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Abstract

Can comics effectively convey scientific knowledge about COVID-19 to youth? What types
and how many sources of information did youth have about COVID-19 during the pan-
demic? How are sources of information associated with accurate COVID-19 knowledge? To
answer these questions, we surveyed youth in grades 5-9 in a Midwestern United States
school district in the winter of 2020-2021. The online survey used measures of COVID-19
knowledge and sources, with an embedded experiment on COVID-19 relevant comics.
Guided by an integrated science capital and just-in-time health and science information
acquisition model, we also measured level of science capital, science identity, and utility of
science for health and society. The school district protocol required parental consent for par-
ticipation; 264 of ~15,000 youth participated. Youth were randomly assigned one of four
comic conditions before receiving an online survey. Results indicate that, similar to knowl-
edge gains in comic studies on other science topics, reading the comics was associated
with 7 to 29% higher accuracy about COVID-19. We found that youth reported getting infor-
mation about COVID-19 from between 0—6 sources including media, family, friends, school,
and experts. The bivariate positive association of news versus other sources with accuracy
of knowledge did not persist in the full model, yet the positive association of a higher number
of sources and accuracy did persist in the multivariate models. The degree of valuing the
utility of science for their health moderated the number of sources to accuracy association.
Those with less value on science for health had a stronger positive association of number of
sources and accuracy in COVID-19 knowledge. We conclude that during a pandemic, even
with health and science information ubiquitous in the news media, increasing youth access
to a variety of accurate sources of information about science and health can increase youth
knowledge.
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Introduction

Beginning in the spring of 2020, young people in the United States (U.S.) were confronted
with how to understand the Coronavirus Disease 2019 (COVID-19) and the virus SARS-CoV-
2.1n the U.S,, directed health measures aiming to “flatten the curve” disrupted the lives of
every person, especially youth [1-4]. During the first year of the pandemic, many youth and
their families dealt with closed schools and had to navigate online teaching and learning [5].
The novelty of the disease meant that scientists, public health officials, and the public (i.e.,
youth and adults) were all learning about COVID-19 at the same time. Unlike most science
and health information, COVID-19 was often breaking news and became politicized in the U.
S. [6]. Research on adult and youth media consumption has shown that a large percentage of
people may actively avoid media about news and politics in the context of seemingly infinite
media consumption choices [7,8]. Unlike adults, youth may experience passive exposure to
information at school or through media they share with their parents/guardians (e.g. radio,
TV) [7]. Youth may also actively seek out information that interests them from their own
sources, or they may live in media rich environments with high science capital where families
communicate and engage one another about health and science topics [7,9,10].

The COVID-19 pandemic was unprecedented in several ways, so it is unclear if prior
research on sources of science information would be relevant. Family and household members
likely learn about COVID-19 from similar sources, yet youth may also learn from people and
media that are unique or even tailored to them [7]. Youth oriented information could come
from peers, school, teachers, social media, other websites, and marketing aimed at engaging
youth audiences. Unlike most adults, many students are also exposed to relatively up-to-date
information about science and health through their school courses [10]. Families may partici-
pate in some science-related activities together (e.g., visiting science museums, zoos, and nature
centers); but youth often have more opportunities to engage with science in youth-focused
clubs, summer camps, and afterschool enrichment programs compared to adults [11-13].

Two theories are particularly useful for guiding research on youth acquisition of accurate
science and health information: science capital [11,14] and just-in-time science and health infor-
mation acquisition system (JIT) [15]. First, building on Bourdieu’s theory of social capital,
Archer et al. [11,14] developed a theory of science capital to describe the differential access
youth have to science experiences through their parents, schools, and communities. The
unequal access to science capital contributes to inequalities among youth in science identity in
early adolescence and shapes attitudes about the utility of science for their lives, their health,
their future careers, and for society [14,16]. Second, Miller et al.’s JIT theory focuses on the
motivations for seeking out health and science information [15]. JIT focuses on adult informa-
tion acquisition and argues that curiosity drives science information consumption, while
health information is motivated by salience and utilitarian reasons. Integrating these two theo-
ries is important to understand youth access to and acquisition of science and health informa-
tion, particularly during the COVID-19 pandemic.

