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Mixed Methods Evaluation of Immuno-Defender’s Player Experience and

Learning Outcomes
Andrew Mrkva, M.S.

University of Pittsburgh, 2023

This study evaluated the prototype game Immuno-Defender, a 3D action game that
teaches players about the human immune system. The pilot study assessed the feasibility
of combining multiple qualitative and quantitative methods to evaluate a learning game.
Six participants took part in a remote playtesting session with the investigator, which was
book-ended with a pre and post test to assess knowledge acquisition and a self-assessment
of player experience using a shortened version of the Player Experience Inventory (PXI).
Participants then completed a delayed posttest to assess knowledge retention. Qualitative
analysis included observation, retrospective, interview, and a player performance assessment.
Results showed that participants increased their knowledge assessment scores (t = 5.59,
df = 5, p-value of 0.002) and the four that completed the delayed posttest retained their
knowledge (t = 5.64, df = 3, p-value of 0.011). Qualitative findings revealed the strengths
and weaknesses of the game’s current design and provided insights for the next iteration of

development. Visit ajmrkva.com/immunodefender to learn more about the project.

Keywords: mixed methods, transformative games, serious games, educational games, videogames,
digital games, games for health, playtesting, remote playtesting, player experience, games

user research, immunology, immune system.
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1.0 Introduction

How humans survive diseases is both complex and fascinating. The human body has
interconnected systems of natural defenses augmented with medical treatments including
vaccines. Viruses and bacteria themselves have their own counter o enses and ways of
overcoming our defenses. This ongoing microscopic battle impacts everyone, and yet many
of us do not fully grasp what is happening including college students pursuing careers in
pharmacy and biology.

Transformational games are designed with the intent to take such individuals and trans-
form their knowledge and behavior beyond the game world in such a way that persists long
after their experience playing the game has ended [15]. Serious games are a kind of Trans-
formational game that utilizes game principles for learning, skill acquisition, and training
purposes [34]. They have been extensively studied and recognized for their e ectiveness
([16], [51]), and have gained popularity as a prominent tool in professional health education
[12]. Among the many applications, serious games centered on the complex domain of the
immune system have been shown to educate players of all ages while delivering an engaging
experience [58].

While it's possible to design and develop a serious game, it is a di cult undertaking that
requires creativity, iterative experimentation, research, time, and money. Games have been
built over years by teams of domain experts, designers, and developers. Generally, these
games begin as a prototype that undergoes a series of playtesting and evaluation studies
to determine if they are reaching their purpose as serious games or need drastic rethinking.
Limited production resources and the need to socially distance because of pandemics like
COVID-19 continue the need to evaluate games remotely. Remote playtesting is also favor-
able for playtesters that want to be comfortable playing at home on their own devices, online
multiplayer games, and for playtesters that have varying schedules and cannot participate
during normal business hours.

In this thesis, | present a mixed methods research study to evaluate an early prototype

of Immuno-Defender a game I'm designing and developing under the guidance of my team



of mentors and experts (Figure 1). The games' primary goal is to be an immersive, fun,
and engaging experience, while having the consequence of also teaching the player about
the immune system by putting the immune system functions in their control. | decided

to pursue this particular game to both explore the fascinating world of the human body's
defense system and to educate not only students but also the general public about something
as vital as the immune system. Furthermore, the ongoing distrust of vaccines and widespread
misinformation about COVID-19 has motivated me to focus on games for public health, and

aim for an audience of curious and passionate learners [63].

Figure 1. Defend against invading pathogens the immune system way.

| evaluated the prototype's player experience and knowledge acquisition potential by
putting it in the hands of its target audience in a mixed methods pilot study with six
participants. The project pilot-tested a methodology that combines remote playtesting,

retrospectives, interviewing, player performance grading, and questionnaires (a recruitment



survey, pretests and posttests for knowledge acquisition, a delayed post test for knowledge
retention, and a questionnaire for self-assessing player experience). The games industry has
adopted remote playtesting and game design researchers have begun to test this approach
that is exible and economical for both researchers and participants [4]. The results of
my study will contribute to game design research, serious game research, the use of games
in immunology education, and help researchers interested in conducting small-scale remote

studies of serious game prototypes.



2.0 Background

2.1 Immunology Curriculum

My goal was to create a game that could provide a gratifying experience to a novice
learner in immunology and keep them engaged through increasingly complex gameplay and
levels that dive deeper into the depths of immunology. Such a game would have potential
to complement the immunology curriculum at the university level, particularly for students
who bene t from active or game-based learning resources. Immunology is a di cult subject
to learn given it covers complex systems overlaid with dense jargon and delivered in lectures
that students "often report boredom and loss of interest after approximately 15 min" [33].

Dr. Kerry Empey is an Associate Professor in the Department of Pharmacy and Ther-
apeutics and Center for Clinical Pharmaceutical Sciences. She described the pain points of
teaching immunology to college students, which covers a complex system of interconnected
parts performing multiple functions at various time points. Dr. Empey expressed that a
game could facilitate learning immunology by visualizing the system and having the player
perform many of the functions.

In addition to lectures, current pharmacy students learn from their assigned readings
including the fth edition of The Immune System [47]. They also have access to videos from
the publisher (Norton) or assigned by the instructors covering the lessons. While the book
and supplemental readings are informative and essential to learning, their format is restricted
to text, tables, and images. The videos provide more visualization but are not interactive.
All these resources were used in the design of the gamemune-Defender which sets out to

supplement these resources with something entertaining and interactive.



