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Abstract:

This study investigates the e [edtiveness of an immunology-themed learn-
ing game, Kampen om Kroppen, compared to traditional learning re-
sources in enhancing high school students’ understanding of immunolog-
ical concepts. The work evaluates student engagement, comprehension,
and retention. Using a quantitative-measures approach, we collected
guantitative data from a survey measuring engagement and knowledge
gain. Results indicate that while the game elicited significantly higher en-
gagement scores in areas such as Focused Attention and Aesthetic Appeal
than the control condition, the overall engagement level remained mod-
erate. These findings suggest that although learning games can enhance
student interest, the design must be refined to improve engagement and
learning outcomes. The possibility of replacing cells and pathogens in
pixel-style representations with metaphors or anthropomorphized charac-
ters emerges as a potential strategy to deepen understanding and reten-
tion. This research contributes to the discourse on learning game design,
highlighting the need for innovative approaches to teaching challenging
subjects like immunology.
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1 Introduction

The eld of immunology plays a critical role in understanding the body's defence mechanisms against pathogens,
making it a cornerstone of modern biology and medicine. Despite its importance, immunology is considered a
challenging subject to teach e ectively, particularly at the high school level. This complexity arises from the abstract
nature of many immunological concepts, such as cellular communication, antigen recognition, and immune memory,
which can be di cult for students to visualize and comprehend [1].

Traditional educational methods, primarily based on textbooks and lectures, often fall short of engaging students
or helping them retain these complex ideas [2]. As global health concerns such as pandemics and antibiotic resistance
continue to emerge, the need for an informed and scienti cally literate population has never been more crucial.
Immunology, in particular, is at the forefront of these challenges, as it underpins our understanding of how to combat
diseases and maintain public health [3].

In recent years, learning games have shown promise as an innovative way to enhance learning and increase
engagement in various subjects [2]. However, the potential of game-based learning in the context of immunology
remains largely unexplored. While some studies have investigated the bene ts of digital tools in teaching complex
biological concepts, there is a noticeable gap in the literature when it comes to interactive media speci cally designed
to teach immunology at the high school level [4].

1.1 Motivation

The motivation for this study arises from the ongoing challenges educators face in making complex subjects like
immunology accessible and engaging for students. With the rise of digital media in education, it is important to
explore how these tools can be used to overcome traditional barriers to learning [2]. The potential of learning games
to make abstract concepts more tangible and engaging provides a unique opportunity to improve both the quality
and accessibility of science education. By investigating the impact of a game-based learning approach, this study
seeks to contribute to the growing body of research on educational innovation and student engagement.

1.2 |Initial problem statement (IPS)

How can a roguelike learning game improve the understanding of complex biological
concepts, such as immunology, for high school students?
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2 Theoretical Framework

In this section, we have explored existing research on learning games, and the design and potential advantages of
roguelite games in the context of learning games. We also investigated two learning games and a roguelite tower
defence game, to inform the design of our prototype.

2.1 Learning Games

Learning games, also known as educational games or serious games, are designed with the primary purpose of
facilitating learning in an interactive and engaging way. These games integrate educational content and objectives
into gameplay mechanics, providing players with opportunities to acquire knowledge, skills, and concepts while
immersed in a gaming environment.

One of the key advantages of learning games is their ability to enhance engagement and motivation among learners.
By leveraging the inherent enjoyment and challenge of gameplay, these games can captivate players' interest and
sustain their attention throughout the learning process. This increased engagement can lead to improved learning
outcomes, as learners are more likely to actively participate and invest e ort in mastering the content presented
within the game [5], [6].

Learning games cover a wide range of subjects and educational domains, including mathematics, science, language
arts, history, and more. They can be tailored to di erent age groups, educational levels, and learning objectives,
making them versatile tools for educators and learners alike. Additionally, learning games often incorporate elements
of feedback, progression, and adaptation, allowing for personalized learning experiences that cater to individual learner
needs and preferences [7].

The design of e ective learning games requires careful consideration of both educational principles and game design
principles. Developers must strike a balance between pedagogical e ectiveness and gameplay enjoyment, ensuring
that the game mechanics align with the learning objectives while remaining engaging and enjoyable for players.
Iterative design processes, user testing, and feedback collection are essential components of creating high-quality
learning games that e ectively facilitate learning while maintaining player engagement [8].

In recent years, advances in technology have expanded the possibilities for learning game development, with the
emergence of virtual reality, augmented reality, mobile gaming, and other innovative platforms. These technologies
0 er new opportunities for immersive and interactive learning experiences, further enhancing the potential impact of
learning games on education and training [5].