The social capital and JIT theories were developed based on adults, therefore it is useful to
consider the application to youth. Generally, adults and youth in the U.S. have relatively low
health and science literacy, and lower ability to assess media sources (i.e., media literacy) com-
pared to other Western countries [12,13]. Even if youth use similar sources of information as
adults they are unlikely have the same interpretations as adults [17,18]. Human development
studies indicate that children process information differently than adolescents and adults [19].
Scientific-ways-of-knowing develop and change as youth mature; younger children often
struggle with abstractions and the idea that other people may have different perspectives than
their own [20,21]. Youth centered media campaigns and health and science materials tailored
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to youth can help to make accurate health and science information more accessible to youth,
and even more equitable [22-24].

There is evidence that conveying accurate information in comics appeals to youth with
lower science identities, enabling them to learn accurate science information from sources that
are more engaging than the kinds of essays often provided in textbooks [25]. By integrating art
with a narrative structure and fictional storyline, comics can make abstract and complex con-
cepts more understandable [26-28]. These fictional texts have the potential to make science
learning more equitable through the inclusion of characters and situations that readers may
connect with their own lives, accessible visualizations, and narratives that are naturally more
approachable and memorable than explanative text [22,26,29].

We know that the type and number of sources of information matter for COVID-19 knowl-
edge for adults [30] but whether they matter for youth is unclear. In addition, little is under-
stood about how youth science capital and perceptions of the utility of science for health might
explain the association between sources of information, science and health information acqui-
sition, and accuracy of knowledge. Finally, little information exists about how providing youth
with accurate information about COVID-19 (i.e., using youth-targeted media like comics)
might impact their knowledge. To address these gaps in the literature, the overall aim of this
work was to learn where middle-school-aged youth got information about COVID-19 during
the pandemic, and to investigate if the type or number of sources were associated with accu-
racy of COVID-19 relevant knowledge. We also wanted to investigate if any association was
explained by youth science capital, science identity, or attitudes about the utility of science for
health or society. We found that, after controlling for demographic characteristics, learning
environments, science capital, science identity, and attitudes about the utility of science for
health and society, the number of sources of information is positively associated with accuracy
of COVID-19 knowledge, particularly for youth who have lower attitudes about the utility of
science for health. This finding indicates that there is a need for accurate science information
that is appealing to youth of all backgrounds in order to fill gaps in youth understanding, par-
ticularly during a pandemic when the topics are highly salient.

Theoretical frameworks and background

Studies of science and health information acquisition usually focus on adults. The internet is
currently the dominant source where adults acquire both scientific and health information, as
well as general news [15,31]. In this paper we use two social psychological theories—]JIT [15]
and Archer’s theory of science capital [14]—to understand how adolescents learn about sci-
ence and health during a global pandemic.

People acquire information that is important to them, and the higher the salience of a topic
to an individual, the more likely they will seek information on that subject [15,32]. Miller et al
[15] describe this salience-driven model of information acquisition as the JIT. In the JIT news
ecosystem, people get information as it becomes available from Twitter and other social
media, (online) newspaper headlines, nightly newscasts, and personal social networks. Push
notifications can appear at any time to alert people when new information is available.
Although public libraries provide a physical place for people to seek information, personal
electronic media makes news immediately available and therefore dominates information
access [33].

Among people in the U.S., information acquisition behaviors for science topics differ from
those for health [33]. Miller and colleagues suggest these two topics become relevant to indi-
viduals for different reasons; namely, interest in health information is often driven by utilitar-
ian motives, and interest in science information often by curiosity [15]. Good health is
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generally important to people, and they seek information about their own health and that of
their families and friends. Science information acquisition is usually less personal—people
may seek information to be better informed, for work, or because they are curious [15,33].
Miller and colleagues suggest that people who are driven to seek scientific information by curi-
osity are more thorough than those who seek health information for utilitarian reasons.

