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ABSTRACT
COVID-19 has upended lives everywhere, causingmillions 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

https://creativecommons.org/licenses/by-sa/4.0/
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through gameplay, this can in principle reduce the chances of play-
ers becoming infected and of infecting others. There is, however,
currently scarce evidence that a serious game can successfully teach
COVID-19 hygienic best practices. A game called Escape COVID-
19 was previously created for health care workers to learn about
about COVID-19 prevention and control, but the game is yet to
be empirically tested [58]. Here, we describe the iterative design
and development of a COVID-19 game called Fighting COVID-19 at
Purdue University, wherein the goal is to teach players COVID-19
hygienic best practices. We assess the impact of playing the game
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
affecting COVID-19 anxiety?
RQ3: How does a COVID-19 game compare against a video in
affecting hygienic self-efficacy?
RQ4: How does a COVID-19 game compare against a video in
affecting 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-efficacy, 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-efficacy,
positive hygienic attitudes, and knowledge. Neither condition saw
an effect on COVID-19 anxiety. Our studies show that game-based
learning can be an effective approach for teaching COVID-19 hy-
gienic 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.

2 RELATEDWORK
2.1 Hygiene and Digital Interventions
Poor hygiene contributes to various diseases such as diarrhea, in-
fluenza, and skin infections [14]. Interventions designed to develop
hygienic best practices have shown to reduce infections [8, 67] and
mortality [13]. Digital mediums have an advantage over traditional
means when delivering health interventions in terms of efficiency,
scale, and reaching remote populations. Several meta-reviews have
found a small, positive impact of digital interventions [64], sug-
gesting that improving health outcomes is possible through digital
media.

Two previous studies [30, 61] aimed to improve handwashing
frequency in different targeted populations using instant messaging
(e.g., WeChat). One study aimed to improve handwashing behavior
in children before eating and after using restroom facilities [30]. A
population afflicted with Hand, Foot, and Mouth Disease (HFMD)

received instructional material and reminders to apply medication
through WeChat. They showed a significant decrease in rashes and
recovery period [30] compared to the group receiving a face-to-
face intervention. The other study focused on improving mothers’
handwashing behavior before interacting with their newborn baby
[61]. Both studies showed a significant increase in handwashing
frequency for the experimental group compared to the control
group. In a similar vein, an online intervention [44] was targeted
at improving the frequency of handwashing, attitudes, and beliefs
towards hygiene. The participants who completed the instructional
materials available on a website reported decreased respiratory
and gastrointestinal infections. Therefore, digital media appears
effective at engendering hygienic outcomes.

2.2 Games for Health
Video games can keep players engaged and intrinsically motivated
[27], which may offer an advantage in delivering interventions
compared to traditional methods [38, 43]. When positive, desir-
able behaviors are rewarded in games, this may help players learn
more effectively due to positive reinforcement [53]. To this effect,
many educational video games have successfully taught essential
concepts in the field of computer science [37, 48], biology [49],
pharmacy [41], physical health [16], mental health [62], and ar-
eas like formal interview preparation [42]. Health interventions
delivered through video games typically use a narrative plot [60]
or non-player characters (NPCs) [56] to teach instructional con-
tent. In one study on adolescents and young adults with cancer, a
video game increased adherence to medications, self-efficacy, and
cancer knowledge [38]. Other games have focused on improving
glucose monitoring [34] and cultivating behaviors like increasing
physical activity and changing diet to increase water, fruits, and
vegetable intake [12]. 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 (WHO) [68].
The game Soap and Water [36] 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 steps. CatCare [35] was a game designed to simulate
a veterinarian clinic where the player isolates cats with different
diseases. The player wins the game if they take proper precautions
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 game e-Bugwas
developed to teach hygiene concepts to school children [29]. The
game environment was the human body, and the player controlled
a character that fired 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 microscopic
level to understand invisible microbes’ presence and (2) firing soap
bubbles to “destroy” the enemies that represented harmful microbes.
Middle-school children played the game online and experienced
a significant improvement in knowledge regarding the concepts
of germs, handwashing, and antibiotics. SureWash is an automated
tool to increase handwashing compliance in hospitals by gamifying
handwashing [33]. 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 hospitals [24]. Escape
COVID-19 was developed for health care workers to learn more
about preventing the transmission of COVID-19 [58]. Our goal in
this paper is to develop a COVID-19 game that teaches hygienic
best practices and to empirically study the game’s effects.

2.3 Environmental Sanitization
Recent studies have emphasized the need to create hygiene inter-
ventions that consider environmental sanitization [1, 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 days [21]. 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 surfaces [21]. 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 [6, 23]. Moreover, recent studies also highlight public
computers and shared workspaces as a possible transmission space
for COVID-19, specifically [31, 69]. A recent systematic review [57]
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 studies [54, 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 new 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 called Fighting COVID-19 at Purdue University,
which is, to the best of our knowledge, the first game that adopts
both personal and environmental hygienic procedures to attempt
to reduce the risk of COVID-19 transmission.

3 THE GAME: FIGHTING COVID-19 AT
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 first study. (See Figure 1.) The completed game can
be played in its entirety (see footnote12). 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 first decided on the knowledge that we collectively
felt was the most crucial knowledge to communicate to the player.
This was first 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
official 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 anymodern browser, on any type of desktop
machine. A teacher-like character guides the player throughout the
game with a voiceover. Gameplay is based on first-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 five 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 specific design decision we made was to prevent
players from skipping the audio dialogue before the teacher had
finished speaking. We did this to prevent players from skipping
important instructional content embedded in the game.

1Video of Gameplay: https://youtu.be/v6lvV9ujxC4
2Playable Game: https://web.ics.purdue.edu/~kaod/COVIDGame/

https://youtu.be/v6lvV9ujxC4
https://web.ics.purdue.edu/~kaod/COVIDGame/
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(a) Real-life lab classroom (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 first 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 specific 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
notifies 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
students into lab classroom seats (see Figure 4). Placing a student
too close to another results in both a pop-up message and a buzzer
sound effect 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 office or home.We target two instructional objectives
here: 1) Frequently touched areas on a workstation may contain

pathogens. Research shows that public workspaces are a major
transmission space for COVID-19 [32, 70], with several studies
finding a 30-60% prevalence rate of pathogens on computer key-
boards andmice in shared computer spaces in universities [5, 22]. To
demonstrate this to players, we made the virus visible on different
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 specific symptom being exhibited. See Figure 6.

3.5 Handwashing
The fifth and final challenge consists of players demonstrating
proper handwashing. Participants need to first wet their hands
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 CDC’s Five Steps to Wash Your Hands the
Right Way [20]. 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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Figure 3: In the mask-wearing challenge, players use the mouse to click-and-drag incorrectly positioned masks into their
correct positions.

Figure 4: In the social distancing challenge, participants drag-and-drop students into an appropriately social-distanced seating
arrangement.

Figure 5: In the disinfecting a workstation challenge, players grab disinfectant wipes and drag them across different surfaces.
Players must click on the keyboard and mouse to clean underneath them.

Figure 6: In the COVID-19 symptoms and quarantining challenge, players quarantine individuals showing symptoms of
COVID-19, as well as those individuals who were in close proximity.

if the player’s hands were rinsed before the timer was completed.
Hand animations during scrubbing were meant to demonstrate that
scrubbing involved thoroughly reaching all areas of both hands.
See Figure 7.

