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Abstract: The global COVID-19 pandemic outbreak has put front and center the need for 

learning and teaching about epidemics, as the participation and actions of all citizens are critical 

in containing and preventing the spread. In this symposium we are presenting current, on-going 

research on learning and teaching about infectious diseases that examines (1) K-12 students’ 

understanding of infectious diseases such as COVID-19, (2) family interactions around making 

sense of COVID-related science information, (3) game designs to address COVID 

misconceptions, (4) computational modeling tools to help students understand disease vectors, 

and (5) virtual epidemics to provide students with online experiences about disease spread and 
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 prevention. Panelists will present findings from their on-going studies and discuss what research 

directions learning sciences can take to promote health literacies for teachers, students, their 

families and communities. Our discussant will review overarching themes then open up the 

panel to Q&A. 

 

Keywords: COVID-19, K-12 digital learning, educational technology, gamification, epidemiology 

 

COVID-19 follows a flurry of previous infectious disease outbreaks—such as Avian Flu, Ebola, MERS, SARS, 

and Zika—revealing the threat that epidemics pose in the age of global travel. While much attention in the current 

COVD-19 pandemic has focused on schools’ move to online education, in particular highlighting the lack of 

access and challenges in home learning, much less attention has been given to what teachers, students, and families 

need to know about infectious diseases and their prevention. Learning about infectious diseases is not even 

explicitly addressed in current national science standards guidelines in the United States (NGSS, 2013) and for 

that reason has received little attention in current K-12 science education and research. Infectious disease 

epidemiology (Straif-Bourgeois, Ratard & Kretzschmar, 2014) includes an understanding of not only of biological 

concepts such as germs and infection, but also of processes such as incubation and immunity within larger 

ecological contexts and, most importantly, of community factors that contribute to or hinder epidemic outbreaks. 

This need has become so urgent that a call for a “microbial literacy” (Timmis et al., 2020) has been issued and 

this is where K-12 learning sciences research can make a critical contribution.  

This symposium brings together researchers from different fields in the learning sciences (i.e., science 

education, psychology, game studies, and computer science) who began studies in the midst of and motivated by 

the COVID-19 outbreak. A first group of presentations will examine different facets of students and their families’ 

understanding of infectious disease epidemiology. While K-12 students’ basic biological understanding of what 

happens with germs in their bodies expands with age, they struggle to comprehend the interconnected nature of 

epidemiologic spread on an ecosystem level. Concepts such as incubation, infectious, and symptomatic periods 

of an infectious disease are not well understood . We will also examine what roles families and caretakers play in 

promoting understanding, often serving as the first point of contact for children about this information (e.g., Jones 

and Rua, 2009; Toyama, 2019). Little is known about how family members negotiate such understanding, what 

kind of conversations take place, or how scientific information promoted in social media and news is approached 

.  

A second group of presentations will focus on students’ learning about infectious disease epidemiology. 

While textbook studies of historical cases about infectious diseases and epidemic outbreaks have been a mainstay 

in science education, in the last two decades digital games, epidemic simulations, and participatory virtual 

epidemics have been added to the instructional repertoire (Kafai & Dede, 2014; Wilensky & Rand, 2015). We 

will discuss how these technological tools engage students with critical aspects of infectious disease 

epidemiology, how teachers have used these tools in their classes, and how students make connections between 

virtual and real epidemics. 
Each of the presenting teams will address critical questions about understanding and learning about 

infectious disease: What are students’ beliefs about different aspects of infectious disease epidemiology? How 

and what science do people learn about COVID-19, when they may have little to no science preparation or 

previous interest in the topic? How do students’ interactions with games, simulations and virtual epidemics 

promote better understanding of critical aspects of infectious disease epidemiology? What unique barriers and 

opportunities exist for learners approaching infectious disease subjects for the first time while simultaneously 

experiencing the COVID-19 pandemic? Each team will present  updates from their on-going research with 

teachers, students, and families. Our discussant, Jim Slotta from University of Toronto, will review overarching 

themes and then open up the panel to Q&A with the audience. 