2.2 Leveling Up Education

Games excel at providing dynamic and immediate feedback to learners, adjusting dif-
culty to skill level, having "in nite patience," and most of all, making failure fun and
rewarding [34]. This last trait is missing most in the classroom where failure penalizes stu-
dents with lower grades and the curriculum moves forward instead of progressing when the
student is ready. Games are another form of learning where failure is part of the design,
encourages resiliency, and players stay engaged to overcome their own limits [28].

The immersive and engrossing nature of games also excel at teaching procedural knowl-
edge as well as improving knowledge retention [56]. According to a meta-analysis of 79 em-
pirical studies, "post-instruction learning achievement was weakly to moderately higher for
declarative knowledge, knowledge retention, and procedural knowledge for students taught
with serious games [versus instruction using more conventional methods]" [51]. Therefore,
serious games hold the potential to teach the procedural knowledge of the immune system
(not just what is in the system but how does the system work? How does a macrophage
consume a pathogen and what is the complement system doing and when?). Games go
beyond the barriers of margins, footnotes, and tables by visually simulating in motion and
function an interconnected network of actors and elements.

Digital games have some advantages over analog games, particularly for evaluating and
improving learning outcomes. Digital games can collect data on the player's actions and
decisions and share that data with teachers, researchers, or use the data to dynamically
respond with helpful tips or adjust the diculty. In fact, a thoughtfully designed game
can perform a stealth assessment of players' learning by having the assessments integrated
so well into the game design that the player can solely focus on playing the game and be

unencumbered from the interruptions (or anxiety) of surveys and questionnaires [55].



2.3 Why Immuno-Defender ?

Given the importance of the immune system, its complexity, and the ability for serious
games to embrace complexity, there have been a number of immune system games and some
of them have been part of studies. The main focus of this work has been to evaluate the
knowledge acquisition value of immune system games. Steinman, et al. at the University of
Pittsburgh found their trading card game to be e ective at teaching or for practice depending
on the age of the participant [58].Cells of War was a digital card game that was evaluated
in a pilot study to gather feedback for further development [36]. Cheng et al. compared
the e ects of their 2D game, Humunology to web-based curriculum to nd that students
that played the game "outperformed those who learned by using web-based content..." [11].
Stegman found that students that played her gamdmmune Attack, outperformed students
that played a control game and were more con dent in understanding advanced textbook
visuals [57].

While there is a growing corpus of games designed to educate players about the human
immune system designed to educate players, there are gaps in what is available and only a
drop in the ocean of what is possible. Most of the games discovered during the lit search
were not available to play. In fact, my literature search found an alarming amount of serious
games in published studies that were simply not available to purchase or play including
Steinman & Blastos card game, Cells of War, and Humunology If players cannot access
games that once lled a serious game niche, then there is an opportunity for players to enjoy
and learn from a new game.

| found no studies that explored why so many serious games seem to be limited in distri-
bution or become vaporware, but | personally value games that are visually rich, immersive,
challenging, and invoke feelings like excitement and curiosity. That is why | paid close at-
tention to the only serious games about the immune system that came close to my gaming
preferences and were still playabletmmune Attack and ImmuneQuest ([49], [57]). While
Immune Attack is a fully formed 3D game where players learn about the immune system by
exploring it in a nanobot (in an almost identical description to one of my early concepts),

the game in its current form feels outdated and is not very fun to play in my testing using



the Spring of 2008 build.

ImmuneQuestis visually more up-to-date and provided an excellent exchange of informa-
tion bites to player actions throughout gameplay, but while it executes well on the real-time
strategy (RTS) genre, it became either too slow or not challenging enough to sustain my
interest or invoke feelings during my tests. There are still more games to explore in the
immune system domain, but from my research | have identi ed the niche | am designing to

ful Il and now have a prototype to test it.



3.0 Game Design and Development

The game design and development process may look di erent from one indie developer
to another or one game studio to another, but it generally follows the standard software
development cycle. The rst stage is conceptualization where the game concept is chosen.
This is followed by the creation of a prototype (paper prototypes are best to begin with
but in my case | have a digital prototype). Next, playtesting the prototype takes place.
Evaluating the results of playtesting is then followed by a return to conceptualization and
the next round of design and prototyping. Figure 2 is a simple reproduction of this process'
diagram as found in the book Game, Design, and Play: A Detailed Approach to Iterative

Game Design [41].

Figure 2: Iterative Game Design Process

3.1 From Concept to Playable Prototype

Many hours of learning and experience led to creating the current prototype bthmuno-
Defender As a part-time student working full-time at the University of Pittsburgh ( rst as
a Data Manager and now as a Data Analyst), | completed a series of classes on game design
and development at the University of Pittsburgh. | also completed multiple independent

studies with my mentors Dr. Babichenko, Dr. Grieve, and Dr. Patel that explored game



design and development while also participating in Game Jams that furthered my experience
with ideation and prototyping. One of those projects was an educational tower defense game
about antibiotics where the player set up defense towers that represented di erent antibiotics
to combat a infection from di erent pathogens (Figure 3)[2]. During 2021, | began to pivot

towards a game about the immune system that | would design, develop, and evaluate.