4 THE VIDEO
Our goal in creating a video was to make it as identical as possible
to the game in terms of instructional content and to ensure that it
was of a similar quality level as the game. The completed video can

be watched here (see footnote3). To create the video, we hired a
professional instructional designer with over 20 years of experience
in developing instructional content. The designer was compensated
$100 USD/hr. The instructional designer first became familiar with
the game by documenting the content in the game. To maintain
as much similarity as possible with the game, the team decided to
use the existing graphics, animations, and audio from the game
to develop the video. As with the game, the video was iterated on
several times with feedback from the team. The health sciences

3Video Condition: https://youtu.be/VdeIZ0mMe1E

https://youtu.be/VdeIZ0mMe1E
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Figure 7: In the handwashing challenge, players must follow CDC’s Five Steps to Wash Your Hands the Right Way [20].

experts on the team ensured that the video was accurate in content
and contained the same content as the game. One important deci-
sion was whether to create a video that would last approximately
as long as the game (which took around 10-15 minutes to complete
in internal testing). Although our initial goal was to create a video
of similar length to gameplay, we decided that such a video would
contain such a large amount of filler material that it would become
ineffective. For the inherent modality of the video format, the team
and the instructional designer decided a short video would be the
best approach and would lead to the most effective instructional
video possible. The final video is 3 minutes long.

5 VALIDATING THE GAME AND VIDEO
In order to ensure that the game and video were comparable, we
wanted to ensure two premises were satisfied: 1) that the game and
the video contained the same content and 2) that the game and
the video were of similar quality for their respective modalities.
Although we designed the game and the video to satisfy these
criteria, our validation would confirm that we had successfully
done so with a larger sample external to our team.

5.1 Validation With Health Experts
In our first validation study, we recruited 10 health sciences experts
from an online freelancing platform. Experts had an average of 8
years (SD=8.96) of experience in public health. Primary qualifica-
tions were medical student (1x), master’s degree in a health sciences
discipline (5x), practicing physician (3x), and registered nurse (1x).
After playing the game and watching the video in a random order,
experts filled out a survey. The survey asked participants whether
the game and video taught the same material with respect to mask
wearing, social distancing, disinfecting workstations, COVID-19
knowledge, and handwashing on a scale from 1:Strongly Disagree
to 5:Strongly Agree. Participants then rated the subjective quality
of the game and the video each on a scale from 1 to 10. Experts
were reimbursed $20 USD. (See Table 1.) On average, health experts
felt that the material was the same across the game and the video
(between Agree and Strongly Agree). The game and the video were
also rated similarly in terms of their respective quality.

5.2 Validation With Online Participants
In our second validation study, we recruited 77 Amazon Mechanical
Turk (AMT) participants. All participants were from the U.S. Each
participant was compensated $4 (USD). After an audio check, which
confirmed participants had working audio, participants completed
the game and video in a random order. Participants then completed

the same survey as in the first validation study with health experts.
(See Table 1.) Overall, AMT participants agreed that the game and
video contained the same instructional material (all dimensions
~4.4). AMT workers also rated the quality of the game and the video
similarly (both ~7.7).

6 EXPERIMENT 1: CLASSROOM STUDY
The goal of Experiment 1 was to explore how the game, versus
the video, affected students’ COVID-19 knowledge, sanitizing self-
efficacy, anxiety, attitudes and beliefs, and workstation cleaning
behavior. Experiment 1 took place in a classroom lab setting over
the course of 3 weeks. The class in which the experiment took place
is a large computer programming class, which is a required course
for all students in a computing program at a large Midwestern
university. There are ~150 students in this class each semester. The
experiment was integrated into regularly scheduled lab sessions
for the course from October 19th, 2020 to November 6th, 2020.
Incorporating this intervention into an actual scenario and setting
in which participants would have to complete weekly lab activities
increased the ecological validity of our experiment. Participants
first had a pre-test, the intervention (game or video), and a post-
test in the first week. In the second and third weeks participants
were given a delayed post-test. Additionally, every session was
video recorded. See Figure 9 for each participant’s workstation and
Figure 8 for an overview of Experiment 1. The experiment was
approved by the university’s IRB.

Week #1

Pre-test

Intervention

Post-test #1

Week #2

Post-test #2

Week #3

Post-test #3

Figure 8: Experiment 1 took place over 3 weeks in a class-
room lab setting.

6.1 Additional Study Context and Recruitment
Difficulties During Pandemic

The study occurred during a time when COVID-19 cases were rising
rapidly in the state where this study took place. At the beginning
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Table 1: Summary of answers to the expert and crowdsourced validation studies.

Question Mean (Expert) SD (Expert) Mean (Online) SD (Online)
Same material mask-wearing 4.8 0.42 4.43 0.52
Same material social distancing 4.3 1.25 4.38 0.61
Same material disinfecting workstation 4.5 0.71 4.44 0.60
Same material COVID-19 knowledge 4.4 0.97 4.39 0.63
Same material handwashing 4.6 0.52 4.47 0.62
Quality of the game 8.7 1.49 7.77 2.19
Quality of the video 9.1 0.99 7.64 2.07

Figure 9: The computer workstation for each student during Experiment 1. During the COVID-19 pandemic, all labs were
outfitted with plexiglass barriers, disinfectant wipes, social distancing signs on the floor and on workstations, and signs on
each entrance indicating the maximum number of people that can safely be in the room at one time.

of the study, there were 1,583 new COVID-19 cases per day, while
at the end there were 4,648 cases (M=2671). Additionally, the uni-
versity where this study took place instituted a policy in which
attendance was not mandatory as a safety precaution, in case stu-
dents felt unwell but were not officially excused. Because of these
circumstances, attendance was much lower than in non-pandemic
semesters. Therefore, despite the large number of students enrolled
in the class, we were only able to recruit 11 participants to phys-
ically attend the study. Finally, we expected that students would
come into the experiment with some pre-existing knowledge on
COVID-19. In addition to social media and news, the university
distributed information through e-mails and video announcements.
This included university-wide policies on mask wearing and so-
cial distancing, as well as an honor pledge that all students were
required to sign before being cleared to return to campus [51].

6.2 Methodology
6.2.1 Conditions. The two conditions in this experiment were:

(1) COVID-19 Game
(2) COVID-19 Video

In the game condition, participants play the game (which was
described above) from beginning to end. In the video condition,
participants watch the video (which was described previously) from
beginning to end. All other aspects of the experiment are identical
between conditions.

6.2.2 Quantitative and Qualitative Measures. We used measures
that assess COVID-19 knowledge, anxiety, attitudes and beliefs,

and self-efficacy. Additionally, we use measures to gauge engage-
ment with the game and video. All questionnaires were either
formally empirically validated or adapted from publications and
official health organizations (e.g., the CDC) and validated by the
health sciences experts on the team. Finally, we use recorded video
to determine actual cleaning behavior during the labs.

Public Health COVID-19 Knowledge (PHCK): This 5-question mea-
sure assessed participants’ general COVID-19 knowledge. Ques-
tions were equally weighted and worth 1 point each. One question
had multiple correct answers, which needed to be selected. For this
question, the number of incorrect answers was subtracted from the
number of correct answers, with this total then being divided by
the total number of correct answers. A higher score on the scale
indicates a greater awareness of COVID-19. All questions were
created based on official information at the time from the CDC
website [17]. See Appendix A.

Shared Workspace COVID-19 Knowledge (SWCK): This 4-question
measure assessed COVID-19 knowledge, specifically with respect
to shared workspaces. Questions were equally weighted and worth
1 point each. For the open-ended question (List all the frequently
touched areas in this lab), for each correct answer listed, the partici-
pant earned points equal to a fraction of the total correct answers. A
higher score on the scale indicated greater knowledge about safely
using shared workspaces. All questions were created based on CDC
information [17]. See Appendix B.

COVID-19 Hygienic Workstation Self-Efficacy: This 6-question
scale was adapted from the Motivated Strategies for Learning Ques-
tionnaire [50]. We use the portion of the scale that refers to self-
efficacy beliefs. This scale has been adapted for other tasks (e.g.,
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[28]), which we use here to measure self-efficacy in hygienic work-
station behavior. All questions are scored from 1:Strongly Disagree
to 5:Strongly Agree. A higher score indicated greater self-efficacy.
See Appendix C.

