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Visual narratives are promising tools for science and health communication, especially for broad audiences in times of public health crisis, such as during the COVID-19 pandemic. In this study, we used the Lifeology illustrated “flashcard” course platform to construct visual narratives about COVID-19, and then assessed their impact on behavioral intentions. We conducted a survey experiment among 1,775 health app users. Participants viewed illustrated (sequential art) courses about: 1) sleep, 2) what COVID-19 is and how to protect oneself, 3) mechanisms of how the virus works in the body and risk factors for severe disease. Each participant viewed one of these courses and then answered questions about their understanding of the course, how much they learned, and their perceptions and behavioral intentions toward COVID-19. Participants generally evaluated “flashcard” courses as easy to understand. Viewing a COVID-19 “flashcard” course was also associated with improved self-efficacy and behavioral intentions toward COVID-19 disease prevention as compared to viewing a “flashcard” course about sleep science. Our findings support the use of visual narratives to improve health literacy and provide individuals with the capacity to act on health information that they may know of but find difficult to process or apply to their daily lives.
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INTRODUCTION
The COVID-19 (Coronavirus Disease 2019) pandemic is a serious global health threat. COVID-19 has spread quickly and unrelentingly since its emergence in Wuhan, China in December 2019. The pandemic has had devastating impacts on human lives, public health, and the global economy. But it has also unified the scientific community in a mission to educate and engage the public in solutions such as public health precautions, including social distancing, testing, masks, engagement in clinical trials for vaccine candidates, and vaccination with approved vaccines. Educational resources about COVID-19 have subsequently exploded. However, communication efforts have left out large segments of the population with low health literacy skills (Frieden, 2020).
Health information has historically been presented such that it is not accessible to most Americans [“Health Literacy” by CDC (2021)]. Nearly a third of Americans have low general health literacy (Paasche-Orlow et al., 2005). While in this study we focused on developing and assessing health literate COVID-19 materials in a U.S. context, low health literacy and a lack of health literate materials are also problems globally. Nearly half of all Europeans have inadequate and problematic health literacy skills according to a WHO report (Kickbusch et al., 2013). Further, nine out of 10 adults in the U.S. struggle to understand and use personal and public health information that doesn’t follow health literacy guidelines [“Health Literacy” by CDC (2021)]. Much of the information about COVID-19 has fallen into this trap and is not accurate, trustworthy, and understandable by most people (Caballero et al., 2020). Many experts have pointed out that health literacy has been underestimated as a public health problem during the COVID-19 pandemic (Abdel-Latif, 2020; Paakkari and Okan, 2020).
Health-related educational resources designed for broad audiences, especially for adults with low levels of formal education, adults with mental health issues or disabilities (Kamalakannan et al., 2021), non-English speakers, or children, should follow health literacy best practices (CDC, 2021). They should be accurate, accessible, and actionable (CDC, 2021). They should make effective use of plain language, narrative, and visuals or multimedia to improve accessibility. But COVID-19 educational resources incorporating all of these elements remain rare as of the writing of this manuscript. Caballero and colleagues (2020) found that only 39% of assessed COVID-19 consumer materials from the internet included visual images that would have helped readers understand the information. Most of the materials failed to use plain language. Other experts have pointed out similar problems, including infectious disease specialist Benjamin P. Linas, MD. In late March, Linas observed an “absence of COVID-19 health education materials that could speak across language, literacy levels, and cultural norms” (Bailey, 2020).
Broadly accessible resources increased in availability in the months following the outbreak of COVID-19 and stay-at-home orders in the U.S. People produced simple cartoon-like patient factsheets in multiple languages (Bailey, 2020), kids’ visual storybooks, and other accessible resources1. Yet, these resources remained limited and urgently needed in more languages and on more topics, such as updated information on COVID-19, immune system responses, and vaccine candidates.
Early in the outbreak of COVID-19 in the U.S., we observed few educational materials or graphics that were accessible and actionable. We observed few resources that helped people understand how they should prepare, how and when they should self-isolate, what they could expect if they got sick, how their bodies would fight the virus, and who should seek emergency care and when. Such actionable information is critical given the devastating potential impact of COVID-19 for people with any risk factors, and every person’s role in helping limit the spread of COVID-19.
Park and colleagues (2020) found that among more than 1,000 U.S. adults recruited to a survey via Amazon’s Mechanical Turk, many people expressed uncertainty about length of quarantine and social distancing requirements. In another study from Germany, up to 52% of just over 1,000 participants reported difficulty accessing, understanding and applying information about how to recognize infection, when and how to find professional help upon infection, and risk factors of disease (Okan et al., 2020). Although these findings don’t necessarily mean that there weren’t educational materials available on these topics, materials on these topics may not have been accessible, easy to understand or health literate.
In addition, while stories of people’s COVID-19 infection experiences did start to appear in the local news media once COVID-19 began to spread in their communities, we didn’t see these stories within the educational resources of government and healthcare institutions. Most resources (especially visual ones) that we saw focused on the history and science of SARS-CoV-2 and the respiratory disease it causes, or abstract concepts such as “flatten the curve”. Meanwhile, there were mixed messages about mask wearing, risk factors and airborne infection risks. There seemed to be a gap in visual and broadly accessible educational materials covering the COVID-19 experience and how people should navigate the disease from prevention to treatment.
More accessible COVID-19 educational resources on a variety of topics are critical for the one in five U.S. adults with low literacy skills2 and the nearly one-third with low health literacy. But they are also important for people who may be experiencing isolation-exacerbated feelings of fear, stress, anxiety, and/or depression (Park et al., 2020). Stress and mental health issues can make it more difficult for people to process technical health-related information (CDC, 2021) and adhere to public health recommendations (Middleton et al., 2013; Beutel et al., 2018). Stress can lower health literacy or an individual’s capacity to put recommended preventative health behaviors into action.
In this study, we started to evaluate the impact of educational resources designed to address the audience and COVID-19 education gaps highlighted above. To do this, we leveraged a new visual science communication format developed by the science-art platform Lifeology.io. In March 2020, Lifeology published two expert-created illustrated “flashcard” courses about COVID-19 that contained plain language visual narratives suitable for broad audiences and people with low health literacy. The courses featured visuals created by professional artists. They were available in 20 + languages and addressed the topic gaps we identified above. One course (“Prevention Primer”) covered the basics of COVID-19 prevention and care, through the story of a family learning to navigate the pandemic. The other course (“Mechanism”) was more technical and covered the mechanisms of COVID-19 inside the body, risk factors and medical considerations for at-risk individuals.
The goal of this study was to test the impact of these two different “flashcard” courses on people’s self-reported self-efficacy, perceived threat, and behavioral intentions toward COVID-19, based on the Extended Parallel Process Model (EPPM). Another goal was to evaluate the ability of these courses to improve health literacy by helping people understand and use information about COVID-19. We did this through self-reported data of people’s experiences with and takeaways from the course content. We conducted an online survey experiment via Qualtrics. We were particularly interested to see any differences in impact between a course with more basic information about COVID-19, a course with more technical information about the mechanisms and risk factors of SARS-CoV-2 infection, and a control course about the general health benefits of sleep.
This study also represents a collaborative effort to put evidence-based science communication into practice (Jensen and Gerber, 2020) and then to measure some outcomes of that practice. We (the authors of this study) are a team of science communication researchers, health writers, industry science communicators, artists and designers. Evidence in science and health communication research, including literature in the field of health literacy reviewed below, informed the creation of the COVID-19 “flashcard” courses evaluated herein. These courses were viewed by over 24,000 people in 3 months; one course was translated into 20 + languages by community volunteers who wanted to share the courses with audiences in their own languages/countries/communities. While the courses were still highly relevant, we began collecting data via survey experiment to evaluate their impact on people’s self-efficacy and behavioral intentions, plugging practice back into research.
