Fighting COVID-19 at Purdue University: Design and Evaluation
of a Game for Teaching COVID-19 Hygienic Best Practices

Dominic Kao
Purdue University
West Lafayette, Indiana, USA
kaod@purdue.edu

Abhigna Peddireddy
Purdue University
West Lafayette, Indiana, USA
apeddir@purdue.edu

John Springer
Purdue University
West Lafayette, Indiana, USA
jaspring@purdue.edu

Amogh Joshi
Purdue University
West Lafayette, Indiana, USA
joshil34@purdue.edu

Arjun Kramadhati Gopi
Purdue University
West Lafayette, Indiana, USA
akramadh@purdue.edu

Bethany S. McGowan
Purdue University
West Lafayette, Indiana, USA
bmcgowa@purdue.edu

Christos Mousas
Purdue University
West Lafayette, Indiana, USA
cmousas@purdue.edu

Jianyao Li
Purdue University
West Lafayette, Indiana, USA
li3682@purdue.edu

Jason B. Reed
Purdue University
West Lafayette, Indiana, USA
reed252@purdue.edu

ABSTRACT

COVID-19 has upended lives everywhere, causing millions of deaths
and tens of millions of infections worldwide. Nevertheless, for many
people, staying in permanent isolation is neither desirable nor possi-
ble. To mitigate the spread of the disease, we iteratively developed a
game that teaches hygienic best practices for preventing COVID-19.
We consulted professional game designers, health experts, and edu-
cational technology designers. We then compared the effectiveness
of the game to an equivalent video in two longitudinal experi-
ments during the pandemic: 1) an experiment in a programming
lab (N=11), and 2) an online-only experiment (N=475). In Experi-
ment #1, we observe that participants in the game condition had
higher intrinsic motivation, and a more sustained rise in hygienic
self-efficacy, compared to participants in the video condition. Both
conditions saw a rise in COVID-19 knowledge and positive hygienic
attitude. Both conditions were relatively unchanged in COVID-19
anxiety and hygienic behavior. In Experiment #2, participants in
the game condition experienced greater intrinsic motivation than
participants in the video condition. Both conditions saw a sustained
rise in COVID-19 hygienic self-efficacy, positive hygienic attitudes,
and knowledge. Neither condition saw an effect on COVID-19 anx-
iety. Our work demonstrates that game-based learning can be an
effective approach for teaching COVID-19 hygienic knowledge,
for improving COVID-19 hygienic self-efficacy, and for fostering
COVID-19 hygienic positive attitudes, and is more intrinsically
motivating than video-based learning.
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1 INTRODUCTION

As of January 2021, there have been upwards of 91 million cases
of COVID-19 and over 1.95 million deaths [66]. Nearly 1,000 uni-
versities re-opened in August and September of 2020 [45], which
challenged both educators and students alike to create safe, high-
quality, instructional environments. The stakes have never been
higher, as COVID-19 can lead to short- and long-term cardiovascu-
lar, respiratory, renal, dermatologic, neurological, and psychiatric
consequences [19]. Nevertheless, there exist gaps in both knowl-
edge and protective behaviors [9]. For example, a March 2020 sur-
vey of 1,404 medical students in Jordan found that only 41.8% of
respondents believed COVID-19 to be airborne, and only 9.7% be-
lieved wearing masks would help prevent the spread of COVID-19
[39]. While partially a reflection of the rapidly changing nature of
coronavirus information (and at times, misinformation [11]), it is
important now more than ever before to disseminate COVID-19
best practices.

A well-designed game may be able to effectively teach players
COVID-19 hygienic best practices. Through fostering knowledge
about COVID-19 and best practices in behavior and sanitization
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through gameplay, this can in principle reduce the chances of play- received instructional material and reminders to apply medication
ers becoming infected and of infecting others. There is, however, through WeChat. They showed a signi cant decrease in rashes and
currently scarce evidence that a serious game can successfully teachrecovery period BJ compared to the group receiving a face-to-

COVID-19 hygienic best practices. A game callestape COVID-
19was previously created for health care workers to learn about
about COVID-19 prevention and control, but the game is yet to
be empirically tested4§. Here, we describe the iterative design
and development of a COVID-19 game callidhting COVID-19 at
Purdue Universitywherein the goal is to teach players COVID-19

face intervention. The other study focused on improving mothers'
handwashing behavior before interacting with their newborn baby
[61]. Both studies showed a signi cant increase in handwashing
frequency for the experimental group compared to the control
group. In a similar vein, an online interventiordd was targeted

at improving the frequency of handwashing, attitudes, and beliefs

hygienic best practices. We assess the impact of playing the game towards hygiene. The participants who completed the instructional

in two longitudinal three-week studies. In study one, we test the
game in a programming class taking place in-person during the
pandemic. In study two, we test the game on Amazon Mechanical

Turk (AMT) for a larger sample size. We had 5 research questions:

RQ1: How does a COVID-19 game compare against a video in
generating intrinsic motivation?