Youth vary in their access to different types of media compared to adults. Content may be
explicitly monitored by parents to varying degrees within households based on youth age,
access to technology, and social class. According to Coyne et al. [9], youth aged 8-18 who are
from lower income families average almost two hours more of “entertainment” screen time
per day compared to youth from higher income families [9]. Generally, in 2019, Common
Sense Media found that tweens aged 8-12 spend just under five hours using non-school-
related screen media per day and teens aged 13-18 use just under eight hours [34]. Since Com-
mon Sense Media’s last census in 2015, the number of youth who watch videos online has dou-
bled, from 24% to 56% among 8- to 12-year-olds, and from 34% to 69% among 13- to 18-year-
olds [34]. Several factors influence how youth interact with and make meaning from their
screen time. Youth media consumption can reflect implicit and explicit socialization by guard-
ians as well as parental monitoring [9]. Youth might implicitly model guardians’ behaviors or
actively participate in family discussions about news and current events [10,35]. Edgerly et al.
[7] found four media repertoires among a nationally representative sample of adolescents:
news “avoidant” youth were approximately 52% of the sample. Another 15% were youth who
accessed media through “curated-news-only.” These youth encounter news media passively
through curated sources as part of the algorithm in their social media (e.g., Instagram, Twitter,
Facebook). Another 19% seek out news media primarily via legacy news organizations through
the radio, internet, or television; and the fewest number, 14%, are “news omnivores” who seek
out media from multiple different sources [7]. The data for the study conducted by Edgerly
et al. [7] was collected in 2014. It does not assess the extent to which youth are accessing sci-
ence and health information, nor does it ask about a specific topic such as COVID-19.

The deliberately misleading messaging on social media platforms [36] also complicated
access to accurate information about COVID-19. Youth inexperience with news media could
mean that they are especially vulnerable to the proliferation of “fake news” on social media
and the internet [37]. Indeed, recent research on civic online reasoning found that 80% of mid-
dle-school youth believed that online native advertising (promotional ads formatted to look
like news that can also show up in social media feeds) were real news stories [38]. Kiili and col-
leagues similarly found that a substantial proportion of adolescents were unable to critically
assess online health-related information [39]. Even youth who access legacy media sources
may encounter confusing or misleading messaging and may misplace trust in political leaders.
One study conducted during the pandemic found that reliance on legacy media outlets and
higher trust in governmental leaders in the U.S. and the United Kingdom (Donald Trump and
Boris Johnson, respectively) was associated with lower health literacy related to COVID-19
among adolescents [40].

In addition to influencing youth media consumption, evidence suggests that parents and
family influence youth interest in science [11,13,14]. Archer and colleagues developed a theory
of science capital to illuminate how families cultivate science activities, identities, and future
career aspirations associated with their social location (e.g. social class, race/ethnic, gender)
[11,14]. Science capital comes in several forms, including books about science, being related to
scientists, visiting science museums, watching science documentaries, and talking about sci-
ence topics. Studies using the science capital framework show that low science capital is associ-
ated with developing lower science identities [11].
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Access to science capital is unequal and distributed disproportionately along historic pat-
terns of inclusion and exclusion in science based upon gender, race, ethnicity, ability, and loca-
tion [16,41]. As with other types of capital, families that are more affluent can provide more
sorts of science-related opportunities and experiences to their children than working class
families [42]. Youth whose parents have a college education and many books in the home are
also more likely to visit libraries, zoos, and museums and to engage in other informal science
activities that contribute to science identities [13,16,43]. What appears to be an association
between sources of and accuracy of COVID-19 knowledge could simply reflect not only funda-
mental science capital [14] but also higher science identity. Science identity is a self-concept as
a science kind of person [44,45]. Because identities shape behaviors, youth with higher science
identities are more likely to seek out sources of information about science topics [46,47].
Youth with higher science identities may also have higher levels of health media literacy, and
may be more motivated to seek out science out of curiosity or for utility, including seeking out
information about a novel topic such as a global viral pandemic.

Stories about the COVID-19 pandemic are not quite like the entertainment media tracked
by Common Sense Media, nor are they exactly like the sources of health and science informa-
tion that Miller et al. studied among adults. The COVID-19 pandemic has been covered
heavily in the news media, and it also became increasingly politicized, especially in the U.S.
[48]. It is not clear to what extent youth actively avoid media about news and politics [7]. It is
unclear if youth avoid news and politics to the same extent today given that media use has
changed since 2014 [34], and media consumption patterns may have changed even more dur-
ing a global pandemic. Because COVID-19 is highly salient to youth, youth may access and
interpret news differently than they did before the pandemic.

Research conducted during the pandemic suggests that youth in global North countries
tended to seek science and health information from sources most familiar to them. Waselewski
and colleagues identified legacy news media as the most common source for COVID-19 infor-
mation for youth in the U.S. [40,49], however, youth also looked for information on social
media, and they acquired information from friends and family. Norwegian youth surveyed in
2020 had a similar profile: they relied upon legacy media and friends and family as their pri-
mary sources of COVID-19 information but also reported using social media [50].