LITERATURE REVIEW
COVID-19 Pandemic and Educational Interventions
The necessity of clear, actionable, and broadly accessible health education (CDC, 2021) has never been more apparent than during the COVID-19 pandemic. According to the World Health Organization (WHO), risk communication and community engagement “is integral to the success of responses to health emergencies” (WHO, 2020a). Risk communication and community engagement “helps prevent “infodemics”; (an excessive amount of information about a problem that makes it difficult to identify a solution), builds trust in the response, and increases the probability that health advice will be followed” (WHO, 2020b, p. 1). Effective communication around COVID-19 should translate scientific information to improve understanding, make it relatable, and deliver it in an accessible manner to diverse populations and communities.
WHO has also provided specific recommendations for communication materials intended for community engagement during the pandemic. They have recommended that countries translate materials into relevant languages, adapt them to appropriate literacy levels, and create shareable (online) visuals/multimedia pieces that present key information. They have encouraged the creation of materials that “explain the disease etiology, symptoms, transmission, how to protect oneself, and what to do if someone gets sick” (WHO, 2020a). The United Nations and WHO even launched an unprecedented global call to creators3 to help stop the spread of COVID-19 through artwork, encouraging creativity and “empathetic communication” to promote the adoption of public health precautions across age groups, affiliations, geographies, and languages.
But despite these recommendations, there has been a dearth of COVID-19 educational materials in the U.S. that make information accessible to most adults and that are inclusive of different people and cultures. This has been despite the disproportionate impact of COVID-19 and related serious illness among racial and ethnic minority groups who are more likely to experience low health literacy (Eichler et al., 2009), including Hispanic/Latino and Black/African American persons (CDC, 2020).
Health Literacy and Models of Health Behavior Change
Health literacy has been defined as “the degree to which individuals have the capacity to obtain, process, and understand the basic health information and services needed to make appropriate health decisions” (Wagner et al., 2009, p. 860; Institute of Medicine, 2004). Modern definitions also focus on the capacity to process and understand health information and use and apply it. Health literacy “entails people’s knowledge, motivation and competencies to access, understand, appraise, and apply health information in order to make judgments and take decisions in everyday life concerning healthcare, disease prevention and health promotion to maintain or improve quality of life during the life course” (Sorensen et al., 2012). Low health literacy is associated with poorer health outcomes (Institute of Medicine, 2004). Health literacy can impact health-related knowledge, beliefs, motivations, self-efficacy, and ability to problem-solve with regard to self-care as well as using healthcare services (Paasche-Orlow and Wolf, 2007). Health-related knowledge, beliefs, motivations, and self-efficacy (and fear) are critical in determining health behaviors according to theories of health behavior action and change. These theories include the Health Belief Model and the Extended parallel process model (Jones et al., 2015; Sheeran et al., 2016).
Difficult-to-read health information and an overabundance of conflicting media health messages (as seen in the COVID-19 “infodemic”) exacerbate health literacy issues. They also contribute to poor health outcomes (Paasche-Orlow and Wolf, 2007). However, educational materials that are accessible and promote experiential learning, i.e., learning through a transforming experience (Kolb, 1984), can improve health literacy (Day, 2009). Improving health literacy can, in turn, improve beliefs, attitudes, and motivations toward health behaviors (Wagner et al., 2009). Educational materials that improve health literacy and address determinants of health behavior change are most likely to drive better health outcomes. Educational materials about COVID-19 should improve health literacy and help people turn their perceived threat from COVID-19 into action by helping them believe that they can act in ways that make a difference.
Educational materials that follow guidelines for improving health literacy are easier to read, digest, understand, and act upon. Health literacy guidelines focus on plain language, actionable information, resources that include visuals such as pictures and drawings, and an audience-centered approach that includes culturally appropriate messages (CDC, 2021). A growing body of research also focuses on the positive impact of visual narratives or storytelling, as seen in the body of research on Graphic Medicine. Storytelling and visual narratives with relatable human characters provide a fun and experiential way of learning that allows people to reflect on information and relate to it on a personal level (Day, 2009).
With this study, we sought to evaluate the impact of health literate visual narratives (Lifeology “flashcard” courses) on content experiences, attitudes and behavioral intentions toward COVID-19. Below, we review relevant literature on the potential impact of visuals and storytelling on health literacy and determinants of health behavior.
Research Question RQ1: To what extent do people report visual narratives (about COVID-19 or another health topic) as being easy to understand, informative and engaging?
Role of Visuals in Science and Health Education
People typically enjoy content that is visual or that includes illustrations and sequential art (e.g., comics) more than they do content that is not visual (Z. Dayan, 2018). In a recent study, medical and healthcare students indicated enjoying multimedia (a mix of images and text, and sometimes sound) as a practical learning tool (Vagg et al., 2020). Visuals can also aid learning among students with different learning styles and preferences (Aisami, 2015). Visuals can improve people’s motivation to learn (Aisami, 2015), increase their engagement with message content (Lazard and Atkinson, 2015), and improve information processing and retention: “Words are abstract and rather difficult for the brain to retain, whereas visuals are concrete and, as such, more easily remembered” (Aisami, 2015, p. 542). Scientific concepts, like words, are also abstract. Visuals can make them more concrete and easier to grasp.
Visuals can also stimulate critical thinking. Visual representations draw more attention than text-only messages. Visuals facilitate information processing and enhance message elaboration (Cvijikj and Michahelles, 2013; Kim et al., 2015; Lazard and Atkinson, 2015). Townsend et al. (2008) found that text with color photographs increases understanding and learning of a food behavior checklist most when compared with text alone, text with line drawings, and text with grayscale photographs. This highlights the positive potential of colorful artwork in improving people’s engagement with science and health information.
People with limited literacy or language skills in particular “benefit from illustrations, not just words” (Osborne, 2012 p. 214). Visuals “can help people take in information faster and more accurately, and remember it better” (Osborne, 2012, p. 214), improving attention to, comprehension of, and recall of technical and health information (Houts, et al., 2006). People with low literacy skills are especially likely to benefit from visuals accompanying text (Houts et al., 2006).
Healthcare providers are encouraged to use visuals and multimedia resources when communicating with people with low health literacy (Hart et al., 2015) to improve patient knowledge (Nova et al., 2019). Empathetic and positively framed visuals and data visualizations in health education materials may help reduce anxiety (Demircelik et al., 2016) and minimize emotional stress associated with risk communication and getting negative prognostic information (Kim et al., 2020). Visuals may even improve behavioral intentions and behaviors, especially among low literacy audiences (Houts et al., 2006). These impacts are observed when viewers have a positive emotional response to visuals in health education materials (Delp and Jones, 1996).
Visual Storytelling for Science and Health Communication
There is a growing field of research around the use of narrative visual formats, sequential art, or visual storytelling for science and health communication. These formats combine the power of visuals with the power of storytelling (Green and Brock, 2002; Leung et al., 2014; Wang X. et al., 2019) to aid information processing and recall, enhance understanding, and increase engagement. For example, comics are a form of sequential art that combines visuals and plain language storytelling. Comics are preferred over other types of visual narratives because they often include characters readers can relate to, short text that is easy to read, and a story arc that keeps their attention (Wang Z. et al., 2019).