COVID-19 Anxiety Scale: This 2-question scale was adapted from
the COVID-19 Pandemic Mental Health Questionnaire (CoPaQ) [52].
Questions were adapted to refer to working in a shared workspace.
All questions were on a scale of 1:Not At All to 5:Always. A higher
score indicates greater anxiety. See Appendix D.

COVID-19 Positive Hygienic Attitude: This 6-question scale was
adapted from [7]. All questions were on a scale of 1:Strongly Dis-
agree to 5:Strongly Agree. A higher score indicates stronger positive
attitudes. See Appendix E.

Intrinsic Motivation Inventory (IMI): This scale assesses intrinsic
motivation relating to a specific activity [47]. We use the following
subscales of the IMI: Interest/Enjoyment, Effort/Importance, Pres-
sure/Tension, and Value/Usefulness. For example, “I enjoyed doing
this activity very much.” All responses range from 1:Not At All True
to 7:Very True. Although the IMI contains multiple subscales, the
Interest/Enjoyment subscale specifically is known as the subscale
that assesses intrinsic motivation [47].

Player Experience Inventory (PXI): This 30-item scale measures
player experience at two levels: psychosocial consequences (e.g.,
immersion) and functional consequences (e.g., progress feedback)
[4]. All responses range from -3:Strongly Disagree to 3:Strongly
Agree. This scale was administered only to participants in the game
condition.

Video Engagement Scale (VES): This 9-question scale measures
engagement with a video [65]—e.g., “During viewing I was fully
concentrated on the video.” Responses range from 1:Completely
Disagree to 7:Completely Agree. This scale was administered only
to participants in the video condition.

Cleaning Behavior : Finally, we measured actual cleaning behav-
ior during each lab session. Each lab session was video recorded.
Two of the authors of this paper (one of whom serves as a teaching
assistant in the lab sessions) created a rubric for coding cleaning
behavior. This rubric was then iteratively refined through feedback
from the two health sciences experts on the team. The final rubric
(see Section F) contained five categories: Cleaning before use (the
correctness and thoroughness of cleaning prior to the participant
sitting down and using a workstation); face mask wearing (the
duration for which the participant wore a face mask); absence of
eyes, nose, or mouth touching (the absence of unsafe face touching);
cleaning after use (the correctness and thoroughness of cleaning
after the participant was done using a workstation); and total clean-
ing time (the combined cleaning before use and cleaning after use
time). Each of these categories was coded on a scale from 1:Highly
Unsafe Practice to 5:Ideal Practice. Coding was then performed in-
dependently by the same authors who created the rubric, blind to
the condition. After each iteration of independent coding, the two
authors came together to discuss any differences in coding, and the
videos were again independently coded. This process was repeated
until consensus was reached. In total, 28 videos were coded, with 6
full iterations of coding.

6.2.3 Participants. A total of 11 participants were recruited from
the programming class. 9 students attended all 3 weekly sessions.

9 of the 11 participants self-identified as male, and 2 as female.
Participants’ age was M=20.4, SD=1.6. 10 of the students were from
the Purdue Polytechnic Institute, while 1 was from the College of
Liberal Arts. Participants were reimbursed with a $10 Amazon gift
certificate for each of the three experiment sessions they partici-
pated in, and they were additionally compensated an additional $30
Amazon gift certificate if they completed all three sessions.

6.2.4 Design. A between-subjects design was used. Participants
were randomly assigned to either the game or video condition.

6.2.5 Procedure. Participants were recruited by a researcher on
the team who was not involved in the programming course as an
instructor to avoid undue influence. Students were informed one
week ahead of the first scheduled lab session that they would have
the option of enrolling in the experiment. When students entered
their regularly scheduled lab session, they were given the option of
voluntarily enrolling into the study. To avoid undue influence, the
professor in charge of the course could not access participant data
(i.e., which students enrolled in the study) until final grades were
posted for the class. Participants were recruited across 12 different 1-
hour labs (each has up to 10 students), taught by 3 different teaching
assistants.

In the first session, students were first given a consent form. After
consenting, participants filled out pre-test questionnaires (PHCK,
SWCK, COVID-19 Hygienic Workstation Self-Efficacy, COVID-19
Anxiety, COVID-19 Positive Hygienic Attitude). Next, participants
then either played the game or watched the video in their en-
tirety. Students were provided a set of disposable headphones and
used those headphones to ensure clear audio. Participants then
completed the post-test, which was the same questionnaire as the
pre-test. Participants then completed the IMI, then either the PXI
(for game condition participants) or the VES (for video condition
participants). Finally, participants shared their demographics. The
post-test in week 2 contained the COVID-19 Hygienic Workstation
Self-Efficacy, COVID-19 Anxiety, and COVID-19 Positive Hygienic
Attitude questionnaires. The post-test in week 3 was identical to
week 2 but also included the PHCK and SWCK. Each lab session was
recorded in its entirety, which gave us the opportunity to observe
how students sanitized their workspaces before and after using the
workstation.

6.2.6 Analysis. The internal consistency of each self-report mea-
sure was analyzed using Cronbach’s alpha. When a scale was ad-
ministered multiple times during the study, the average Cronbach’s
alpha across the study is reported. In the first session, there were six
participants in the game condition and five participants in the video
condition. After the first session, two participants from the video
condition dropped from the study. For weeks two and three, there
were six participants in the game condition and three participants
in the video condition. Because of the small sample size, we do not
perform statistical analyses and limit our analysis to observation
of descriptive differences.

6.3 Results
6.3.1 Intrinsic Motivation Inventory. The IMI was administered to
the participants once immediately after the intervention. The IMI
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Figure 10: COVID-19 anxiety scores for the in-person
study (+/- SEM).
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Figure 11: COVID-19 hygienic workstation self-efficacy
scores for the in-person study (+/- SEM).
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Figure 12: COVID-19 positive hygienic attitude scores for
the in-person study (+/- SEM).
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Figure 13: Public Health COVID-19 Knowledge scores for
the in-person study (+/- SEM).
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Figure 14: Shared Workspace COVID-19 Knowledge
scores for the in-person study (+/- SEM).

was found to be highly reliable across the four subscales: Inter-
est/Enjoyment (α = 0.90; Game: M=4.93, SD=1.20; Video: M=3.83,
SD=0.94), Effort/Importance (α = 0.81; Game: M=4.83, SD=1.45;
Video: M=4.08, SD=1.43), Pressure/Tension (α = 0.80; Game: M=1.53,
SD=0.58; Video: M=1.28, SD=0.43), and Value/Usefulness (α = 0.84;
Game: M=5.62, SD=0.94; Video: M=5.23, SD=0.31). We observe that
the largest difference between conditions was in the subscale of
Interest/Enjoyment, the subscale used to assess intrinsic motivation.

6.3.2 PXI and VES. The Player Experience Inventory was adminis-
tered to the game condition, and the Video Engagement Scale was
administered to the video condition, immediately after the interven-
tion. The PXI consisted of 11 subscales of three items each. The VES
consisted of 3 subscales of three items each. Table 2 shows the mean
scores of PXI along with Cronbach’s alpha. With the exception of
Mastery (α = 0.37) and Autonomy (α = 0.61), all subscales reported
high reliability. Table 3 shows the participants mean scores of VES
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with Cronbach’s alpha. We observe a low alpha for the subscale
Attention (α = 0.33).

6.3.3 COVID-19 Anxiety. Average Cronbach’s alpha for COVID-19
anxiety was α = 0.52. The minimum mean score was 1 while the
maximum was 5. A higher score indicated a greater level of anxiety
of being infected with COVID-19 during workstation use. Partici-
pants in general did not differ in their anxiety scores regardless of
time. See Figure 10.

