verification task.

– Specifically, it should contain the following sequences: presenting
stimuli, presenting a property, having the user evaluate the property.
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Figure 3.1: Example of a basic property verification task.1

• R2: The game must enhance the ecological validity of conventional prop-
erty verification tests.

• R3: The game must maintain experimental validity of the task to en-
sure its suitability for future research applications and comparability with
previous works.

Other functional and technical requirements were also prioritized but not
specifically specified to support the game’s use in experimental settings. These
included incorporating design features compatible with external measurement
tools such as EEG and fMRI, the support of localization (i.e. translation and
implementation of text) for German language, and being able to output logs
that would be compatible with the CoPla’s existing methods.

3.4 Procedure

The development of the game was initially scheduled to span four months, from
September 2024 to December 2024, but was extended to January 2025 due to
scheduling conflicts with the participants and challenges in the implementation
phase.

Throughout this period, a total of five online meetings were conducted
with the participants. These meetings included an initial meeting to define
the project’s scope and requirements, followed by four meetings acting as the
combined focus group, designed to facilitate progress reviews, gather iterative
feedback, and discuss necessary adjustments to the game’s design.

Development followed an iterative cycle, visualized in Figure 3.2, with each
cycle starting with refinement of the design and further implementation based
on the previous meeting or initial design. The four meetings at the end of each
cycle are referred to as a milestone meeting from here on out, with the number
indicating the current cycle.

For Milestone 1, three initial prototypes were presented, and stakeholders
provided feedback to determine the preferred direction. The following cycle
focused on refining this concept, resulting in a visual mock-up consisting of sto-
ryboards that illustrated gameplay flow and task integration. At Milestone 2,

1Inspired by design from Liuzzi et al. [28]
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Figure 3.2: Overview of the 4 milestone cycles and post-milestone 4.

stakeholders reviewed a video mock-up of the main interaction, addressing po-
tential conflicts with research objectives before approving further development.

The next cycle emphasized implementation, leading to a high-fidelity pro-
totype by Milestone 3. This iteration incorporated aesthetics, functionality,
and logistical considerations such as data input and localization. Stakeholder
feedback guided final refinements before the last cycle, culminating in a fully
functional version presented at Milestone 4.

After milestone 4, additional changes were made to the game based on the
feedback in the final milestone meeting, although these changes were not further
discussed by participants. For completeness they have nonetheless been included
in the documentation under a section called ”Post-milestone 4.

This iterative approach, was informed by the interview study conducted as a
preamble to this study [12] and aimed to ensure continuous refinement while ad-
dressing stakeholder challenges in conceptualizing game design and maintaining
research validity.

The game was developed using Unity 2022, chosen for its ease of use, ability
to build to multiple platforms and relatively low performance cost, which aids
the performance of the game on lower spec machines.

At the end of the development period, the discussions from the focus group
were summarized and used to validate the satisfaction of requirements at the
end of the development.

Although the entire development process has been thoroughly documented,
the in-depth analysis of the collaboration dynamics between the CoPla/CogEl
stakeholders, the University of Twente supervisors, and the author falls beyond
the scope of this report. These aspects will be explored in greater detail in a
future publication focusing on the meta-analysis of this development case.
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Chapter4

Result

The following section details the chronological development of the audio, visual,
and mechanical elements of the final property verification task game, titled
Legend of the Lunchbox. The section is sub sectioned by the iterative cycles of
the project, starting with the development of three initial game concepts and
then showcasing the design considerations and feedback throughout the cycles.
These sections are organized into further sub sections for each distinct aspect
to the design, i.e., audio, visual, mechanical elements. This section provides
short descriptions of actionable feedback from the focus group meetings that
was taken into account for the subsequent iterations of design changes. The full
findings of all combined meetings are then given at the end of the section.

Milestone 1

1. Developed four initial game concepts (A1-A4).

2. Combined A2 and A3 and polished and presented the remaining
three concepts (A1, A3, A4).

3. A3 selected by stakeholders.

Milestone 2

1. Re-contextualized throwing mechanic of A3 to reduce cognitive
bias, removed combat elements and focused on real-world knowl-
edge.

2. Changed stimuli design of properties.

3. Re-designed the friendly encounters to a different mini-game.

4. Added post-trial and post-encounter feedback.
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Milestone 3

1. Changed presentation order and timings of stimuli that the user
responds to.

2. Implemented support for external assets to allow for validation
studies of stimuli.

3. Shift from third- to first-person perspective.

4. Re-contextualized health bar.

5. Removed progress bar and health bar during trials.

6. Re-designed the timer during trials.

7. Changed visual elements to be less distracting.

8. Added environmental sound and effects.

Milestone 4

1. Added additional options for researchers to add or remove specific
game elements.

2. Finalized UI elements for encounters.

3. Finalized design of level environments.

4. Incorporated input features for stimuli, timings.

5. Implemented tutorial and opening and ending narrative cut scenes.

Post-milestone 4

1. Enabled researchers to select the number of levels and which back-
ground environment and sound is used for each level.

2. Added introductory location text at start of level.

3. Removed letter grade from level-over screen.

4.1 Milestone 1

During milestone 1, initial concepts for a possible game that could satisfy the
requirements of the participants were explored. To this end, I developed four
different game concepts with different levels of abstraction from the original
property verification task to gauge to what extent the mechanics of the original
task could be modified while retaining the core cognitive principles of the task,
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(a) Screen capture from Big Brain Academy: Brain vs
Brain [29] showing a mini-game where the player
needs to match and identify shadows with their

colored form.1

(b) Concept A1 storyboard sketch. The main
mini-game interface where the player is given a
multiple choice prompt to assign a property

Figure 4.1: Comparison between the inspiration for Concept A1 and a sketch visualizing the proposed
design.

.
These concepts, designated A1, A2, A3, and A4 (in increasing order of de-

viation from the original task), were intended to assess the optimal balance
between experimental fidelity and engaging gameplay. Concepts were obtained
by taking inspiration from existing games with similar interactions to the me-
chanics of the conventional task and adapting elements to better fit the task or
leaving out elements that were not directly relevant to the task. This practice
was adopted following the results of the preliminary study [12], which indicated
two possible benefits. First, using existing game elements from games that are
widely known or are embedded in popular culture may help reduce the learning
time for participants. Second, taking inspiration from existing games could help
streamline the design process and reduce the time spent on the design.

4.1.1 Concept A1

Concept A1 retained the original task structure while embedding it within a
”brain training” game format, inspired by titles such as Big Brain Academy [29]
and Brain Age (marketed as Dr. Kawashima’s Brain Training in PAL re-
gions) [30]. In these games, players complete mini-games that include puzzles
that test specific skills like math, pattern recognition, and logical capabilities.
The main game loop of these games consist of the player undertaking tests, in
which multiple of these mini-games must be solved consecutively.

The design of these games already provides little distraction, with screen
designs for the mini-games consisting of a consistently colored background with
the main content of the mini-game, including the puzzle itself and buttons for
the multiple choice answers, being placed square in the center of the screen,

1Image source: [31]
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capturing the player’s full attention. Additional information, such as the prompt
for the puzzle, the ”brain age” and ”big brain brawn” (tangible representations
of the player’s skill at solving the puzzles), the player avatar, the timer, are all
placed outside of the area of the puzzle. This information is also not necessary
when solving the puzzle, allowing the user to fully focus their attention on
the puzzle itself during gameplay. The design itself is somewhat similar to
the presentation of the original task, giving the users puzzles to solve in a
very systematic way with minimal distracting components, which made it very
suitable to embed the property verification task into. For an example of a
mini-game screen, please refer to Figure 4.1a.

A1’s design replaced the various puzzles with a presentation of the conven-
tional property verification task that was slightly modified to fit the format of
the original game. Rather than first presenting the object stimulus, having it
disappear, and then showing the property, the trials would retain the image of
the object on the screen and include text and icon multiple choice prompts, see
Figure 4.1b.

To retain the competitive element and sense of self challenge found within
the original game, high scores and rankings were simplified. Only a single nu-
merical score was displayed to the user, their ”brain” score and a textual rank
would be displayed next to it which compared the intelligence of the user to
a specific age or education group (e.g., “smarter than a kindergartner,” “high
school graduate,” etc.). This simplification aimed to reduce the complexity of
the scoring system to make it more accessible to people with less game expe-
rience. Since many trials would have to be performed, trials were subdivided
over levels which helped give the player a sense of progression, and also al-
lowed researchers to include multiple conditions within their study design by
splitting conditions over levels, similar to the blocks of the conventional test.
Additionally, by dividing trials into discrete levels, this approach allowed for
natural break points, reducing cognitive fatigue while maintaining a sense of
achievement and progression.

4.1.2 Concept A2

Building upon Concept A1, Concept A2 introduced a more immersive and or-
ganic environment while maintaining the core property verification task. In this
concept the player navigated an on-rails experience, where the player would
automatically move through the game environment and stop at specific points
prompting the player with some sort of challenge or interaction. Inspired by
arcade ”on-rails” light gun games like Time Crisis [32] or interactive shooting
theme park rides like the Buzz Lightyear Laser Blast in Disneyland Paris [33],
the design of the concept facilitated a more complex looking game by allowing
the player to traverse an environment without having to provide any additional
input, something that less experienced gamers may struggle with.

Taking Time Crisis as an example of the mechanics, the game features two
distinct phases within the game loop. First the camera, representing the player’s
point of view, automatically traverses part of an area such as a warehouse. Then

23



(a) Screen capture from Time
Crisis Project Titan [34] showing
the player in a hall way during an
encounter section where the player

is shooting at baddies.2

(b) Concept A2 storyboard sketch.
A passive on-rail section is shown

where the player traverses a
hallway and sees a bike and

distressed person

(c) Concept A3 storyboard sketch.
The player avatar traverses an
open nature environment during

an ”on-rails” section.

Figure 4.2: Comparison between the inspiration for Concept A2 and A3 and sketches visualizing the
proposed design of A2 and A3.

at a certain point enemies will appear within frame, halting the progress of the
player. The player must then shoot at the enemies to clear the area, allowing
the player to continue, with the goal of completing the level in as little time
as possible. I found these two alternating sections where the player is either
passive or active to be a very interesting way to embed the task in a way that
makes it feel as if the player is doing a lot, while mechanically they are only
shooting at enemies and taking cover. The game itself takes care of the traversal
and automatically moves the player towards their final goal, the completion of
the level and the story. This traversal of an environment also allowed the player
to visually perceive the progress that they were making towards the end of the
level. For a screenshot showing an active section where the player encounters
and shoots at enemies, see Figure 4.2a

A2 replaced the shooting and ducking during the active sections with a
more realistic portrayal of the property verification task. The game simulated a
commute from home to the workplace, with the player automatically traversing
the environment during the passive gameplay section, aiming to reach their
work in time and as quickly as possible. During the active section, the camera
would stop moving and rather than finding a screen full of enemies, the player
would encounter an object along the path. Then after a certain amount of time,
a non-playable character (NPC) would appear, stating they had lost an item
and describing one of its properties. The player’s would then have to determine
whether the previously seen object matched the described property and provide
a response accordingly, representing a possible real life version of the original
task. See Figure 4.2b for a sketch visualizing a passive ”on-rails” section just
before encountering an object and a person.

Similar to Time Crisis, poor performance such as providing incorrect answers
resulted in temporary penalties, with NPCs obstructing the player’s path and

2Image source: [35]
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(a) 1. The player encounters an
enemy (a chair), prompting the
player with a vulnerability the
enemy has to a specific property

(b) 2. The camera transitions from
showing the enemy to showing the

player’s bag

(c) 3. The player avatar pulls out
an apple from the magic bag, with
the enemy in the background of

the screen.

Figure 4.3: Concept A3 storyboard sketches.

delaying progress. To balance out the negative feedback that the player received
from incorrect answers, a positive reward was added. Correct responses con-
tributed to a combo mechanic, rewarding consecutive accuracy with increased
movement speed. Different levels within the game would also portray locations
closer and closer to the office, giving the player a sense of progression.

4.1.3 Concept A3

Concept A3 re-imagined the ”on-rails” experience of Concept A2 by placing the
player in a fantasy setting, where they embarked on a quest to recover a stolen
lunchbox.

The active sections of the ”on-rails” loop were distinct from the previous
concept, taking further inspiration from RPG’s such as the Pokemon [36] series
where players would battle enemies in turn based battles. In these games,
enemies typically have a designed weakness to a type of attack or item that
would deal damage to them. The first person perspective was also replaced
with a third person perspective with an avatar, which was more similar to the
perspective offered in games like Pokemon as shown in Figure 4.2c.

Similar to the mechanics of A2, concept A3 would have the player encounter
enemies in the form of a possessed object and engage them in battles that vi-
sually took inspiration from early generation Pokemon games, where the player
avatar is shown from a third person perspective with the enemy in the back-
ground The enemy would first taunt the player by revealing a specific vulnerabil-
ity within a speaking bubble (see Figure 4.3a), such as a weakness to ”something
that could be swung”. This weakness was the representation of a property of an
object from the conventional task. The camera perspective would then change
to show the player holding a magic bag (see Figure 4.3b). The player would
then repeatedly draw objects from this bag, holding an infinite amount of pre-
determined objects (see Figure 4.3c). By selecting the right objects that would
match the property prompted by the enemy and throwing them at the enemy,
the player could damage the enemy and ultimately defeat them.

The change to a battle driven context with enemies necessitated the re-
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implementation of a health system. Taking inspiration again from Time Crisis
which used a discrete health system, a health system was added with a number
of hearts representing the player health. Hearts were also chosen as they are
commonly used all sorts of games ranging from popular classic titles such as
the original Legend of Zelda [37], to more recent mobile games such as Candy
Crush [38], making the meaning of hearts more understandable for many people.
During the battle, if the player would take too long to decide what to do with
an object, the enemy would counter-attack, dealing damage to the player. The
battle would continue until either the enemy or the player sustained a certain
amount of damage, leading to either victory and progression or failure and a
restart.