In school and healthcare settings, comics are effective at increasing knowledge and awareness of health issues/conditions (Ohyama et al., 2015; Tekle-Haimanot et al., 2016). In one study, a comic about pediatric anesthesia helped reduce preoperative anxiety in children (Kassai et al., 2016). In another study, Leung and colleagues (2014) found that exposure to relatable characters in a detailed artwork comic can capture imagination and influence health behaviors. A comic combining concise text and detailed artwork that encouraged fruit intake increased self-reported self-efficacy and snack selection in urban minority youth (n = 57). This happened regardless of changes in knowledge. The youth who read the comic were also more absorbed in the content (they reported paying attention without getting distracted) than youth who read a newsletter. The researchers surmise that greater transportation into the narrative of the comic lead to the observed changes in health-related outcomes: “(N)arratives that transport readers have been shown to change beliefs and motivate behavior change” (Leung et al., 2014).
Most studies have investigated the impact of visual narratives among younger audiences. However, there is early evidence that they can also help people of all ages. Health professionals are being encouraged to apply similar mediums—illustrated stories or comic strips—to communicate with older patients and their caregivers. According to behavioral science expert and RN Sarah Kagan, “(m)uch of what we provide as educational material lacks interest, overshoots reading level, and necessarily includes an enormous level of detail” (Kagan, 2018). Some researchers and science communicators have used visual narratives to engage people in preventing the spread of COVID-19. Igarashi et al. (2020) found that manga comics, as a form of visual storytelling steeped in culture and lived experience, can “provide the public with a deeper understanding of (scientific) messages through … characters and their “real-life” situations” (2020, p. 1).
Visual narratives in health education may be especially appropriate for individuals with low health literacy or limited prior knowledge about the topic being communicated (Mayer, 1997; Schnotz and Bannert, 2003). According to comic research expert Matteo Farinella, “the visual language of comics might make information, not only more accessible, but also help to overcome linguistic barriers” (Farinella and Mbakile-Mahlanza, 2020). The cartoon-like visual nature of comics and other visual narratives may also make scientific information less daunting and more approachable for people. When it comes to the communication of sensitive health topics or complex, unfamiliar, or scary topics like vaccines (Muzumdar and Pantaleo, 2017), people often prefer simplified, stylized, conceptual, or interpretational illustrations over photographs and realistic art (Haragi et al., 2019; Farinella and Mbakile-Mahlanza, 2020).
Despite the burgeoning research field around comics and other narrative visual formats, visual storytelling remains poorly studied in terms of its efficacy for health and risk communication among broader publics in real-world settings (Farinella, 2018). Lifeology “flashcard” courses provide opportunities for further research in this area. They are similar to graphic novels or comics in combining short text with relevant detailed visuals in cards that tell a story and often include characters. We wanted to see when or for whom the visuals in these courses mattered, which we explored through participants’ self-reported content experiences.
Research Question RQ2: Which factors are correlated/associated with self-reported attention to the visuals in a visual narrative about COVID-19 or another health topic?
Heuristic-Systematic Model of Information Processing
Developed by Chaiken (1980), the heuristic-systematic model (HSM) stated that information can be processed via two approaches: systematic and heuristic. Systematic processing often occurs when an information seeker is highly motivated and capable of digesting data; thus, the individual pays more attention to message content (Metzger et al., 2010; Katz et al., 2018). Conversely, when an individual lacks motivation or the ability to comprehend information, they may rely on contextual factors such as visual or vocal cues to make judgments (Wang X. et al., 2019; Kim, 2018; Lahuerta-Otero et al., 2018). Additionally, some researchers have found that heuristic processing is more dominant than systematic processing, because the former requires less cognitive effort (Chan and Park, 2015; Lahuerta-Otero et al., 2018).
In this study, we use HSM as a framework to investigate the impacts of visual narratives on health-related perceptions (attitudes and beliefs) and behavioral intentions. For example, individuals with lower health literacy or education (lower education is related to lower health literacy) may rely on and pay greater attention to the visuals in an illustrated flashcard course about COVID-19 to process the message. But even highly educated individuals could rely on and pay greater attention to the visuals in a more technical course about the mechanisms of COVID-19 in the body, because technical science and health information can be difficult for anyone to understand and apply in their own lives. Regardless, we would expect greater attention to visuals to result in improved engagement with the content/message and improved outcomes.
This idea—that greater attention to visuals in educational materials improves engagement and outcomes - is related to the concept of absorption (Oh et al., 2015), immersion, or transportation with content being related to associated outcomes. Absorption is defined as “the degree to which users experience temporal dissociation, focused immersion, heightened enjoyment, curiosity, and control over the computer interaction” (Agarwal and Karahanna, 2000; Oh et al., 2015, p. 740) when interacting with media. Greater absorption can improve behavioral intentions. Both attention and absorption can be conceptualized as components of content engagement. But in this study, we were particularly interested in attention to visuals as a key component of engagement—consisting of qualities like attention, focus, curiosity, interest (Webster and Ho, 1997)—with illustrated flashcard courses.
Research Question RQ3: Is greater self-reported attention to the visuals in a visual narrative about COVID-19 associated with increased self-efficacy, perceived threat, and protective behavioral intentions toward COVID-19?
Health Communication and the Extended Parallel Process Model
In this study, we also explored whether and how understandable and engaging visual narratives about COVID-19 can drive behavior change, either directly and by activating perceived threat and self-efficacy (Witte, 1994). According to the EPPM, external stimuli that increase perceived efficacy and perceived threat (including severity of the threat and one’s susceptibility to it) along with fear can increase protection motivation, message acceptance, and behavioral intentions. People can respond to risk messages and fear appeals in one of three ways: 1) through danger control, for instance in the form of behavioral intentions in line with the message recommendations; 2) fear control (e.g., denial, avoidance); 3) no response.
It is important to note that during the global spread of SARS-CoV-2, fear and perceived threat from COVID-19 have generally been high, especially among older adults. In May 2020, Pew Research found that in the U.S., 38% of adults total, 43% of adults between the ages of 50 and 64, and 49% of adults over the age of 65 see COVID-19 as a major threat to their personal health (Schaeffer and Rainie, 2020). Younger adults also tended to report high levels of emotional distress. In light of this, we expected that educational content that delivered empowering information about COVID-19 prevention and care would improve protective behavioral intentions through improvements in self-efficacy in particular. While perceived threat is key to motivating behavior change according to the EPPM, self-efficacy is key to a positive response. Some researchers have also proposed that “as perceived threat increases when perceived efficacy is low, people will do the opposite of what is advocated” (Popova, 2012, p. 463).
Based on the EPPM, risk messages that increase people’s self-efficacy in the face of a health threat can help to drive positive behaviors that may protect them from that threat. Based on research we’ve reviewed above related to health literacy, highly health literate educational content (which is understandable, visual, engaging, actionable) should be best able to help improve people’s understanding of the health threat, and their self-efficacy or knowledge of how to protect themselves and confidence in their ability to do so. We explore this idea through our final research question and corresponding hypotheses, which we analyze in Means of Self-Efficacy, Perceived Threat and Behavioral Intentions Across Course Conditions and Course Impacts on Behavioral Intentions.
Research Question RQ4: Can understandable and engaging visual narratives about COVID-19 improve self-efficacy and protective behavioral intentions?
Hypothesis H1: People who view a visual narrative about COVID-19 will have increased self-efficacy toward protecting themselves from COVID-19 than people who view a control narrative.
Hypothesis H2: People who view a visual narrative about COVID-19 will have improved protection behavioral intentions toward COVID-19 than people who view a control narrative.