The interactive nature of video games allows players to learn in a more experiential context compared to non-
interactive media. Through the mechanics of a video game, players can gain an understanding of complex real-world
systems. This is the concept of procedural rhetorics, a term coined by lan Bogost and de ned as:

The art of persuasion through rule-based representations and interactions rather than the spoken word,
writing, images, or moving pictures.[9]

Bogost proposes that designers of learning games should aim to integrate learning content through the mechanics
and the systems of the game rather than just through some type of audio/visual presentation [9].

Many learning games aim to teach players factual information and descriptions about a speci ¢ topic. This type of
knowledge is known as declarative knowledge and it has been suggested by Lemoine et al. [10] that the roguelite
genre is particularly adept at teaching this type of knowledge. The specics of roguelites and the often con ated
roguelikes will be explored further in the Section 2.3, but in summary: they propose that since declarative knowledge
is gained through repetition, and since the roguelite genre promotes replayability, using roguelites to teach declarative
knowledge could prove advantageous over other game genres.

2.2 Engagement in games

Engagement in games is a multifaceted concept that encompasses the player's involvement, immersion, and enjoyment
throughout the gaming experience. It goes beyond mere participation, as it re ects the depth of connection and
interaction between the player and the game environment [11].

One of the key concepts related to engagement in games is " ow," a term coined by psychologist Mihaly Csikszent-
mihalyi [12]. Flow refers to a state of intense focus and immersion in an activity, where the individual experiences
a sense of enjoyment and loses track of time. In the context of gaming, achieving ow indicates that the game's
challenges are well-matched to the player's skills, leading to a highly rewarding and engaging experience.
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Engagement in games can signi cantly enhance learning outcomes. When players are deeply engaged in a game,
they are more likely to be receptive to new information and concepts presented within the game environment. This
phenomenon has led to the emergence of educational games that utilise the engaging nature of the game to facilitate
learning in various domains, including science, mathematics and language arts [11]. By integrating educational
content seamlessly into gameplay mechanics, these games can promote active learning and skill development while
keeping players motivated and entertained.

Game Designer Raph Koster [13] proposes that video games are systems for learning and that the experience of “fun'
when playing video games, comparable to high engagement, is caused by the reward system of the brain releasing
endorphins whenever we learn something. According to Koster, games consist of patterns that need to be analysed,
learnt, and eventually 'grokked’ “Grokking' is used as a term for complete mastery of a pattern. Once a player has
grokked a pattern and there is nothing new for them to learn, they will lose interest in that pattern. If the game
does not provide a player with new patterns to recognize and grok, or if a game introduces new patterns too slowly
as the player progresses, they will eventually become bored and stop playing. However, if a game unfolds too many
or too complex patterns at once, a player might perceive the patterns as non-sensical noise which leads to frustration
and boredom. Boredom in video games, in the sense described by Koster, also occurs when the player has grokked
all patterns in the game or if the player fails to see any patterns whatsoever as this will be interpreted as nothing
but noise. To maintain a consistent enjoyment of the game throughout, an increased level of challenge should be
introduced gradually, and new patterns should be introduced continuously. Koster argues that the way to achieve
this is through emergent behaviour , which Koster de nes as "patterns that emerge spontaneously out of the rules,
allowing the player to do things that the designer did not foresee."(2005, p. 128) The procedural nature of roguelites
provides a strong basis for emergent gameplay to occur [14].

2.3 Roguelikes & Roguelites

The term roguelike refers to a genre of videogames that includes a speci ¢ set of game mechanics originating from
the 1980 video game Rogue [15]. In 2008 a proposal for a de nition of the roguelike genre was put forth at the

International Roguelike Development Conference in Berlin, Germany [16]. This de nition became known as the Berlin
Interpretation and it de ned 9 so-called high-value factors; essential features that a roguelike should include:

Random environment generation
Permadeath

Turn-based

" Grid-based

Non-modal

Complexity

Resource management

Hack'n'slash

Exploration and discovery

Games that include permadeath and procedural generation but disregard some of the other factors of the Berlin
Interpretation are commonly referred to as roguelites to distinguish themselves from true roguelikes. However, the
terms roguelikes and roguelites are often used interchangeably today as even developers describe their games as
roguelikes despite them lacking most factors mentioned in the Berlin Interpretation [17]. Though roguelites are
varied and include several sub-genres such as action-roguehtades Binding of Isaac[18]) and Deck-bulding-
roguelites Slay the Spire[19]), common denominators in these types of games can be identi ed as procedurality,
permadeath, progression, resource management and replayability.