Figure 3: Body Defense Prototype

Early in 2021, | began exploring game concepts that would put the player in the middle
of immune system functions. | began learning more about the innate and adaptive immune
system and found potential mechanics, visuals, objectives, and con icts to explore in a game.
My research of related games (and playing the ones that are still accessible) gave me an idea
of what has been achieved and what was missing. After several conceptual iterations, |
settled on a design for a 3D third-person game where the player controlled a NanoDrone
(tiny remote controlled robot like in Figure 4) that could explore inside the human body

and interact with cells and pathogens.



(a) NanoDrone Concept (b) Early and Late NanoDrone Models

Figure 4: NanoDrone Design Iterations

| designedimmuno-Defenderto put the player at the center of the immune system in a
3D fast paced immersive experience. Immersion in this case refers to the player experiencing
a state of ow where the player is intensely focused on the task to the point of losing the sense
of time and surroundings [14]. Balancing accessibility for a wider audience, immersion, and
the need for minimal art assets to reduce production costs also led to switching the games'
perspective from a 3rd-person player controlled camera to a top-down camera that follows
the player. Figure 5 demonstrates the top-down perspective where the camera follows the

player's character in the 3D environment.

Long term goals guided the design and development of the prototype. The game's ar-
chitecture was designed to expand with new levels, additional layers of the immune system,
and cooperative multiplayer if playtesting proves the game is viable. Expanding the game
into a multiplayer experience would be highly useful in a classroom setting and a feature
that is not seen in many learning games (especially games about the immune system).

With these core design decisions made, iterative design and prototyping led to developing
a series of core game mechanics for the playable prototype. Between reading The Immune
System book [47] and discussing ideas with Dr. Empey, Dr. Grieve, and Dr. Patel, |
developed a core gameplay loop focused on the innate immune system responding to and

defeating an in uenza viral infection. In the game, the player rst uses the complement

10



Figure 5. Top-down perspective of complement combat system.

system to mark the pathogen as a threat, then attracts a macrophage, then controls the
macrophage to eat the pathogen, and repeat until they are successful. | then redeveloped
the in ammation feature after discussing its role with Dr. Grieve, and added a new immune
cell{the M2 Macrophage{after learning about it from Dr. Empey. In the discussion chapter

| will elaborate on these features and more having analyzed their impact on the player
experience and learning objectives.

Immuno-Defender started with a concept about an immersive and fun game about the
immune system. Conceptualization included research, discussions with domain experts, de-
signs, redesigns, and eventually led to a series of rough prototypes to experiment with di er-
ent concepts before arriving at a prototype worth playtesting with people outside myself and
my network. Playtesting is the essential next step in the development ddhmuno-Defender
"The playtesting moment in the iterative cycle is where you nd out the truth about your

game's design” ([41], p. 201).
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4.0 Research Design and Methodology

The act of playing a game is a dynamic experiential event where a player must learn the
rules, procedures, and objective of the game through systems of audiovisual communication,
all the while being cognitively and emotionally connected to the game. Playtesting puts the
experience under a microscope in order to understand what the player is thinking, feeling,
and what needs to change in the design for this experience to be as intended. Playtesting a
learning game adds the need to understand what the player is learning and what the game is
failing to teach them. For my study, | have come up with ve research questions to answer
by analyzing playtests oflmmuno-Defender | also have seven speci ¢ aims that de ned the
design of my methodology and analysis.

Research Questions

RQ1. What is the player experience ofmmuno-Defender as determined by analyzing re-
mote playtesting sessions and questionnaires?

RQ2. To what degree does playingnmuno-Defenderimpact knowledge acquisition regard-
ing actors and their functions of the innate immune system?

RQ3. To what degree does the participant retain their knowledge after three weeks following
their rst post-test?

RQ4. To what degree does a participant's player experience, as captured quantitatively
by their Player Experience Inventory answers, correlate to their score on a test that
assesses their knowledge of immune system functions.

RQ5. To what degree does a participant's in-game performancelofmuno-Defendercorre-

late to their score on a test that assesses their knowledge of immune system functions?
Speci c Aims

Aiml. Describe the target audiences' gaming habits, preferences, and interest in games (or
more speci cally videogames about immunology) based on the participant survey

results.
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Aim2. Evaluate participants' acceptance, engagement, and level of immersionlofmuno-
Defenderby combining the qualitative analysis of remote playtest sessions and quan-
titative analysis of their Player Experience Inventory results.

Aim3. Analyze data to identify strengths, weaknesses, new ideas, and ways to improve the
game.

Aim4. Assess viability of the game's design and learning objectives for deciding to continue
development or change direction.

Aim5. Assess the feasibility of combining remote playtesting, game immersion assessment,
and knowledge acquisition assessment in the same study.

Aim6. Assess the e ect oflmmuno-Defender on participants’ knowledge and knowledge
retention of immune system functions in the context of a pilot study.

Aim7. Assess the relationship between player experience as measured by the Player Expe-

rience Inventory and learning outcomes.

4.1 Target Audience Research & Playertester Pro les

The rst phase of the study began with a recruitment survey (Appendix A.2). To enroll
in the study, the participants rst completed a Qualtrics Survey that included screening
guestions, questions about gaming preferences, questions to measure their interest in learning
and playing games about the immune system, and basic demographics. This data provided
context to the player behavior and feedback collected in the playtests.