Players started with four hearts, losing one per incorrect decision. Losing
all hearts through failing encounters with enemies would result in a restart of
the level, similar to the original Time Crisis. However, practically this would
mean that players would have to repeat trials, and given that the encounters
would have to be designed specifically with the different objects and properties,
this would lead the players to have to repeat the same encounters. This would
be quite inefficient for researchers as they would already have captured the
data from those trials, making the restarted section obsolete in terms of data
collection and only cause the experiment and game time to become longer.

To retain the illusion of progress while avoiding repeating encounters, the
game would play an animation that communicated a restart, while resetting
visual elements like progress bars to make the player think they had started
over.

Notably, encounters did not align one-to-one with the conventional trials.
Multiple trials could occur within a single encounter as opposed to in concept
A2, presenting a greater challenge to the player, by needing to provide multiple
correct answers to defeat an encounter.

Beyond combat, the game featured multiple biomes, acting as multiple lev-
els to give a sense of progression. Additionally, to give the players a chance to
recoup health, players could encounter neutral NPCs which granted the player
an additional heart. For the sake of simplicity in the interactions and mini-
mizing different interactions, these NPCs could be befriended through an in-
verted version of the combat mechanic. Rather than exploiting a weakness,
players strengthened relationships by offering objects that did not match the
NPC’s stated vulnerability. As these NPC encounters differed in presentation
from enemy encounters, it was suggested that they could serve as dummy tri-
als, excluded from data collection in potential studies to ensure methodological
consistency.

4.1.4 Concept A4

Concept A4 took a fundamentally different approach to embedding the game
mechanics by integrating a minigame within a larger macro-game. This concept
attempted to explore how the task mechanic could be embedded as a smaller
part of a larger game. In other words, creating a more covert method of gauging
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(a) Screen capture from Diner Dash [39] showing the
main screen of the game where the player seats

customers and serves them.3

(b) Concept A4 storyboard sketch. The main screen of
the macro-game view overlooking multiple conveyors
in the middle with robots represented with boxes

Figure 4.4: Comparison between the inspiration for Concept A4 and a sketch visualizing the proposed
design.

the user’s performance of the task, while presenting a fully fledged game that
on the surface would look like a normal conventional game. This would also put
the task in an overt gaming context, which I thought could be an interesting
presentation for ecological validity.

To this end, I took inspiration from a combination of two games that on
the surface look widely dissimilar, but contain very similar mechanics: Diner
Dash [39] and Yakuza 0 [40].

Diner Dash was a widely popular strategy and time management game fran-
chise that saw the protagonist open a restaurant and manage shifts. During
these shifts, players would have to assign guests to tables, and have the pro-
tagonist take orders, deliver food, etc. Guests will pay for their meal once they
are done, and the total revenue will determine the score of the player, with a
threshold serving as the success condition for the level. Different guests will
order different items that will take longer to cook but may yield more money.
Additionally, taking too long to seat or serve guests will result in the guests leav-
ing, withholding their money, so players are encouraged to quickly and carefully
assign guests based on their revenue and patience. A screen capture of the main
game screen is shown in Figure 4.4a.

With the above, the design was set for an overarching macro-game. However,
the embedding of the task was still unclear. The second inspiration, Yakuza 0
provided a solution to this issue. While Yakuza 0 on the surface appears like
an action brawler game set in the criminal underworld of Japan, it contains
multiple mini-games that can be accessed from the game’s overworld. One of
these is a management game where the player manages a cabaret club. Similar
to Diner Dash, the player must assign employees to guests at different tables.
However, unlike Diner Dash, guests generate revenue every few seconds while

3Image source: [41]
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(a) Screen capture from Yakuza 0 [40] showing the
mini-game where the player must recognize the right

hand signal and choose the appropriate action.4

(b) Concept A4 storyboard sketch. Mini-game screen
showing a trial where the player needs to decide

whether the object matches the property on the tablet
on the bottom right.

Figure 4.5: Left: screenshot from Yakuza 0. Right: Concept A4 sketch.

seated at the table. Guests and employees have distinct types, and placing
employees at the same table as guests with the same type will result in a higher
revenue throughout the guest’s stay. However, the interesting part about this
mini-game is that employees will occasionally require assistance, causing a pop-
up to appear next to the table. When the player clicks on the pop-up, the
camera transitions to a closeup of the table, showing the employee making a
sign with their hand and a multiple choice prompt containing service actions,
such as bringing more glasses, bringing a towel, bringing a menu, etc. The user
is then tasked with interpreting the hand sign of the employee to determine
which prompt should be pressed, with a correct answer providing a temporary
boost in revenue production. See Figure 4.5a

This last mechanic introduces a test of the user’s perceptive abilities, and
could somewhat be likened to an experimental task. By combining this mechanic
with the main mechanic from A2, seeing an object ”in the wild” and having to
determine whether it was the object described by the NPC, I could embed the
task within the game in a way that made sense within the environment of the
game, but was also distinct in its presentation, separating the macro-game and
the task mechanic visually by having different user interfaces and camera angles.

To facilitate these mechanics with the task, I created a story which positioned
the player as a factory overseer managing multiple conveyor belts to maximize
revenue, instead of tables. In the macro-game, players assigned robots, similar
to guests within Diner Dash and Yakuza 0, to conveyor belts, with each robot
and conveyor having specific types like in the latter game. Matching a robot to a
conveyor of the same type increased productivity and revenue. However, robots
deteriorated over time and disappeared after being placed on a conveyor for a
certain period. New robots continuously appeared on the side of the screen,
requiring players to manage their available resources dynamically. See Figure

4Image source: [42]
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4.4b for a visualization of the main screen for this concept.
For the context of the mini-game, robots on the conveyor belts would mal-

function, temporarily halting production. To resolve this, players first had to
examine an object that was produced on the conveyor. They were then shown
a property of the object on an in-game tablet and had to approve or disap-
prove of it. Incorrect responses or failing to respond within a set time resulted
in penalties, further delaying production. Conversely, correct responses tem-
porarily increased the conveyor’s efficiency, incentivizing accuracy and quick
decision-making. For a visualization, see Figure 4.5b

Player progression was structured through levels, with higher levels intro-
ducing more conveyor belts and robots to oversee. Additionally, a high-score
leaderboard encouraged competition, allowing players to compare their perfor-
mance with previous participants.

4.1.5 Pre-focus group changes

These initial four game concepts were discussed with the two ”expert” partici-
pants from the UT to evaluate their validity as a property verification task and
identify key discussion points. The informal feedback consisted of the following
points:

Concept A1

• Lack of ecological validity due to the abstract game environment.

• Lack of added value compared to the original task presentation.

Concept A2 and A3

• Mechanically similar.

• Potential inefficiency in presentation of task due to frequent ”pas-
sive” sections, which could prolong the experiment.

Concept A4

• Player goals and stakes were more connected to the overarching
macro-game and could take away attention from the mini-games,
and thereby the experimental trials.

Overall, the ”experts” noted that all of the concepts had merit and were
suitable for the task structure. Subsequently, A2 was dropped due to the sim-
ilarity to A3, limiting the possible directions that the stakeholder participants
could chose from to just 3 options. Concept A3 was ultimately chosen over
A2 because its context and setting more closely aligned with existing action-
adventure games such as The Legend of Zelda: Breath of the Wild, which made
it easier for people with game experience to relate the concept to conventional
games.
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4.1.6 Results meeting 1

Reference Feedback Changes in

RM1-1 Real world vs. made up properties 4.2.1 Mechanical design changes
RM1-2 Temporal separation of stimuli 4.2.1 Mechanical design changes
RM1-3 Conceptual bias with ”throwing” 4.2.1 Mechanical design changes
RM1-4 Clarifying property presentation 4.2.1 Mechanical design changes
RM1-5 Friendly encounters interfering with measurements 4.2.1 Mechanical design changes

During the first meeting, the ”researcher” participants noted similar concerns
expressed during the pre-meeting discussion with the ”experts”. They concluded
that Concepts A1 and A4 were less suitable for the task due to the lack of
ecological validity and a fear of the macro-game overshadowing the task elements
respectively. Subsequently concept A3 was eventually chosen by the participants
to be continued in development. The following comments were given regarding
the design of A3, which is from here on referred to as the game and named
Legend of the Lunchbox, referring back to the story.

• RM1-1: The design did not clarify whether an enemy’s vulnera-
bility was logically derived from the object it represented or if it
was randomly assigned. For example, if an enemy took the form
of a chair, it was unclear whether its weakness should relate to its
real-world properties or be arbitrarily assigned.

• RM1-2: The initial concept envisioned both the enemy (acting
as the object within the task) and the property (drawn from the
bag) appearing on screen simultaneously, albeit with one in the
foreground and the other in the background. However, the ”re-
searcher” participants raised concerns that this presentation could
interfere with the necessary temporal separation required for EEG
and fMRI analyses.
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• RM1-3: The framing of the game’s core mechanic required revi-
sion due to conceptual biases associated with the act of ”throwing”
objects from the bag. Certain objects naturally linked to throw-
ing actions could unintentionally influence trial results. The same
was said of ”dealing damage” to the enemy, as this could introduce
biases towards objects that could be naturally linked to dealing
damage.

• RM1-4: Further clarifications were given on how sound and
action-pantomime properties were presented. ”Researcher” par-
ticipants recommended that sound properties be represented by
actual object sounds, while action-pantomimes should be depicted
through animated avatars or hand movements rather than describ-
ing the action or sound in words.

• RM1-5: Friendly encounters could potentially evoke theory of
mind processes, which is caused by the player associating with the
player character/avatar and overlaps with the semantic networks
that are studied in the task.

4.2 Milestone 2

During the subsequent milestone, the design of the chosen concept was further
expanded and a visual mock-up was created with the goal of presenting the most
critical interaction of the game: the trials. The visual mock-up was presented
as a low fidelity version of the game with temporary assets and showcased a
passive ”on-rail” section and the entirety of an enemy encounter.

4.2.1 Mechanical design changes

To better align the game with the original task, a structural change was imple-
mented. Rather than assigning properties to enemies, the enemies themselves
would represent objects, while properties would be drawn from the magic bag
(RM1-1). If a property from the bag matched the enemy’s object identity, the
player would ”throw” that property at the enemy.

The game’s design was also revised to introduce temporal separation between
object and property presentations using camera angles and transitions (RM1-
2). The player would first be presented in close-up with the enemy object, then
the camera would move to show the bag in close-up while omitting the enemy
object in the background.

To mitigate the conceptual bias of the throwing mechanic and dealing dam-
age to the enemy (RM1-3), the framing of the main mechanic was restructured,
necessitating a narrative revision. The new storyline positioned enemies as ob-
jects ”trapped” by the game’s antagonist, a wizard. Instead of throwing objects,
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(a) 1. The player encounters an
enemy (a chair)

(b) 2. A gray thinking cloud
appears on screen, and the player

avatar is shown thinking of a
property

(c) 3. The player avatar thinks of a
property (in this case wood) and
must choose whether it fits the

object or not.

Figure 4.6: Updated storyboard sketches of Legend of the Lunchbox following the narrative framing
changes.

the player would use ”the power of their mind” to reconstruct the object by
identifying its correct properties. The bag-drawing mechanic was re-framed as
the player attempting to recall a property, aligning the game’s mechanics more
closely with the cognitive processes under investigation. To reinforce this shift,
an animated panel first appears to symbolize the player character contemplating
a property, which then disappears to reveal the identified attribute (see Figure
4.6 for sketches showing the updated sequence).

By correctly identifying properties, the player would restore the object and
”free” it. Incorrectly identifying multiple properties or answering too slowly
in enough trials would lead to a ”loss” of the object. This change also led to
the planned boss encounter at the end being removed, as it did not directly
contribute to the experimental data and added unnecessary scope.

The above changes in the story made the mechanic of enemies attacking
the player feel out of place. Thus, the mechanics were adjusted so that the
depletion of the timer would not immediately damage the player. Instead, the
player would continue seeing properties and determining whether they fit until
all properties for that enemy were played through. Afterwards, the game would
count the total number of correct or false properties and determine whether the
player had met a threshold of correct answers to win the encounter. The game
would then show different animations of the object depending on the outcome
(see 4.2.2).

Explicit textual prompts for properties were removed (RM1-1, RM1-4).
Instead, properties were represented with either an icon of a speaker accompa-
nied by the sound of a property or a miniature of the player avatar miming the
action.

The mechanics of friendly encounters were reworked after considering the
intended length of the game. Players would likely have to play through many
trials during the game, with one of the participants indicating roughly 300
trials, and previous studies using the conventional task contain around 192
to 256 trials [27], [28], [43] Given the high number of trials, I believed that
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(a) Combat sequence from Wii Sports Resort [47] that
influenced early the game’s art style in early stages of

development5.

(b) Open-world landscape from The Legend of Zelda:
Breath of the Wild (Nintendo EPD, 2017) serving as
inspiration for the game’s environmental design and

later art style.6

Figure 4.7: Left: screenshot from Wii Sports Resort. Right: The Legend of Zelda: Breath of the Wild.

some variation was necessary to sustain engagement. To address this, a more
distinct design of the friend encounter was introduced. Rather than increasing
the number of different ”alternate encounters,” I chose to redesign the friend
encounter itself to offer greater contrast to standard trials.

To accommodate the limited control scheme, inspiration was taken from
button-mashing mini-games commonly found in party games such as the Mario
Party series [44] and the ”Test Your Might” mini-game in Mortal Kombat [45].
The revised mechanic required players to rapidly press the left and right keys
to fill a progress bar. Once the bar was fully charged, the friend would be
successfully befriended, providing a more dynamic alternative to the standard
encounter format.

4.2.2 Visual design changes

Following the selection of A3 as the main concept, several visual components
were further developed.

The game’s art style was initially influenced by the simplistic yet quasi-
realistic aesthetics of the Wii Sports series [46] (see Figure 4.7a), which was
widely popular during the Wii’s lifespan and accessible to players of all skill
levels. This visual style complemented the embodied nature of those games,
enhancing player immersion, which aligned with the aim of this project.