2.3.1 Procedurality

Roguelites feature di erent degrees of procedural generation. A typical structure of roguelite such as the structure
found inHadeg17], Slay the Spire[19] and Binding of Isaac[18] would be a progression through di erent biomes/rooms

of lesser enemies and events before facing a boss. The biomes/rooms a player encounter is determined by a seed,
which is a short string of text or a number used to procedurally generate the map layout and enemy composition.
Within these rooms, the environment itself may also be procedurally generated. This ensures that no run is the same
as both the environment, the enemies and the order in which the player will face them vary from run to run.

3



From Pages to Play - MED10 Group 1 Medialogy - Aalborg University

2.3.2 Permadeath

Permadeath means that once the player dies they will have to start the game over again. There are no checkpoints
and the only way to complete a playthrough is to reach the end without dying. In roguelites, a playthrough is also
referred to as a "run". The length of a successful roguelite run varies between games, but for some of the more
popular games within the genre, a successful run takes anywhere from minutes to hours.

2.3.3 Progression

There are typically two types of progression in roguelites. In-run progression and meta-progression. The in-run
progression refers to any progress made while playing a single run. This progression includes abilities, upgrades
and items that make a character more powerful for the remainder of the run but will be lost upon death. The
item/upgrade pool may be randomly determined and in many roguelites, there are potentials for powerful synergies
between items making the player almost invincible. Losing all in-run progression upon death or completion of a run
ensures that the next run will be a fresh challenge. To compensate for the increased power of the player, roguelites
will also get progressively harder during a run.

The meta-progression refers to any type of permanent progression that is kept between runs and will usually yield
an advantage for the player in their following runs. This can occur in the of unlocking items and abilities that will
appear in the following runs or as iHades where the player collects several resources which persist between runs
and can be used to upgrade health, damage, weapons and abilities. In some cases $tadeafl7] and Returnal
[20], the narrative is also part of the meta-progression as each may unlock new dialogue and cutscenes that progress
the story. The meta-progression systems in roguelites are often mentioned as the de ning feature that distinguishes
this genre from roguelikes.

2.3.4 Resource Management

Resource management is a crucial part of completing a roguelite run. Bddldes[17] and Binding of Isaa§l8]

feature a limited health pool, that does not automatically regenerate. Health regeneration is tied to speci c events
and rooms, and is usually a reward in itself, meaning players will often nd themselves in a position, where they have
to carefully make a choice between a reward that improves their combat abilities for the rest of the run, or a reward
that provides some sort of health regeneration. Many roguelites also feature shops where resources acquired during
the run can be spent on rewards that will empower the player for the rest of the run. In Slay the Spire [19], players
encounter shops where they may use gold acquired from clearing rooms to purchase one-time-use potions, new cards,
and powerful relics that provide a bu for the remainder of the run or remove existing cards at a cost. As gold is
limited and the o er of items sold in the shop is randomized, players will have to make several important strategic
decisions that may make or break their run. Games such as Rogue Legacy, and Hades [17] also feature resources
that persist between runs, meaning that the strategic decision and resource management extend beyond a single run
in these games.

2.3.5 Replayability

Roguelites are games that heavily encourage replaying. The genre is known for its challenging di culty meaning
players usually make several unsuccessful attempts before successfully nishing a run without dying. The meta-
progression allows the player to keep progressing and build a stronger character even if their run is unsuccessful. For
some games, such dsadeg17], Binding of Isaa¢18] and Returna[20] both dying and completing several runs are
required to experience the full narrative of the game. The procedural nature of roguelites makes each run unique and
the relatively short length of a run ensures that a player will not lose hours of progress upon death.

2.3.6 Framework for roguelite learning games

Lemoine et al. [10] propose a framework for analysing roguelite games that train declarative knowledge. The frame-
work consists of ve criteria: Generation, Death/Hurt, Variety, Progress and Di culty. Within each criterion, several
guestions can be asked from both an educational and game perspective.
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Figure 1. Analysis Framework for Designing Declarative Knowledge Training Games Using Roguelite Genre [10]

The criteria in the framework match the aforementioned characteristics of roguelites and the main point of this
framework is to ensure that the educational content and gameplay and the dynamic between them is taken into
consideration during development by asking a series of questions depicted in Figure 1.