Each participant that completed the study was given a unique ID to ensure con dentiality
(e.g. P1 being the rst participant). | will be referring to this unique ID throughout the
thesis to tie together the di erent results in my analysis. Certain results will be relevant to
a speci c ndings (such as an Expert gamer expecting certain keyboard controls the game

doesn't support, or a Casual gamer not recognizing the health bar in the top-left corner

1Qualtrics is an online survey service that University of Pittsburgh sta , faculty, and students have access
to utilize in research endeavors [48]
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of the screen), which is why the recruitment survey included a breadth of questions about
gaming experiences and preferences in order to create playtester pro les.

For the player to experience the game as intended, they need to learn the game's rules
and procedures. Over the years, designers and players have constructed a lexicon of design
standards and expectations, with ever more granular expectations within speci c genres.
From keeping points in a game of Rummy to having a Health Bar in an action game, players
learn these features early on and recognize them{if not expect them outright. Players that
have experience playing games and speci ¢ genres have built up a mental model of what to
expect and what they prefer. Game designers can leverage these a ordances and preferences
to create more complex and daring games that would not be approachable to new members
of the gaming community.

When it comes to playtesting, a player with extensive experience playing games will
have that experience to draw on when playing the prototype and provide feedback. This
can also mean that they have certain expectations of how to play a game based on what
they have learned in the past, or if they are new to games they will not be familiar with
the a ordances and possibly struggle. Having some idea of the player's experience level and
preferences helps the investigator to interpret their behavior and feedback in the playtest.
The recruitment survey included a section to ask respondents a series of questions about
their gaming experience and preferences. For example, this particular prototype is a 3D
single-player action game that requires the player to use a keyboard and mouse, and thus
includes questions about experience and preference for perspectives (2D, 3D, etc.), single or

multiplayer games, genres, and input devices.
4.2 Qualitative Evaluation of Player Experience
The core task of the evaluation is to playtest the prototype for crucial feedback. Sample
size for playtesting can vary based on the stage of development, scope of the game, and
budget. Because this study playtests a prototype, usability testing, where ve participants

can nd 85% of the usability problems in a prototype [44]. Winn and Heeter recruited six
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playtesters for their target audience whey they playtested their gamigfe Preservers([65]. |
recruited six participants in order to evaluate the prototype without wasting valuable time
and resources by sampling more than is needed for an early prototype.

Each participant received instructions and completed a pretest before attending their
playtest session (Appendix A.3). | scheduled and recorded playtesting sessions using Zoom.
During the session, | guided the participant to download and play the game. During the
start of the session, | observed the participant play as they thought aloud describing their
actions. | also used a semi-structured interview guide to further probe for feedback and
follow up on the participant's interpretations and actions in the game (Appendix A.4).
During the wrap-up of the playtest, participants were reminded to complete their posttest,
which included questions from the Player Experience Inventory as well as human immune
system questions (Appendix 7). The screen and audio recording supplemented notetaking

for qualitative analysis.

4.3 Declarative & Procedural Knowledge Acquisition & Retention

While the prototype was not developed enough to warrant a full study of knowledge
acquisition (too much of the game can change between this iteration and the next and sig-
ni cant design or technical issues can interfere with learning outcomes), this pilot study
included several methods for evaluating how the prototype potentially impacts the learning
outcomes it is intended to in uence. In order to measure the game's e ect on a participant's
declarative knowledge of the immune system response as well as their retention of the knowl-
edge, participants completed a pretest before the playtest session and a posttest afterwards
that included a series of questions about the immune system, as well as ask the participant's
comfort level with their answers and to describe which questions they found most di cult
(Appendix A.3, 7). Out of the eleven questions in the Qualtrics survey, seven were multiple
choice questions | obtained from the W.W. Norton and Company Publishers Test Bank,
which is available to instructors deploying their tools for creating curriculum alongside the

book The Immune System [47]. The other four questions were open-ended questions to cover
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features not captured in the Test Bank.

The same questions were used in all three tests and were randomly ordered for each
participant at each time-point. | distributed the delayed posttest three weeks after the
playtest to test their knowledge retention; a duration demonstrated in Delasobera's study
[17] (Appendix A.6). The delayed posttest also asked if the player had played the game since
the previous posttest, and to share their thoughts about the game if they had.

| was not able to calculate the Cronbach's alpha for the tests as they contained some
missing data since participants were allowed to skip questions if they did not know the
answer. When scoring the answers, participants received a half point if they chose a similar
answer (C3A instead of C3B, epithelium instead of endothelium) or were partially correct
in the open-ended questions. For analysis, | removed one question when | determined it was
not actually part of the learning objectives.

To evaluate procedural knowledge, | drew on the work of Sitzmann who de ned evaluating
procedural outcomes in her 2011 article, "Procedural outcomes were de ned as the ability
to perform the skills taught in training. They were assessed by participating in an activity
(e.g., simulation or role-play) or with a written test that required trainees to demonstrate
memory of the steps required to complete the skills taught in training."[56] My approach
included both recalling the steps of the innate immune system as well as a skills-based test
of performing those steps.