Hypothesis H3: Self-efficacy and perceived threat will mediate the impact of viewing a visual narrative about COVID-19 on protection behaviors.
For all hypotheses, we planned to look at the impact of two illustrated flashcard courses about COVID-19 separately.
We did not predict that viewing an illustrated flashcard course about COVID-19 would increase viewers’ perceived threat from COVID-19 compared to a control course. We did not predict this because we thought that perceived threat would already be high in general among study participants given the state of the pandemic in the U.S. at the time (late March). However, we did plan to explore whether the more technical “Mechanisms” COVID-19 course would raise perceived threat, as this course discussed risk factors of severe COVID-19 illness.
METHODS
Educational Platform—Lifeology “Flashcard” Courses
Lifeology’s illustrated flashcard courses are self-contained digital and interactive online card decks, where each card contains a small amount of text (one to three short sentences) along with a custom illustration. The cards contain sequential art that, along with bite-sized text, tells a story. The course viewer allows users to swipe or click through the course flashcards. It also allows users to toggle between different language options, tap/click to see information sources, tap/click to learn more about the course creators, and submit feedback. The course viewer is optimized for mobile devices but is responsive and works in any smart-device or desktop web browser. Courses are free and often published under a CC-BY-SA Creative Commons license.
Each course is the product of a collaboration between one or more technical experts, one or more plain-language writers, and an artist. It is becoming increasingly important to incorporate diverse, creative, and non-technical voices in the creation of science and health educational materials. Diverse perspectives improve the accessibility and relatability of science and health information for broad audiences. Every course also goes through a collaborative creation process4 that conforms to established health literacy strategies (Osborne, 2012). The process includes collaborative identification of one or a few key messages, card script-writing by a plain-language writer, visual storyboarding, fact-checking by external scientists, and listening to early audience feedback.
The courses evaluated in this study incorporate features that meet modern recommendations of health literacy experts (Osborne, 2012; “Principle: Understandable”; WHO, 2020a; Simmons et al., 2017; Mayer, 2003). These include: plain language and succinct sentences; definition of technical terms; conversational and positive tone; actionable information; narrative elements including characters and a story-arc; text in close proximity to related visuals. The visuals also incorporate features important for health literacy including: high detail but not hyper-realistic visuals; informative visuals that show characters/people at their best modeling desired behaviors; illustrations that communicate scale and context, as for cells or virus particles; storytelling.
Study Procedure
We conducted an online survey experiment. Participants were randomly assigned to one of three stimulus (flashcard course) conditions: a course about sleep; a Prevention Primer course about the basics of COVID-19 prevention and self-care; a Mechanism course about how the novel coronavirus impacts our body. The study was approved for IRB exemption by Louisiana State University (IRB# E11953).
Study participants first answered questions about whether their state of residence was under a stay at home order, their perceived knowledge about COVID-19, and attention to news about it. Participants were then instructed to open and swipe/click through “a series of health-related flashcards organized into a mini-course” and answer some questions about it. We used an opened-ended question asking participants what the course was about and what they had learned, to ensure that participants had opened and browsed through the course cards. Finally, participants answered questions related to their perceptions of the course they had viewed, their perceptions of COVID-19 as a threat to their health, their self-efficacy and their behavioral intentions toward COVID-19 protection and care, and demographics.
Stimulus Content
The control flashcard course5 covered why we sleep, sleep patterns of humans and animals, and sleep hygiene tips for brain health. It was illustrated in a storybook style by artist Ariella Abolaffio.
The COVID-19 Prevention Primer course6 titled “What do I need to know about the 2019 novel coronavirus?” focused on explaining and clarifying basic information about COVID-19. It introduced and explained the viral cause of COVID-19 and the lifestyle and environmental changes that are recommended to keep people healthy and safe from infection. The content addressed what people could expect during the outbreak and what they might do if a family member were to get sick. The course used a detailed cartoon-like visual style and pictorial/representation visuals (Haragi et al., 2019) to illustrate preventative behaviors and processes people could adopt such as handwashing and social distancing (Figure 1). The course was illustrated by science artist Elfy Chiang.
[image: Figure 1]FIGURE 1 | Above we’ve reproduced three of the “cards” contained within the COVID-19 Primer Prevention course, as they would be seen on a mobile device. The first is the title card of the course, while the others are example cards to demonstrate the visual style, informational content, and amount of text.
The COVID-19 Mechanism course7 titled “What does the coronavirus do in my body?” covered how the virus SARS-CoV-2 infects cells, infection mechanisms at the cellular level, how the body fights back, why some people are at risk for more severe illness and when they should seek care. This course followed a character from the Primer course but focused on providing a basic understanding of how viruses cause symptoms, how people recover from infection, and why there are differences in disease severity. This course used more interpretational (Haragi et al., 2019), metaphor-communicating visuals in a hand-drawn but digitized watercolor style to enhance understanding of the technical information about virology and the immune response (Figure 2). The course was illustrated by science artist Elfy Chiang.
[image: Figure 2]FIGURE 2 | Above we’ve reproduced three of the “cards” contained within the COVID-19 Mechanism course, as they would be seen on a mobile device. The first is the title card of the course, while the others are example cards to demonstrate the visual style, informational content, and amount of text.
We assessed whether the courses were health literate based on validated external tools including the SMOG (McLaughlin, 1969) online calculator, a tool for assessing reading level, and the PEMAT for printable materials (Shoemaker et al., 2014)8.
The SMOG index was 9.2 for the Primer course and 9.3 for the Mechanism course, meaning they were both at a sixth grade reading level and “easy to read”.
We evaluated PEMAT understandability and actionability scores for our COVID-19 courses, and we also had an independent reviewer submit scores—the independently derived scores matched our own. We evaluated the Primer course to have a 95% Understandability Score (14 out of 15 points9) and an 80% Actionability Score (4 out of 5 points10). We deducted one point for not providing a “tangible tool” for taking action, although we linked to WHO and CDC guidance and resources on home care and prevention for COVID-19. We evaluated the Mechanism course to have an 87% Understandability Score (13 out of 15 points) and a 60% Actionability Score (3 out of 5 points). We took a point away on Understandability for the Mechanism course for some technical terms like cytokines and antibodies, even though we defined them. We also took a point away on Actionability for “steps to action”—this course was more focused on informing people about COVID-19 risk factors.
Variables and Scales
Following News About COVID-19
We measured (pre-stimulus) how closely participants were following news about COVID-19 on traditional news media outlets in print, on TV, or online, on a 5-point scale from not at all closely to very closely.
Perceived Knowledge About COVID-19
We Asked Participants “How informed would you say you are about COVID-19?”, measured (pre-stimulus) on a 5-point scale from not at all to very.
Understanding and Learning
We measured perceived learning or the degree to which people found courses informative (“I learned a lot”), and understanding (“It was easy for me to understand the information”), as single items on 5-point scales, based on level of agreement. We also explored how relatable the course was to people (“The mini-course was created with people like me in mind”) as a single item on a 5-point scale.
We assessed basic COVID-19 knowledge with a 4-item quiz (Sum of items, mean score = 3.87, SD = 0.38). Its usefulness was limited by a low Chronbach’s alpha of 0.21. Although Chronbach’s alpha is not always a useful characteristic of knowledge instruments (Taber, 2018), we’ve only used the sum of knowledge items related to information presented across the two COVID-19 courses as an informal check and context for our self-reported learning measure.
The quiz consisted of true/false statements for the following: Scientists are working on developing potential vaccines for COVID-19 (true); Coronaviruses are found only in humans (false); Some people with COVID-19 have no symptoms (true); When practicing social distancing, 3 feet is the recommended distance (false).