6.3.4 COVID-19 Hygienic Workstation Self-Efficacy. Average Cron-
bach’s alpha for COVID-19 hygienic self-efficacy was α = 0.74. A
higher score on this scale indicates greater self-efficacy. Participants
scored similarly in the pre-test and improved in their self-efficacy
scores in the post-test. The participants belonging to the game con-
dition maintained their scores through week 2 and week 3 of the
experiment, while a gradual decline in self-efficacy scores was ob-
served for the participants belonging to the video condition. Figure
11 highlights these trends over the course of the study.

6.3.5 COVID-19 Positive Hygienic Attitude. Average Cronbach’s
alpha for COVID-19 positive hygienic attitude was α = 0.50. Par-
ticipants in both conditions have similar scores at pre-test, and we
see a marginal improvement in their mean attitude score over time.
Overall the scores of the two conditions do not appear to vary in
any specific direction. See Figure 12.

6.3.6 Public Health COVID-19 Knowledge. Participants scored sim-
ilarly in the pre-test, and both groups improved in their public
health COVID-19 knowledge scores in the post-test. Notably, the
participants in the video condition scored full points in the post-test
given immediately after the intervention but show a sharp decrease
in performance in the delayed post-test at the end of week 3. On
the other hand, the performance of the game group was roughly
constant for the duration of the study following the intervention.
Figure 13 highlights these trends over the course of the study.

6.3.7 Shared Workspace COVID-19 Knowledge (SWCK). Partici-
pants scored similarly on shared workspace COVID-19 knowledge
in the pre-test and greatly improved in their scores in the post-test.
The participants in both conditions maintained their scores in the
follow-up test conducted in week 3. We see that the participants
in the video condition consistently performed slightly better than
participants in the game condition following the intervention. See
Figure 14.

6.3.8 Cleaning Behavior. We wanted to measure if participants
spontaneously sanitize their workstation before and after use. There-
fore, no prompts to clean the workstation were given at any time
throughout the study. A total of 28 videos were qualitatively coded
for the analysis. One video from a participant in the video condition
in week two was lost due to the camera’s view being obstructed.
Because of the small sample size, we limit our analysis to describing
descriptive results. Figure 15 shows how participants performed
in each category over time. In week one, there do not appear to
be large differences between the game and video conditions. Both
groups have a consistently high face mask wearing score. This is
expected since wearing masks is required while indoors inside the
university. However, we see low scores on Absence of Face Touching
for both groups for the duration of the experiment. In week one, we
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Figure 15: Mean cleaning scores for each construct of the
rubric over time.

were interested in whether participants spontaneously sanitized
their workstation before they received the intervention. However,
both groups scored similarly low on Clean Before Use, indicating
that they did not sanitize their workstation before use. After the in-
tervention, participants in the game condition improved slightly in
Clean Before Use in week two and three. Other constructs remained
mostly similar for the duration of the experiment for participants
in the game condition. Interestingly, participants in the video con-
dition appeared to do worse in Clean After Use and Total Cleaning
Time in weeks two and three, which may signal that any positive
effects from the video on cleaning behavior were brief.

6.4 Discussion
Cronbach’s alpha values for the IMI, PXI, and VES appear to be
highly reliable and consistent across various subscales. Cronbach’s
alpha for the COVID-19 anxiety, attitudes, and self-efficacy scales
varied. For all three scales, we speculate that the low sample size,
and sometimes small number of scale items may have created this
greater variability in alpha scores. Of particular concern is the
highly variable alpha values for the COVID-19 anxiety and atti-
tudes scale. The anxiety scale had only two items, which may have
influenced Cronbach’s alpha to be lower. We expect that the larger
number of participants in the online study will give us a clearer
picture of each measure’s reliability.

The PHCK and SWCK assessed participants’ knowledge regard-
ing COVID-19 hygienic best practices and workspace sanitization.
We see that participants in both conditions improve on the knowl-
edge scales, as expected, following the intervention. However, we
do see a slightly higher score for the video condition immediately
after the intervention. This might be explained by the fact that
the information was condensed in a shorter time period for the
video (mean completion time for the video was 270 seconds versus
447 seconds for the game), which allowed participants to recall
more information (e.g., the forgetting curve which describes the
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decline of memory retention over time [10]). However, by week 3
in the PHCK, this advantage is lost and the game condition actually
retains knowledge better than the video condition. In the SWCK
on the other hand, both conditions appear to be roughly similar
by week 3. When comparing the cleaning behavior across the two
conditions, we see a general, sustained increase in performance of
the game group compared to the video group. This result dovetails
with the higher self-efficacy for the game group following the inter-
vention. However, given the low sample size of our in-person study,
it is difficult to make concrete generalizable claims. Looking at the
PXI and VES, we see that most subscales of the PXI are positive,
except for Autonomy and Challenge. Therefore, overall the player
experience was a positive one on most dimensions, although the
game was on the slightly easier side and provided few choices. For
the VES, we see a positive score for Attention, but below neutral
scores for Emotions and Going Into a Narrative World. This made
sense since the video was mainly informational and not a story.

7 EXPERIMENT 2
Our second study aimed at obtaining a larger sample size for ob-
taining more statistically relevant results. Study two is similar to
study one; however, we decided on a single delayed post-test after 2
weeks. Because it is an online study, we did not capture actual clean-
ing behavior during the study. We used Amazon Mechanical Turk
(AMT), which has been shown to be reliable for running research
studies [46]. Although the game takes place in a university setting,
the concepts taught in the game are generally relevant outside of a
university setting as well. See Figure 16.

Week #1

Pre-test

Intervention

Post-test #1

Week #3

Post-test #2

Figure 16: Experiment 2 took place over 3 weeks on Amazon
Mechanical Turk.

7.1 Methodology
7.1.1 Conditions. Conditions are identical to the conditions from
Experiment 1:

(1) COVID-19 Game
(2) COVID-19 Video

7.1.2 Measures. Measures are identical to the measures from Ex-
periment 1, except cleaning behavior is no longer assessed. Slight
adaptations were made to the questions to make them no longer
targeted towards a specific computer lab. For example, the SWCK
question “List all the frequently touched areas in this lab” was
changed to “List all the frequently touched areas in a shared com-
puter workstation found in a public library or a university.”

7.1.3 Participants. We initially recruited 475 participants. For the
post-test, which occurred twoweeks later, wewere able to retain 396
participants. In cleaning the data, we first excluded participants who
did not correctly complete the intervention (N=113). For example,
participants who completed watching the video or playing the game
in an impossibly fast amount of time. In the game condition, N=63
participants were excluded in this way. In the video condition,
N=50 participants were excluded in this way. For the analyses
in this paper, we keep only the participants who were present
in both the first session in week one and in the second session
in week three (N=305). This final set of participants contained
138 participants in the game condition and 167 participants in
the video condition. The average age of participants was M=39.3
(SD=11.4), with the youngest participant aged 20 and the oldest
aged 74. The sample had 188 participants who self-identified as
male (~62%), 115 who self-identified as female (~38%), and 2 who
specified a non-binary gender. The majority of the sample self-
identified as White (N=241), with the second largest racial/ethnic
category being Black or African American (N=34). See Table 4 for
a complete breakdown. The majority of participants specified a
highest educational level of bachelor’s degree (N=158). The highest
number of participants specified a household income of $37,500 -
$49,999 (N=60). See Tables 5 and 6. Each participant spent roughly
one hour in total in completing both sessions. Each participant
was paid $10 (USD) total, split equally between each session. All
participants were from the U.S.

7.1.4 Design. A between-subjects design was used. Participants
were randomly assigned to either the game or video condition.