RQ2: How does a COVID-19 game compare against a video in
a ecting COVID-19 anxiety?

RQ3: How does a COVID-19 game compare against a video in
a ecting hygienic self-e cacy?

RQ4: How does a COVID-19 game compare against a video in
a ecting positive hygienic attitude?

RQ5: How does a COVID-19 game compare against a video in
teaching COVID-19 knowledge?

In the in-person study, we observe that participants in the game
condition had higher intrinsic motivation, as well as a more sus-
tained rise in hygienic self-e cacy, than participants in the video
condition. Both conditions saw a rise in COVID-19 knowledge
and positive hygienic attitude. Both conditions were relatively un-
changed in COVID-19 anxiety and hygienic behavior. In the AMT
online study, participants in the game condition experienced greater
intrinsic motivation than participants in the video condition. Both
conditions saw a sustained rise in COVID-19 hygienic self-e cacy,
positive hygienic attitudes, and knowledge. Neither condition saw
an e ect on COVID-19 anxiety. Our studies show that game-based
learning can be an e ective approach for teaching COVID-19 hy-
gienic knowledge, for improving COVID-19 hygienic self-e cacy,
and for fostering COVID-19 hygienic positive attitudes, and is more
intrinsically motivating than video-based learning.

2 RELATED WORK
2.1 Hygiene and Digital Interventions

Poor hygiene contributes to various diseases such as diarrhea, in-

uenza, and skin infections 4. Interventions designed to develop
hygienic best practices have shown to reduce infectioB37 and

mortality [13. Digital mediums have an advantage over traditional
means when delivering health interventions in terms of e ciency,

materials available on a website reported decreased respiratory
and gastrointestinal infections. Therefore, digital media appears
e ective at engendering hygienic outcomes.

2.2 Games for Health

Video games can keep players engaged and intrinsically motivated
[27], which may o er an advantage in delivering interventions
compared to traditional methods3B 43. When positive, desir-
able behaviors are rewarded in games, this may help players learn
more e ectively due to positive reinforcemen&fd. To this e ect,
many educational video games have successfully taught essential
concepts in the eld of computer sciencet, 48, biology [49,
pharmacy #1], physical health 1§, mental health pZ, and ar-
eas like formal interview preparation4. Health interventions
delivered through video games typically use a narrative pl6@[
or non-player characters (NPCs) to teach instructional con-
tent. In one study on adolescents and young adults with cancer, a
video game increased adherence to medications, self-e cacy, and
cancer knowledge3g. Other games have focused on improving
glucose monitoring 84 and cultivating behaviors like increasing
physical activity and changing diet to increase water, fruits, and
vegetable intake12. Although an increasing number of studies
look at improving health outcomes through games, only a handful
of studies have addressed personal hygiene through a video game
intervention.

A majority of interventions focus on gamifying handwashing
procedures outlined by the World Health Organization (WH®S.
The gameSoap and Watef3§ used motion sensors (Kinect V2)
to gamify handwashing for children with intellectual disabilities.
Participants perform handwashing, which is captured and rendered
on the screen to give immediate feedback. The rendered projection
also contains stubborn enemies (representing germs) present on
the hands. To kill the enemies, players must correctly follow
the handwashing procedure. The results indicate that the game
helped participants improve correctness in following handwashing
procedure stepsCatCare[35 was a game designed to simulate
a veterinarian clinic where the player isolates cats with di erent

scale, and reaching remote populations. Several meta-reviews have diseases. The player wins the game if they take proper precautions

found a small, positive impact of digital intervention§4], sug-
gesting that improving health outcomes is possible through digital
media.