2.4 A roguelite immunology learning game

Immunology is a branch of medicine and biology that concerns itself with the study of the ever-ongoing interactions
between pathogens and the immune system. It is considered a particularly challenging subject for students to
understand as it includes many complex systems, is interdisciplinary, and rapidly evolving [21].

It is also a topic that lends itself particularly well to a learning game with roguelite elements, as there are several
overlapping characteristics between the gameplay loop found in roguelites and how the immune system ghts o
pathogens.

2.4.1 Procedurality

There are more than 1200 pathogens known to cause disease in humans[22], meaning a roguelite learning game
could feature a wide variety of enemies with vastly di erent characteristics. To simulate the unpredictable nature of
infections within humans, enemy stats, composition and rate of mutations could be determined procedurally. The
concept of rooms or biomes in roguelites also ties in nicely with the human anatomy, as these could consist of di erent
types of tissue, body parts or organs with certain types of pathogens more likely to appear in certain parts of the
body.

2.4.2 Progression

The human immune response is inherently progressive as it continuously learns and adapts to new pathogens. On
a cellular level, the immune system can be divided into the innate and adaptive immune systems; the innate immune
system being a more generalized response and the adaptive immune system being a more speci ¢ response.

When a pathogen is rst encountered, the innate immune system ensures a generalized response by activating
the white blood cells of the innate immune system: Neutrophils, basophils, eosinophils, mast cells, macrophages,
dendritic cells, and natural killer cells (NK cells).

The primary functions of these cells are:

Neutrophils and macrophages will engulf and digest pathogens through a process known as phagocytosis.
Macrophages also contribute to activating the adaptive immune system through antigen presentation, but are
less e ective than dendritic cells at this.

Mast cells and basophils will release histamine and other mediators to promote in ammation in an area,
creating an inhospitable environment for pathogens while increasing blood ow and signalling for other immune
cells to engage pathogens in the area.

Eosinophils will ght parasitic infections and play a crucial role in allergic responses.
NK cells will recognize and kill cancerous or infected cells by inducing apoptosis (programmed cell death).

Dendritic cells will recognize and present antigens to T cells, thereby activating the adaptive immune system.
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The adaptive immune system consists ®f cells and B cells that primarily attack pathogens based on their
antigens. Antigens are identi ers that pathogens display on their surface. Cells like dendritic cells and to a lesser
extent macrophages will capture and recognize speci ¢ antigens, which they will present to T cells, activating the
adaptive immune system.

After an antigen has been presented to a naive T cell, the T cell proliferates and di erentiates into:

Cytotoxic T cells , which kill infected cells carrying the antigen presented to them.
Helper T cells, which aid other immune cells and activate B cells.

Memory T cells, which live in the body for years, remember previous pathogens and reactivate the adaptive
immune system if said pathogen appears again.

When a Helper T cell activates a B cell, the B cell proliferates and di erentiates into:

Plasma cells, which produce antibodies aimed at speci ¢ antigens. The antibodies will attach themselves to
the surface of pathogens carrying said antigen, neutralizing or weakening the pathogen and signaling other
immune cells to attack it.

Memory B Cells, which remembers a speci ¢ antigen, ready to di erentiate into antibody-producing plasma
cells if they re-encounter pathogens carrying this antigen.

As such, there is a natural progression in the manner in which the body responds to threats from pathogens, going
from activating cells that are part of the innate immune system to activating T cells and nally activating B cells
and antibody production. [23] [24] [25]

Abstracting into roguelite mechanics

There are several possibilities to abstract this progression into a roguelite gameplay loop both in terms of in-run
progression and meta-progression. During a run, the player could gradually increase their power, as they start with
only the cells included in the innate immune system, but gradually unlock T and B cells by defeating pathogens and
presenting their antigens to T cells. Memory T and B cells could also serve as meta-progression in that once they are
created, they will persist through runs. There is also a wide variety of real-life factors that may increase the e ciency

of the immune system, such as proper diet, sleep, exercise, and medicine, meaning the pool of upgrades the player
gets to choose from during a run, has the potential to be very large and mirror how the body works.

2.4.3 Perma-death

If the immune system persistently fails to ght o pathogens infecting the body, it will result in a weakened body
succumbing to disease and eventually death. In that sense implementing perma-death in a game about protecting
the body from pathogens seems like an obvious choice; however, if memory B and T cells are used to represent
metaprogression, perma-death may be harder to implement in a factually meaningful way, given that the memory
cells would die along with the rest of the body.