To measure the game's e ect on a participant's procedural knowledge of the immune
system response, participants were graded on their recall of the immune system process as
well as their performance in applying that knowledge to defeat the pathogens in the game ().
The interview stage of the playtest session begins with a retrospective where | ask the player,
"What happened in the game?" A retrospective is a useful method in games user research
to unpack the player's comprehension of the experience [20]. My implementation is to both
understand the player's interpretation of what happened in the game and to grade what
immune system elements they include in their recall and whether they accurately describe
their function in connection to the innate system procedure.

To evaluate how a participant applies their procedural knowledge in the game, | developed

a rubric to grade each player's in-game performance at the last play-through (Appendix
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A.7). My goal is have the player's performance depend on their procedural knowledge of the
innate immune system. The original plan was to utilize a framework like Unity Analytics
or Pat Healy's OpenGameAnalytics to capture in-game events, but | discovered through
preliminary playtesting that the game was still too buggy for an automated performance
system [61][31]. Instead, a qualitative and manual approach was needed to de ne not only

how players perform but also what a ects their performance.

4.4 Player Experience Self-Assessment

Having the researcher present during playtesting provided a rich volume of information
from observing, listening, and discussing the participant's experience. It also carried the
risk of various biases in the data collection. Observer bias can in uence the researcher's
notetaking and probes [38]. Another risk is the Hawthorne e ect where the player will
change their behavior because they are being observed and part of a study [23]. Additionally,
some very key data points including assessing the participant's feelings and emotions during
playtesting may be di cult in the remote setting.

To provide an alternative data point on player experience as a check against these risks,
participants completed a simpli ed version of the Player Experience Inventory (PXI) along-
side the posttest questions (Appendix 7) after the playtest session [3]. This validated ques-
tionnaire is designed to benchmark games based on the Mechanics-Dynamics-Aesthetics
(MDA) framework, which formalizes measuring the player experience using a series of likert
scale questions (Figure 6). The goal of the analysis is to supplement the qualitative ndings

as well as compare the results with the learning outcomes and player performance.
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Figure 6: PXI construct based on MDA framework. [30]

4.5 Recruitment

Inclusion Criteria

Participants must be 18 years of age or older.
Participants must be undergraduate students who have not completed university level
courses on immunology.

Participants must have access and be able to use a computer, keyboard, and mouse.

Exclusion Criteria

Participants with a history of migraines or epileptic seizures in response to visual or
auditory stimuli will be excluded.

Participants who have completed university-level immunology courses will be excluded.

The recruitment e ort included requests through faculty, contacting presidents of student
organizations, and posting iers (Appendix A.1). This outreach directed students to an
online survey where they decided if they wanted to participate and share their contact
information. E ort was made to recruit a diverse demographic of the student cohort to

match the demographic distribution of the school, but recruitment was also based on a
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convenience sample that may not have produced a diverse outcome. There are no studies

that indicate a di erence in learning outcomes based on gender, sexual orientation, and race.

4.6 Data Analysis Methods

| explored the recruitment survey data to de ne the characteristics of respondents that
completed the study and those that took the survey but did not complete the study. |
described in the results any discerning di erences between the handful that completed the
study and the few that did not enroll. | then created a table to de ne each participant's
gaming pro le to contextualize their behavior and feedback in the playtest (Table 2).

For within subjects analysis of the pretest and posttest results, the Shapiro-Wilk test
found normality between scores. | used the paired sample t-test to measure knowledge
acquisition between the pretests and posttests within subjects. | interpreted the results of
the analysis in the context of the small sample size for the purpose of assessing potential
knowledge acquisition and retention. | also used the results of the quantitative analysis to
supplement the qualitative ndings.

| analyzed the PXI results to assess the strengths and weaknesses of the game's design
in terms of the MDA framework. | further analyzed the results by comparing a composite of
participant scores against the change in their pre-post test results to determine if there was a
correlation in player experience and testing outcome using Pearson's correlation coe cient.

| gained an understanding of the player experience and uncovered patterns among the
qualitative data using deductive and inductive thematic analysis [13]. This process consid-
ered all the playtesting notes, screen recordings, and distilled the key recommendations of
how to improve the game, learning outcomes, the study design, and some other ndings.
Methods outlined in the literature on playtesting sessions guided playtesting procedure and
analysis ([25]; [27]; [41]; [52]; [20]). These methods included not leading the player or giving
them hints (instead, the investigator's role is to observe and take notes) and don't just watch

what the player is doing but also try to read the player's emotions. | performed deductive
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and inductive thematic analysis of the qualitative data using Descriptto transcribe the
playtest sessions and Obsididnto synthesize the coded excerpts into themes.

To evaluate both declarative and procedural knowledge together, | visually examined
the retrospective scores for each player and learning objective against their pretest and
posttest scores to nd patterns between declarative knowledge scores and procedural knowl-
edge scores. Patterns found in this visualization are mentioned throughout the discussion of
learning outcomes.

For procedural knowledge and player performance, | rst visualized the player perfor-
mance as a heat map to explore what skills players excelled in or struggled in (except instead
of cool and warm colors, | used bronze, silver, and gold). | also manually calculated the length
of time each patrticipant played the game by reviewing the screen recordings and displayed
this data as a bar graph. | then used Tukey's rule to identify outliers in the change of
test scores before reporting Pearson's correlation coe cient with and without outliers of the

player performance scores and the change in the players' test scores [35].

2Descript is an audio and video editing software that enables the user to transcribe and edit text in sync
with video les [19].