Two previous studies30 61] aimed to improve handwashing
frequency in di erent targeted populations using instant messaging

while handling the sick cats such as appropriate handwashing after
touching sick cats and lose the game if they transmit the infection
to other healthy cats. The game also simulated stressful situations by
creating time pressure for each of the activities. The gaeriBugwas
developed to teach hygiene concepts to school childr2g.[The

(e.g., WeChat). One study aimed to improve handwashing behavior game environment was the human body, and the player controlled

in children before eating and after using restroom facilitie3J. A
population a icted with Hand, Foot, and Mouth Disease (HFMD)

a character that red soap bubbles at microbes and navigated other
hazards. The learning content was delivered through the game
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mechanics, such as (1) reducing the character's size to a microscopic3 THE GAME: FIGHTING COVID-19 AT

level to understand invisible microbes' presence and (2) ring soap
bubbles to destroy the enemies that represented harmful microbes.
Middle-school children played the game online and experienced
a signi cant improvement in knowledge regarding the concepts
of germs, handwashing, and antibioticSureWaslis an automated
tool to increase handwashing compliance in hospitals by gamifying
handwashing B3. The tool gives a percentage score based upon the
cleanliness of the hands after washing. In a similar vein, a virtual
reality trainer prototype was created with a focus to highlight
hand-to-hand transmission of diseases in hospited][ Escape
COVID-19vas developed for health care workers to learn more
about preventing the transmission of COVID-15{. Our goal in

this paper is to develop a COVID-19 game that teaches hygienic
best practices and to empirically study the game's e ects.

2.3 Environmental Sanitization

Recent studies have emphasized the need to create hygiene inter-

ventions that consider environmental sanitizatior,[21, 26 in
conjunction with personal hygiene. Environmental sanitization is
important to consider because viruses and harmful bacteria can
live on surfaces for several hours to day&l]. For example, one
possible transmission path for infection of communicable diseases
is through hand contact with the mouth after touching a frequently-

used object or space. The Centers for Disease Control and Preven-

tion (CDC) has released new guidelines outlining best practices
to combat COVID-19, and these guidelines include disinfecting
commonly-used objects and surfaced]. Companies and educa-
tional institutions remaining open during the pandemic also employ
these practices to combat COVID-19 [2, 3].

Examples of frequently-used spaces include public computers
and shared workspaces, which are ubiquitous in most educational

institutions. Several studies have focused on pathogen transmission
and found a 30-60% prevalence rate of harmful bacteria and viruses

on computer keyboards and mice in shared computer spaces in
universities B, 23. Moreover, recent studies also highlight public

computers and shared workspaces as a possible transmission spac

for COVID-19, speci cally 81, 69. A recent systematic reviewq7]
indicated that only two studies employed a multi-faceted approach
(i.e., including environment disinfection in addition to personal
hygiene) to hygiene intervention. Both these studi€gl[63 saw
improved health outcomes in participants and reduced prevalence

of infectious viruses (e.g., Norovirus) on shared surfaces, such as

desks, in the experimental group.
COVID-19 has forced society to recognize the risk of everyday

objects and places, as well as to develop nhew behaviors to reduce

risks, while using shared workspaces and public computers. How-

ever, procedures for how to best sanitize a shared space or the

optimal hygienic behaviors to adopt is often assumed to be com-
mon knowledge or left to be learned by oneself. Therefore, we
developed a game callddghting COVID-19 at Purdue University
which is, to the best of our knowledge, the rst game that adopts
both personal and environmental hygienic procedures to attempt
to reduce the risk of COVID-19 transmission.

PURDUE UNIVERSITY

Our primary goal was to develop a game to teach critical COVID-19
knowledge and best practices. To do so, we decided to set the game
in a virtual university computer lab based on the real lab where we
would run our rst study. (See Figure 1.) The completed game can
be played in its entirety (see footnoté). The game development
team consisted of 2 lab teaching assistants who both had several
months of experience administering programming labs during the
pandemic, 2 game designers, 2 health science experts who were
both faculty members, and 1 educational technology designer. All
team members participated in the iterative design and development
of the game.

The team rst decided on the knowledge that we collectively
felt was the most crucial knowledge to communicate to the player.
This was rst done individually, each team member brainstormed
and developed a list of what they felt was most important to teach
the player. The team then came together, and based on overlapping
ideas, we reached a consensus on what the game should teach. We
then developed a set of facts that we wanted players to be able to
answer correctly after playing the game. These were based on the
o cial Centers for Disease Control and Prevention (CDC) website
and then validated by our health sciences experts. We then collec-
tively developed an initial storyboard, which was a general outline
of the gameplay. We began game development in late September
2020, and we needed to complete the game by mid-October 2020 in
order to deploy an in-class experiment during the semester. Given
this short time frame, we adopted a highly compressed Agile soft-
ware development process in which new game prototypes were
released every few days, after which all team members provided
extensive feedback. In this development time frame, we had 7 major
iterations in which all team members provided input/feedback on
increasingly complex versions of the game, with dozens of minor
iterations in which individual subsets of the team discussed how
best to proceed.