 

Learning rapidly: Youth data activism in the 2020 multi-pandemic  
Angela Calabrese Barton, Day Greenberg, Chandler Turner, Za’Mani Roper, Carmen Turner, Devon Riter, Leslie 

Herrenkohl, Elizabeth A. Davis, Tammy Tasker 

 

Through long-term research-practice partnerships (RPPs) in the midwestern and western US, we sought to 

understand what/how community partners learn about and take action on COVID-19 and justice-related concerns. 

In this study, we investigated how minoritized youth engage in data activism in relation to their meaning making 

around COVID-19 and its intersections with economic and racial injustice. We define data activism as social 

practices that take a critical approach to “big data” (Milan & Velden, 2016), in response to justice-related concerns 
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 of pandemic datafication. As datafication introduces new challenges of representation and positioning of people 

and the world, we give witness to youth resisting, disrupting, and transforming such challenges during/through 

innovative digital navigations of crisis events (Goldkind et al., 2018). 

We draw upon theories of digital agency and youth data activism as forms of consequential learning 

through critical social practice within communities (Milan & Velden, 2016). Consequential learning focuses on 

what counts as valued learning, and how processes of learning can disrupt or transform normative patterns of 

participation towards new and just forms of expertise and social relations (Gutierrez et al., 2017; Jurow & Shea, 

2015).  

Using a historicized and future-oriented participatory methodological approach, we give witness to and 

learn with youth and community. We center youth voices, placing importance on open-ended methods with co-

determined protocols, co-analyzed findings, and co-written manuscripts. To attend to power in our remote 

methods, we further drew upon practices of critical witnessing and being with—practices toward conscientization, 

social transformation and the public good of communities historically marginalized by systemic inequities. We 

seek to amplify possibilities for coalition building and learning in “daily, (extra)ordinary, and intentional” work 

(Villenas, 2019, p. 153). Since late-March 2020, we engaged in multiple rounds of dialogic critical ethnographic 

conversations and experience sampling methods with 62 participants (20 adults & 42 youth/young adults) in two 

urban communities with whom we have long-term collaborations. Dialogic conversations (60-240 

minutes/participant/round) focused on: COVID-19 information accessed/applied towards decision-making, and 

how/why; how efforts were situated within personal/community COVID-19 experiences/networks. Data were co-

analyzed with participants using critical inquiry in a constant comparative, continuities and contradictions 

approach (Charmaz, 2017). 

Youths’ enactment of critical data practices shaped how they negotiated between coming-to-know and 

coming-to-act in the multi-pandemic. We operationalize community-engaged critical practices as what people do 

in socially-mediated and culturally-embedded ways with, in relation to, and oriented around data and data 

infrastructures in support of more equitable everyday living and communities. These practices arose from tensions 

in the youth’s engagement with data as they mobilized big and small data from different epistemological and 

social origins towards meaning-making, action-taking and communicating. These tensions shaped how and why 

youth: Re-mixed data practices and authored new hybrid ones for socially/critically navigating, understanding 

and repurposing data into/of their worlds; Critiqued and recontextualized data and data narratives for re-

imagining data about their worlds and hoped-for-futures; and Re-positioned oneself and one’s world into data. 

For example, Jazmyn, used social media apps as a gateway to the CDC’s COVID-19 databases. She paid attention 

to posts where the individuals looked like her and were posted from verified science-related accounts. She 

participated in her city’s racial justice protests wearing a mask and social distancing after a complex analytical 

process of weighing different data inputs such as comparative efficacy of risk mitigation behaviors, patterns of 

infection/spread in her region, predicted numbers of participants, and photos of other recent protests to gauge how 

many participants looked like they took safety precautions. 