7.1.5 Procedure. In the first session, participants first filled out
an Institutional Review Board (IRB) approved consent form. Af-
ter providing consent, participants filled out pre-test questionnaires
(PHCK, SWCK, COVID-19HygienicWorkstation Self-Efficacy, COVID-
19 Anxiety Scale, COVID-19 Positive Hygienic Attitudes). Next,
participants then either played the game or watched the video in
their entirety. Participants then completed the post-test, which was
the same questionnaire as the pre-test. The participants addition-
ally completed the IMI, then either the PXI (for game condition
participants) or the VES (for video condition participants). Finally,
participants shared their demographics. The post-test in week three
consisted of the same set of questionnaires as in the pre-test.
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Figure 17: IMI scores for the online study (+/- SEM).
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Figure 18: COVID-19 anxiety scores for the online study
(+/- SEM).
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Figure 19: COVID-19 hygienic self-efficacy scores for the
online study (+/- SEM).
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Figure 20: COVID-19 positive hygienic attitude scores for
the online study (+/- SEM).
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Figure 21: Public Health Knowledge COVID-19 scores for
the online study (+/- SEM).
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Figure 22: Shared Workspace COVID-19 Knowledge
scores for the online study (+/- SEM).

7.1.6 Analysis. To ensure that each questionnaire had good reli-
ability, we conducted Chronbach’s Alpha analysis each time the
questionnaires were administered to the participants. We then pro-
ceed with a repeated measures ANOVA if the questionnaire was
found to be reliable (α~0.7). We use two-way repeated measures
ANOVA, where the condition is a between-subject factor and time
is a within-subject factor. The dependent variables were the scores
on each questionnaire. In the case where the questionnaire is only

administered a single time (the IMI), we use independent t-tests
to compare subscale scores between conditions directly. Prior to
running the ANOVA, we checked both the assumption of homo-
geneity of variance and covariance using Levene’s Test of Equality
of Error Variance and Box’s Test of Equality of Covariance Matri-
ces (p>0.001). These assumptions were met by our data. However,
the data of hygienic self-efficacy violated the assumption of equal
covariances (Box’s Test, p=0.001). Based on [59], if group sizes are
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more than 30, then ANOVA is robust to violations of homogeneity
of variance-covariance matrices assumptions.

7.2 Results
7.2.1 Missingness Analysis. To ensure that the participants who
dropped out between week one and week three did not skew our
final results in a significant way, we conducted a missingness anal-
ysis. We ran a logistic regression with the a dummy dependent
variable missing that took a binary value (1 for missing and 0 for
present), then age (numerical), household income (categorical with
nine levels), gender (categorical with three levels), race (categorical
with eleven levels), highest education attained (categorical with
five levels), and condition (dichotomous) as explanatory variables.
We found a significant effect of age (β=-0.04, SE=0.016, z=2.44,
p=0.01). The mean age of the sample without the missing data
was marginally greater (M=39.31, SD=11.43) compared to the sam-
ple with the missing values (M=38.67, SD=11.34), suggesting that
younger participants were more likely to drop out of the study.
None of the other variables reached significance (see Table 9 for the
full regression results). We then conducted an independent t-test
to see if age differs significantly between the two conditions. We
found no significant difference in age between the two conditions,
t(352.24)=0.42, p=0.67. Because the missingness does not appear to
be a result of the conditions themselves, we proceeded with our
original analysis plan limited to participants who completed both
sessions.

RQ1: How does a COVID-19 game compare against a video
in generating intrinsic motivation?
Participants in the game condition rated the task as more intrinsically
motivating than participants in the video condition.
The Intrinsic Motivation Inventory was administered to all partici-
pants once after the intervention. The IMI was found to be highly
reliable across the four subscales: Interest/Enjoyment (α=0.86), Ef-
fort/Importance (α=0.78), Pressure/Tension (α=0.81), and Value/
Usefulness (α=0.94). We conducted independent samples t-tests
on each subscale across the two conditions. The participants in
the game condition reported significantly higher scores on the
Interest/Enjoyment subscale (M=5.35, SD=1.27) compared to par-
ticipants in the video condition (M=5.03, SD=1.25), t(290.6) = 2.18,
p=0.02, d=0.25. The Interest/Enjoyment subscale is considered to
be the subscale that measures intrinsic motivation [47]. Therefore,
participants in the game condition reported being more intrinsi-
cally motivated than participants in the video condition. No other
subscale reached significance (p>0.3). See Figure 17.

RQ2: How does a COVID-19 game compare against a video
in affecting COVID-19 anxiety?
There were no differences in COVID-19 anxiety between conditions or
across time.
The anxiety scale was found to be highly reliable (average Chron-
bach’sα=0.81). The COVID-19 anxiety scalewas administered to the
participants three times (pre-test, post-test, and delayed post-test).
We conducted a two-way repeated measures ANOVA to understand
the effect of intervention on anxiety scores over time. There was no
significant effect of time, Wilks’ λ=0.98, F(2,302)=2.56, p=0.175, or

experimental condition, F(1,303)=1.94, p=0.16. This result suggests
that neither condition nor time had an effect on anxiety scores. See
Figure 18.

RQ3: How does a COVID-19 game compare against a video
in affecting hygienic self-efficacy?
Participants in both game and video conditions improved in hygienic
self-efficacy. There was no significant difference between conditions.
Average Cronbach’s alpha for COVID-19 hygienic self-efficacy was
α=0.85, indicating high reliability. The self-efficacy questionnaire
was administered to participants three times (pre-test, post-test,
and delayed post-test). We conducted a two-way repeated measures
ANOVA with the self-efficacy scores as the dependent variable. We
found a significant effect of time, Wilks’ λ=0.749, F(2,302)=50.75,
p<0.001, η2p=0.25. There was no significant effect of condition,
F(1,303)=2.274, p=0.13. This suggests that the game and video both
positively affected self-efficacy scores. We computed paired sam-
ple t-tests to compare the difference in self-efficacy scores over
time. The first paired sample t-test indicated a significant difference
between the mean scores for the pre-test (M=25.20, SD=3.00) and
post-test (M=26.71, SD=3.11), p<0.001. The second paired sample
t-test indicated a significant difference between the mean scores for
the post-test and the delayed post-test (M=26.29, SD=3.05), p<0.001.
The third paired sample t-test indicated a significant difference
between the mean scores for the delayed post-test and the pre-test,
p<0.001. All post-hoc tests were Bonferroni corrected. See Figure
19.

RQ4: How does a COVID-19 game compare against a video
in affecting positive hygienic attitude?
Participants in both game and video conditions improved in positive
hygienic attitude. There was no significant difference between condi-
tions.
The positive hygienic attitude scale was administered to partici-
pants three times (pre-test, post-test, and delayed post-test). Due
to an initially low reliability (α=0.45 in the pre-test and α=0.52 in
the post-test), we dropped items 2 and 4 from the attitude ques-
tionnaire. After dropping these items, the scale had an acceptable
reliability (average Cronbach’s alpha was α=0.65). We conducted a
two-way repeated measures ANOVA with the attitude scores as the
dependent variable. We found a significant effect of time, Wilks’
λ=0.86, F(2,302)=24.56, p<0.001, η2p=0.14. There was no significant
effect of condition, F(1,303)=1.427, p=0.23. This suggests that both
the game and video positively affected attitude scores. We com-
puted paired sample t-tests to compare the difference in attitude
scores over time. The first paired sample t-test indicated a signifi-
cant difference between the mean scores for the pre-test (M=15.82,
SD=2.41) and post-test (M=16.41, SD=2.48), p<0.001. There was no
significant difference between the immediate post-test and the de-
layed post-test (p=0.78). The third paired sample t-test indicated
a significant difference between the mean scores for the delayed
post-test (M=16.54, SD=2.39) and the pre-test, p<0.001. All post-hoc
tests were Bonferroni corrected. See Figure 20.