3Obsidian is a note-taking and knowledge-management software that enables the user to create an inter-
connected system of notes [39]
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5.0 Results

5.1 Recruitment Results

| kicked o recruitment at the end of January 2023, when | sent my network of four
faculty from the School of Pharmacy a recruitment email containing the survey link and
they proceeded to share it with students. Having only one playtester after one month of
recruiting, | modi ed the IRB and expanded inclusion criteria to all University of Pittsburgh
students. | then emailed my advisor, Dr. Babichenko, the recruitment email and yer who
then distributed them to his students at the School of Computing and Information (Appendix
A.L).

I continued recruiting until the end of April 2023, when | reached a total of six playtest
sessions. By then eleven respondents lled out the survey including one non-student (whom
was then ineligible as the study required student status). None of the respondents had played
an immune system game before. Of the ten students, four were from the Pharmacy School
and the other six were from the School of Computing and Information (SCI). Only one of
the Pharmacy students enrolled and completed the study, the other three either enrolled but
were lost to follow up or did not enroll. Five SCI students enrolled and completed most of
the study (two did not complete the delayed posttest). The demographics of the six enrolled
participants includes ages between 19-29 (median 22.5) and a mix of non-binary, female, and
male students. Reviewing the results of the survey, we can nd some di erences between the

students that enrolled and the students that did not.
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Table 1: Enrollees and Non-Enrollees

Human Immune System

Interested to Learn Interested to Play
Status Program School  Play Games Knowledge More About HIS HIS Game
Enrolled Undergraduate SCI Yes Intermediate Yes Slightly
Enrolled Undergraduate SCI Yes Beginner No Moderately
Enrolled Undergraduate  Pharmacy Yes Beginner Yes Extremely
Enrolled Graduate SCI Yes Advanced Yes Extremely
Enrolled Graduate SCI Yes Intermediate Yes Extremely
Enrolled Graduate SCI Yes Novice Yes Moderately
Not Enrolled Graduate  Pharmacy No Novice Yes Very
Not Enrolled Graduate  Pharmacy No Novice Yes Slightly
Lost to Follow Up Other  Pharmacy Yes Novice Yes Very
Lost to Follow Up Graduate SCI Yes Advanced Yes Very

Some constants that are not included in Table 1: none of the students had taken classes
on the subject of the immune system and none of the students have played games about the
immune system. All the non-enrollees considered themselves to be "Novice: | know a little
about the immune system™ while the enrollees were more varied from Beginner to Advanced
1). All non-enrollees were interested to learn about the immune system, and all but 1 of
the enrollees did as well. Interest in playing games about the immune system varied from
slightly interested to extremely interested across groups. All students except for two play
games, and those two did not enroll. There is a chance that the two non-gamers did not
enroll because they do not play games.

One survey question asked about the learning style preferences of respondents based on
the VARK model [37]. How the learning objectives were implemented in the game favor
certain learning styles (for instance, how the game teaches phagocytosis is both visual and
kinesthetic in that the player embodies the macrophage performing phagocytosis and watches
the process unfold). Then there are learning objectives that are completely text-based and
may favor the reading/writing learning style. While the game may favor solitary learners
(since it is single-player), it does not favor social/interpersonal learners and auditory learners.
Figure 7 visualizes each student's preference; showing that they have multiple preferences
(including one enrollee that prefers all of them). Among the enrolled students, four students
prefer both visual and kinesthetic learning styles while two did not, but did prefer learning

through reading and writing. We can include this as a data point to compare to each
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participant's learning preference and their learning outcomes.

Table 2 displays the relevant gaming attributes of the enrolled students. As you can see
in the table, most participants were more experienced while two considered themselves to
be casual gamers. Only one student answered that they had no experience with 3D games,
but also listed two 3D games as their most played and favorite games. So | would reclassify
them as very or extremely experienced with 3D games. All but one participant preferred the
mouse and keyboard, and four out of six preferred the Action game genre. Two participants

slightly preferred single-player games while the rest moderately or extremely preferred them.

Figure 7: Learning Style Preference Per Respondent
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Table 2: Gaming Pro les of Enrolled Students

PID

Player Preference

Gaming Playtime  Frequency 3D Experience Single-Player Keyboard+Mouse Action Genre
P1 Expert 1hr- <3hr Weekly Extremely Extremely D
P2 Expert  30m- < 1hr Daily Very Moderately D
P3 Experienced 3hr+ Weekly Very Extremely D
P4 Casual <30m Monthly Very Slightly
P5 Casual 30m-<1hr Weekly Very Extremely D
P6 Experienced  30m-< lhr Monthly Not at all 2 Slightly D

aParticipant listed 3D games as their favorite and most played games.
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5.2 Knowledge Acquisition & Retention Results

RQ2: To what degree does playing Immuno-Defender impact knowledge acquisition regarding

actors and their functions of the innate immune system?

5.2.1 Pretest, Posttest, Delayed Posttest

Using G*Powet, for a one-tailed matched pairs t-test to compare the di erence between
two dependent means (pre and post, or pre and delayed, or post and delayed) using an
e ect size of 0.5 and a power of 0.8, | calculated needing 27 playtesters to achieve statistical
power [8]. Even though 27 participants are required to achieve statistical power, the goal
of this study is not to show that the learning outcomes will generalize to any immunology
classroom, but rather to evaluate the current game's design in order to inform the next
iteration of development and to pilot the study's methodology to inform the the design of a
larger study needed for statistical power.