However, as development progressed, the art style evolved to reflect more
modern design trends. The original aesthetic was deemed outdated and mis-
aligned with the game’s fantastical setting. Instead, inspiration was drawn from
contemporary adventure titles, particularly The Legend of Zelda: Breath of the
Wild [50] and Tears of the Kingdom [51], which feature stylized fantasy worlds

5Image source: [48]
6Image source: [49]
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similar to the game’s envisioned setting (see Figure 4.7b).
Additionally, several changes were made in response to feedback from focus

group meetings.
Following the change in the story, the visuals for the enemy objects pre-

sented were changed to to be grayscale during encounters, but would regain
their colors after the encounter had ended if the player successfully completed
the encounter. This change was made to further reduce distractions during the
trial, and support the updated story framing, with the returning of color to the
object representing its reconstruction from its ”trapped” form.

The visual representation of encounters and the player’s cognitive shift was
further developed. A graphic overlay was added during encounters to distinguish
the ”passive” sections of the game from the ”active” sections. This element took
the form of a gray cloud expanding from the player’s head, resembling a thought
bubble commonly seen in cartoons.

Two graphics with a check mark and cross were also added to the sides of
the graphic for the property to help remind the player of the decision corre-
sponding with each input. For example, to the left of the property was a cross
corresponding to the choice to reject the property using the left key, while to the
right was a check mark corresponding with the choice to accept it. To further
strengthen this symbolism, properties would fly off-screen to the left or right
based on the key that was pressed.

A visual feedback element was also added to encounters to indicate the
player’s responses to properties. After each trial, the game would show a green
check mark for correct answers and a red check mark for incorrect ones. This
provided direct visual feedback and gave users a sense of how they were per-
forming trial by trial.

After encounters were completed, the game would show two different feed-
back animations based on the success state of the encounter. For won encoun-
ters, the object would twirl in the air and eventually fly up and away, leaving
behind sparkles (see Figure 4.11c). Lost encounters would result in a camera
shake, with the object falling out of frame onto the floor.

Three distinct environments were chosen for the backgrounds of different
levels: a grassy meadow, a bustling castle city market, and the interior of a
castle. During the development of the first biome, additional random events
were proposed, such as discovering a campsite or passing through a village.

To reinforce the sense of progress and goal-oriented movement, the environ-
ment was designed so that during on-rail sections, the player could consistently
see the distant castle they were striving to reach. This approach parallels the
use of tall, visually striking landmarks in modern open-world games, such as
recent Legend of Zelda titles, which naturally draw players’ attention toward
key destinations. As the game progresses, the castle gradually appears larger
and closer, subtly signaling the player’s advancement.

A progress bar was also displayed at the top of the screen to overtly indicate
the player’s location within the current level. This ensured that all players,
regardless of prior experience, could easily understand their progression. The
progress bar followed a conventional design, with a marker representing the
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Figure 4.8: Screen capture from the low fidelity visual mock-up of the redesigned
encounter analogous to the sketch shown in Figure 4.6c. An action property is
shown where the player character is shown looking at a miniature version of
the player character miming a hammering motion inside of a thought bubble
represented by the gray cloud.

player’s current position moving from left (start) to right (end). To further
reduce ambiguity, a label reading ”Progress” was added, reinforcing the bar’s
purpose and making it immediately interpretable.

After each level, the player was presented with a summary screen displaying
their performance. The statistics shown were intentionally abstract and lacked
detailed context to prevent players from focusing too analytically on their per-
formance while reinforcing positive motivation. For example, it displayed the
number of objects the player had freed without showing the total number of ob-
jects. Additional stats included the longest streak of consecutively freed objects
and completion time. The player was also given a letter grade that started at
A and could scale up to S or S+, which was originally inspired by tier lists and
ranking from games that in hindsight are primarily found in Japanese games
such as Metal Gear Solid [52] and the Dance Dance Revolution series [53].
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4.2.3 Results meeting 2

Reference Feedback Changes in

RM2-1 Third person perspective invoking theory of mind 4.3.2 Visual design changes
RM2-2 Player avatar association effects 4.3.2 Visual design changes
RM2-3 Losing hearts and player motivation 4.3.1 Mechanical design changes
RM2-4 Direct feedback after trials 4.4.1 Mechanical design changes
RM2-5 Timer design during trials 4.3.2 Visual design changes
RM2-6 Distracting user interface during trials 4.3.2 Visual design changes
RM2-7 Extending graphics 4.3.1 Mechanical design changes

• RM2-1: The third person perspective and the inclusion of a player
avatar of the game was theorized to engage theory of mind pro-
cesses. The network of areas within the brain that process these
processes could potentially overlap with the semantic areas that
would be studied using the game. While this could have been ac-
ceptable given the objective of ecological validity, other issues with
the usage of the third person perspective arose.

• RM2-2: The inclusion of a player avatar could create potential
positive or negative associations between the player and the char-
acter, generating potential effects on player performance related to
gender, age, or other personal characteristics.

• RM2-3: Concerns were raised about the impact of losing hearts
and the health mechanic on player motivation.

• RM2-4: Direct feedback after each trial was nice and was accepted
and used in conventional property task presentations. However, for
cognitive-level analysis, which includes fMRI and EEG measure-
ments, feedback could have an influence on the response of those
measurements. Therefore, if you would have a trial directly after
the feedback, there would need to be a significant delay until the
start of the next trial. This did not apply for the feedback after the
encounters, as those were followed by the passive section, allowing
ample time for the response signal to reset before the start of the
next encounter. Implementing a toggle was recommended to allow
researchers to test the effect of the feedback.

• RM2-5: The timer used during trial presentations was too dis-
tracting as it appeared quite large in frame and was located below
the property graphic, drawing attention away from the graphic
during trials.
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• RM2-6: In general, the user interface during trials was considered
to be too populated, while those visible elements such as the health
bar and progress bar were not directly necessary to the player dur-
ing the trial screen.

• RM2-7: Validation studies would be required for the graphics of
the objects and properties. It would be best to have some set of
graphics that would be included with the game, while also being
able to add new graphics to the game.

4.3 Milestone 3

Presenting the participants with the low-fidelity mock-up allowed me to collect
their discussion on the mechanics of the enemy encounters. The following mile-
stone would expand upon the overall graphics, the design of the game outside
of the enemy encounters, and the technical implementation of the game.

4.3.1 Mechanical design changes

As the previous milestone focused on presenting the main interaction during
”enemy” encounters, the feedback regarding the friendly encounter mechanic
was updated in this milestone. To reduce the perceived severity of player pun-
ishment and enhance coherence with the updated framing, the health system,
previously represented by hearts, was replaced with a more abstract, continuous
bar symbolizing the player’s imaginative abilities. In this revised system, failing
encounters depleted the bar and subtly de-saturated the environment’s colors,
reinforcing the game’s thematic elements in a less punitive manner (RM2-3).
Similarly, friend encounters were redesigned to align with this new presenta-
tion. Friendly objects were replaced with vials containing ”liquid imagination,”
which, when successfully opened by rapidly pressing input buttons, restored a
portion of the player’s imagination bar (RM1-5).

Concerns about punishment negatively impacting player motivation also led
to modifications in the mechanics of the friend/vial encounter itself (RM2-3).
Originally, if players failed to press the buttons quickly enough, the vial would
remain sealed, preventing them from restoring their imagination bar. However,
differences in skill level and dexterity among participants could create disparities
in player confidence, leading to inconsistent experiences between more and less
skilled players. To address this, a subtle design adjustment was implemented:
regardless of actual input speed, the game provided auditory and visual feed-
back during button mashing and always rewarded the player by opening the
vial. This ensured a more balanced and encouraging experience while preserv-
ing engagement.

During the previous meeting, participants discussed which objects and prop-
erties, and indirectly which encounters, should be included. Initially, the game
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was designed to be static, with 3D objects, animations, and sounds pre-generated
and integrated into the game. These assets were meant to match the game’s
art style, and researchers could then specify which objects appeared as encoun-
ters, which graphics or sounds were presented as properties, and how many
encounters and properties were included in each session.

However, as development progressed, it became evident that both the objects
and property presentations needed validation studies before they could serve as
a reliable substitute for the property verification task. This posed a significant
challenge: conducting a validation study within the scope of development was
impractical. Additionally, restricting the game to a predefined set of objects
and properties would limit researchers’ ability to adapt it for different studies
requiring alternative stimuli.

To address these issues (RM2-7), the game was redesigned to support the
loading of external visual and audio assets. Users could copy flat image and
audio data into a fixed folder within the root folder of the game, allowing them
to be loaded into the game at runtime. The game would then match the file
names with CSV files in which the user could specify the encounters’ objects
and properties. Recurring objects and properties could also use the same asset
without requiring duplicates within the assets folder.

Given the need to represent action-pantomime properties, these visual assets
had to accommodate both static visual properties and animated sequences. This
requirement ruled out the direct use of 3D models, as integrating them would
significantly increase the technical complexity of the project and require the
future researchers to undertake 3D animation tasks, which would be difficult
without prior expertise. Instead, the implementation was adapted to display
objects and properties as either static images or sequences of images for an-
imations. This approach preserved the flexibility to incorporate 3D elements
when necessary, as researchers could hire third parties to render and export 3D
animations externally before importing them as image sequences. As a result,
the game maintained a 3D visual perspective while providing researchers with
greater flexibility in adding new objects and properties. Audio assets for sound
properties could also be included by providing WAV format audio files to the
game.

To fill out the game with temporary assets, images and videos including 95
objects and 17 action-pantomime properties from a previous study from the
participants were graciously provided by the ”researcher” participants to be
used for the purpose of this thesis. These assets were processed to remove the
black background and turned into image sequences to match the game’s input
format.

Following an informal discussion with the ”expert” participants, additional
concerns were raised regarding the presentation order of the trials. Initially, the
game displayed the object only at the beginning of the encounter, after which
only its properties were shown sequentially. This posed potential issues for
extended encounters, where players might need to complete five or more trials,
requiring them to recall the original object across all trials. More critically, from
an experimental standpoint, the varying time intervals between the object’s ini-
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(a) (b)

Figure 4.9: Comparison between earlier version (a) of Legend of the Lunchbox where the object is already
shown during world traversal, versus in the final version (b) where the object is obscured by a shiny
graphic.

tial presentation and the subsequent property stimuli introduced inconsistencies
in stimulus timing.

To address this, the design was first adjusted so that the object was always
shown immediately before its corresponding property. Later, the initial in-
environment presentation of the object was delayed entirely, revealing the object
only once within the encounter. Instead, a generic shiny placeholder object
remained on screen until the player initiated the trial loop, as seen in Figure
4.9. For a full comparison between the base property verification task and the
updated gamified version presented in Legend of the Lunchbox, see Figure 4.10.

4.3.2 Visual design changes

The concept initially included a third person perspective that was intuitively
chosen. This decision was influenced by a two factors. First, first person games
are not commonly combined with validated task games, and conventional games
that use first person perspectives are typically games that use embodied controls
(such as VR) or games in the genre of simulation games or shooters. Second, a
third person perspective allows for a virtual avatar that helps convey the idea
of a game.

However, due to the concerns relating to the third-person perspective and
the player avatar, the game design was modified to adopt a first-person per-
spective (RM2-1). Additionally, the original miniature player avatar, which
was intended to mimic the player’s actions, was replaced with a more neutral
representation (RM2-2). A wooden drawing mannequin was selected as a sub-
stitute, as it lacked distinct characteristics such as gender or age, ensuring a
more inclusive and universally relatable experience.

Despite concerns regarding the timer within the trial mechanic, removing the
timer entirely was undesirable, as penalizing players for slow responses without
providing a clear time limit could lead to frustration due to a lack of explicit
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Figure 4.10: The base property verification task compared to the Legend of the Lunchbox property verification task.

feedback. To address this issue, the timer was redesigned as a circular element
and repositioned in the background behind the property (RM2-5). This ad-
justment allowed players to keep their gaze centered on a single focal point while
still perceiving the remaining time (see Figure 4.10).

The health bar was also redesigned from a discrete, heart-based system to a
continuous ”Imagination” bar to align with the game’s revised narrative. This
change served two purposes. First, it mitigated the punitive perception of dam-
age, as hearts often symbolize vulnerability in games. Second, by removing
discrete health units, the design discouraged players from prematurely restart-
ing levels out of fear of failure. Inspired by mechanics in action games such as
Metal Gear Rising [54] and Doom [55], the system could dynamically adjust dif-
ficulty by subtly reducing the amount of health lost when players were critically
low.

The health bar and progress bar were also removed from the screen during
encounters and trials to reduce distractions while players were performing trials
(RM2-6).

To enhance clarity and reduce visual clutter, the brightly colored direct
feedback graphics were recolored to a more neutral white. A short animation
featuring splashing lines was added for correct answers to increase player satis-
faction. Similarly, the overlay during encounters was revised to a rectangular,
dark, transparent screen that flashed onto the display, replacing the previous
gray cloud, which negatively impacted contrast. This update ensured that on-
screen elements remained visible while maintaining environmental immersion.
These updated graphics for the direct feedback can be seen in Figure 4.11.

Informal testing revealed that players needed additional guidance during
trials. To address this, a prompt was introduced before each property’s pre-
sentation, framed as an internal monologue encouraging the player to reflect
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(a) (b) (c)

Figure 4.11: Legend of the Lunchbox provides players with direct positive (a) and negative (b) feedback
after trials and a ”reward” feedback (c) after encounters if the player got enough right answers. Direct
feedback was changed later in development to be optional depending on research preferences.

on which properties might suit the object. Additionally, the left/right property
indicators were removed due to poor readability, replaced by smaller yet clearer
button prompts featuring a key icon and single-word instruction.

The encounter reveal sequence was also modified. Initially, encounter ob-
jects were hidden off-screen until the camera rotated to reveal them, but this
provided no indication of when an encounter would start. To improve anticipa-
tion, encounters were redesigned as ”collectibles” positioned along the player’s
path. These collectibles resembled glowing orbs, a common design in games
such as in Yakuza 0 [40] or Dark Souls [56], which use neutral representations
for discoverable items. When players reached a collectible, they would ”pick it
up,” revealing the object and triggering the encounter.