Regardless of how and where they search for information, how much young people know
about the pandemic is unclear. Austrian adolescents surveyed during the pandemic generally
demonstrated low levels of general knowledge about viruses and vaccination [51]. These stud-
ies [49-51] offset the relative paucity of research on how youth seek science and health infor-
mation about the pandemic outside of what occurs in schools. Studies from before the
COVID-19 pandemic that examined adolescents’ understanding of viral diseases and epidemi-
ology indicate generally low levels of knowledge [52]. The Next Generation Science Standards,
the latest research-based content standards being implemented in many U.S. schools, do not
include specific topics related to viruses, vaccines, or immunization [53]. Therefore, evidence
from before COVID-19 suggests that youth had little prior knowledge about viruses and
immune responses to form a basis for mental scaffolding to successfully add new information.
Yet the high salience of the pandemic and associated restrictions, plus the ubiquity of news
reports, could have supported rapid accumulation of COVID-19 specific knowledge.

To extend Miller’s JIT model from adults to children, we must account for social and sci-
ence capital. Why? Because so much of the media that youth consume and extracurricular
experiences that they can access are influenced by the social class of their family [10,13,42].
Therefore, we must account for social location (parental education, # of books in the home,
race/ethnicity, gender) [42]. We also need to assess science capital through what Archer [14]
calls “science behaviors.” Science behaviors include visiting libraries, science museums and
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zoos and watching shows about science or nature. Even though youth may not have the auton-
omy to visit science museums or zoos without parental capital, most youth have choices about
watching science shows and visiting libraries [16,54]. To account for youth agency we need to
include several measures of curiosity about science that are relevant to science information
acquisition in Miller’s JIT theory [7,15]. Further, JIT theory suggests the need to measure
youth perceptions of the utility of science for health decisions and for improving society,
because salience of science is likely to matter for acquisition of accurate knowledge about
COVID-19.

In summary, science capital theory suggests that youth with higher science capital will also
have higher science identities and more positive attitudes about the utility of science for health
and society. Higher science capital should be associated with having more types and a higher
number of sources of science and health information. JIT theory suggests if youth perceive sci-
ence as salient for health, they will acquire more information about topics such as COVID-19
[15]. We see value in integrating the theories to highlight the potential for science capital, sci-
ence identity, or attitudes towards the utility of science for health and society to modify a JIT
measure such as the number of sources of information and accuracy of COVID-19 knowledge.
We test the utility of integrating science capital and JIT by modeling, with interaction terms, if
the association of number of sources with the accuracy of knowledge depends upon science
capital and/or attitudes such as the utility of science for health or society.

For the present study, we are interested in how youth learned about the COVID-19 pan-
demic and if type or number of sources is associated with higher accuracy of COVID-19
related knowledge. To explore these questions about COVID-19 knowledge, we surveyed
youth in a moderately sized Midwestern U.S. school district and asked about their sources of
information about COVID-19. We also embedded an experiment in the survey with random
assignment to comic stories with scientific and health information about COVID-19. This
study provides a quantitative analysis of the open-ended responses to the sources of knowledge
and an assessment of the experiment. We also include a multiple regression analysis of the
association of sources of knowledge with accuracy of knowledge, adjusted for science capital,
science identity, attitudes about the utility of science for health and society, social location,
experimental condition, and school learning type (in-person, remote, or hybrid).