Attention and Absorption
We measured self-reported attention to the visuals and absorption in the content of the course based on items taken from Agarwal Karahanna (2000) and Oh et al. (2015). Participants were asked to indicate their level of agreement on a 5-point scale (strongly disagree to strongly agree) to statements “I paid close attention to the graphics and visuals in the mini-course” and “The mini-course held my attention all the way through to the end”. These two variables are moderately correlated (Correlation = 0.48, p < 0.001) and used separately.
Perceived Threat
We evaluated COVID-19 risk perceptions as a 4-item scale (Chronbach’s alpha = 0.67) based on level of agreement on a 5-point scale to statements reflecting participants’ belief that they could get COVID-19, that they could get very sick, and that COVID-19 is serious; personal feelings of risk because of COVID-19; belief that COVID-19 is serious. This measure and items represent threat in the EPPM and were taken from Witte et al. (1996) and Popova (2012).
Self-Efficacy
We evaluated self-efficacy for COVID-19 prevention and care as a 3-item scale (Cronbach’s Alpha = 0.68) based on level of agreement on a 5-point scale to the following statements: “I feel confident in my ability to protect myself from getting COVID-19”, “I know how to protect myself from getting COVID-19”, “I know what to do if I get COVID-19 and when to seek emergency care if necessary”. This measure incorporates both knowledge about COVID prevention and self-care and belief about one’s ability to act on that knowledge. This measure represents self-efficacy in the EPPM.
Behavioral Intentions
We evaluated behavioral intentions as an 8-item scale (Chronbach’s Alpha = 0.87). We measured participants’ likelihood to engage in the following behaviors during the COVID-19 pandemic, on a 5-point scale from extremely unlikely to extremely likely: Stay 6 feet from others in public spaces, wash hands often, limit visits to public places or crowds, wear a face mask/covering in public, avoid visits with people I don’t live with, follow government recommendations, stay at home as much as possible. All behavioral items were derived from official public health recommendations published by the CDC and other official sources.
Demographics
We measured demographic and other personal information including age, gender, formal education level, location (state), and existence of a stay-at-home order in the participant’s state. Participants represented all 50 states and DC.
Data Collection, Cleaning, and Analysis
We collected data via a Qualtrics online questionnaire, which linked participants out to the courses in a new window that automatically closed upon course completion. Participants were recruited from two mobile health tracking apps—the LIFE Fasting Tracker (185k users received a study email) and the LIFE Extend mobile health applications (4,616 received a study email). To avoid recruiting too many participants, we recruited only participants that had 1) used the app at least one time within the previous 30 days, 2) a valid email address linked to their mobile application account, and 3) country of residence was the United States. An invitation to participate was sent to the eligible participant pool using an industry-standard mobile application data and analytics platform (MixPanel). The email outlined the study with a button/link to participate, the estimated time to complete, and a random reward for completion. All participants who clicked to participate received a follow-up “thank you” email and reminder to complete the questionnaire.
By May 22, 2020 (first email sent on May 8), 1,890 users completed and submitted the questionnaire, while 1,670 users had responses in progress. The completion rate was 53%. Based on emails opened (n = 37,581), the response rate for partial completions was 9.5% (1.8% based on total emails sent), while the rate of study invite emails open to completion was 5% (0.97% based on total emails sent).
We processed and analyzed all anonymous survey responses in SPSS. For data analysis, we only included partial responses where respondents completed more than half of the questionnaire and answered at least some of the post-stimulus dependent variables (starting with risk perceptions) (n = 65). We also removed responses (n = 115) where participants didn’t correctly answer an attention filter question correctly or incorrectly answered what the course was about (responded “flu” as opposed to sleep or the novel coronavirus). We ended up with a total of 1,775 responses. The minimum time for questionnaire completion among these was 4.5 min.
To explore our research questions, we used ANOVA or ANCOVA tests to evaluate the impact of stimulus condition (categorical variable) as well as covariates that were not substantially correlated (typically age, gender and level of education) on interval data dependent variables. We assumed linearity, and normal distribution on dependent variables which we confirmed with histogram plots (understanding and behavioral intentions were most left skewed). We used conservative Bonferroni post hoc tests to adjust for multiple pairwise comparisons between stimulus conditions. Because Levene’s test was sometimes significant in our ANOVA tests, we report the Welch F statistic (does not assume equal variances) for these tests.
White test for heteroskedasticity was positive in univariate tests predicting learning, absorption, and quiz scores. However, parameter estimates with robust standard errors (HC3 method) revealed no differences in significant results or differences between standard errors and robust standard errors (Hayes and Cai, 2007). Therefore, we report the standard statistics for ANOVA, ANCOVA and linear regression tests below. For ANCOVA tests, we report effect size as R2.
We used linear regression to test our hypotheses with continuous interval outcome variables. In these regression tests, residuals for outcome variables (self-efficacy, threat, behavioral intentions) were normally distributed.
RESULTS
Demographics and Descriptives
Our final data analysis included 1,775 participants: 637 participants (36%) saw the control course about sleep, 546 (31%) saw the COVID-19 Prevention Primer course, and 592 (33%) saw the COVID-19 Mechanism course. Randomization was successful - there were no significant differences in participant age, education level, stay at home order status, self-reported previous knowledge about COVID-19, or attention to COVID-19 in the news across stimulus conditions.
Participants’ age range was 18 to 90 years (Mean = 44.0, SD = 11.7). A majority of participants were female (80%, n = 1,423), reflecting the demographics of LIFE Apps users; 67% (n = 1,195) identified as White, 9% (n = 153) identified as Hispanic/Latino, 8% (n = 135) as Black; 4% (n = 68) as Asian. Participants were highly educated with 30% (n = 528) having a graduate degree, 33% (n = 587) having a Bachelor’s/4-year degree, 27% having some college education (n = 487) and only 6% (n = 108) having a high school GED or less. These demographics reflected the self-reported data we had for all LIFE Apps users, suggesting our survey respondents were representative of the eligible study population.
A majority of the participants (81%, n = 1,442) indicated that their state was under a stay at home order at the time of study participation. On 5-point scales, most participants reported feeling quite or very informed about COVID-19 (M = 3.99, SD = 0.91), and that they were following news about COVID-19 on traditional news outlets quite or very closely (M = 3.44, SD = 1.12).
Looking only at participants randomized to the control group (n = 637) as a baseline (these individuals had no exposure to COVID-19 information within this study), participants generally expressed moderate to high self-efficacy (M = 4.16, SD = 0.63), high behavioral intentions toward COVID-19 (M = 4.41, SD = 0.722), and moderate perceived threat (M = 3.67, SD = 0.81). According to their self-reports, a majority (> 70%) of participants said they were extremely likely to wash their hands often and practice social distancing. Fewer, but still many, were extremely likely to wear a face mask in public (68%) avoid visiting people they don’t live with (46%), clean and disinfect frequently touched surfaces (49%), or follow government recommendations such as stay-at-home orders (59%). (For all but handwashing, the “extremely likely” intentions for these behaviors went up four to five percentage points among participants who saw a COVID-19 course.) While most participants (53%) somewhat agreed that they feel confident in their ability to protect themselves from COVID-19, only 23% strongly agreed; 38% strongly agreed that they know how to protect themselves. (These percentages increased substantially in the Primer course group, where 29% strongly agreed they feel confident in their ability to protect themselves and 53% strongly agreed they know how to protect themselves.) While most participants in the control group strongly agreed that COVID-19 is serious (60%), only 11% strongly agreed and 35% somewhat agreed that they personally feel at risk because of COVID-19.