RQ5: How does a COVID-19 game compare against a video
in teaching COVID-19 knowledge?
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Participants in both game and video conditions improved in COVID-
19 knowledge. There was no significant difference between conditions.
The PHCK and SWCK scales were administered to the participants
three times (pre-test, post-test, and delayed post-test). We con-
ducted a two-way repeated measures ANOVA with PHCK score
as the dependent variable. We found a significant effect of time,
Wilks’ λ = 0.577, F(2,302)=110.86, p<0.001, η2p=0.42. We did not ob-
serve a significant difference between conditions, F(1,303)=0.46,
p=0.49. This suggests that both the game and video positively af-
fected PHCK scores. We computed paired sample t-tests to compare
the difference in PHCK scores across time. The first paired sample
t-test indicated a significant difference between the mean scores
for the pre-test (M=2.94, SD=1.04) and post-test (M=3.71, SD=1.27),
p<0.001. The second paired sample t-test indicated a significant
difference between the mean scores for the post-test and the de-
layed post-test (M=3.40, SD=1.21), p<0.001. The third paired sample
t-test indicated a significant difference between the mean scores for
the delayed post-test and pre-test, p<0.001. All post-hoc tests were
Bonferroni corrected. We conducted a two-way repeated measures
ANOVA with SWCK score as the dependent variable. We found
a significant effect of time, Wilks’ λ=0.68, F(2,302)=69.35, p<0.001,
η2p=0.42. We did not observe a significant difference between con-
ditions, F(1,303)=0.40, p=0.52. This suggests that both the game
and video positively affected SWCK scores. We computed paired
sample t-tests to compare the difference in SWCK scores across
time. The first paired sample t-test indicated a significant difference
between the mean scores for the pre-test (M=1.73, SD=0.76) and
post-test (M=2.21, SD=0.82), p<0.001. The second paired sample
t-test indicated a significant difference between the mean scores for
the post-test and delayed post-test (M=2.08, SD=0.82), p<0.001. The
third paired sample t-test indicated a significant difference between
the mean scores for the delayed post-test and pre-test, p=0.005. All
post-hoc tests were Bonferroni corrected. See Figures 21 and 22.

7.2.2 PXI and VES. The PXI consisted of 11 subscales (3 items each)
and was only administered to the game condition. All subscales
reported high reliability. See Table 7 for PXI mean scores and relia-
bility alphas. The VES consisted of 3 subscales (3 items each) and
was only administered to the video condition. We observe a low
reliability value (0.56) for the subscale Attention. See Table 8.

7.3 Discussion
A general trend observed across scales—hygienic self-efficacy, pos-
itive hygienic attitude, PHCK, and SWCK—was a significant im-
provement in scores following the intervention. Participants in
both conditions improved on their performance on these scales
following the intervention. Importantly, this improvement was sus-
tained over a longer period of time, as indicated by the significantly
greater scores on the delayed post-test compared to the pre-test.
The participants in the game condition showed a higher level of
intrinsic motivation compared to the participants in the video con-
dition. Neither condition affected the COVID-19 anxiety scores of
participants.

Cronbach’s alpha values for IMI, PXI, and VES were observed to
be highly reliable and consistent across various subscales. For the
psychometric scales, we found an improvement in reliability scores
compared to Experiment 1. The attitude scale had an initial low

reliability, but after dropping two items showed an acceptable level
of reliability. Looking at the PXI and VES, we observe positive scores
on all subscales of the PXI, indicating an overall positive player
experience. The scores for the subscale Autonomy and Challenge
hovered around zero, which mirrors the results from the in-person
study. For the VES, we see a higher score for Attention and a slightly
lower score for Emotion and Going into a Narrative World, also
mirroring the results from the in-person study.

8 FOLLOW-UP GAME FOR PUBLIC
DISSEMINATION

In addition to the game described in this paper, we have developed a
follow-up game that is intended for wider distribution to the public
and can run on both mobile and desktop devices (see footnote45).
The game was developed iteratively by our team with the same
approach as the original game. However, the setting of the game is
slightly different to resemble a non-university setting. For example,
the player begins in their home and must find different hygienic
items, run to catch the bus while social distancing, make a seating
arrangement on the bus, and sanitize their office. Although many
of the challenges are similar to the original game, we added a score
feature in which the player is able to collect coins from completing
challenges and which are hidden on the screen to increase the
replayability of the game. There is also an inventory in which the
player stores their important hygienic items (e.g., hand sanitizer).
We hope to use this game to conduct further studies in this domain.

9 DISCUSSION
We observed a few common trends across both experiments. Partici-
pants show a consistent increase in COVID-19 hygienic self-efficacy,
COVID-19 knowledge, and COVID-19 positive hygienic attitude in
both the game and the video conditions. These increases were sus-
tained longitudinally over the 3 weeks studied. Participants in the
game condition experienced higher intrinsic motivation. Neither
condition affected COVID-19 anxiety scores.

However, some differences between the two experiments should
be noted. Cronbach’s alpha values in study one were lower com-
pared to the values in study two. We mainly attribute this difference
to the smaller sample size in the first study. SWCK and hygienic
self-efficacy scores differed across the two experiments. Comparing
the SWCK scores, we observed a higher score for the in-person par-
ticipants compared to the online participants across both pre-test
and post-tests. The in-person students likely had better pre-existing
training, found the instruction more relevant to their current situa-
tion, and may have paid more attention. Additionally, the majority
of the in-person participants (~93%) cleaned their shared worksta-
tion each week during the study. This reinforcement of the material
(i.e., active learning [40] and practice [15]) being taught in the game
and video could also have contributed to higher COVID-19 knowl-
edge and hygienic self-efficacy scores. Online participants in the
video condition, however, scored higher on the subscales Emotion
and Going into the Narrative World of the VES, compared to the
in-person participants in the video condition. This suggests that

4Video of Gameplay (workplace version): https://youtu.be/ppLVjSbIoB4
5Playable Game (workplace version): http://web.ics.purdue.edu/~kaod/
COVIDGameWorkplace

https://youtu.be/ppLVjSbIoB4
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online participants had greater engagement with the video content
compared to in-person participants. Online participants may have
appreciated the conciseness of the video.

Our results highlight that a digital game intervention can im-
prove knowledge, attitudes, and self-efficacy over a longer period
of time. Digital interventions such as these are scalable and can be
quickly created and deployed. This is crucial given the changing
nature of the pandemic (e.g., the first COVID-19 variant of concern
from December 2020 [18]), and where new information may be
needed to supplant previous guidelines (e.g., scientific evidence
of airborne transmission of COVID-19). The COVID-19 pandemic
makes delivering in-person interventions difficult, and therefore,
digital interventions such as the one described here can be an effec-
tive alternative. While there has been a rise in digital interventions
created, many such interventions lack empirical testing [55]. We
have described one of the first COVID-19 games that combines
teaching both personal and environmental hygienic practices and
have performed two evaluation studies during the pandemic.

10 LIMITATIONS
There are a few notable limitations in our studies. Firstly, both the
in-person and online studies had trade-offs. While the in-person
study was highly ecologically valid with the study occurring in a
live programming class during the semester, it had a small sample
size due to low attendance during the pandemic. While the online
study had a large sample size, it was less ecologically valid since the
learning material may have been less relevant to the participants
(e.g., participants who work from home and do not need to sanitize
public workstations). Moreover, we could not measure the actual
cleaning behavior of online study participants. That being said,
because we were able to run both experiments, we were able to find
commonalities between the two experiments’ results and derive
slightly more robust conclusions.

Many of the scales used in the study were adapted or developed
from previous existing scales. Although these scales show good
reliability, they may not be as robust as other established scales.
That being said, a rapidly changing pandemic makes using robust
psychometrically validated scales difficult, since such scales take
time to develop and empirically test. Very few inventories exist that
assess COVID-19-specific measures in people during the pandemic.
More research is needed to create inventories that can be easily
adapted to different scenarios (e.g., the IMI).

We did not find a significant difference in participants’ cleaning
behavior scores over time. Future studies should considermeasuring
cleaning behavior with a greater sample size to make a more robust
conclusion. Another significant limitation is the Hawthorne effect.
Although we studied actual cleaning behavior in the in-person
study, their behavior may have been influenced by the awareness
that they were being watched (e.g., through the video recording
device). Because of the limitations including the small sample size,
we reported the in-person results descriptively rather than using
statistical tests.