As development progressed, the art style evolved beyond its initial Wii-
inspired aesthetic. The original design felt outdated and misaligned with the
game’s fantastical setting. Instead, inspiration was drawn from contemporary
adventure titles, particularly The Legend of Zelda: Breath of the Wild and Tears
of the Kingdom, which feature stylized fantasy worlds similar to the game’s
envisioned setting.

4.3.3 Audio design changes

During this milestone, the sound design for the game was further developed.
A primary concern was ensuring that in-game audio did not interfere with the
perception of property-related sounds, thereby avoiding unintended priming ef-
fects.

During the on-rails sections, the audio elements featured ambient environ-
mental sounds, the player’s footsteps, and subtle whooshing sound effects to
emphasize camera animations when encountering objects. Ambient sounds and
footstep sounds were changed and audio processing effects were used per envi-
ronment to fit the physics of the environment per level.

For the trial sections, feedback sounds were deliberately chosen to be ab-
stract and object ambiguous, meaning that sounds were chosen that avoided
obvious connotations with specific objects. To this end, sound effects that ac-
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centuated feedback consisted musical motifs or sounds found in nature. A soft
click signaled the start of each trial, subtly drawing the player’s attention. Posi-
tive feedback was conveyed through a synthesized rising musical motif, reinforc-
ing a sense of achievement, while negative feedback was represented by a more
abstract sound, loosely resembling a drop of water, to soften its connotation.
Additionally, a subtle underwater ambient sound was introduced as background
audio during encounters, creating a distinct contrast between passive on-rail and
active encounter phases, with the underwater sound providing a background to
the trials that was monotonous in tone and volume in an attempt to minimize
its distracting capabilities.

4.3.4 Results meeting 3

Reference Feedback Changes in

RM3-1 Sound effects and distraction 4.4.1 Mechanical design changes, 4.4.2 Visual design changes
RM3-2 Environment variability 4.4.2 Visual design changes
RM3-3 Inner monologue as prompt 4.4.1 Mechanical design changes
RM3-4 Inter trial interval 4.4.1 Mechanical design changes

• RM3-1: During the intended cognitive experiments, researchers
will continuously take measurements of players to be able to com-
pare the measurements during the presentation of the task to the
measurements outside of the task, known as the control condition.
For academic task games, this means that any part of the game
that falls outside of the trials within the encounters can be con-
sidered the control condition, and this condition must be relatively
stable to allow for valid comparisons between these two states. The
sound effects during the passive sections of the game were deemed
quite loud and potentially too stimulating as a control condition
of the study. If possible, it would be nice to be able to test the
validity by implementing a toggle to turn it on or off.

• RM3-2: While currently not an issue, a discussion about expand-
ing the background environment with more elements and strong
topography revealed that the background should remain relatively
monotonous to avoid cognitively stimulating the player in between
encounters as that would vary the control condition of the study
during gameplay.

• RM3-3: The overt ”inner monologue” prompts seemed unneces-
sary, though participants agreed to add an option within the game
settings to enable or disable the prompts for future testing. The
text of the inner monologue was also a bit large, taking up most of
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Figure 4.12: The settings menu in Legend of the Lunchbox.

the screen while the property graphic took up relatively less space.

• RM3-4: The game currently did not support a variable trial in-
terval (delay between the start of one trial/property and the next),
which would be desirable for fMRI measurement.

4.4 Milestone 4

The final milestone of the development put the last mechanical changes neces-
sary for validity into effect. The main focus throughout the milestone was the
finalization of the technical implementation and features outside of the game
design, such localization and accommodating validation studies of the game.

4.4.1 Mechanical design changes

In response to concerns from the past two meetings regarding the duality of
experiment validity with additional game elements, a settings menu was added
to the design (see Figure 4.12). This menu allowed researchers to toggle specific
elements that stakeholder were uncertain about in terms of their potential im-
pact on the game’s validity, enabling future validation studies on these elements.
These options included the ability to:

• Disable all game audio except for property-related sounds to reduce cog-
nitive load (RM3-1).
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(a) An evil wizard challenges the player at the start of
Legend of the Lunchbox.

(b) A tutorial with explanation text is shown in
Legend of the Lunchbox after the opening cut scene.

Here, the game explains the ”imagination” bar.

Figure 4.13: Screen captures from the opening cut scene and tutorial section of Legend of the Lunchbox.

• Remove direct feedback after trials to mitigate concerns that incorrect
answers could negatively affect player motivation (RM2-4).

• Omit the internal monologue before presenting properties to streamline
the trial flow (RM3-3).

• Synchronize the game with external MRI pulses, ensuring that levels would
only begin when the fMRI system was ready to capture measurements.

These configurable options provided researchers with greater flexibility, al-
lowing them to tailor the game’s settings to better suit the requirements of
different experimental conditions.

To accommodate the customization of the levels, encounters, and the neces-
sary localization for the game, a series of spreadsheet templates were designed
to allow researchers to input the files in a way. The design of these spreadsheets
was based off of spreadsheets provided by the CoPla that were already in use
as input to python programs that they would use for their property verification
tasks to allow for easy transfer of previous experiments. A functionality was
also implemented within the game to check the provided input data from the
researchers for common errors that would cause the game to crash or hang.

Variable delays were also implemented into the game logic, allowing re-
searchers to set a specific delay per encounter through the spreadsheet templates
(RM3-4).

Finally, a keybinding function was implemented, enabling lab technicians
to reconfigure the game’s controls. This feature allowed for compatibility with
external hardware and different input methods for experimental setups.

To further sell the narrative of the story, an introductory and ending cut
scene were added, explaining the story of game.
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In the introductory cut scene, the player is placed in a field on a picnic
blanket where the evil wizard appears. The wizard then challenges the player
on their ability to imagine objects and determine whether properties are part of
that object (see Figure 4.13a). They then proceed to show that they can turn
objects into ”stardust” (which is represented by the collectible found during
levels), stealing the player’s lunchbox in the process. The wizard then taunts
the player and departs, with the camera showing the wizard’s tower in the
distance.

In the final cut scene, the player runs through the halls of the last level to
find the wizard in a room at the end of the hall. Shocked by the player’s ability,
they admit defeat and return the lunchbox.

To help teach the players the mechanics of the game, the game also incor-
porates a tutorial level where the game showcases a few enemy encounters and
a vial encounter. During critical moments, the game also pauses and presents
the player with explanations for what is happening on screen, and instructing
them on what to do (see Figure 4.13b).

4.4.2 Visual design changes

Following the concerns regarding the variability of the background environment,
the design of the environments was simplified. While gradual environmental
changes were acceptable, it was crucial that the environment within a level
remained relatively consistent to maintain experimental control. As a result,
the environments were designed to present a largely homogeneous setting, with
random variations like tree placement to add subtle diversity (RM3-2). Addi-
tionally, the second biome underwent changes in response to the project’s scope.
A realistic city market, requiring numerous animated character models and de-
tailed street elements, proved too complex to implement within the project’s
constraints. Consequently, the second biome was re-imagined as a lake bank,
offering a variation that aligned more closely with the first biome’s design. The
third biome was also renamed to the wizard’s tower to reflect the updated story.
For previews of the graphics of these updated biomes, see Figure 4.15

4.4.3 Audio design changes

The volume of the effects during passive sections of the game was considerably
lowered (RM3-1).
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(a) (b)

Figure 4.14: The second (a) and third (a) biomes implemented for Legend of the Lunchbox.

4.4.4 Results meeting 4

Reference Feedback Changes in

RM4-1 Environments changing in between levels 4.5.1 Mechanical design changes
RM4-2 Choosing environment audio 4.5.1 Mechanical design changes
RM4-3 Location confusion 4.5.2 Visual design changes
RM4-4 Letter grade unclear 4.5.2 Visual design changes

• RM4-1: The difference in environment between levels could re-
sult in variable control conditions between levels. However, this
was not necessarily seen as a problem as it could be balanced out
by reversing the level order. Therefore, participants requested a
change where the background environments could be swapped out
for each level.

• RM4-2: One of the participants also commented on the ambient
sound and wondered whether it would be possible to have these be
chosen by the researchers, like with the audio properties

• RM4-3: The sudden environment change between levels caused
some confusion on where they were and how this change in location
related to the story.

• RM4-4: Finally, the letter grade on the end screen was not im-
mediately understood and could be confusing to some.
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(a) (b)

Figure 4.15: Final graphical design of user interface in Legend of the Lunchbox showing the inclusion of
a text showing the current level location at the start of a level (a) and the removal of the letter grade in
the level over screen (b).

4.5 Post-milestone 4

4.5.1 Mechanical design changes

During the last meeting, a discussion came up regarding potential variability
in results across different biomes, as environmental differences could lead to
differences in distraction and performance per biome. However, the participants
found it valuable to investigate the potential effects of these variations as a
controlled factor in future studies. As a result, an option was implemented
to allow researchers to manually set the environment for each level, including
the corresponding ambient sound for each biome. This feature provided greater
experimental control, enabling studies on the influence of environmental context
on player responses (RM4-1, RM4-2).

4.5.2 Visual design changes

To reduce player confusion in the first few seconds of a new level, a brief text
animation was eventually incorporated at the beginning of each level to intro-
duce the new location (see Figure ??a), providing players with a smoother and
clearer contextual transition while minimizing additional scope (RM4-3).

The letter grade from the level debrief screen was also removed (see Figure
??b) to avoid confusing players unfamiliar with the letter grade system (RM4-
4).

4.6 Requirements Validity Results

Participants were overall satisfied with the final implementation of the game
and the development process. The graphics and faithfulness to the original task
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were praised in particular, with participants noting that they would provide a
more interesting environment for players.

Regarding the fulfillment of the requirements, the following was said.
R1: The game was considered to be capable of acting as a property verifica-

tion task, presenting the task in an interesting context while essentially retaining
the same structure of the original task.

”now it’s ... similar to property verification tasks that we know.”

R2: The presentation of the task, with players traversing an environment
and completing encounters along the way was considered to adequately add
ecological validity for the player.

”[It] is like an actual interaction game where you move through a
world, you encounter real objects and then you interact with them
in a way. That also gets closer to kind of the ecological validity you
know? ... interacting with that actual object”

”It gives enough of a game feel to me, and some natural validity, but
not too much at the same time.”

R3: The validity of task was discussed at length during meetings and many
elements of the design’s mechanical, visual, and audio elements were updated
to finally accommodate a valid presentation of the task.

”one makes compromises at the end of the day, of course, right. To
also get ... the experimental control back that we often want in
psychological experiments”

”If it’s like very much like a game, and there’s a lot of things that
are not controlled, then one has always the problem with ... experi-
mental control later. I think [now] it it looks cool and looks similar
to what we were now imagining [not too much like a game].”

Apart from these requirements, visual and auditory stimuli were present
within the game, and several changes were suggested by the participants and
implemented to ensure that users could post-hoc add custom stimuli, including
images, animations, sounds, and text.

The game also exported data in a format that was based on the output of
existing programs that implemented the task.

The graphics design and implementation of the game were designed to min-
imize the performance cost on machines. Though the performance of the game
was not tested by the participants before the end of the final meeting, par-
ticipants informally replied to the performance after the meeting. The game
was tested on machines at the CoPla, where researchers noted that the Win-
dows build of the game ran well. The additional Linux build unfortunately
performed less well, though the cause has not yet been investigated.

Finally, a localization functionality was present which provided researchers
with a German translation and allowed them to edit text elements within the
game itself in case they wanted to change the chosen translations.
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Chapter5

Discussion

The development of this project has provided valuable insights into the com-
plexities of academic game development, particularly the balance between main-
taining experimental integrity and incorporating engaging ludic elements.

Despite these challenges, this project has yielded several noteworthy obser-
vations, particularly regarding the role of ludic elements in experimental tasks
and the obstacles encountered in collaborative academic game development.
The most significant findings are discussed in the following sections.

I would like to preface this discussion by noting that these findings should be
interpreted with caution, as replicating the design and development approach of
a successful project does not guarantee the same outcome. Player experiences
can vary. Factors, such as personality, game preferences, game experiences,
and perceived performance can have an impact on the player’s experience [57],
[58]. Nevertheless, the design, rationale, and challenges of this game may still
help future research to better understand academic games as a whole as well as
inform design decisions of future works.

5.1 Ludic Elements in Academic Game Devel-
opment

The design of this game was greatly shaped by the requirement to adhere closely
to the mechanics of the original experimental task. Stakeholders frequently re-
quested modifications that limited the implementation of ludic elements com-
monly found in conventional games. As a result, the final design largely pre-
served the structure of the original experiment, in which users were sequentially
shown object stimuli, property stimuli, and then prompted to provide an in-
put. Due to these constraints, the game relied primarily on visual presenta-
tion to create the illusion of a game, a strategy to enhance ecological validity
that is validated by other academic task games [6]–[9]. Additionally, aesthetic
enhancements, such as additional animations or dramatic visual effects, were
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deliberately restrained.
This approach focused on adding game elements to the structure of the

original task, similar to the works mentioned in 2.2. However, it is important
to note that within academic game development, the opposite approach can be
used as well. One example of such a work that appeared during the writing of
this thesis is Tunnel Runner by Markovitch et al. [59], an endless runner that
incorporates four psychology tasks and aims to ”stop imitating cognitive tasks
and instead use cognitive tasks as inspiration for gameplay mechanics” [59, p. 3].
Both approaches have shown results that are capable of gathering valid results,
albeit with different issues. Tunnel Runner provides better player experience
across participants and produces internally valid results. However, the effect
of some of the tasks on response time was different when compared to the
conventional task and there were several limitations to the study that could
have put the results into question, such as players adopting response strategies
like preemptively pressing keys and experimental design potentially influencing
the results.

As mentioned in the introduction, this issue is particularly pronounced in
cognitive psychology, where task validity is highly scrutinized [7], [9], [15], [16],
[18]. Any deviation from the original task presentation may result in skepticism
in academic publications, and differences in results compared to prior studies
risk being dismissed as artifacts of an altered setup. With this in mind, it further
exemplifies why current psychology researchers may be hesitant to adopt full-on
ludic games as experimental tasks and may prefer to focus on ”turning tasks
into games”, rather than ”turning games into tasks”.