Content Experiences—Course Understanding, Learning, and Absorption
To address RQ1, we looked at participants’ experiences with the “flashcard” course content. We specifically looked at self-reported understanding of, learning from, and absorption in the courses. Participants generally reported that all the courses were very easy to understand (M = 4.59, SD = 0.67). See Mean results per course in Table 1. In an ANCOVA, course condition, age, gender, and level of education had no significant impacts on course understanding.
TABLE 1 | Mean values of courses for Understanding, Learning, and Absorption.
[image: Table 1]Participants who saw the control or Mechanism courses indicated learning (“I learned a lot”) significantly more (Bonferroni post hoc test p < 0.001) than those who saw the Primer course (ANOVA, Welch F(2, 1,154.04) = 83.11, p < 0.001). See Mean results per course in Table 1. The Primer course was designed and written for broad audiences to learn the basics of COVID-19; it contained information that many participants observed in open-ended post-course reflections that they were already aware of through information sources such as the CDC. The Mechanism course was also written for broad audiences but covered more technical information related to COVID-19 and how it works in the body. However, participants with lower levels of education indicated learning more from both of the COVID-19 courses (ANCOVA for COVID-19 conditions only with covariates age, education and gender; R2 (effect size) = 0.14; Stimulus F(1, 1,083) = 137.18, p < 0.001; Education covariate F(1, 1,083) = 28.59, p < 0.001).
Although we focused on evaluating self-reported content experiences for RQ1, we did conduct a basic 4-item quiz of basic COVID-19 information following stimulus exposure. The quiz scores were generally very high, with over 90% of participants across all conditions answering correctly for each question. However, participants who viewed the Primer course scored slightly but significantly higher (M = 3.92, SD = 0.31; Bonferonni post hoc test p < 0.05) than did those who viewed the control (M = 2.84, SD = 0.44) or Mechanism (M = 3.87, SD = 0.38) courses (ANCOVA across all conditions with covariates age, education and gender; R2 (effect size) = 0.02; Stimulus F(2, 1,680) = 6.6; p < 01). This result was largely driven by scores for the question of whether coronaviruses are only found in humans or not (significant differences were found across stimulus conditions for this question alone, which was covered in the Primer course), as well as the question about COVID-19 symptoms. Higher education also predicted higher quiz scores (Education covariate F(1, 1,680) = 24.80, p < 0.001).
Participants indicated significantly (Bonferroni post hoc test p < 0.001) greater absorption in the control and Mechanism courses compared to the Primer course (ANOVA, Welch F (2, 1,154.25) = 17.72, p < 0.001). See Mean results per course in Table 1. Absorption in the course and perceived learning are significantly and moderately correlated (Pearson Correlation = 0.58, p < 0.001).
We also explored whether participants found the course they viewed to be relatable (“The mini-course was created with people like me in mind.”) (M = 3.53, SD = 1.21). Most people agreed (55%) or neither agreed nor disagreed (26%) that the course was created with people like them in mind. The Mechanism course was evaluated as more relatable (M = 3.73, SD = 1.17), significantly more so (Bonferroni host hoc test p < 0.001) than the Primer course (M = 3.26, SD = 1.30; ANOVA across all stimulus conditions, Welch F (2, 1,156.51) = 21.40, p < 0.001). However, as with perceived learning, lower levels of education were associated with greater evaluation of relatability (ANCOVA across all conditions with covariates age, education and gender; R2 (effect size) = 0.06; Education covariate F (1, 1,680) = 28.96, p < 0.001). Perceived relatability was significantly and strongly correlated with perceived learning (Pearson Correlation = 0.65, p < 0.001) and absorption (Pearson Correlation = 0.50, p < 0.001). It was weakly but negatively correlated with level of education (Pearson Correlation = −0.12, p < 0.001). The strongest correlation between relatability and level of education existed for those viewing the Primer course, suggesting that this course was particularly well suited to meet the informational needs of people with lower levels of education.
Based on these findings, the illustrated flashcard course format appears to make information about COVID-19 easy to understand for people with high and low levels of education alike. Individuals with lower levels of education indicated learning more from the course they viewed and perceiving it to be created with people like them in mind to a greater extent.
We relied on self-reported data of learning and absorption in the content, which limits robustness of the results. However, data on the time participants spent on the page that linked out to the Lifeology course can provide some context. Participants spent, on average, 3.3 min on the page linking to the sleep course (36 cards), 4 min on the page linking to the Primer course (49 cards), and 4.3 min on the page linking to the Mechanism course (47 cards). A minority (less than 1 out of 5) of participants spent less than a minute, and few spent more than 13 min. Based on previous user testing, a 30-card Lifeology courses takes around 4–6 min for a reader to read aloud. Most participants who completed the survey were engaged enough to spend a few minutes on the content, but didn’t spend so much time that distracted reading (e.g., browsing off) was likely. Time spent was weakly but positively correlated with absorption (Pearson Correlation = 0.10, p < 0.001).
Attention to Visuals
Participants indicated paying significantly closer attention (Bonferroni post hoc test p < 0.001) to the visuals in the Mechanism course compared to the control or Primer courses (ANOVA, Welch F (2, 1,168.41) = 27.89, p < 0.001).
We were also interested in exploring predictors of attention to visuals (RQ2), so we ran a linear regression test predicting this variable with stimulus condition dummy variables, demographic variables, previous knowledge, and following of COVID-19 news (R2 (effect size) = 0.06; F (8, 1,677) = 13.53, p < 0.001). See results in Table 2. People who viewed the Mechanism course, people with lower education levels, and people following COVID-19 news closely on traditional media paid closer attention to the course visuals.
TABLE 2 | Results of linear regression analysis predicting attention to visuals.
[image: Table 2]Attention to visuals is significantly correlated with absorption in the course content (Pearson Correlation = 0.48, p < 0.001), perceived learning (Pearson Correlation = 0.38, p < 0.001) and relatability (Pearson Correlation = 0.35, p < 0.001).
Means of Self-Efficacy, Perceived Threat and Behavioral Intentions Across Course Conditions
We conducted a series of simple ANOVA tests with Bonferonni post hoc tests for multiple comparisons, followed by a serial mediation analysis, to explore RQ3 and RQ4, and to test our hypotheses H1, H2, and H3. We hypothesized that people who view an illustrated flashcard course about COVID-19 will have increased self-efficacy and behavioral intentions than people who view a control course, and that self-efficacy and perceived threat will mediate course impacts on behavioral intentions. As a reminder, the self-efficacy measure was based on participants self-reported feelings of confidence in their ability to protect themselves from COVID-19, knowledge of how to do so, knowledge of what to do if they got COVID-19 and knowledge of when to seek emergency care. Perceived threat was based on participants’ belief that they could get COVID-19, that they could get very sick, and that COVID-19 is serious; personal feelings of risk because of COVID-19; belief that COVID-19 is serious.
Participants who saw the Primer course (M = 4.35, SD = 0.56) had significantly (p < 0.001) higher self-efficacy for personal COVID-19 prevention and care than did participants who saw either the Mechanism course (M = 4.21, SD = 0.63) or the control course (M = 4.14, SD = 0.63). The means were significantly different overall: Welch F(2, 1,177.80) = 15.62, p < 0.001.
Perceived threat was slightly lower for the Primer course (M = 3.57, SD = 0.79) than for the Mechanism course (M = 3.68, SD = 0.78) or the control course (M = 3.67, SD = 0.81). But the means were not significantly different overall.