11 CONCLUSION
COVID-19 has caused irreparable social and economic damage. In
this paper, we describe the creation of a game called Fighting COVID-
19 at Purdue University with professional game designers, health

experts, and education technology designers. We then performed
both an in-person (N=11) and online study (N=475) comparing the
game to a comparable video. The studies each lasted three weeks.
We find that the game is more intrinsically motivating than the
video. Participants in both the game and video conditions have
a sustained rise in COVID-19 hygienic self-efficacy, positive hy-
gienic attitudes, and knowledge. Neither of the two conditions had
any change in COVID-19 anxiety. Therefore, game-based learn-
ing 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 intrin-
sically motivating than video-based learning. Fighting COVID-19 at
Purdue University is the first game, to the best of our knowledge,
that takes a multi-faceted approach through teaching both personal
and environmental hygienic best practices.
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APPENDIX
A QUESTIONNAIRE: PUBLIC HEALTH

KNOWLEDGE COVID-19 (PHKC)
(1) Masks should be worn by everyone regardless of age:
(a) True
(b) False

(2) Masks should cover a person’s:
(a) Mouth
(b) Nose
(c) Both (a) and (b).

(3) Which of the following are currently known symptoms of
COVID-19? (Select all that apply)

(a) Dry cough
(b) Fatigue
(c) Loss of taste or smell
(d) Fever
(e) Feeling energized
(f) Seizures
(g) Runny nose

(4) Which of the following is a proper way to wash your hands?
(a) Wet your hands with clean water, apply low concentration bleach,

rinse your hands for 30 seconds, then dry your hands.
(b) Apply soap to your hands, then wash your hands under running

water for 20 seconds, then dry your hands.
(c) Wet your hands with clean water, apply soap and scrub your

hands for 20 seconds, rinse your hands, then dry your hands.
(d) Wet your hands with clean water, apply soap, rinse your hands

for 30 seconds, then dry your hands.
(5) What is the incubation period for coronavirus?
(a) 9 months
(b) 1 to 2 days
(c) 2 to 4 days
(d) 2 to 7 days
(e) 2 to 4 weeks
(f) 2 days to 2 weeks
(g) Immediately

B QUESTIONNAIRE: SHAREDWORKSPACE
COVID-19 KNOWLEDGE (SWCK)

(1) How long does the coronavirus survive on the surfaces of
plastic keyboards or countertops?

(a) Up to two weeks
(b) Several hours
(c) Up to three days
(d) Up to nine days

(2) Which of the following is the minimum acceptable alcohol
concentration for cleaning your computer workstation?

(a) 40%
(b) 50%
(c) 55%
(d) 60%
(e) 65%
(f) 70%

(3) For effective social distancing, you should remain at least
feet away from other people.

(a) 3
(b) 4

(c) 5
(d) 6
(e) 7
(f) 8

(4) List all the frequently touched areas in this lab:

C QUESTIONNAIRE: COVID-19 HYGIENIC
WORKSTATION SELF-EFFICACY

(1) I am confident I can recognize appropriate cleaning solutions
to use to sanitize computer workstations from COVID-19.

(a) 1 (Strongly Disagree)
(b) 2 (Disagree)
(c) 3 (Neither Disagree nor Agree)
(d) 4 (Agree)
(e) 5 (Strongly Agree)

(2) I am confident I can sanitize a computer workstation cor-
rectly.

(a) 1 (Strongly Disagree)
(b) 2 (Disagree)
(c) 3 (Neither Disagree nor Agree)
(d) 4 (Agree)
(e) 5 (Strongly Agree)

(3) I am confident that I can identify frequently touched spots
on a shared computer workstation.

(a) 1 (Strongly Disagree)
(b) 2 (Disagree)
(c) 3 (Neither Disagree nor Agree)
(d) 4 (Agree)
(e) 5 (Strongly Agree)

(4) I am confident in my ability to social distance while using a
shared computer workstation.

(a) 1 (Strongly Disagree)
(b) 2 (Disagree)
(c) 3 (Neither Disagree nor Agree)
(d) 4 (Agree)
(e) 5 (Strongly Agree)

(5) I am confident in my ability to wear a mask effectively while
using a shared computer workstation.

(a) 1 (Strongly Disagree)
(b) 2 (Disagree)
(c) 3 (Neither Disagree nor Agree)
(d) 4 (Agree)
(e) 5 (Strongly Agree)

(6) I am confident in my ability to wash my hands effectively
after using a shared computer workstation.

(a) 1 (Strongly Disagree)
(b) 2 (Disagree)
(c) 3 (Neither Disagree nor Agree)
(d) 4 (Agree)
(e) 5 (Strongly Agree)
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D QUESTIONNAIRE: COVID-19 ANXIETY
SCALE

(1) I am worried about catching COVID-19 through contact
with shared computer workstations (such as desk, chairs,
keyboard and/or mouse).

(a) 1 (Not At All)
(b) 2 (Rarely)
(c) 3 (Sometimes)
(d) 4 (Often)
(e) 5 (Always)

(2) I am worried about accidentally touching my face while my
hands have been in contact with frequently touched surfaces.

(a) 1 (Not At All)
(b) 2 (Rarely)
(c) 3 (Sometimes)
(d) 4 (Often)
(e) 5 (Always)

E QUESTIONNAIRE: COVID-19 POSITIVE
HYGIENIC ATTITUDES

(1) Washing hands is essential to protect myself from COVID-19.
(a) 1 (Strongly Disagree)
(b) 2 (Disagree)
(c) 3 (Neither Disagree nor Agree)
(d) 4 (Agree)
(e) 5 (Strongly Agree)

(2) COVID-19 will eventually be successfully controlled.
(a) 1 (Strongly Disagree)
(b) 2 (Disagree)
(c) 3 (Neither Disagree nor Agree)

(d) 4 (Agree)
(e) 5 (Strongly Agree)

(3) Proper cleaning and disinfecting measures in workstations
can help win the battle against COVID-19.

(a) 1 (Strongly Disagree)
(b) 2 (Disagree)
(c) 3 (Neither Disagree nor Agree)
(d) 4 (Agree)
(e) 5 (Strongly Agree)

(4) Shared computer workstations (such as the ones in this lab)
are usually germ-free.

(a) 1 (Strongly Disagree)
(b) 2 (Disagree)
(c) 3 (Neither Disagree nor Agree)
(d) 4 (Agree)
(e) 5 (Strongly Agree)

(5) I frequently disinfect shared computer workstations (such
as the keyboard and mouse) before using them.

(a) 1 (Strongly Disagree)
(b) 2 (Disagree)
(c) 3 (Neither Disagree nor Agree)
(d) 4 (Agree)
(e) 5 (Strongly Agree)

(6) I frequently disinfect shared computer workstations (such
as the keyboard and mouse) after using them.

(a) 1 (Strongly Disagree)
(b) 2 (Disagree)
(c) 3 (Neither Disagree nor Agree)
(d) 4 (Agree)
(e) 5 (Strongly Agree)
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F RUBRIC: CLEANING BEHAVIOR
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F RUBRIC: CLEANING BEHAVIOR

Table 2

Highly Unsafe Practice Unsafe Practice Less Unsafe Practice Safe Practice Ideal Practice

Rubric 1 2 3 4 5

Cleaning before
use

No cleaning. Immediately
started using workstation.

General cleaning such as
rearranging desktop

set-up, using a new chair
which is clean, using hand
sanitizer only on self,
using new or personal
headphones. No visible
use of disinfectants.

Cleaning with
disinfectants. Cleaning
the general open surface
of the desk. Cleaning did
not cover areas under the
keyboard, mouse, the

monitor surface, and the
CPU power button.