5.1.1 Types of experimental concerns

Looking at the type of feedback found throughout the milestone meetings,
roughly four types of design concerns were addressed specifically regarding a
direct impact on experimental validity. These include: design that deviated
from the research goal, design that introduced biases to the task, design that
distracted from the task, and design that caused variability within the control
condition.

Design that deviated from the research goal included design that
deviated either from the structure required for the task or processing
of the collected data, or otherwise impacted the player in a way that
conflicted with the research object. This was exemplified by the original
third person perspective and inclusion of the friend mechanic which could
have invoked theory of mind processes which overlap with the semantic
networks studied and measured during the game.

• RM1-2 Temporal separation of stimuli

• RM1-4 Clarifying property presentation
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• RM1-5 Friendly encounters interfering with measurements

• RM2-1 Third person perspective invoking theory of mind

• RM2-4 Direct feedback after trials

• RM3-3 Inner monologue as prompt

• RM3-4 Inter trial interval

Design that introduced biases to the task included design that
could potentially have introduced biases for the player, impacting the
results of the task. An example of this would be the initial framing of
approving a correct object by ”throwing it” which could create a bias if
the object is already associated with a throwing action.

• RM1-1 Real world vs. made up properties

• RM1-3 Conceptual bias with ”throwing”

• RM2-2 Player avatar association effects

Design that distracted from the task included design that was found
to be too distracting from the main task, potentially impeding perfor-
mance. This is exemplified by the removed prominent UI elements that
took up screen space and could have attracted the gaze of the player
while the main task was being performed.

• RM2-5 Timer design during trials

• RM2-6 Distracting user interface during trials

• RM3-1 Sound effects and distraction

Design that caused variability within the control condition in-
cluded design that affected any gameplay outside of the interactions of
the main task in a way that it could potentially invalidate the control
condition required for the research. One such example was the sound
design of the environment being too loud in some places which could
stimulate the user too much and irregularly during the control condi-
tion.

• RM3-1 Sound effects and distraction

• RM3-2 Environment variability

• RM4-1 Environments changing in between levels

Other feedback also included aspects outside of experimental validity, such
as feedback on design regarding game motivation and accessibility (RM2-3,
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RM4-3, RM4-4) or extending the the customization of the game (RM2-7,
RM4-2).

The above context sets the stage for the main challenges of this project and,
by extension, of academic games that aim to introduce ludic elements to val-
idated experimental tasks rather than the other way around. While feedback
regarding design that deviated from the research goal was typically incorporated
quite easily by adding features to fit the required structure or removing features
that conflicted with the research goal, feedback regarding minimizing distrac-
tions, biases, and variability presented a less binary problem. This resulted in a
challenge of how ludic elements could be introduced while minimizing distrac-
tions and biases, as well as how variability in the task or control condition of
the task could be minimized. This challenge was generally addressed with two
strategies during development: using specific design and hidden manipulations.

5.1.2 Specific design

While global ludic elements as a whole have previously been validated or par-
tially validated by researchers [7], [9], [14]–[18], the impact of how specific ele-
ments are designed are rarely discussed.

During the implementation of the environment, I believed that randomly
procedurally generated terrain being different per participant could raise con-
cerns that the control condition for each participant would have been different.
This assumption led to a change where the environment was still generated
procedurally, but in the same way for all players. Furthermore, the variabil-
ity between the randomly generated environment chunks was minimized, with
environments maintaining similar geometry and colors over time.

This decision to limit the impact of randomization was made preemptively
to limit the concerns that were discussed at the start of this section. However,
researchers may also assume that certain game elements may have no effects
whatsoever. As exemplified by Tunnel Runner, completely altering the presen-
tation of the task to an environment that includes colored graphical elements,
3D objects, and varying environments, can still result in (partially) valid data
output [59]. This suggests that perhaps the design of specific elements itself
can have an impact on the validity of the game as a task, rather than a ludic
element as a whole.

This phenomenon was also found during the course of this development.
The design and presentation of elements, such as the timer shown during the
trials, the background environment during the trial, the volume of sound effects
during the ”on-rails” sections, and the framing and narrative of the game were
all changed in their design throughout the development so that they would limit
the distraction from the task and avoid potential biases.

Taking the trial mechanic as an example, the initial design originally con-
sisted of a horizontal bar below the stimulus that would become less wide as it
depleted, while the new design showed the timer as a circle behind the stimuli
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that would fill up radially. Both of these designs included a timer, but experts
found the latter design less distracting than the former.

Another example can be found in the narrative framing of the game, which
was changed to avoid inducing conceptual biases in the player. The player orig-
inally threw objects at enemies that prompted the tested properties. However,
the ”researcher” participants feared that objects that were meaningfully related
to the action of throwing would bias the response of players during the experi-
ment. In this case, the specific design of the narrative was in conflict with the
task itself, though changing the narrative to reduce the relation between the
framing and the experimental task resolved this concern.

These examples have shown how different ludic elements in itself did not
produce perceivable issues in the validity of the experiment, but how the specific
design of those elements did produce concerns regarding validity of academic
games in general (distraction from the task), and validity of the specific research
that the academic game served (biases in the task). Furthermore, by changing
the specific execution of those elements, I was able to address those concerns.
Future work may therefore benefit from a way to categorize and evaluate ludic
elements in tasks, not just as a whole, but based on their specific design and
their impact on the research goals.

5.1.3 Hidden Manipulations

Limiting potential variability between players was mainly done through hidden
manipulations of the game state. Fail states were removed in the health me-
chanic and the vial encounters to eliminate the possibility of players becoming
demotivated due to failure. The health-bar was manipulated so that it would
never deplete entirely. Furthermore, the encounters with the vials would prompt
the user to mash the controls of the game and would play sound effects and ani-
mations with the inputs of the player to give the illusion that they were building
up strength to open the vial. However, the vials would always open after a cer-
tain amount of time. These design choices helped standardize the gameplay
experience, reducing variability in experiment duration and preventing differ-
ences in player motivation from affecting results, while also providing an illusion
of stakes that would not affect experimental validity.

However, while these hidden manipulations preserved the illusion of game-
play for less experienced players, more experienced players may have recognized
the lack of genuine challenge. Additionally, the above approach raises con-
cerns about re-usability in repeated experiments. Participants who play mul-
tiple times may realize that certain actions have no real consequences, leading
to behavioral changes that could be difficult to predict and control. Wiley et
al. previously recommended that games should align with participants’ expec-
tations [16]. However, their study found that participant engagement remained
higher in the game condition that only added narrative elements compared to
a traditional presentation of the task, even when the game’s mechanics did not
fully meet the expectations set by the narrative. Moreover, performance be-
tween the two groups were comparable. This finding was supported by a recent
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study by Held et al. [60] and suggests that even games with minimal interac-
tive elements, such as those relying primarily on narrative and context, can
still help enhance engagement and immersion. Therefore, elements that give
the appearance of ludic games, such as hidden manipulations, may not nec-
essarily be detrimental when considering studies where experiments only need
to be performed once. However, this approach may come at the cost of re-
usability, as repeated exposure to the same game could reduce its effectiveness.
More importantly, if the widespread use of minimally engaging academic games
becomes common practice, it may contribute to negative perceptions of such
games, potentially leading to biases that could preemptively impact participant
performance in future studies.

Modulating difficulty in an academic game presented further challenges. Any
effective difficulty-adjustment system would require rigorous testing across mul-
tiple iterations to counteract learning effects over repeated playthroughs. Fine-
tuning difficulty parameters while maintaining experimental validity would sig-
nificantly extend the development timeline and require substantial resources.
Given these constraints, dynamic difficulty modulation was ultimately not pur-
sued, reinforcing the notion that balancing ludic elements with experimental
control remains a challenge in academic game development. Even so, modu-
lated difficulty could also raise issues regarding the experience variability.

Every task, experiment, and study is different and may require different pri-
orities when designing an academic game. In this particular study stakeholders
wanted to focus on ecological validity rather than engagement. However, focus-
ing on engagement over ecological validity may be as justified when considering
the purpose of the research. As such, different game elements that may not
have been appropriate for this project, such as point systems, could be a valid
approach in different academic games.

5.2 Challenges in the Academic Development
Process

The development process itself was shaped by various constraints, including
practicality, stakeholder involvement, and the difficulties of aligning game design
with experimental requirements.

One of the early challenges encountered was communication with stakehold-
ers and participants, particularly those with limited experience in game devel-
opment. Differences in familiarity with game mechanics and terminology led to
discrepancies in envisioning the final product. ”Researcher” participants, who
had little prior exposure to games, sometimes struggled to fully grasp gameplay
concepts when presented with low-fidelity representations such as storyboards
and were confused on polysemous terms such as ”concept”, which is used in
both game and psychology fields, but have different meanings in their respec-
tive fields. This resulted in misunderstandings, with stakeholders making false
assumptions that later confused discussions and resulted in mid-development
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corrections on earlier established design decisions.
For example, during the first two milestones, no specific feedback was pro-

vided regarding the order of stimuli presentation. It was only in the third
milestone, after significant development had already taken place, that this is-
sue was raised, necessitating adjustments that could have been avoided with
clearer early-stage communication. This illustrates a broader challenge: neither
stakeholders nor developers could easily anticipate how certain ludic elements
might impact experimental control, underscoring the importance of an iterative
development process with low-fidelity gameplay prototypes to facilitate clearer
feedback. It also emphasized the importance of the pro-active preparation of
questions during meetings to raise and discuss potential issues that stakehold-
ers had overlooked, as the problem with the presentation order was initially
not identified by the participants and was only discussed during the milestone
meetings after I brought it up in a discussion.

On the other hand, this project also highlighted the challenges of academic
game developers without any prior experience in the target field. For this
project, understanding of cognitive psychology practices was enhanced by the
”researcher” participants providing relevant readings which included examples
of conventional presentations of the task. This also helped establish the format
of the output of the game, and how researchers set up the trials. By providing
these examples, the format of the input and output of the game could be de-
signed in a way that was close to how the researchers would format the input
and output of the game in previous studies. However, this may have been a lot
harder without the inclusion of these previous works and examples.

As the project progressed, significant changes were made to the game’s core
design due to the these challenges. The original vision aimed to evoke a sense
of adventure and the thrill of defeating enemies, but later adjustments altered
this fundamental experience. The original combat mechanic, throwing objects
at enemies, was replaced with a more abstract interaction. Additionally, the vi-
sual and audio feedback was toned down to ensure experimental validity. These
changes substantially altered the game’s feel, moving it away from its initial vi-
sion. A more structured approach, where the final design was established earlier
in the process, might have allowed for a more integrated design of mechanics
within the game’s context, rather than implementing changes retrospectively at
the cost of already developed content. This may help prevent losing the inten-
tionality of the design throughout implementation. One alternative approach
could involve redistributing meeting schedules: rather than evenly spaced meet-
ings across the project timeline, the initial phase could feature frequent, inten-
sive meetings to thoroughly define the game’s mechanics and visuals, reducing
the need for later course corrections. The challenge, however, lies in achiev-
ing sufficient design detail within limited time and balancing that out with the
ability to iteratively test mechanics through early implementation.

Furthermore, the strategy of presenting multiple concepts with increasing
levels of gamification was helpful in determining not only what level of gamifi-
cation the participants were comfortable with, but also which specific problems
can be found in the design of each concept. This information could then be
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applied in future changes of the chosen design. One example of this could be
found in the discussion of 4.1.4 during Milestone meeting 1, where participants
noted that the reward of player’s gaining money in the game could affect con-
ceptual processing, which they specifically wanted to study using the game.
This informed the refinement of the final game such as omitting overt reward
mechanics.

Ultimately, academic game development places a strong emphasis on exper-
imental validity over ludic engagement, presenting unique constraints compared
to commercial game development. To bridge this gap, new design tools and
methodologies may be required to accelerate high-fidelity prototyping, enabling
stakeholders to better visualize gameplay experiences before full-scale devel-
opment begins. Developing such tools could help academic game developers
balance experimental rigor with engaging gameplay more effectively in future
projects.

5.3 Limitations

This work is to some extent limited by the constraints of the collaborative
development. The ”researcher” participants of this research ultimately set the
validity requirements of this work. This may have steered the development in a
specific way which more closely resembles that of previous studies. Furthermore,
this work does not contain a user study that could have quantitatively proved
the efficacy of the design. While this is omitted, I believe that the evaluation of
the game by the participants was a sufficient measure for the feasibility of using
the game as a valid approach to the property verification task. Furthermore,
this is a more realistic measure of success, as development of academic games is
futile without willingness from researchers to apply these games for their work.
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Chapter6

Conclusion

For this thesis I have performed an extensive development and documentation
process with the aim of exploring how game design can be incorporated into the
collaborative development of an academic validated task game. To this end, a
property verification game has been developed in collaboration with a number
of ”expert” and ”researcher” participants that satisfied the requirements set by
the participants. The result of the study, the documentation of the participant’s
discussion regarding the game and reflection on the development process, has
revealed several key takeaways.

First, based on the feedback from the ”researcher” participants, I believe
that the addition of narrative elements and a game-like context such as 3D
environments and game-UI to a cognitive task may help generate ecological va-
lidity without impeding the validity of the results. Furthermore, the placement,
visibility, and specific design of visual elements should be carefully designed to
be able to provide this context while minimizing distractions from the main
task. Narrative framing should also be checked for potential conflicts with the
research goal, such as biases towards concepts, or interfering with the researched
area of cognition.

Second, designs must carefully consider that variability between the experi-
ence of participants may cause concerns regarding comparability between par-
ticipants. To this end, designing the game to be linear or using hidden manip-
ulations to force the game state to be independent of the player’s actions could
help to limit this variability. Developers and researchers should also consider
the use case for the game when developing using the previous strategies, as
motivation of the participants in repeat experiments may suffer from negative
biases.

Regarding the collaborative development process, I offer the following rec-
ommendations.