Game development is a long and expensive pursuit, which is why playtests are needed
early on to test the game's design and implementation [18]. The same goes for testing the
game in terms of learning objectives. The results of the tests cannot be generalized, but it
gives the designer some evidence of whether the design has some impact. It is better than
taking the gamble that the design will work down the road and nding out it isn't even close
and that major costly redesigns are necessary. It also bene ts the designer to implement
and pilot the knowledge acquisition tests early in the process in order to ne-tune both how
the tests are included in playtesting and to test the instruments themselves for accuracy. As
we will see in the results below, when combining the test results with the qualitative data,
the instrument does need further tuning for future iterations.

To answer RQ2, | start by de ning my hypothesis:

H1: Playing Immuno-Defenderincreases the player's knowledge assessment score.
HO: Playing Immuno-Defenderhas no a ect on the player's knowledge assessment score.

What statistical analysis | use to compare test results depends on whether the data is

1G*Power is a free software that enables researchers to compute a meriad of statistical power analyses
and e ect sizes.
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normally distributed [53]. Calculating the Shapiro-Wilk normality test resulted in the p-
values of the pre (W = 0.91, p-value = 0.46), post (W = 0.83, p-value = 0.13), and delayed
post test (W = 0.91, p-value = 0.49) being all greater than 0.05, so we do not reject the null
hypothesis and conclude that the data is normally distributed.

Calculating the paired sample t-test to measure knowledge acquisition between the
pretests and posttests within subjects resulted in a p-value of 0.002. Meaning we can reject
the null hypothesis and conclude that the change in score (t = 5.59, df = 5) was not random.
RQ3: To what degree does the participant retain their knowledge after three weeks following
their rst post-test?

H1: Changes in the player's knowledge assessment score after playmgiuno-Defenderis
retained after three weeks or more.

HO: Changes in the player's knowledge assessment score after playmgiuno-Defenderis
lost after three weeks or more.

Four out of the six respondents completed the delayed posttest. Calculating the paired
sample t-test to measure knowledge acquisition between the pretests and delayed posttests
within subjects resulted in a p-value of 0.011. Meaning we can reject the null hypothesis
and conclude that the change in score was not random (t = 5.64, df = 3).

We conclude that the participants acquired some knowledge from the baseline pretest
(mean 27%, sd 0.25) to the posttest after playing the game (mean 53%, sd 0.26), and retained
most of that knowledge by the delayed posttest three or more weeks later (mean 71%, sd
0.23) (Figure 8). In fact, the delayed posttest score was higher but not signi cantly. P1
completed their delayed posttest ten weeks after the posttest and maintained their posttest
score (75%) after all that time had past. P6 actually increased their delayed posttest score by

20% and stated that they did play the game between the posttest and the delayed posttest.
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Figure 8: Overall Participant Test Scores

The pretests revealed that participants had a range of prior knowledge about the immune
system. Figure 9 summarizes each participants score at each timepoint, and includes the
percent of change between each point. Two participants scored between 50-60% on the
pretest, whom | would identify as immunology hobbyists as both explained in the interview
that they were interested in microbiology including the immune system and had absorbed
content including videos on the topic. The third participant may not be a hobbyist, but
was able to recall watching an episode of the Magic School Bus that explored the immune

system and scored 30% on the pretest.

Figure 9: Participant score changes and self-determined immune system knowledge.
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The other participants had lower pretest scores. One patrticipant fell in the middle with
a pretest score of 20% and was the sole pharmacy student that completed the study. The
last two participants scored 0% on the pretest, with one answering \No" to whether they
were interested in learning more about the immune system (and was the only participant
not interested).

In the delayed posttest questionnaire, participants were asked if they had played the
game since the previous posttest. P4 and P6 (the immune system hobbyists) said they had
played the game after the posttest, and notably P6 increased their score to almost get a
perfect delayed posttest score. It has the appearance that P6 could have played more to
score higher on the test, but according to P6, they were not interested in the test questions

but in doing better at the game.

P6: | tried to become more accurate at killing the viruses when compared to the rst time.
It was more about the thrill of winning the game sooner, rather than the educational aspects.
| had somewhat understood the basics covered in the rst time the game was played.

5.2.2 Retrospective Grades

Figure 10: Comparing pretest, posttest, and retrospective score.

Figure 10 shows the results of grading the retrospectives (asking the participant "What
happened in the game?" to elicit their recall of how the innate system ghts an infection)
and comparing those scores to each participant's pre and post scores. For elements like C3B,
C3A, and the M2 Macrophage, we see that their gains in the posttest were also re ected

in their retrospective (meaning that certain participants answered the pretest incorrectly,
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but then included the element in their retrospective and scored higher in the posttest).
Phagocytosis stands out as having multiple mentions in the retrospective but did not show
improvement in the posttest results. Finally, several elements including Endothelium and
Chemokine had increased posttest answers without mention in the retrospective. | have

included the retrospectives and how | graded them in Appendix A.8.
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5.3 Player Experience Results

5.3.1 Player Experience Inventory

Every question on the PXI uses a seven point likert scale from "Strongly Disagree”
to "Strongly Agree" (I selected a subset of the full inventory and included them in the
posttest; Appendix 7). The higher the measurement, the better the game performed for
that measurement. Averaging across participants, the game scored 5.38 out of 7, which is
good but leaves a lot of room for improvement (Figure 11a). Across measurements, players
paired up into those that gave an average score of lower player experience performance (4.4),
those that gave an average score for a higher player experienceg5), and those that fell
in the middle ( 5:2) (Figure 11b).