Cleaning with
disinfectants. Cleaning
covered the general open

surface of the desk
including the surface of
the keyboard and the

mouse. Cleaning covered
the areas under the
mouse and keyboard.
Cleaning did not cover
the monitor surface and
CPU power button.

Cleaning with
disinfectants. Cleaning
general open surface of
the desk including the
surface of the keyboard
and the mouse. Cleaning
covered the areas under
the mouse and keyboard.

Covered all areas
including the monitor
surface and the CPU

power button. Thorough
cleaning.

Face mask
wearing

No face covering. Face was occasionally
covered.

Mask worn at all times
but exposed nose or
mouth frequently.

Mask worn at all times
but exposed nose or
mouth once or twice.

Mask worn properly at all
times.

Absence of eyes,
nose or mouth

touching

Frequent touching of
eyes, nose, or mouth

without sanitizing hands.

Occasionally touched
eyes, nose, or mouth

without sanitizing hands.

Occasionally touched
eyes, nose, or mouth after

sanitizing hands.

No touching eyes, nose,
or mouth. No sanitizing

of hands.

No touching eyes, nose,
or mouth. Hands were

sanitized.
Cleaning after

use
No cleaning. Cleaned with or without

disinfectants. Small
number of cleaning

strokes. Swiped the desk
one or two times.

Cleaning did not cover all
the areas including under
the keyboard and the
mouse. Cleaned for an
insufficient amount of

time.

Cleaned with
disinfectants. Cleaning
covered the entire

workspace, including
under the keyboard and
the mouse. Small number

of cleaning strokes.
Swiped the desk just one
or two times. Cleaned for
an insufficient amount of

time.

Cleaned with
disinfectants. Cleaning
covered the entire area
including under the

keyboard and the mouse.
Wiped surfaces in an

orderly manner
numerous times. Cleaned
for an insufficient amount

of time.

Cleaned with
disinfectants. Cleaning
covered the entire area
including under the

keyboard and the mouse.
Wiped surfaces in an

orderly manner
numerous times. Cleaned

the surfaces for an
adequate amount of time.

Total cleaning
time

(pre-cleaning
time +

post-cleaning
time)

0 seconds. 1-5 seconds. 5-10 seconds. 10-15 seconds. >15 seconds.
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G TABLES

Table 2: Player Experience Inventory scores for the in-person study.

Subscales M SD Min Max α

1 Audiovisual Appeal 2.06 0.83 −3.00 3.00 0.88
2 Autonomy −1.50 0.75 −3.00 3.00 0.61
3 Challenge −0.33 1.85 −3.00 3.00 0.90
4 Clarity of Goals 2.78 0.40 −3.00 3.00 0.89
5 Curiosity 1.22 1.46 −3.00 3.00 0.96
6 Ease of Control 2.00 1.28 −3.00 3.00 0.91
7 Enjoyment 1.56 1.38 −3.00 3.00 0.98
8 Immersion 0.72 1.51 −3.00 3.00 0.95
9 Mastery 1.94 1.10 −3.00 3.00 0.37
10 Meaning 1.78 0.96 −3.00 3.00 0.97
11 Progress Feedback 2.22 0.89 −3.00 3.00 0.78

Table 3: Video Engagement Scale scores for the in-person study.

Subscales M SD Min Max α

1 Attention 4.47 0.87 1.00 7.00 0.33
2 Emotions 2.87 1.07 1.00 7.00 0.76
3 Going Into a Narrative World 2.67 1.13 1.00 7.00 0.68

Table 4: Participant distribution by race/ethnicity in online study.

Race N
1 White 241
2 Black or African American 34
3 Asian Indian 7
4 Chinese 7
5 Other 6
6 Filipino 3
7 Other Asian 3
8 American Indian or Alaska Native 1
9 Japanese 1
10 Native Hawaiian 1
11 Vietnamese 1

Table 5: Participant distribution by highest education attained in online study.

Education N
1 High School 31
2 Some college, no degree 28
3 Associate’s Degree 28
4 Bachelor’s Degree 158
5 Graduate Degree (Master’s, Doctoral) 56
6 Professional Degree (law, medical, dental) 4
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Table 6: Participant distribution by household income in online study.

Household Income N
1 Less than $12,500 9
2 $12,500 – $24,999 38
3 $25,000 – $37,499 34
4 $37,500 – $49,999 60
5 $50,000 – $62,499 49
6 $62,500 – $74,999 32
7 $75,000 – $87,499 25
8 $87,500 – $99,999 26
9 $100,000 or more 32

Table 7: Player Experience Inventory scores for the online study.

Subscales M SD Min Max α

1 Audiovisual Appeal 1.81 1.22 −3.00 3.00 0.92
2 Autonomy 0.49 1.80 −3.00 3.00 0.93
3 Challenge 0.84 1.45 −3.00 3.00 0.83
4 Clarity of Goals 2.19 0.89 −3.00 3.00 0.86
5 Curiosity 1.51 1.43 −3.00 3.00 0.92
6 Ease of Control 1.96 1.04 −3.00 3.00 0.85
7 Enjoyment 1.73 1.31 −3.00 3.00 0.93
8 Immersion 1.34 1.25 −3.00 3.00 0.72
9 Mastery 1.82 1.15 −3.00 3.00 0.85
10 Meaning 1.71 1.32 −3.00 3.00 0.92
11 Progress Feedback 1.88 1.14 −3.00 3.00 0.85

Table 8: Video Engagement Scale scores for the online study.

Subscales M SD Min Max α

1 Attention 5.59 1.05 1.00 7.00 0.56
2 Emotion 4.50 1.60 1.00 7.00 0.83
3 Going Into a Narrative World 4.94 1.46 1.00 7.00 0.78
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Table 9: Missingness regression results showing β and standard error in parentheses. To avoid overparameterization, the first
level of categorical variables is automatically deleted when fitting the regression equation [25]. As a result, “White” (race), “fe-
male” (gender), “Less than $12,500” (household income), and “Some High School” (education) are not present in the regression
output, and the other levels of each variable are interpreted in relation to the first level of the respective categorical variable.

Dependent variable:

Missing Value
Age −0.040∗ (0.016)
Gender: Male −0.109 (0.314)
Gender: Other −16.127 (2,659.586)
Household Income: $12,500 – $24,999 −1.317 (1.110)
Household Income: $25,000 – $37,499 0.344 (0.905)
Household Income: $37,500 – $49,999 −0.333 (0.911)
Household Income: $50,000 – $62,499 −0.289 (0.921)
Household Income: $62,500 – $74,999 −0.263 (0.945)
Household Income: $75,000 – $87,499 0.142 (0.937)
Household Income: $87,500 – $99,999 −0.747 (1.054)
Household Income: $100,000 or more −2.351 (1.333)
Race: Black or African American −17.376 (2,797.610)
Race: Asian Indian 10.899 (2,611.990)
Race: Chinese −0.493 (2,776.419)
Race: Other −5.387 (2,651.260)
Race: Filipino 5.173 (2,684.263)
Race: Other Asian −0.014 (2,749.818)
Race: American Indian or Alaska Native −2.341 (2,553.676)
Race: Japanese 4.912 (2,759.357)
Race: Native Hawaiian −3.321 (2,615.766)
Race: Vietnamese 1.554 (2,257.202)
Education: Some college, no degree −0.153 (0.838)
Education: Associate’s degree 0.638 (0.767)
Education: Bachelor’s degree 0.483 (0.612)
Education: Graduate degree (Master’s, Doctorate) 0.936 (0.672)
Education: Professional degree (Law, Medical, Dental) 1.975 (1.126)
Experimental Condition −0.188 (0.314)
Constant −11.439 (799.012)
Observations 362
Log Likelihood −139.612
Akaike Inf. Crit. 335.224

Note: ∗p<0.05; ∗∗p<0.01; ∗∗∗p<0.001
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