To gauge how comfortable researchers may be with game elements, offer
several concepts with differing levels of ”gamification”. This process may help
understand the stakeholder’s sentiments towards specific mechanics, informing
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further design.
Developers may benefit from the use of low or high fidelity visual mock-ups,

such as storyboards or video renders to help explain the mechanics of the game
to stakeholders. Higher fidelity mock-ups may also help the stakeholder visualize
the design of specific visual elements which helps them identify potential issues
regarding the validity of the task.

Pro-actively preparing discussion points, such as discussing specific elements
of the design that the developer suspects may influence the research validity,
may help researchers identify validity issues that would otherwise go unnoticed.

Two key areas were identified where future works could benefit similar
projects in the future. First, by investigating ways to more efficiently communi-
cate design to stakeholders at the start of the development process, developers
may be able to spend less time on design and more time on implementation,
allowing for higher quality games. Second, academic task games currently lack
understanding of specific designs. That is, certain game mechanics, such as
points, are investigated on a macro-scale and researchers draw inconsistent con-
clusions when examining the effect of these mechanics. This invalidates choosing
a mechanic for its specific effects as a sure-fire strategy. Therefore researchers
would benefit from studies that examine the specific execution of a design on a
micro-scale to investigate how the differences in designs of the same mechanic
may affect results.
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Appendix A:

Online materials including meeting plannings, screen shots, gameplay footage,
and instructions can be found in the following link:

https://drive.google.com/file/d/1PwUiKzigRBuxXqrbLSd2J8OF1
Ma8bxT/view?usp = sharing
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Mapping Practices of Academic Game Development
Anonymous Author(s)

Abstract
This study explores the development and use of games as research
tools through eight interviews with researchers and developers.
Interviewees employed academic games for motivation, immersion,
or when the gaming context was seen as a necessity. The interview
content was analyzed and grouped into nine key themes that illus-
trate the challenges and opportunities in using games for research.
The study highlights collaboration challenges between developers
and researchers, as well as communication barriers and dispari-
ties in gaming experience. Recommendations include enhancing
design process documentation, establishing formal collaboration
strategies, and careful consideration of how game elements might
affect research validity. These insights contribute to a deeper under-
standing of academic game development and support more effective
collaborations. Finally, the findings of this study underscore the
potential value of a new ‘academic game developer’ specialization;
a role that bridges the gap between research and development.

CCS Concepts
• Software and its engineering → Interactive games; Collabo-
ration in software development; • Human-centered computing
→ Interactive systems and tools.

Keywords
Academic games, Research games, Games for research, Game devel-
opment, Researcher-developer collaboration, Research tools, Ludo-
utilitarian dissonance
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opment. In Proceedings of Make sure to enter the correct conference title from
your rights confirmation emai (Conference acronym ’XX). ACM, New York,
NY, USA, 10 pages. https://doi.org/XXXXXXX.XXXXXXX

1 Introduction
Since their inception, video games have evolved into a widely pop-
ular medium, sparking growing interest in their potential uses
beyond entertainment. Researchers, educators, and professionals
have recognized the value of video games for various purposes,
exploring their applications in fields beyond entertainment. This
has paved the way for the development of serious games as ef-
fective tools for various purposes [17]. Apart from serious games
for teaching specific skills, games as a research tool to study basic
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cognitive and motor functioning have been around since at least
the 90s [5].

Games can be used in research by having participants perform
experimental tasks in a game-like setting, which helps sustain the
suspension of disbelief often required in such studies [8, 9]. For
instance, cognitive psychology researchers have developed video
games as alternatives to conventional tests like the Stop Signal
Task, where participants must inhibit a response upon receiving
a stop signal [20]. Framing tasks within a game setting can en-
hance engagement with minimal game elements [6, 12, 15, 23].
More complex games that incorporate narratives and immersive
environments can enhance ecological validity, enable detailed event
logging, and facilitate scaling through modular game designs [28]

However, video games made for research, and applied
games at large, can present a tension between game mechan-
ics that are designed for ludic engagement and those that
exist to fulfill their applied purpose [13].

The development of academic games is often poorly documented.
Most papers describing the use of games as tests or tasks include
descriptions of the game design to varying degrees, but they rarely
provide an in-depth elaboration of the design choices [6, 10, 12, 15].
More crucially, this means academics lack insight into the rationale
behind these decisions and the overall development process.

This paper aims to address the knowledge gap surrounding aca-
demic game development by interviewing researchers and devel-
opers with relevant experience. Our goal is to uncover the various
approaches to game development in this context, identify common
challenges and problems, and explore potential solutions.

To investigate the current challenges, opportunities, and moti-
vations for using games in task and test design within academic
research, we conducted an interview studywith eight experts. These
interviewees have backgrounds in either developing or using games
as experimental tests or tasks in academic research.

2 Related Work
This section reviews key literature and concepts underpinning our
study. We explore ‘ludo-utilitarian dissonance’, examining tensions
between games’ entertainment and research purposes. We then
discuss video game ontology, considering how game definitions
affect academic game development. Finally, we summarize current
knowledge on academic game development, identifying research
gaps our study addresses.

2.1 Ludo-Utilitarian Dissonance
For this study we refer to ‘ludo-utilitarian dissonance’ as the tension
that arises when attempting to balance the entertaining aspects of
a game (ludic elements) with its intended practical purpose (utili-
tarian properties). In the context of games designed for research
or educational purposes, the dissonance manifests as a challenge
to create engaging experiences that simultaneously fulfill specific
experimental objectives.

2025-03-14 22:35. Page 1 of 1–10.
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Friehs and colleagues adapted a cognitive psychology Stop Sig-
nal Task into a digital game, allowing players to use gaming con-
trollers [6, 18]. The original task presented white arrows on a black
background, while the adapted version incorporated game elements.
In the traditional version, participants press a key when an arrow
appears on screen, but must refrain from pressing when they hear a
beep. This task, used since the 1980s, is considered reliable [20]. The
gamified version maintains these mechanics but replaces the arrow
with a cartoon fairy and sets the task in a virtual forest, where
the player’s character must choose the correct path. This narrative
framing transforms the test into a game-like experience.

From a formal game design perspective, these research games
often lack key elements like meaningful choices, clear goals, and
win/loss conditions [19, 22]. Participants may even point out these
shortcomings [6, 7]. However, incorporating traditional game ele-
ments could potentially compromise the validity of the research.
For instance, even adding a simple point system to a dot probe task
has been shown to affect participant performance [27].

Any additional element to an established test might influence
participants’ performance and experience by reducing the task’s
faithfulness to the original, thereby lowering control of external
variables and potentially decreasing the measurement accuracy
of the cognitive process. Consequently, implementing more con-
ventional forms of game design within these tasks falls victim to
the clash between the purpose of games and the goal of research.
A task may be framed as a game but avoid deeper game design
elements in favor of heightened experimental control [6]. This new
‘task game’ can then be validated, to some degree, against the base
task. Interestingly, when participants engage with such task games,
their engagement and attention may increase. Previous studies even
suggests that game elements could be beneficial for performance
consistency [6, 26].

2.2 On the Ontology of Video Games
Defining games has challenged scholars for decades. Huizinga and
Caillois laid foundational concepts, emphasizing play’s separation
from reality and non-productive nature [3, 9]. Modern definitions
vary, focusing on aspects like meaningful choices, resource man-
agement, or learning systems [4, 14, 19]. Rather than relying on
subjective definitions, a more effective approach is to identify spe-
cific markers of video game mechanics, aesthetics, and terminology.
Initiatives like OntoJogo aim to standardize game classifications
based on observable attributes [24]. This shift prioritizes players’
experiences over designers’ intentions, acknowledging that even ac-
tivities like slot machines, which may not fit strict game definitions,
are often perceived as game-like by users.

In the academic context, games are primarily designed for data
collection rather than entertainment, mirroring how casinos cre-
ate engaging environments to encourage spending. This approach
allows researchers to leverage game-like elements for research
purposes while acknowledging the broader spectrum of what con-
stitutes a game in various contexts.

This exploration of game definitions underscores a crucial point
for our study: the concept of what constitutes a game can differ
significantly among various stakeholders in academic game devel-
opment. An experiment crafted as a game might not be perceived as

such by participants, while conversely, experimental tasks might in-
advertently be experienced as games, even without the researchers
intending this framing.

We argue that the effectiveness of academic games depends
primarily on participants’ engagement and experience, rather than
researchers’ or developers’ intentions. This is similar to how a
casino’s success is determined by player engagement, not how
operators classify their offerings. When studying academic game
development, it is crucial to explore how different stakeholders
perceive the ‘gameness’ of a system, as this perception may vary.

For this study, we broadly define games as digital creations per-
ceived as games due to their visual style, presentation, or societal
associations. We specifically use ‘task games’ to refer to games
designed primarily to gather insights from participants.

2.3 Insights Into Academic Game Development
Researchers have attempted to conceptualize and guide the de-
velopment process of serious games [2, 17, 28]. However, studies
using games as research tools typically provide minimal insight
into the design process, focusing instead on the final design and
research methodology [6, 10, 12, 15, 18]. This gap in understanding
the rationale behind specific design choices may lead to inadvertent
omission of crucial elements in subsequent research.

Developing games for research requires a broader skill set than
typically possessed by specialized researchers. Multidisciplinary
collaboration is essential to bridge technical and design implemen-
tation gaps [2, 11]. However, such collaboration is seldom docu-
mented in academic game papers, obscuring valuable lessons and
potential pitfalls.

Further investigation into the design process of academic games
could yield important insights, particularly regarding interdisci-
plinary collaboration challenges and their impact on design deci-
sions. This research could provide crucial knowledge about the
complexities of game development for academic purposes, enabling
more informed future project choices.

3 Method
This section outlines themethodology employed in our study, which
involved conducting 8 interviews with stakeholders in research
projects that incorporated game development. As a component of
our interview process, we developed the Designer Implementer
Researcher Developer Involvement Canvas (DIRDI), a conceptual
tool designed to help participants visualize and articulate their roles
within the development process of games for research purposes.

In the following subsections, we provide a detailed description
of the interview design, procedure, and subsequent analysis.

3.1 DIRDI Canvas
Our interview methodology includes a canvas for participants to
categorize their roles along two key dimensions. The first axis dis-
tinguishes between game development and integrating games for
research, while the second axis contrasts technical implementation
with design influence. This framework, termed the DIRDI canvas
(Designer, Implementer, Researcher, Developer Involvement), also
includes a third axis to represent the participant’s overall involve-
ment in the project relative to other stakeholders.

2025-03-14 22:35. Page 2 of 1–10.
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Figure 1: The Designer Implementer Researcher Developer
Involvement Canvas used to indicate a participant’s role
within academic development. The canvas is meant to be
augmented by participants by drawing on it.

3.2 Interview Design
The interview is designed to gather qualitative data on the usage
of video games as a form of experimental test or task within any
research field. The following questions are what we seek to address
through the individual interview sessions:

(1) How is the development of games as tests or tasks within
academia structured?

(2) What tensions exist between developers and researchers?
(3) What are reasons for using games as tests/tasks in academia?
(4) What causes games as tests/tasks within academia to fail?
(5) What resources do academic game development lack?
These questions assume that academic game development typi-

cally requires an interdisciplinary team for effective collaboration,
particularly because many researchers may lack game development
expertise.

The interview was structured into five sections: Introduction,
Participant Background, Conception, Design, and Teams and Re-
sources.

Introduction. This section serves as a guide to the starting procedure
of the interview including the explanation of the scope and handling
of informed consent.

Participant Background. Participants introduce themselves, share
their background, and specify their role in developing games or
tools for their academic projects. We collect this information to
contextualize participant responses. As part of this, participants
map their position on the DIRDI canvas.

Conception. This section explores the early project stages of using
games for research experiments. Participants discuss the reasons

for developing their games or game-like tasks, how their most
recent project began, whether this is a common approach across
their projects, and what considerations are made when starting
a new project. Additionally, participants are asked whether their
game-tasks are based on existing methods or projects, or if they
represent novel experiments. Finally, we ask participants to reflect
on any failures or instances where the final result was not utilized
when employing games and elaborate on the reasons.

Design. This section explores the interplay between research and
game development, focusing on design considerations throughout
the development process. The questions probe the collaboration’s
impact on experimental validity while indirectly revealing insights
into design decisions. Participants are asked about the level of cre-
ative freedom given to developers and the specificity of researchers’
instructions. The section also examines researchers’ awareness of
developers’ design choices and reasoning, as well as any potential
‘hidden’ decisions made by either party that might affect the other.
Lastly, participants consider whether these undisclosed choices
could influence the experimental outcomes.

Teams and Resources. The final part aims to contextualize partic-
ipants’ projects in terms of resources and scope. Participants are
asked about available resources, including team size, project time-
frames, and any material or resources provided through academic
institutions. The section also explores whether resource limitations
affect game design, execution, and what additional resources could
benefit future works.

3.3 Participants
We invite participants through convenience sampling through our
professional network. In the end, 8 participants completed the in-
terview in full. Participants are invited based on whether their
previous work contained either:

(1) A digital game for an experimental test or task
(2) A digital tool with game elements for an experimental test

or task
(3) A virtual reality tool for an experimental test or task
We include Virtual Reality (VR) in our inclusion criteria due

to its close association with games in development processes and
consumer markets [21]. Additionally, the framing effect observed
in games may extend to VR, potentially impacting engagement
through VR interactions, similar to how framing an activity as a
game can increase engagement [16].

3.4 Procedure
This section outlines the procedure for conducting the interviews.
We recruited participants via email, inviting them to an online MS
Teams interview about the study. Eight out of nine initial partici-
pants completed the interviews, all holding at least a master’s de-
gree in relevant fields. Semi-structured interviews were conducted,
recording audio and optional video, with durations ranging from
30 to 87 minutes. Participants drew on canvases to visualize certain
answers.

Interviews were designed with broad, open-ended questions ad-
dressing our research questions, allowing participants to share their

2025-03-14 22:35. Page 3 of 1–10.
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experiences freely. Audio was automatically transcribed and manu-
ally anonymized, with personal names replaced by [REDACTED]
and unintelligible speech tagged accordingly.We obtained informed
consent for all data collected, including drawings, recordings, and
transcriptions, with no compensation offered. The study was ap-
proved by the he ethics board at the .