(a) Average PXI score per measurement. (b) Average PXI score per player.

Figure 11: Average PXI scores.

| visualized the results of the inventory items into a divergent bar chart (Figure 12).
According to the survey, the goals of the game were mostly clear, the game was enjoyable,
the game roused curiosity in the participants, and most participants felt they had feedback
about their progress. Mixed characteristics of the experience include ease of controls, audio-
visual appeal, immersion, autonomy, and that the game felt meaningful. Finally, the weaker

characteristics of the game are the facets of challenge and mastery.
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Figure 12: Player experience inventory results.

Using Spearman's correlation and a signi cance threshold of 0.2, | found strong positive
correlations among certain PXlI measurements (Figure 13). Both Challenge and Mastery
strongly correlated with the most features including Control Ease, Immersion, Enjoyment,
Meaning, Audiovisual Appeal, and each other. Where these two measurements fell on the
scale, the rest seemed to follow. Figure 14 visualizes the gravitational-like force Mastery and
Challenge have in the PXI scores. It is also intuitive to think the two are related since to

feel a sense of mastery, the game should challenge the player but not be too di cult.
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Figure 13: PXI measurement correlation.

Figure 14: PXI results per playtester.
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5.3.2 Player Performance

Player performance is the last facet of the player experience that | aimed to uncover in
this study. This aspect of the player experience (how well does the player play the game), is
evident in observing the player and can come up in the interview, however to quantify this
measurement | needed a rubric. My lit review did not nd studies that involved a rubric for
player experience, so | borrowed from the world of sports and created a rubric that graded
a player on their performance of nine skills in playing the game [10]. The skills were based
on actions required to beat the game and one purely for measuring whether they won. The
number of points awarded for each skill were based on their pro ciency (Appendix A.7).

Figure 15 visualizes each participant's performance for each skill, which were colored as
bronze, silver, and gold based on how many points | gave each. P5 was excluded from this
part of the analysis as they were unable to play the game and share their screen due to
graphical performance issues on their computer, so | was unable to observe most of their
session and grade them. You can see that most participants excelled at collecting C3 and
C3A, which was the easiest task in the game. Phagocytosis was the most challenging for

participants, which was clear in observing many pathogens escaping the participants' grasp.

Figure 15: Player performance for each skill in gold, silver, and bronze.
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Figure 16: Minutes playing during playtest session.

This approach does not account for the level of di culty each participant faced nor does
it account for the length of time they played. | graded each participant on their last play-
through, and both P1 and P6 went beyond facing one live virus and played the harder levels
that start with multiple live viruses. P1 also experienced much more aggressive viruses,
possibly because of a bug where more graphics power speeds up the movement and A.l. of
the viruses. Because of this issue, P1 was unable to beat the tutorial nor the other levels
(and therefore did not get to use the M2 Macrophage). P2 and P3 also did not cancel an
infection as they were able to defeat their one-on-one virus before it attempted to infect a
cell.

Figure 16 shows the wide range of time each participant played the game during the
playtest session. P2 requested for the playtest session to be no longer than one hour, so their
in-game time ended up being the shortest. P5 had severe technical issues as the game was
unplayable while sharing their screen, which led to multiple attempts until we decided to
have them play without sharing their screen and relying only on their narration. While P6
experienced some bugs that increased playtime, they also played the levels the most number

of times as they were determined to beat the live virus level outside the tutorial.
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5.3.3 Thematic Analysis

RQ1: What is the player experience of Immuno-Defender, as determined by analyzing remote
playtesting sessions and questionnaires?

My aim for qualitative analysis was to de ne the strengths and weaknesses of the ex-
perience. | also wanted to capture player suggestions and feedback that could improve the
experience. Finally, | wanted to de ne what features were working towards the learning
objectives and what features or issues got in the way. Evaluating the player experience in-
volved combining and analyzing multiple layers of data. Video recording of the play session
included the follow-up retrospective and interview questions and answers. | transcribed all
recordings using Descript, and coded the transcriptions within Descript using Raycagb
insert codes using its snippet feature.

The codebook began with a priori codes and expanded with emergent codes that came
from the transcripts, observations, and questionnaires. (Figure 17). Using Obsidian to
perform deductive and inductive thematic analysis, | analyzed the resulting body of codes
for patterns to describe the experience across participants [13]. During analysis, | reviewed
each participant pro le and pre/post test result to add context to the results.

Analyzing the codes across playtests led to more focused codes and eventually themes.
Figure 18 is a visualization of the focused codes and themes within Obsidian. Figure 19 zooms
closer to the codes associated with the themes about the games strengths (Table 3). Figure
20 zooms into the codes associated with the themes exploring the games weaknesses. Both
sets of themes are listed in tables below along with selected excerpts from the transcripts
(Table 3 and Table 4).

2Raycast is a free software that enables the user to execute various commands including creating a library
of text snippets and inserting them into any program [50]
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