 

Elementary school children's beliefs about viral transmission of COVID-19 and 
the common cold 
Danielle Labotka, Sophie R. Martel, Susan A. Gelman 

 

In the COVID-19 crisis, effective means of educating children about disease transmission is paramount. Contrary 

to earlier reports, evidence suggests school-age children can contract and spread COVID-19 (e.g., Szablewski et 

al., 2020). Children often play a role in viral transmission, given how frequently they put things in their mouths, 

touch their faces, etc. Public health recommendations include teaching children best practices (e.g., hand-washing) 

to reduce transmission, yet research indicates children are unlikely to engage in these practices without 

understanding the mechanisms underpinning transmission processes. Understanding COVID-19 transmission is 

particularly challenging, given many non-obvious transmission factors like asymptomatic carriers, long 

incubation periods, and seemingly innocuous transmission behaviors (e.g., singing). This talk reports on a study 

of children's and adults' understanding of COVID-19 transmission (and the common cold, as comparison), with a 

comprehensive, cross-age assessment with U.S. families. 

We developed a survey with 40 close-ended and 13 open-ended questions to assess four components: (1) 

understanding that viral transmission processes are non-obvious; (2) knowledge that viruses are quasi-living 

agents that operate via certain biological processes (e.g., can replicate); (3) how coherent understanding of 

transmission processes relates to biological beliefs; and (4) how beliefs regarding COVID-19 compare to those of 

the common cold. 
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 Study 1 (N=240, completed, pre-registered) tested a national sample of adults via an online survey. 

Analyses are ongoing. Preliminary results indicate adults generally have basic knowledge of COVID-19 

transmission (e.g., transmissibility; incubation period), but there is variability in understandings of the underlying 

mechanisms by which viruses operate. Whereas some adults have a biologically coherent understanding of 

viruses—discussing viruses as requiring a host, reproducing, and evoking immune system responses—others have 

vaguer understandings (e.g., “It takes time to do whatever it does to make you sick”), refer to viruses as bacteria, 

or report that viruses eat, grow, and move. 

Study 2 (projected N=160, current N=146, pre-registered) investigates the same questions as Study 1 in 

a child-friendly format. Children (5-12 years old) are interviewed via video conferencing. Interviews are recorded, 

transcribed, and coded. Initial testing indicates children may recognize some non-obvious features of COVID-19 

transmission (e.g., asymptomatic carriers) at lower rates than adults. Furthermore, preliminary evidence suggests 

children may overbiologize viruses, often reporting they can grow and move on their own. This tendency to 

overbiologize may influence children’s understanding of viral transmission, with some children describing viruses 

as tiny creatures that “crawl” around and anthropomorphizing viruses by assigning them agency, character, and 

desire. Intercorrelations among children's performance across tasks will assess whether understanding consists of 

piecemeal facts vs. coherent understandings. 

Findings from the project will provide information regarding gaps and misconceptions in children's 

understanding of the transmission of COVID-19 and viruses more generally, providing data on how to target 

efforts to improve children’s scientific literacy and adherence to public health guidelines. It will also provide 

theoretically significant data relevant to STEM education regarding the coherence of children's biological theories 

over development, and children's informal biological theories in the context of an ongoing pandemic. 

 

Applying gamification to correct COVID-19 misconceptions among the general 
public 

Greg Trevors, Eric Brenner, Cierra Chong, Danielle Graham, Justin Kogler, Farhaan Ladhani, Kevin Melo, Ornab 

Momin, Jordan Morello, Tanya Whyte, Sean Willett, Kara Wilson Oliver, Ben Windeler, Sam Wollenberg 

 

Compounding the public health challenges posed by the COVID-19 pandemic is an infodemic of misinformation 

regarding risks, prevention, and treatments (WHO, 2020), which may lead to serious and irreversible harm to 

individuals and communities. However, several prior attempts to refute misconceptions about controversial or 

emotionally laden topics like COVID-19 have failed (Trevors & Duffy, 2020). Refutation failures may undermine 

important collective actions needed in a pandemic, such as vaccine-acquired immunity. This study leveraged 

unique strengths of cognitive research on belief change and design principles of gamification to develop a new 

digital game to correct COVID-19 misconceptions to overcome specific limitations of direct refutations. 

From May-June 2020, 19,493 Canadian participants were recruited to engage with a non-game control 

version of the online platform, which contained 13 content pages that presented one fact or misconception about 

COVID-19 (e.g., “COVID-19 has caused fewer deaths than the flu (influenza) would typically cause in a year”). 