3.5 Analysis
To conceptualize games as tests or tasks within academic devel-
opment, we conducted an abductive thematic analysis [25]. We
used the qualitative data analysis program ATLAS.ti for coding. The
transcriptions underwent two rounds of coding. In the first round,
we aimed to capture every noteworthy instance within the research
context to gain a wide range of insights. We then grouped and com-
bined these codes to create a new codebook, including only codes
that appeared in multiple interviews. Using this new codebook, we
performed a second round of coding. These final codes were used
to generate the themes. Given the field’s unconsolidated nature and
our relatively small sample size, we separately evaluated codes that
appeared in only one interview but were deemed significant to the
overall knowledge. We considered these single-instance codes in
our later discussion.

4 Results
For the results, we assigned each participant a letter code cor-
responding to their canvas results. Some discretion was used in
marking participants’ indicated positions, as the canvases required
manual alignment.

Our DIRDI canvas mapping revealed that most participants
viewed themselves as leaning slightly more towards “Designers”
and “Researchers” than “Implementers” and “Developers”. We ob-
served a wide range of involvement levels in the development of
games as tests or tasks. Of the eight participants, three identified
more as designers (A, D, G), while five saw themselves as both
implementers and designers (B, C, E, F, H). Four participants leaned
more towards researchers (A, B, C, D), two towards developers (G,
H), and two were balanced between researchers and developers (E,
F). Five participants reported working collaboratively with other
researchers or developers, excluding instances of student supervi-
sion (A, B, C, D, F). Six participants considered at least one of their
research tests or tasks to be a game (A, C, E, F, G, H), while three
did not (B, D, G).

Participants came from diverse academic backgrounds: two in
computer science (D, H), three in human-computer interaction (C,
F, G), one in psychology (B), one in game design (A), and one in
industrial design (E). Of these, two participants held PhD degrees:
one in psychology (B) and one in human-computer interaction (C).

5 Key Themes
This section presents the key themes that emerged from our anal-
ysis of the interviews. These themes cover key aspects of using
games for research, including: collaborative challenges, engaging
participants, adapting experimental tasks into task games, VR ap-
plications, design considerations, researchers’ gaming experience,
understanding design choices, resource limitations, and quality

concerns in research games. Each theme is illustrated through brief
excerpts from the interviews.

5.1 Challenging Collaboration
Among a number of participants, the collaboration between devel-
opers and the researchers (‘stakeholders’) was discussed. Amajority
of the developers whoworked on collaborative projects with a stake-
holder saw this collaboration as challenging. Their concerns could
be categorized in roughly three categories:

(1) Problematic communication
(2) Imbalance of the stakes
(3) Insufficient knowledge of games and conceptualization ca-

pabilities

Problematic communication stemmed from stakeholders not
being able to articulate their needs or expectations for the project,
as well as differing levels of involvement. Both researchers and
developers reported instances in which the end result was differed
from what was intended.

[A]: There’s ... the nightmare that was for years to get psycholo-
gists to properly spec what they ask for.
[B]: I didn’t make [it] very explicit that I need [the] commanding
officer to disappear after that interaction... those are things that
sometimes if you forget they have quite big implications... So
that’s one of the things that there was lately like “ohh yeah, I
didn’t say that explicitly”

These instances were attributed to oversight and not knowing
beforehand that the lack of specification would influence the end
result. On the lack of involvement from stakeholders, participants
commented that not all researchers would be as involved in the
design of the final result, which resulted in developers having to
make decisions on their own that would be different from what the
researcher expected.

[B]: I must say that that not every researcher does that. Some
really leave more of the designing to the implementer.
[G]: [B]ecause the professor has not gone into the drawing. [If]
it’s not really similar to the interactions that he had physically,
it just doesn’t work

Participants also discussed an imbalance of stakes, noting that
the researcher who commissioned the game was often considered
the final stakeholder due to the project’s goal. Developers were
limited in their executive capabilities, acting mostly as advisory
experts and implementers who provide feasible options for the
researcher to choose from.

[B]: I find it important that I keep the last say over the the design.
[C]: I have a key role in that research. It [needs to] resonate with
me, and it definitely needs to be agreed upon how the game looks
like and what are the features and how it’s being used.
[G]: I can’t take a design perspective and say well the easiest
for me it’s that we develop [this] and the best interaction that I
have is to have the controller and the easiest one [is to] just grab
the object. But that doesn’t mean that for my stakeholder that
actually would be the best one ...
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Figure 2: Participant positionality and involvement within their research games as indicated through the DIRDI canvas.

Participants with more development-focused roles noted re-
searchers’ limited knowledge of games and difficulties in conceptu-
alization. They observed that researchers often lacked a compre-
hensive understanding of games due to their different academic
backgrounds.

This knowledge gap was evident in the specification of the final
game, where researchers sometimes struggled to articulate the
precise requirements needed for their experiments.

[A]: They don’t have any training on it. They have a lot of trouble
conceptualizing and describing what they actually want or what
they actually think they need for an experiment.
[A]: [P]sychologists will very, very easily ask you for a fully
realized, completely seamless virtual open world with a hyper
detailed physics engine, without bothering to consider: in what
way this is surplus to requirements for what they actually need
for a given experiment.
[G]: And the problem becomes when the professor himself cannot
come up with the concept of a game.

Participants elaborated on challenges in the development pro-
cess, highlighting the importance of meetings and iterative devel-
opment. Meetings were emphasized as a crucial tool to address
communication issues and ensure researcher involvement, often
by mandating attendance. Meanwhile, an iterative approach was
mentioned primarily by participants who had a development back-
ground.

[A]: And it advises the proponent that there will be meetings
within this period and you have to attend. Otherwise, this doesn’t
go forward.
[D]: You have meetings, you discuss them and then slightly bring
forward the problems and then you share what you all thought or
how to solve these problems... because otherwise you implement
something and then it’s like, yeah, actually that’s wrong because
we needed it that way.
[F]: ... for the most part, it’s like I’m just try the thing [game
prototype] and see how it works... and then I’ll get feedback from
my supervisor.
[D]: ...people would become aware in the testing and see, “oh, this
is wrong.”

In short, problematic communication and lack of stakeholder
involvement were considered to lead to projects where the the
end result was incongruent with the goals of the researcher. Some
stakeholders struggled with communicating their needs, discussed
differing levels of involvement throughout the development process,
and indicated insufficient knowledge of game development. These
problems led to misaligned outcomes, and complications in the
development process. Strategies such as meetings and iterative
development were cited as a way to address these issues.

5.2 Motivating and Engaging Experimental
Participants

Participants discussed the usage of a game-like task to attract at-
tention, increase participant engagement, or maintain attention
throughout the duration of an experiment.

[H]:When you frame it as a game and people wanna do well, I
guess they sometimes get competitive... They wanna do well and
it’s easier to get people to sign up for the the task.
[D]: People get bored and therefore their concentration focus
diminishes. So how can you keep them entertained in a sense
that they stay focused on the actual task and not lose interest,
therefore... affect the results.
[F]: [I]f they’re getting better, it’s probably satisfying in some
way, right? They’re feeling competent, so maybe... that might be
motivating to them to keep playing.

5.3 Using Conventional Games as Tasks
Beyond motivating and engaging participants, several interviewees
indicated that their experiments utilized games to examine phe-
nomena inherently present in gaming environments.

[C]: [P]eople had to... finish [an] escape room game where they
had to interact with the NPC using the speech. And for this game,
we wanted to come up with this new system of speech recognition
where you would use contextual information and so on.
[H]: In games, you often have to move the mouse quickly to click
on targets. For PC games, pointing tasks? Yep, are absolutely used
in games.
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Additionally, one participant gave an example where the ex-
perimental test and subject came from a different source, but that
they applied a gaming test to understand the previous study in the
context of games.
[F]: I was reading a textbook on human performance and it was
giving all these different things you could do to modify practice...
to improve performance... I’m like, well, damn, we care about
performance a lot in games. Let’s see if this works for games.

Among participants who worked on projects involving these
inherent game tasks, some also mentioned using existing games as
sources of inspiration or using some of their mechanics inside of
their task games.
[F]: It was based off of a game called Speedrunners. [...] I was
modeling the movement off Super Meat Boy [...] The first time I
did it, I was having an undergrad create a clone of Super Hexagon.
[H]:Also later do like a... a pong game where you move the mouse
up and down to move the pong paddle and then it would block
the ball.
[C]: I think for 99% of the case that it was my own design that
we came up with. And of course, it’s inspired by many existing
video games.

Two interviewees reported that their games were guided or
inspired by previous games made for research purposes.
[E]: Similar like these type of augmented sandboxes, you may
have seen those.
[G]:We had one professor who brought us [a] logistics game and
he had already worked on quite some time on that project and he
had already been working with a developer to understand how to
transform things.

5.4 VR: Practical but Not a Game
Participants that mentioned VR mainly described its primary func-
tionality as being an alternative to real life experiments that would
be less practical or ethical. They noted that VR allows researchers
to put people in a wide range of scenarios and buildings as well
as create an environment which would be otherwise difficult to
recreate.
[G]:My first like 5 different VR experiences was people telling me
like “I wanna put my person in a church and then into prison”.
[B]:We wanted to have a a spaceship in which... as a participant,
you were in a sleeping quarter. You leave the sleeping quarters
and a commanding officer is verbally harassing you.
[B]: I work with criminals and potential victims, and we know,
of course, that doing a a crime in public is for me the best way to
see what’s going on. But it’s ethically not on the table, so we use
virtual environments [...] and then we see how they respond to
manipulations and the environment.
[G]: We had this project with a student who wanted to do a
project of simulation for... first respondents... So we have this
guy standing at the edge of a building... And so your task is to
approach the person.

Notably, participants who utilized VR generally expressed con-
cerns about participants not behaving realistically or acting differ-
ently compared to real-life situations. One participant specifically
linked this issue to the association of games with VR.

[B]: I try to really elicit the natural behavior that people have. So
that’s why it’s important for me to look into presence, how people
feel immersed in virtual environments because I don’t want them
to treat the virtual environment as a game, because then they
would show behavior they might not normally show.
[G]: His analogy was: “but, you know, students are used to these
video games where they kill everybody”. And I was like, yeah,
but because... you’re trying to get the different type of... compre-
hension of the situation, that is a quite harsh measurement.

5.5 Differences Between Tasks and Game Design
Interviewees discussed differences between the design of games
and experimental tasks. One factor was that people might change
their behavior because they engage in a game-like activity. One
participant mentioned that this is also something that they believed
to be intrinsic to games.
[A]: It varies according to how the player is feeling, or basically a
game is an environment that makes it possible for people to have
conducts. Not just actions but conducts so the player can legiti-
mately say OK here under these circumstances, given how this is
going, I’m going to be this person or I’m going to be this other
person. [...] But I’m gonna have a big impact on the game state
or I’m going to play cautiously. A game, makes these conducts
possible.

Another interviewee also noted that something like playfulness
could negatively affect their experiments as it would derail the
experimental process
[C]: When you need something in the game and people just
become playful and throw it out of the window or something, and
then we have to restart sometimes the game.

Participants noted that experimental tasks are often designed to
be very precise and that deviation from these tasks risks affecting
the results.
[D]: The problem what you have with these kinds of validated
tasks, if you change too much of them, then it’s not the task
anymore. And then for therefore you’re risking, oh, this is now
something else.
[F]: Let’s make this an experiment. That is as close to I can get
to... what you could actually find in a game environment, except
there’s no actual like mechanics that are distracting.
[B]: There was a another intern for the programmer who said like
yeah, but you can also put in... [that] you can also open doors
and have trash et cetera and then the lead programmer said like:
Yeah, but we’re only focused on the person, so we need to keep
everything constant.

Interviewees noted that games used as tests or tasks are typically
brief. One of them highlighted this as advantageous for project
scope, reducing the need for extensive feature implementation.
They further advised keeping games simple, explaining that par-
ticipants require time to learn game rules. This learning period
consumes part of the total experiment time, consequently limiting
the duration available for actual gameplay.
[F]: The other thing is like a research game. It’s going to be played
for probably about an hour at most. Most of the time, unless you’re
you’re having people come back from multiple sessions.
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[D]: [A gaming task] It’s more short term and optimized towards
“OK I want to have these variables.”
[F]: You can get away with like only building a handful of levels
or not implementing some features or things like that.

Finally, it was implied that the process of developing a test or task
game was different from that of conventional games. The setting of
requirements and goals was mentioned by interviewees as a step
before production or design of the game even begins. This step is
then followed by the creation of the design of the game.

[G]: Research will put you specific guidelines or... the specific
requirements that you need to achieve in order to conduct the
experiment.
[G]: So most professors will say... the model is A + B = C alright,
so how do we turn that into a game?
[E]: But you can see it like if you know where to go, you know the
endpoints, then you can then you know, then you’re then, then
all your decisions become guided.

5.6 Differing Levels of Experience With Games
Interviewees reported that participants’ varying levels of gaming
experience impacted their interactions with game tasks. This di-
versity in experience manifested in several ways. Interviewees
observed that players with different experience levels required
varying amounts of time to learn the game mechanics and rules,
and that gaming experience also influenced players’ motivation to
engage with and learn the game.

One interviewee highlighted that higher game difficulty could
limit the sample size, as less experienced players might struggle
to progress through the game. Additionally, gaming experience
affected what players found interesting or challenging, with less
experienced players being more easily engaged by simpler game
mechanics.

[C]: There are people that need more time to learn the game.
[F]: From an accessibility perspective... There’s concerns there
because... your participants are not necessarily as heavily invested
in learning the game as... the typical player would be. [...] We
had a bunch of people that couldn’t make it through our tutorial
levels... and then we had to basically filter out those people.
[F]: A really popular one is the infinite runner [...] and to me that
game is really boring, but to someone who’s never played a game,
which some of our participants could have been, it’s challenging
and it’s interesting.

One interviewee noted that researchers sometimes mistakenly
assume that people have sufficient gaming literacy.