The game uses a vector art style and is developed in Construct 3,
an HTML5-based 2D game editor, in order to maximize portability.
The game is playable in any modern browser, on any type of desktop
machine. A teacher-like character guides the player throughout the

e . . :
game with a voiceover. Gameplay is based on rst-person dungeon

crawler role-playing video games (RPGs), wherein the player clicks
to move or interact with the game world. (See Figure 2.) The game
contains ve challenges, which are the main gameplay elements
that teach the player about COVID-19: 1) mask wearing, 2) social
distancing, 3) disinfecting a workstation, 4) COVID-19 symptoms
and quarantining, and 5) handwashing. The challenges vary in
their gameplay mechanics, but all of them involve using the mouse
and clicking. One speci ¢ design decision we made was to prevent
players from skipping the audio dialogue before the teacher had
nished speaking. We did this to prevent players from skipping
important instructional content embedded in the game.

lvideo of Gameplay: https://youtu.be/v6IvW9ujxC4
2p|layable Game: https://web.ics.purdue.edu/~kaod/COVIDGame/
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(a) Real-life lab classroom

Kao, et al.

(b) In-game lab classroom

Figure 1: Real-life and in-game lab classrooms. Importantly, although the the game takes place in a university setting, the
concepts taught in the game are generally relevant both in and outside of a university setting.

Figure 2: The game features RPG dungeon crawler-style me-
chanics with point-and-click for navigation and interaction.

3.1 Mask wearing

The rst challenge starts with a prompt by the instructor to help
other students correctly wear a mask. Participants use the mouse to
click-and-drag to reposition masks over each student's face. There
are speci ¢ hints given to the player as each of the faces depicts
various incorrect positions to wear a mask (see Figure 3). When the
participant correctly repositions the mask, a distinctive audio tone
noti es the participant of their correct answer.

3.2 Social Distancing

The second challenge asks players to place students into appropriate

socially-distanced positions. The participants drag-and-drop virtual

pathogens. Research shows that public workspaces are a major
transmission space for COVID-18% 70, with several studies
nding a 30-60% prevalence rate of pathogens on computer key-
boards and mice in shared computer spaces in universitie2. To
demonstrate this to players, we made the virus visible on di erent
surfaces. 2) The second objective was to promote an understanding
of how to properly disinfect surfaces. We ask the player to use
multiple disinfectant wipes to wipe down the workstation. Used
disinfectant wipes must be disposed in the trash, or the dirty wipes
spawn additional viruses where they were left. Instructional mes-
sages are displayed to the player during the cleaning process. See
Figure 5.

3.4 COVID-19 Symptoms and Quarantining

The fourth challenge focuses on helping the player understand
the common symptoms of COVID-19 and that it spreads through
close proximity with other people. In an early iteration of the game,
we showed a social simulation with people that moved and the
player was required to construct quarantine barriers. However, we
felt this was too attention demanding if we were simultaneously
delivering instructional content. We instead developed a challenge
with stationary faces representing people. Some of the faces ex-
hibit symptoms of COVID-19, and players must quarantine the
symptomatic individual and those who were in close proximity to
that individual. The intensity of the symptom was denoted by the
color of the face (yellow for mild, red for severe), with an image
indicating the speci ¢ symptom being exhibited. See Figure 6.

3.5 Handwashing

students into lab classroom seats (see Figure 4). Placing a studentthe fth and nal challenge consists of players demonstrating
too close to another results in both a pop-up message and a buzzer proper handwashing. Participants need to rst wet their hands

sound e ect indicating the incorrect action.

3.3 Disinfecting a Workstation

The third challenge focuses on disinfecting a computer workstation.
This scenario was created to mimic the workstations that students
might see in a university computer lab, but also generalizes to work-
stations at the o ce or home. We target two instructional objectives

here: 1) Frequently touched areas on a workstation may contain

under water, lather their hands with soap, scrub for 20 seconds,
rinse their hands, and then dry their hands using a clean towel or
air dryer. This is based on CDCKive Steps to Wash Your Hands the
Right Way[2(. Players control their hand movements using the
mouse, while instructions printed on the wall provide step-by-step
guidance. A timer ensured players scrubbed their hands (by holding
down the left mouse button) for 20 seconds and only counted down
while the player was scrubbing. The countdown timer would reset
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