Participants swiped left or right to indicate their agreement or disagreement with the claim. The following screen 

presented immediate feedback that followed evidence-based practices for belief revision (Trevors & Kendeou, 

2020). Following feedback, participants reported their emotional reactions to the content (i.e., happy, angry, 

anxious, or skeptical). From August-November 2020, 67,072 participants played the gamified platform (Figure 

1), which contained 12 of the original 13 claims plus 11 new claims. Overall, the digital game was designed to 

motivate and positively engage learners as they processed corrective feedback via game elements and mechanics 

(e.g., challenge, personalized experience, visible progress). In both control and gamified versions, participants 

also reported their support for public health policies (e.g., wearing masks in public) and in the gamified platform, 

their personal willingness to receive a COVID-19 vaccine when one becomes available. 
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Figure 1. Screenshots of digital game. 

 

In separate regressions, beyond the effects of prior knowledge (i.e., number of claims answered 

correctly), happiness and anxiety were positive predictors of public health policy support (βhap = .115 / βanx = .074) 

and vaccine uptake intention (βhap = .116 / βanx = .075), whereas anger and skepticism were negative predictors of 

policy support (βang = -.049 / βskp = -.183) and vaccine intention (βang = -.034 / βskp = -.201). Happiness and anxiety 

were higher and anger and skepticism lower in the game version compared to the control (p’s < .0001, d’s = .049-

.201), which held true even after controlling for prior knowledge. 

The current proposal represents a new digital approach to misconception correction that may augment 

how individuals cognitively and affectively interact with challenging educational content and may overcome 

limitations of prior direct routes of science communication. We found that positive and negative emotional 

reactions to corrective feedback were significant predictors of subsequent policy support and vaccine uptake 

intention beyond the large effect of prior knowledge. This supports our central contention that increasing positive 

and decreasing negative affective engagement of belief correction content via gamification may be important and 

opposite drivers of promoting acceptance of controversial socio-scientific content.  

 

A block-based modeling curriculum for teaching middle grade science 
students about COVID-19 

Veronica Catete, Madeline Hinckle, Tiffany Barnes, and Eric Wiebe 

 

The COVID-19 pandemic has amplified the critical need for science literacy for an informed citizenry. As with 

all public health crises, the lack of a strong consensus around an actionable scientific model has led to unnecessary 

suffering and death. Now more than ever, it is crucial to provide students with factual information about how 

diseases spread and how their own actions can impact that spread. Computational modeling provides an excellent 

vehicle for raising scientific awareness of the emergent understanding of COVID-19. In order to both encourage 

computational thinking (CT) skills and build scientific knowledge of the COVID-19 pandemic, we have created 

a series of programming activities through which students construct their own computational models based on the 

emerging scientific consensus around COVID-19.  

This unit was adopted from a unit on epidemic modeling developed as part of an NSF-funded CT 

integration project (Cateté et al., 2018; Lytle et al., 2019). The models utilize an agent-based modeling approach 

(Wilensky & Rand, 2015) where a conceptual scientific model is re-represented by students as an interactive 

block-based simulation of the interaction of agent-people who are in various physiological states. Students are 

able to model everyday situations such as being in a crowded area or going to stores while unknowingly infected, 

and immediately see the consequences of those actions. Students can explore the differences in direct versus 

indirect transmission, as well as symptom severity, and their effects on the model outcomes. By including accurate 

scientific variables such as the reproductive number of the virus, incubation period, and period of 
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 communicability, students are able to create their own epi-curves that demonstrate the severity of the disease and 

provide students with visual representation of how quickly COVID-19 spreads. We also use the scientific model 

and associated modeling activities to reinforce best practices at home and in the community. 

Teachers involved in the development of the original epidemic modeling unit also reviewed the COVID-

19 units and indicated their promise for use in middle grades science classrooms. Pilot testing of the units is 

underway with anecdotal evidence sparking new questions about balancing students' inquiry and play with 

understanding the gravity of certain topics. We will use the CEO model (Lytle et al., 2019b) to evaluate the 

materials in formal classroom settings during the epidemics science unit and will compare the data to our past flu-

themed implementations regarding engagement and understanding. 