2.5 State of the art

This section presents an analysis of an in uential title in the tower defense genre and two learning games, FLERP,
CellCraft, and the Blood Typing Game. Each game contributes with unique mechanics and design principles that
inform our development process. By examining these titles, we aim to identify best practices and innovative strategies
that can enhance player engagement and educational e cacy in our learning game prototype.

251 FLERP

FLERP[26] o ers a unique twist on the tower defense genre by incorporating roguelite and autobattler elements.
Developed and published by Foolsroom[26], FLERP challenges players to fend o waves of enemies using units that
can be bought and upgraded through a strategic resource management system [26].

Dynamic Gameplay Mechanics:

FLERP[26] di erentiates itself from traditional tower defense games by allowing players to recruit units from a shop
rather than placing towers. These units automatically engage enemies, adding a layer of strategic depth, as players
must choose the right units and upgrades to optimize their defenses. The game emphasizes resource management,
with players earning gold and interest after each level, which can be reinvested into more powerful units and upgrades.

Strategic Decision-Making:
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Players face numerous strategic choices throughout each game. With a variety of units and items available, each run
is unique, requiring players to adapt their strategies based on the resources they acquire. This variability ensures that
no two playthroughs are the same, maintaining a high level of engagement and replayability.

Adaptive Challenges and Replayability:

FLERP[26] features a roguelite progression system where each run o ers di erent challenges and opportunities. The
procedural generation of the game and the variety of available units and items keep players constantly adapting and
re ning their strategies to overcome increasingly di cult enemy waves.

Unique Selling Points:

FLERP[26] combines arcade-style tower defense mechanics with roguelite progression, providing a fresh take on both
genres. The automatic combat system and strategic depth in unit recruitment and synergy formation set FLERP[26]
apart, making it appealing to fans of strategy and roguelite games alike.

2.5.2 CellCraft

CellCraft[27] was funded by the Digital Media & Learning Competition in 2009 and made it to full release in 2010
[28] [29]. The game's objective is to develop a cell from a membrane into a fully realized cell with all its organs and
the challenges it faces from foreign objects like viruses and changing temperatures. The stated design philosophy
behind the game was a truly educational game that was also genuinely fun to play. [27], i.e., a distinction was
drawn between learning games that are fun to play and those that are not.

The designers emphasized the necessity of the game being fun to play because many learning games are made
to convey information rst and be games second. By prioritizing fun gameplay, the hope was that students playing
the game would feel enticed to learn more about the subject, or at least play the game from start to nish, retaining
more information along the way than they might have by reading relevant educational material.

Cellcraft[27] also provides players with an encyclopedia, accessible at any point in the game, where relevant in-
formation about anything to do with the relevant cellular element can be found. However, the game also provides
this information in a much more organic way by depicting its real-world subject matter realistically. All the gameplay
presented in the game is grounded in the real-world behaviour of cellular organisms. By closely simulating the behavior
of a cell, if players recall how a mitochondrion works in the game, they will know how the real thing functions. This
aspect is what sets apart learning games from traditional teaching methods.

The game earned multiple awards and was played by 2.5 million players within 3 months of its free-to-play on-
line release, which does imply a certain level of gameplay quality [29].

2.5.3 The Blood Typing Game

The Blood Typing Game is a notable educational tool that won the 'Best Game' category at the Swedish Learning
Awards in 2012. Its minimalistic yet captivating graphic design e ectively engages users while teaching them about
blood types and their compatibility for transfusions. This game utilizes a playful teaching method that enhances the
learning experience by fostering curiosity about the subject matter [30].

Engaging Design:

The game's design stands out through its simplicity, allowing players to focus on the learning objectives without
unnecessary distractions. By presenting blood typing in an interactive format, the game encourages users to actively
participate in their learning process, which can lead to a deeper understanding of the concepts involved.

Educational Impact:

The Blood Typing Game addresses a crucial area in biology education understanding blood types and their
compatibility. The game e ectively conveys this information through gameplay mechanics that challenge players
to identify blood types and make decisions based on compatibility. This approach not only reinforces theoretical
knowledge but also emphasizes the practical implications of blood typing in real-world medical situations [31].

Playful Learning:

By integrating playful elements into its design, the Blood Typing Game reduces the anxiety often associated with
learning complex biological concepts. This enjoyable experience promotes sustained engagement, encouraging players
to explore and learn more about the topic. The success of the game in capturing user interest demonstrates the
potential of using interactive gaming as a complementary educational tool.