[G]: I press play and I was expecting that the participant knew
that he had to run and walk. [...] They don’t understand why, but
people didn’t look around in virtual reality. I said: “Did you tell
them to look around?” “No!” I said, “well most of the people are
not used to going into virtual reality and they have no clue.”

5.7 Lack of Understanding of Design Decisions
Interviewees mentioned occasions where they were unsure about
the effects of design decisions within their games. They noted a
lack of knowledge on how the results of their studies would be

affected by design decisions, such as those implemented for ‘fun’
or to increase engagement.
[C]: Small design decisions have an impact. Which you don’t
know exactly. You can anticipate to some extent, but you don’t
know exactly what is the reaction, right?
[F]: I feel like... finding and making a game fun is very confusing
and nebulous.
A: [T]he problem is operationalizing it for game design and what
I was trying to do with my experiments was operationalize these
ideas of what games are... How does this translate to something...
when designing a game resource?
[F]: It’s kind of like we’re just modeling our... things off of what
other people have done and we don’t necessarily know why
they’ve made those decisions, just that they have made those
decisions.

A lack of design knowledge was noted with respect to specifically
games as tests, which included how to scaffold complicated tasks
and how different mediums for tests such as VR would influence
the results of engagement.
[F]: If you want them to do a task that’s complicated, and if you
need to be very careful with how your scaffolding them. And
that’s like almost a separate research.
[G]:We actually had to do a study to demonstrate that there was
actually a higher engagement because... virtual reality actually
changed just a little bit the way the person risked himself out
of the fact that he felt way more engaged within virtual reality
than in the 2D version.

5.8 Lack of Time and Work Power
When discussing project resources, all but one of the interviewees
indicated either a lack of time or a lack of developers. Lack of
time resulted in a limitation of the final result through limited
development time, which would sometimes be caused by limited
academic time.
[C]: You always have limited time and you have deadlines and
you need to get that research done in this time frame that you
plan for. And that means you have limited time for development.
[B]: [Discussing a project] I would love if the avatar [...] has even
more facial features. More realistic, but that’s not gonna happen
because it takes too much time.
[E]: The final part of that project was focused on evaluating the
game, getting data and analyzing data, writing a paper on [it],
finishing the thesis. While, if that was not connected to this PhD
project [you] could use the the final months to further develop
the game in theory.

Interviewees noted a lack of work power which would also
worsen time limitations by slowing down the speed of development.
[C]: Usually you don’t have a big team for development [...] One
person, maybe two people, maybe in best case scenario, three
people.
[F]: I think that does limit me in some ways because I’m putting
myself in a position where I have to be the developer of the game...
and I’m a single person. I can’t make a AAA game or anything
that looks like it.
[A]: There’s always a tremendous lack of developers.
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[H]:Well, I, I mean, I guess having someone else do the, I don’t
know, 40 or 50 hours of coding would save me time.

5.9 Bad and Buggy Games
Interviewees alluded to working with qualitatively lacking or oth-
erwise shallow games. These were noted both the context of ex-
perimental games being made poorly, and games for research not
being ‘true’ games. One of the interviewed participants noted the
lack of expertise by a researcher when commissioning a game as a
source of these issues.

[C]: I’ve been [very] impressed with how well some of these games
were designed and how amazing and fun the games [...] could be.
And once you see that and [...] go over some really boring, horribly
done games, it’s hideous. And [it is] hideous for the participants.
You’re not respecting their time as well by designing something
like this and and calling it like a research prototype.
[D]: [I]’s [a] chore and so like they are standing against one of
the magic circle descriptions of games, which is like the freedom.
Like the freedom to stop, which I don’t have in a task.
[A]: If they make a game like that, what they’re doing is they’re
treating the player like a circus animal. So circus animal does
tricks. Receives treats. That’s not my definition of a game, and
I keep butting heads with my colleagues and psychology, who
believe that something is a game as long as it’s made in unity.
[G]: Unless [the researcher] really has the ability to understand
that he requires a designer and a creative team to turn his concepts
or ideas into something else, it becomes... something really clunky
because they don’t have the creativity to go out of the subject.

Outside of the design of the game, interview participants also
noted that execution wise, research games were prone to bugs
which could affect participants.

[C]: I think there are always cases that uh, you know functional-
ity wise something is not working as people expect it to work and
you could have maybe spent a couple of more weeks on the devel-
opment to basically fix that and maybe the participants would
have lower frustration rates or something like that or would be
able to enjoy the game more.
[B]: I think it works to show as a proof of concept, but we can
definitely improve for next time to make sure that there’s no
glitches or the least amount of glitches in the virtual environment.

6 Discussion
This section interprets findings related to the design and collabora-
tion challenges in academic game development, proposing practical
strategies to address these issues.

Our interviews show two key aspects that are relevant for aca-
demic game development: (1) the purpose and design of academic
games, and (2) the collaborative processes involved in their creation.
The following discussion delves into these areas.

6.1 Purpose and Design of Academic Games
Researchers hold diverse views on the definition of games and
struggle to operationalize these concepts. Nevertheless, they agree
that there is value in digital tools that resemble games, whether

through similar development processes, game-like visuals, or fa-
miliar mechanics, in academic contexts. This perspective supports
moving away from the idea that purposeful games must share the
same development goals as entertainment games, such as offering
meaningful choices.

Our findings suggest that researchers assess academic games
based on their added value to research, rather than categorizing
them by purpose as in previous work [8]. Approaches like Onto-
Jogo [24], which describe specific game elements, are less effective
for conceptualizing games due to the required game design knowl-
edge. We propose defining research task games by their specific
contribution to the research, focusing on their added value rather
than predetermined categories.

Our thematic analysis yields a framework categorizing academic
task or test games into three types: engage, immerse, and necessitate.
These categories reflect shifting design priorities based on game
type. Games that engage aim to sustain participant engagement
in otherwise monotonous tasks, such as the Stop Signal Game.
Games that immerse, like VR-based museum environments, study
realistic behaviors. Studies that necessitate games, exemplified by a
modified replication of an existing racing platformer game, aim to
examine specific behaviors within a gaming context while allowing
for greater experimental control. Each category’s distinct design
needs are elaborated upon below.

Engage. Games that aim to engage primarily focus on maxi-
mizing participant engagement and must balance the utilization of
game elements with the control and faithfulness to the test or task
they adapt. These opposing values include aspects such as higher
control, versus supplementary game mechanics, forcing a player to
follow a specific experience versus giving them choices and freedom.
As such, when developing games for these tasks, many researchers
may employ the use of a narrative element and the framing of the
task as a game through a visual language that mimics the visual
language of games. Prior studies have shown valid results with
increased engagement using these methods [6, 12, 15, 23].

Alternative strategies could further enhance this effect. Scoring
systems have shown potential in increasing motivation [23], while
fostering paratelic motivation by making tasks more enjoyable is
another viable approach [1]. To avoid unintended consequences,
developers should focus on enhancing task satisfaction rather than
introducing mechanics that significantly alter the task itself [27].
Careful implementation and testing are crucial for each specific
task, and evaluating different designs may require a large sample
size to account for participants’ increasing proficiency over time.

Immerse. While engaging games aim to capture attention, im-
mersive games focus on creating realistic experiences that replicate
real-world behaviors. Our interviewees particularly emphasized
the use of virtual reality (VR) for this purpose. In these cases, re-
searchers strive to minimize behavior that deviates from realistic
responses. The association between VR and games in participants’
minds presents a challenge, requiring researchers to carefully guide
them and limit unwanted behavior. Participants’ behavior validity
can be compromised when individuals are too playful in the virtual
environment. Consequently, interviewees avoided implementing
additional game elements in these immersive experiences.
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In our interviews, games that focused on immersion did so
through literal replication of environments in VR. Examples in-
cluded having people pretend they are in a museum, burgling a
house, or dissuading someone from jumping off a building. Our find-
ings also suggest that the design of the experimental process could
be improved. Participants are observed to have varying levels of ex-
perience with games, and those unfamiliar with them require more
detailed instructions. Furthermore, an important aspect discussed
in an interview is the design of the entire experimental experience
in VR research. The researcher noted that administering surveys
between experimental conditions in real life often disrupted partic-
ipants’ immersion. This suggests that immersion extends beyond
the game itself, necessitating careful design of the entire experimen-
tal process (from instructions to evaluations) to ensure seamless
integration into the virtual environment.

Necessitate. Some research tasks necessitate the use of video
games to study behavior within a specific gaming context. How-
ever, directly replicating commercial games presents challenges,
such as the inability to log precise in-game events or modify game
mechanics to investigate the effects of specific variations. Games
inherently requiring a gaming context for testing can be considered
the most authentic. Our findings suggest these games have fewer
design restrictions since replicating the experience of a true game
is part of the experimental environment. As a ‘vertical slice’ of a
game, it’s logical for researchers to draw inspiration from existing
games, either to save time or to target a specific audience. One
interview participant noted that as long as the experience remains
consistent across all aspects except the manipulated variables, the
results should remain valid, any effects from the overall experience
ought to cancel each other out.

Beyond the specific observations for the three categories men-
tioned above, some general findings apply across all types: Test
games for single experiments are typically short, enabling develop-
ers to concentrate on refining details. However, development often
faces time constraints and a shortage of skilled developers due to
budget limitations, insufficient workforce, or a lack of researchers
with strong development skills. These constraints can affect the
design’s comprehensiveness and the code’s quality.

Varying levels of gaming experience among participants can pose
challenges, such as the need to account for skill disparities in the
results. Borrowing designs from existing games or closely emulating
familiar game elements can reduce learning time for participants
and can save time in the design phase. Designing research games
for a specific user group may further streamline the design process
but may also limit the participant pool.

Inevitably, some players will have greater skill in certain games
than others. To ensure validity, researchers can control for this
variability by conducting surveys at the game’s outset to assess
familiarity and skill levels. Alternatively, implementing difficulty
calibration trials before collecting study data can effectively level
the playing field.

6.2 Collaboration and Logistics of Development
Collaborating with researchers who lack video game or design lit-
eracy presents a unique challenge and requires translating their

goals effectively. This process demands effort from both parties to
communicate efficiently and arrive at a game design that meets the
researchers’ needs. Although researchers may not excel in under-
standing game design, they are crucial in identifying validity issues
during a game’s development.

Developers should remain cautious of input from researchers
that might inadvertently compromise research objectives uninten-
tionally. However, researchers may also have very specific and
precise needs in relation to the task that cannot be changed. Devel-
opers needs to be receptive of these boundary conditions.

Developers working on academic games would benefit from
acquiring some research background and conducting preliminary
research in their collaborators’ field. The collaborator may also
benefit from preparing a breakdown of themost-important concepts
and methods that are relevant for the design of the game and the
understanding of the larger context where it will be embedded.
This approach enhances their understanding of the project’s goals
and stakes. To ensure the final product suits the research needs,
it’s crucial to establish clear research objectives and requirements
before initiating the game design process.

Collaborators should agree on regular communication to avoid a
lack of input from researchers during the development. ‘Calibration’
meetings should serve as moments to discuss design options, ex-
plain and declare relevant design decisions that have been made by
the developers, and get feedback on the current design or implemen-
tation of the game. Highlighting the iterative nature of development
can aid in managing expectations. Initially, rough prototypes should
suffice where only core game mechanics are demonstrated without
using sophisticated assets or graphics.

Finally, in studies employing games as task-performance tools,
researchers should provide comprehensive documentation of the
design process as supplementary materials. This enhanced trans-
parency enables future researchers to better understand a game’s
design, allowing them to assess its capacity to yield valid results.
Moreover, it would help anticipate the potential consequences of
modifying specific design elements when adapting work.

Limitations and Future Work. This study has limitations, includ-
ing potential selection bias from our convenience sample and lim-
ited generalizability due to small sample size. Future research could
investigate the three game types through structured interviews or
document a complete development process as a case study. Explor-
ing participant experience levels, developer-researcher differences,
and various task game categories could provide deeper insights
into their impact on academic research.

7 Conclusion
In this study, we conducted interviews with researchers and devel-
opers about the creation and use of academic games. Our analysis
revealed nine key themes that illuminate current practices in aca-
demic game development:

(1) Collaboration challenges: Differences in expectations, game
literacy, and focus areas between stakeholders often compli-
cate partnerships. Calibration meetings and iterative devel-
opment can foster a more unified collaboration.
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(2) Participant engagement: Using games for research is seen
as advantageous for attracting participants and increasing
engagement.

(3) Adaptation of conventional games: Researchers use existing
games to study gaming-specific phenomena or apply gaming
contexts to other fields. They often draw inspiration from
popular games, adapting them either literally or conceptually
for research purposes.

(4) Virtual Reality (VR) considerations: VR’s overlap with games
can be problematic when game connotations are unsuitable
for research.

(5) Research-focused design: Academic games prioritize specific
experimental goals over entertainment. Development con-
centrates on essential features supporting research objectives
while avoiding potential distractions.

(6) Participant gaming experience: Varying levels of gaming ex-
perience and literacy among participants can unintentionally
impact task performance and experimental results.

(7) Unintended design effects: Design decisions in academic
games can unpredictably influence study results. Reducing
game elements may improve experimental control but can
also diminish intended properties.

(8) Resource constraints: Time and personnel shortages often
limit the final product in academic game development. De-
velopers mitigate these constraints by focusing on specific
game elements crucial for research outcomes.

(9) Quality concerns: Poorly designed and buggy games frus-
trate participants and compromise research results, under-
scoring the importance of allocating sufficient time for de-
velopment and testing.

Our research led to the classification of academic test games into
three categories based on their research value. We offered guide-
lines for developing these games and enhancing collaboration in
academic game projects. The development of academic test games
faces challenges in translating research tasks into engaging game-
play and fostering effective teamwork. We advocate for a ’academic
game developer’ specialization that combines research acumenwith
game development skills to improve team collaboration and shared
project understanding.

To advance this field, we recommend further research to stan-
dardize development processes and improve communication strate-
gies. Thorough documentation and publication of academic game
design methodologies are essential to bridge knowledge gaps for
future researchers and developers. Addressing these challenges
will not only enhance current research practices but also lay the
foundation for a discipline that integrates game development with
experimental research.
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