 

Virtual epidemics for promoting students’ immersion and inquiry into pandemic 
outbreaks 

Yasmin Kafai, Deborah Fields, Colby Tofel-Grehl, Michael Giang, Jen Sun, Amanda Strawhacker, and Tyler 

Hansen 

 

Investigating middle-school students’ understanding of infectious disease in the context of a virtual epidemic 

connects youths’ interests in socializing online with modeling approaches promoted in professional epidemiology. 

Our approach builds on two prior studies that investigated the outbreak of virtual epidemics called WhyPox and 

Dragon Swooping Cough in Whyville.net, a virtual world with millions of registered players. The virtual epidemic 

affected two key aspects of online players’ social lives: (1) appearance, in which dots or scales would appear on 

players’ avatars, intensifying and then receding as the disease faded away, and (2) chat interactions consisting of 

the random interruption of chats with an “Achoo.” Key findings from these two previous virtual epidemic studies 

with thousands of online participants revealed that the virtual epidemics not only promoted science talk (Kafai & 

Fields, 2013) and argumentation practices (Kafai & Wong, 2008) but also strongly affected players’ physical and 

social actions in the virtual world (see Kafai et al., 2007; Fields et al., 2017) including increased preventive 

behaviors.  

 

 

 
 

Figure 2. (a) Whyville players with personal protective equipment, and (b) Whyville CDC testing site. 

 

In designing SPIKEY-20, we modeled a respiratory disease outbreak similar to COVID-19 but with an 

important distinction: SPIKEY-20 caused no deaths. Infected players were covered with spikes during the 

symptomatic period, with coughs, shaking, and lack of salary for the three most severe days of infection. Further, 
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 there was a period of non-symptomatic contagion and options to prevent the disease through behavior (e.g., 

covering their mouth prior to coughing) and by wearing personal protective equipment (e.g., face masks and full 

body “bubbles”) (see Figure 2a and b). In addition, players have access to unlimited, free testing (with false 

positives and negatives, see Figure 2b) as well as a community infection graph (see Figure 3a) with daily updates. 

Players can use epidemic simulators (see Figure 3b) for testing different disease vector configurations. The initial 

launch of SPIKEY-20 in October 2020 resulted in a full-fledged outbreak. We collected logfiles of online 

interactions before, during, and after the SPIKEY-20 outbreak as well as  pre- and post-surveys from over 300 

players.  

Our investigation of player participation in the virtual epidemic SPIKEY-20 relates to critical aspects of 

infectious disease epidemiology (Straif-Bourgeois, Ratard & Kretzschmar, 2014), in particular students’ 

understanding of processes such as incubation and immunity within larger ecological contexts and, most 

importantly, community factors that contribute to or hinder an epidemic outbreak. Using logfile data, we looked 

at changes in (1) Engagement with information: players increased their visits to Whyville’s virtual Center for 

Disease Control, community infection graphs, and information pages (see Figure 3a); (2) Use of epidemic 

simulators: We found that both the frequency and systematic usage of simulator use increased among classroom 

participants (not the general population) during the SPIKEY-20 outbreak (see Figure 3b); and (3) Preventive 

behaviors: The SPIKEY-20 epidemic outbreak resulted in increased use of protective measures and preventive 

actions (e.g., handwashing, using protective equipment, and getting tested for the virus repeatedly).  

         
 

Figure 3. (a) Community infection graph, and (b) Small-scale epidemic simulator within Whyville.net. 

 

Our analysis also includes survey results that connect actual online behaviors with self-reported 

behaviors and knowledge of real infectious diseases. Analysis of select high school classroom student writings 

complement our analyses and provide context for actions and comparisons students made between real life 

experiences of COVID-19 and virtual experiences with SPIKEY-20. These initial observations help us understand 

patterns of participation and engagement in virtual worlds, and how the educational opportunities for learning 

about infectious disease offered in Whyville could be further enriched if combined with instructional guidance 

from science teachers. 
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