Signi cance:
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The Blood Typing Game exempli es how educational games can e ectively teach foundational biological principles
in a manner that is both engaging and memorable. Its innovative design principles serve as a valuable reference
for developing learning games that aim to enhance player engagement and learning outcomes in subjects such as
immunology.

2.6 Research Question

At the start of the project, thelnitial Problem Statement was formulated as follows:

How can a roguelike learning game improve the understanding of complex biological
concepts, such as immunology, for high school students?

Taking into account all the information gathered from the Theoretical framework, we arrived at the followingl
Problem Statement which poses the following question:

Does the use of an immunology learning game with roguelite game elements, result in a
better understanding of immunological concepts among high school students compared to
reading material?
2.6.1 Null Hypothesis (HO):

The use of an immunology learning game with roguelite game elements does not result in a signi cantly better
understanding of immunological concepts among high school students compared to reading material.
2.6.2 Alternative Hypothesis (H1):

The use of an immunology learning game results in a signi cantly better understanding of immunological concepts
among high school students compared to reading material.
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3 Design requirements

Based on our examination of the available literature, the following design requirements apply:

Functional:

The game should include roguelite mechanics and systems meaning it should feature procedurality, progression,
permadeath and resource management

Pathogens should be the main enemy and the game should feature di erent types of pathogens with di erent
characteristics.

The game should feature behaviour for all essential immune cells

The game should include an encyclopedia of subjects in the game 2.5.2
Non-Functional:

" The game should teach the player the essential functions of the innate and adaptive immune systems
The game should encourage replayability through a varied pool of enemies and upgrades

The game should primarily teach the learning content through mechanics and systems rather than text

The di culty of the game should match the skill level of the target group to create engagement and ow
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4 Design

Before and during the pre-design, design and development of our prototype, we involved biology teachers in the
process. Three teachers from three di erent high schools were interviewed before the development had even begun,
to get their input regarding what, if any, learning games they already use in their teaching, and what immunological
concepts they felt were most important to include. We involved a fourth biology teacher in the nal design of our
prototype, making adjustments based on their feedback regarding the gameplay and educational content. Our design
incorporated insights from sections 2.1 and 2.3, detailing the gameplay loop and the functions of various in-game
elements.

4.1 Learning content

Before commencing development on the prototype, we conducted interviews with 3 di erent high-school teachers to
inform our design, these interviews can be found in the appendix D. Interview 1-3 were conducted before development,
while Interview 4 was conducted during the nal stages of development of the prototype. We asked them which
topics they would like to see covered by the game based on the biology curriculum at Danish gymnasiums and if
they had any previous experience using digital games as part of their teaching material. All teachers included games
as part of their teaching; however, they struggled to nd games on immunology that showcased how the immune
system works on a cellular level. Two of the teachers mentioned using The Blood Typing Game[30] in their classes,
however, as this game only provides information on antigens and antibodies in relation to blood transfusion, its use
case for teaching immunology is limited. None of the teachers had been able to nd games that focused on how
the human immune system works on a cellular level. One of the teachers provided a chronological walkthrough of
how they taught immunology, starting with a pathogen infecting the body followed by the activation of the immune
system, rst the innate system followed by the adaptive immune system. This was in line with how the other teachers
described the content in which they covered during immunology lectures and could be condensed into the following
topics:

Innate immune system

Adaptive immune system

White blood cells and their functions

Vira and bacteria

Antigens and antibodies
Furthermore, taking inspiration from the learning game Cellcraft [27] this game will feature an encyclopaedia,
which we dubbed "Leksikon" in which players can get more information on the content presented during gameplay.
4.2 Initial design and ideas

During our initial design discussions, we arrived at 3 game genres that aligned with our design requirements of
teaching immunological concepts through gameplay and roguelite elements:

Tower defence
~  Auto-battler
~ Deck-builder

To settle on the genre that resonated with our target group the most, we asked the target group to Il out a
guestionnaire on which genre they preferred to play. The questionnaire had 62 respondents, all of which were
high-school students, and the results were as follows:

~ 17,7% preferred the deck-builder genre

24,2 % preferred the tower defence genre
19,4 % preferred the auto-battler genre

29 % did not know of any of the above genres

9,7 % had no preferred genre

10
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Based on the results of the questionnaire we decided to develop a tower defense game. We applied the roguelite
learning game framework[10] and arrived at table 1:

Criteria Educational Perspective Game Perspective
Which elements are generated? | Dierent types of pathogens and | Enemies and bu s
Generation bu s to the immune system
When are they generated? Bus: Between every round. Pathogens: Between every round
and after a certain time that the pathogen is left alive
On what basis are they gener-| Pathogens are based on pathogens commonly infecting the hu-
ated? man body. Bus are presented as life choices that may increase
the e ectiveness of the immune system
When can the avatar get injured | Whenever a healthy cell is at- | Whenever a healthy cell dies, the
Death/Hurt or die? tacked by a bacteria or infected | body health percentage will go
by a virus, the cell will take dam- | down
age and eventually die
What are the consequences of| Being injured will reduce the | If the body health reaches 0, the
being injured? Being killed? number of healthy cells. If | player will die, forcing them to
there are no healthy cells left, | start over
the body has been overrun with
pathogens, leading to irrepara-
ble damage, immune failure, and
death
Where can the avatar be injured | The cells of the body can be injured or killed every time a
or killed? pathogen attacks it
Variety Which elements vary? Pathogens and bus ' ' -
How do elements vary? Various pathogens with various characteristics. Pathogens may
mutate into di erent strains with di erent characteristics. Bu s
are presented as options to lead a healthier lifestyle, taking an-
tibiotics or getting vaccinated, and will be presented to the player
between rounds
What is retained in-between | N/A Permanent upgrades to immune
Progress 3
each death? cells and resource generation
Di culty What are the elements t_hat in- Inc_rea;ing di culty: Pgthogeng reproducing. New pathogens are
crease or decrease the di culty? | being introduced. An increasing number of total pathogens. De-
creasing di culty: Bu's, more resources, more white blood cells,
presenting antigens.
How is the di culty progression Gradual increase in the number of pathogens. More dangerous
designed? pathogens are introduced the longer the game goes on.

Table 1: Comparison of Educational and Game Perspectives

Whenever a design element remains the same between the educational and game perspective, the cell is merged.
This table is what helped us ensure that the roguelite framework was adhered to during development.
Before the prototype development process began, a number of digital mock-up prototypes were designed, resulting
in a nal design which was largely adhered to throughout development.

11
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Figure 2: Early design prototype

The mock-up seen in gure 2 served as a guideline for the implementation of both the user interface and the core
gameplay loop. The nal iteration maintains the overall Ul design, in a more re ned manner.

4.3 Gameplay loop

When the game begins, the player starts with 200 healthy body cells, henceforth referred to as "neutral cells”, that are
under constant attack from pathogens. The neutral cells are spread evenly across the screen, and whenever pathogens
attack them, they will take damage. If all neutral cells die, the player will lose the game. As in most tower defense
games, players accumulate resources over time which are used to purchase units. In our game, these units are white
blood cells, that will automatically seek out and attack pathogens. The game consists of 12 rounds, and pathogens
spawn at the beginning of each round. Whenever a player survives a round, they will get the choice between 2
di erent bu s that increase their power for the rest of the game. The bu s are taken from a randomized pool, and

are based on actual scenarios that would strengthen the immune system such as better sleep, diet, antibiotics and
vaccinations. The number of pathogens spawned will increase for each round, and the pathogens that spawn will
do more damage, have a higher movement speed and health. Pathogens will also have a chance of mutating into a
di erent strain with di erent characteristics, making it harder for the player to combat them.

4.3.1 White Blood Cells

Initially, the idea was for white blood cells to be able to di erentiate into specialized immune cells. This was to
simulate how cells such T-cells and B-cells di erentiate, and to demonstrate the various di erent roles the same type
of cell could Il. Given the limited development time, this type of simulation proved too ambitious and given that
this feature would also drastically increase the complexity of the game, making it less accessible to our target group,
we opted to cut it out. We also chose not to include a type of white blood cell called Eosinophil, as these were
not mentioned in any of the literature typically given to high school students in Denmark. The fact that eosinophils
primary role is to ght o parasitic infections and we had no parasites in our game also helped inform the decision not
to include them in the design. The white blood cells actually included in the game and their roles are as following:

Neutrophils: To simulate the fact that neutrophils are short-lived and abundant in numbers, they are produced
by the bone marrow at short intervals, which can be reduced by buying more. They follow the nearest pathogen
and attack them once they reach it, simulating how phagocytosis works. After an attack, the neutrophil will
disappear simulating their short lifespan.

Macrophages: A big white blood cell, that both chases after pathogens and performs phagocytosis like

12
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the neutrophils. Macrophages also contributes slightly to antigen presentation, which activates the adaptive
immune system. Unlike Neutrophils, they will not disappear after performing an attack.

" NK cells: Finds the nearest cell that has been infected by a virus and kills the cell, ensuring the virus can
not spread.