Participants who saw the Primer course reported slightly greater behavioral intentions (M = 4.51, SD = 0.64), followed by those who saw the Mechanism course (M = 4.47, SD = 0.69) and those who saw the control course (M = 4.41, SD = 0.72). But the means were not significantly different overall.
Course Impacts on Behavioral Intentions
Analytical Approach
We used the PROCESS macro add-on (Hayes and Cai, 2007) to conduct a serial mediation analysis11 to test whether and how course viewing was causally linked (Hayes, 2012) to COVID-19 preventive behavioral intentions, both directly and indirectly through attention to visuals, self-efficacy, and perceived threat. Preventive behavioral intentions was the primary outcome variable, course condition was the primary predictor entered as a multi-categorical variable12, and self-efficacy and perceived threat were entered as serial mediators. We also included attention to course visuals as a mediator between course viewing and all other outcomes. Given the large sample size used in the present study, we opted for a more stringent level of significance (α = 0.01). The results are presented in Table 3.
TABLE 3 | The serial mediation model of the effects of course types on preventive behavioral intentions via attention to visuals, self-efficacy, and perceived threat.
[image: Table 3]Attention to Visuals
Attention to visuals was a significant predictor (p < 0.01) in a series of regression tests predicting all other mediators and outcomes—self-efficacy (B = 0.037, SE = 0.014), perceived threat (B = 0.078, SE = 0.017) and behavioral intentions (B = 0.064, SE = 0.013). (Effect sizes are generally small; R2 between 0.5% and 2%.) As we noted previously, people paid significantly closer attention to visuals embedded in the Mechanism course (B = 0.424, SE = 0.061, p < 0.001) compared to the control course (Model R = 0.17, F(2, 1753) = 26.39, p < 0.001). This addresses RQ3 and shows that greater attention to visuals in COVID-19 visual narratives predicts improved outcomes. See arrows connecting attention to visuals and outcomes in Figure 3.
[image: Figure 3]FIGURE 3 | Path diagram illustrating the relative direct and indirect effects of illustrated flashcard course viewing on behavioral intentions toward COVID-19. This path diagram visually represents a serial mediation model of the effects of viewing three different courses on behavioral intentions via attention to the course visuals, self-efficacy, and perceived threat. Solid thin arrows represent significant links between variables (p < 0.01), dashed thin arrows represent marginally significant links (p < 0.05). B, unstandardized coefficients showing relationship between variables. The larger arrow connecting condition directly to behavioral intentions denotes the path from predictor to outcome controlling for all mediators. See Table 3 for full results of the regression analyses that this path diagram represents.
Self-Efficacy
We hypothesized in H1 that people who saw a course about COVID-19 would have a greater sense of self-efficacy. Course viewing did have a significant relative direct effect on self-efficacy. Specifically, people who saw the Primer (B = 0.184, SE = 0.036, p < 0.001) as compared to a control course about sleep had improved self-efficacy in terms of protecting themselves from COVID-19. We controlled for attention to visuals (Model R = 0.141, F(3, 1752) = 11.87, p < 0.001). Attention to visuals was also a significant predictor in this regression model (B = 0.036, SE = 0.0136, p < 0.01). We found partial support for H1, based on the relative impacts of a COVID-19 Prevention Primer course. See arrows connecting the course stimulus condition to self-efficacy in Figure 3.
Perceived Threat
Course viewing did not have a significant relative direct effect on perceived threat. However, attention to the course visuals was a significant predictor (Model R = 0.124, F(3, 1752) = 9.10, p < 0.001; B = 0.078, SE = 0.017, p < 0.001).
Behavioral Intentions
As hypothesized in H2, people who saw a COVID-19 course as compared to a control course about sleep had greater behavioral intentions toward COVID-19. There was a significant relative direct effect of Primer course viewing on behavioral intentions, controlling for attention to visuals, self-efficacy, and perceived threat (Model R = 0.51, R2 (effect size) = 0.26, F(5, 1750) = 120.20, p < 0.001). See the large arrow directly connecting course condition to behavioral intentions in Figure 3. People who viewed the Primer course had greater behavioral intentions toward protecting themselves from COVID-19 compared to those who viewed a control course (B = 0.126, SE = 0.035, p < 0.001, 99% bootstrap confidence interval: 0.035, 0.217). Attention to visuals (B = 0.064, p < 0.001), self-efficacy (B = 0.063, p < 0.01) and perceived threat (B = 0.427, p < 0.001) were all significant predictors in this regression model. We found partial support for H2, based on the relative impacts of a COVID-19 Prevention Primer course.
There was a significant indirect effect from Primer course → self-efficacy → behavioral intentions (B = 0.011, SE = 0.005, 99% bootstrap confidence interval: 0.000, 0.027). The bootstrap confidence intervals were based on 5,000 bootstrap samples.
There was a significant indirect effect from Mechanism course → attention to visuals → behavioral intentions (B = 0.027, SE = 0.007, 99% bootstrap confidence interval: 0.011, 0.047). The indirect effect from Mechanism course → attention to visuals → perceived threat → behaviors was also significant (B = 0.014, SE = 0.004, 99% bootstrap confidence interval: 0.005, 0.026).
As hypothesized in H3, both self-efficacy and perceived threat mediated the impact of course viewing on behavioral intentions. Self-efficacy was a key mediator of the impact of viewing a COVID-19 Prevention Primer course on behavioral intentions, while perceived threat was a key mediator of the impact of viewing a COVID-19 Mechanism course on behavioral intentions.
DISCUSSION
Visual narratives are a useful tool for engaging broad audiences in risk messages and public health precautions for COVID-19. We found that illustrated flashcard courses (visual narratives) about COVID-19 were perceived as understandable and engaging for a relatively broad audience, regardless of level of education. The effect sizes for these relationships were typically small but robust, where stimulus condition and other key independent variables often explained 1–6% of the variance in outcome metrics.
We also found that viewing an illustrated flashcard course about COVID-19 resulted in improved perceptions of self-efficacy and behavioral intentions. The stimulus condition, attention to the visuals, self-efficacy and perceived threat explained a substantial amount of the variance in behavioral intentions (over 25%). Visual narratives may improve health literacy, or capacity to understand and act on health information.
Interestingly, the COVID-19 Primer course impacted self-efficacy and behavioral intentions even though, on average, people indicated not necessarily learning anything new from the content. Participants viewing our COVID-19 courses had most likely come across similar information in other formats based on their existing knowledge of COVID-19, but these formats may not have made the information as accessible and relatable to their daily lives. Our results also suggest that visual narratives may improve health outcomes and disease prevention.
While both of the courses about COVID-19 had positive outcomes compared to a control course, they impacted self-efficacy and perceived threat to different extents. The Prevention Primer course was particularly effective in improving self-efficacy and behavioral intentions directly. This course visually told a story of a family’s journey through a COVID-19 outbreak in their city and their experience when a younger family member got sick. The course visuals showed characters expressing concern but ultimately modeling preventative behaviors such as handwashing for at least 20 s, social distancing, and safely caring for a sick family member. It also provided actionable takeaways. All of these features likely contributed to the course’s impact on self-reported self-efficacy and behavioral intentions. On the other hand, the impact of the COVID-19 Mechanism course on behavioral intentions was primarily mediated by greater self-reported attention to the course visuals and perceived threat from COVID-19. This course explained how the coronavirus works in the body and why some people are at greater risk of severe illness, again with actionable takeaways.