Mast cell:  Finds the nearest dead cell and revives it. This simulates mast cells' role in tissue repair.

Basophils: Creates an area of in ammation in which everything inside it takes damage until the in ammation
disappears. The player chooses where and when to create these in ammation areas based on a cooldown that
is reduced by buying more basophils.

Dendritic cells: Performs phagocytosis although less e ective than Neutrophils and Macrophages. Boosts
antigen representation at a much greater rate than macrophages.

T cells: Targets cells that have been infected by pathogens with antigens that have been presented. Much
more e ective than NK cells. Can only be purchased after antigen presentation has taken place.

B cells: Produces antibodies that attach to pathogens with an antigen that has been presented. When an
antibody attaches to a pathogen their maximum health and movement speed is reduced. Can only be purchased
after purchasing a T cell.

4.3.2 Pathogens

Because the reading material found in Yubio[23], an interactive learning platform used by some of the teachers who
participated in the study, mostly focused on the traits and peculiarities of virus and bacteria, it was decided to focus
on just those two as potential enemy types for the player to defend against.

Virus: As it would have been impractical to simulate the actual size di erence between a virus and human
cells, the size of these game objects were scaled to be signi cantly smaller than all others to represent the size
di erence. lIts attack action was designed such that when it approaches a cell, instead of doing damage to it, it
will simply disappear into the cell, thus simulating a viral infection. The more viruses that infect the same cell,
the quicker the "lytic release" will happen, which is when an infected cell bursts open, releasing a ood of virus
clones it had been incubating. Virus generally have smaller health pools than bacteria, partly because they
usually are smaller and more fragile organisms, but also because they give other parts of the immune system a
chance to kill it before it infects a cell and has to be killed by NK-cells, or T-cells.

Bacteria: The size of the bacteria game objects falls somewhere between a human cells and a virus. Although
not all bacteria simply attack individual cells, as some instead release toxins that damage the body in a wider
area around it, for the scope of this project, it made more sense to design the bacteria as a more traditional
video game enemy that attacks individually. After the bacteria has attacked neutral cells enough times, it will
begin to clone itself, and depending on the danger individual strains of bacteria pose, this cloning process will
be shorter or longer. Bacteria generally have larger health pools than virus, because the player can constantly
attack them and because they are visually bigger, so to the player's eye it would seem odd that bulky enemies
died faster. They also heal themselves whenever they attack, so that they cannot be safely ignored but have
to be dealt with.

4.4 Designing the tutorial

To avoid information overload for a rst-time player, a tutorial was designed to gradually introduce the mechanics
of the game to the player. The tutorial uses a yellow highlight color on buttons and arrows to draw the attention to
points of interest in the Ul, while a text panel on the left side of the screen features a short description of the rules
and mechanics. The player progresses through the tutorial by purchasing white blood cells one by one. Whenever
the highlighted blood cell is purchased, the player gets to see how this blood cell interacts with pathogens on screen,
while the text describes what is happening and why it is happening. The player can only interact with the highlighted
buttons and cannot progress until they have performed the task, the text box prompts them to. This ensures all
players follow the same progression through the tutorial. The cells are introduced in the order of left to right, and
the text box descriptions provide relevant information on how to most e ectively use the cells when the game starts.
When the player has completed the tutorial, the main menu will load.
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Figure 3: In-game screenshot of the tutorial

4.5 Adjusting the design based on feedback

The initial prototype was adjusted based on feedback received from one of the high-school teachers during Interview
4 D. The two main concerns raised were:

" Gameplay screen too busy The teacher was a bit overwhelmed by how much was going on the screen at the
same time. It was hard to see which cells did what and what di erence it made when buying new cells.

" Text descriptions were overwhelming The encyclopaedia, describing what every cell does in the game and
how that relates to their real-life counterpart, seemed overwhelming for the teacher. The teacher suggested
summarizing the essentials of any given article in a couple of paragraphs at the top of the text, leaving the rest
of the text as-is for students to dive further into content, should they choose to.

Concerns about the gameplay screen being too busy were alleviated by reducing the number of neutral cells from 200
to 50. The size of the neutral cells was also increased. The rate of resource generation was decreased and movement
speed, attack speed and spawn rate of pathogens was also decreased. These changes resulted in game that was
slower paced with less interactions happening on the screen at the same time.

The overwhelming text descriptions were solved through the advice of the teacher, summarizing the essentials of
each entry in the encyclopaedia in the rst couple of paragraphs.
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