Across both COVID-19 courses, greater self-reported attention to the visuals mediated the impacts of course viewing on self-efficacy, perceived threat, and behavioral intentions. We also found support for the idea that people with lower levels of formal education rely to a greater extent on visuals in these educational materials. This seems to be particularly true when the materials contain more technical science and health information. The more technical Mechanism course received slightly lower ease of understanding scores than the Primer and control courses. Participants who saw this course also reported paying significantly greater attention to the course visuals than did participants who saw the Primer course or the control course. Greater self-reported attention to the visuals in the Mechanism course in turn mediated a significant impact on perceived threat, and thus protective behavioral intentions.
Other factors beyond the level of technical content in the Mechanism course could also have contributed to the self-reported attention to the visuals in this course. The course contained more interpretational visuals, defined as representing information associated with as opposed to directly representing the textual referents (Haragi et al., 2019). These types of visuals have previously been found to invite interpretation and elaboration of content, and to improve self-reported understanding, memorability, and interest (Haragi et al., 2019). However, future research is needed to explore whether it was the greater level of difficulty of this course that truly drove greater attention to visuals, or some other aspect of the visuals in this course.
Implications
This study fills a gap in literature looking at the real-world, holistic impact of health education materials that combine text, narrative, and visuals. The lack of research in this area may stem from the lack of health education materials that make effective, data-driven use of stories and visuals. But why are these materials missing from the media landscape? One of the reasons may be a dearth of collaboration between scientific and art communities. There are a growing number but still few resources and spaces that make it easy for scientists, artists, and communication experts to work together on such materials. However, calls for collaboration between scientists and creatives are increasing (Khoury et al., 2019; Botsis et al., 2020; Murchie and Diomede, 2020). Art-science platforms including Art The Science, Lifeology, the SciArt Initiative, and others are facilitating this collaboration through nascent online spaces that bring people from STEM and art fields together.
It is difficult today to assess visual quality or exactly how “good” illustrations improve information processing (McGrath and Brown, 2005). Different people have different tastes in the aesthetics of artwork that may stem from their cultural or social background. For this reason, it is important that the public have diverse options in terms of illustrated educational content available to them, created by diverse artists in diverse styles and cultural contexts.
Limitations
Participants in this study represented U.S. users of popular health tracking apps (the LIFE Apps). These apps have a broad user base with over 2.5 million users. Users of these apps are likely to be motivated to improve their health and adopt positive health behaviors; however, many join the app because they are struggling to achieve their health and weight loss goals. Most of the participants were highly educated. This does not necessarily mean that they had high health literacy levels, as even highly educated people can struggle to understand and apply technical health information. However, the results of our study are limited by this sample and the fact that we did not directly assess the health literacy level of our participants. While we did confirm that our courses were broadly understandable and had positive outcomes for a subset of our participants who had less than a high school education, outcomes could be different for people facing more substantial language, reading level, and internet access barriers.
Creators of visual narrative educational materials for science and health communication should always design their messages and content with target audiences in mind and evaluate their materials early among those target audiences. Future studies could target evaluation of visual narratives and illustrated flashcard courses in different languages within low-literacy populations, non-English-speaking populations, rural populations, racial and ethnic minorities, etc.
This study is also limited by not comparing the flashcard courses to the same messages presented in non-visual and/or non-narrative formats. We don’t know how much the narrative elements of the courses (story, characters, emotions, etc.) distinctly contributed to the outcomes, separately from the visual elements and factual information presented. However, this would have been difficult to test in practice, as both the visuals and the text of the courses contained narrative as well as informational elements.
Another important limitation of this study is self-reported data. To measure learning outcomes, we would have needed to assess knowledge before and after viewing the courses (Jensen, 2014). However, we note that the COVID-19 courses had positive outcomes even though participants generally reported being quite informed beforehand. Self-reported behavioral intentions also do not fully predict behaviors (Sheeran and Webb, 2016). However, the self-reported data can still tell us a lot about people’s experiences of the content and how prepared and motivated it helped them feel to protect themselves and others from COVID-19. Measures of enjoyment and absorption in content often rely on self-reports related to how much people enjoyed the content, whether it held their attention or if they were distracted by other things while viewing the content. However, real-world measured data for these variables would provide greater insight.
There was the possibility of bias in people’s responses to experiences of the content. To try to prevent this, we assured survey respondents that their responses were anonymous, and we asked for honest evaluation to help us create better content for others. None of the content was branded by LifeOmic or LIFE Apps to avoid eliciting any identity with or loyalty to the LIFE Apps brand. LIFE Apps users also do not pay to use their apps and are often invited to join various other health research projects where strict privacy and HIPAA regulations apply. The risk that they joined this study because of any social pressure or experienced pressure to “like” the educational content displayed is no more likely than in other survey experiments, in our opinion.
Finally, we also acknowledge that we did not fully test or directly manipulate all factors of the EPPM in this study, particularly fear. We leveraged materials that had already been created and designed survey questions around the messages contained in these materials, with a focus on practical takeaways. While this approach has its strengths in terms of evaluating new educational resources at a high level in a real-world setting, it is limited when it comes to pinpointing effect mechanisms.
TAKEAWAYS AND RECOMMENDATIONS
New visual narrative formats have the potential to substantially improve engagement on issues of pressing public health concern. These formats are also ripe for future research.
In the process of conducting this study, starting with the collaborative creation the “flashcard” courses evaluated herein, we learned a lot about how to create effective visual educational materials science and health. We’ve curated some of what we learned into actionable tips below. (We are also leveraging lessons learned into a series of Lifeology SciComm “flashcard” courses13 that help scientists and communicators learn evidence-based science and health communication practices.) This advice is based on our own process for and experiences in creating the materials evaluated in this study. It is based on factors that we think may have contributed to the impact of our materials. Future research should pin-point the role of these different strategies in making health education materials more effective.
1) Use plain language and non-clinical, narrative illustrations to improve understanding and relatability of science and health messages.
2) Assemble interdisciplinary teams in the creation of visual narrative materials. Collaborate with local professional artists and storytellers.
3) Use visuals that complement text. Avoid decorative visuals or ones that are either exact visual representations or conversely are unrelated to the text. Visuals might communicate helpful metaphors or help the viewer interpret or create accurate mental models of abstract concepts or hidden processes.
4) Include empowering stories of characters who face struggles, express relatable emotions, and achieve ultimately positive outcomes or a change in perspective through desired behaviors. Be compassionate when visualizing characters.
5) Be inclusive and illustrate a diversity of characters to engage a diverse audience.
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FOOTNOTES
1https://education.gsu.edu/research-outreach/alrc/adult-literacy-coronavirus-resource-links/
2https://www.oecd.org/skills/piaac/; https://nces.ed.gov/datapoints/2019179.asp
3https://www.talenthouse.com/i/united-nations-global-call-out-to-creatives-help-stop-the-spread-of-covid-19. The call has been controversial among artists on account of asking for free labor in exchange for “exposure”.
4https://app.us.lifeology.io/viewer/lifeology/default/how-is-a-lifeology-course-created
5https://app.us.lifeology.io/viewer/lifeology/default/why-do-we-sleep
6https://app.us.lifeology.io/viewer/lifeology/default/2019-novel-coronavirus
7https://app.us.lifeology.io/viewer/lifeology/default/what-does-the-coronavirus-do-in-my-body
8https://www.ahrq.gov/health-literacy/patient-education/pemat-p.html
9N/A scores given to items on headers and narration
10N/A scores given to calculations and charts
11The sample size for the PROCESS analysis was 1765, the custom seed was 20200617
12Entered as dummy variables relative to the control group
13https://lifeology.io/lifeology-univ-scicomm/
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