Methods
Study design and sample

The data for the current study were part of a National Science Foundation Rapid Response
Research project designed to educate youth about COVID-19 as quickly as possible in the
summer of 2020. A large multidisciplinary team created free, weekly online comics starting
mid-summer 2020. The CRONA Pandemic Comics webpage [55] and book [56] built on a
decade of expertise creating comics about the biology of viruses. The goal of the comics was to
help adolescent readers understand the complexities of living through a viral pandemic by
gaining accurate knowledge of the virus, the human immune system, connections between
human and animal health, and historical and contemporary community responses to conta-
gious diseases. In collaboration with virologists, social scientists, members of Native communi-
ties, and well-known comic artists, the team developed three comic stories—fictional
narratives—that address fundamental issues in infectious disease and virology, including a
story about a U.S. Tribal community response to the pandemic in historical context. For a
detailed description of the CRONA Pandemic Comics’ creation and for an overview of the
comics, see Diamond et al. [57].
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To evaluate if youth gain knowledge through reading the comics and to discover sources of
information that youth usually access, we conducted an online survey with an embedded
experiment on the comics. Between December 2020 and February 2021, we sent electronic
invitations to approximately 15,000 students enrolled in 5™ through 9" grade in a mid-sized
Midwestern urban school district, through a parental/guardian contact, to participate in an
online survey study. All procedures and instruments were approved prior to use by the Institu-
tional Review Board at the University of Nebraska-Lincoln (IRB Approval #: 20201120572EP)
and the evaluation and assessment unit of the collaborating public school district. Parental
consent and youth assent were obtained electronically. To increase participation, we sent three
reminders to the children of the parents who elected to participate, as well as to youth if
parents provided an email contact. Even with the reminders, only 280 youth participated (less
than 2%). The low response rate was likely due both to the ongoing pandemic and the need for
affirmative parental consent plus parents needing to provide access to youth (the school dis-
trict would not allow us to contact youth directly). Although the low response rate reduces the
statistical power, the results are nevertheless unique and contribute to our theory and under-
standing of youth information sources and knowledge during the COVID-19 pandemic. If we
used a case-wise missing approach, we would have an analytic sample of 242. The question
about how often youth visit public libraries had the most missing data from youth skipping the
question (n = 22). For some questions youth could select “I don’t know” as a valid value, but “I
don’t know” was not a response category for the question about visiting public libraries. To
retain as many cases as possible we converted the missing values to “I don’t know” and
assigned the value of the mid-point of the scale to these cases, similar to the practice we
describe below for variables that had “I don’t know” as a valid value [58]. Sensitivity tests with
and without these missing cases provided substantially similar results. The analytical sample
therefore consists of 264 participants.

One purpose of the study was to evaluate if youth could learn accurate COVID-19 relevant
knowledge from comics. There was one longer comic (10 pages) and two smaller comics (five
pages) in the series. To create equal conditions, Comic I was separated into two comics that
were five pages. Therefore, we had four randomized comic conditions that were five pages
each. Although Comic I was 10 pages, the narrative did not appear as disjointed to youth due
to formatting and headings that differentiated the first five pages from the second five pages.
Additionally, the information presented to youth was different between the two five-page sec-
tions in Comic I, so we were able to formulate different knowledge-based questions across
these two conditions. The four comic conditions were: CRONA COMIX Pages 1-5, CRONA
COMIX Pages 6-10, CRONA COMIX II Pages 1-5, TRIBAL CRONA COMIX Pages 1-5.

Analytic information from the Qualtrics software program indicated that the five pages of
comics took an average of 10 minutes to read, and the survey took approximately 20-30 min-
utes to complete. All of the current study participants, as well as all of the middle school youth
in the study sampling frame, were given hard copies of the CRONA Pandemic Comics books
[56] after the data collection for the current study. An online survey with open-ended and
closed-ended questions was used to gather the data for this study.

Analytic strategy

The current study involved several steps, in part because we were simultaneously assessing the
extent to which comics convey accurate information about COVID-19 during the pandemic
and assessing existing sources of information and the need for more. The experiment provided
subsets of youth with different kinds of information about COVID-19 and therefore had the
potential to differentially raise the level of accurate knowledge. To account for the
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experimental results in the focal analyses of youth-reported sources of information about
COVID-19 and accuracy of COVID-19 knowledge, we had to account for the experiment. In
addition, there were no existing scales to measure the knowledge provided in the comics,
therefore we had to construct those measures. Finally, no list of sources of information about
COVID-19 for youth existed at the time, therefore we used an open-ended question and con-
structed measures from the responses. The analyses therefore have three parts. First, we
explain the items that make up the focal dependent variable, COVID-19 relevant knowledge.
In the measures sections we describe how we developed the items, and in the results, we pro-
vide t-tests for whether youth gained knowledge from the comic they read, and then we pro-
vide descriptive statistics about youth accuracy on each of the items for the subscale on
COVID-19 relevant knowledge. Second, we describe the process of converting open-ended
responses to quantitative measures of the focal independent variables, kind and number of
sources of information about COVID-19. Third, guided by theories of science capital and JIT,
we used multivariate regression to model the association of sources of information about
COVID-19 and accuracy of COVID-19 relevant knowledge, adjusted for control variables
[10]. We also model, with interaction terms, if the focal association is modified by science capi-
tal, science identity, or attitudes toward the utility of science for health and society [15].

Concepts and measures

Dependent variable. COVID-19 relevant knowledge. For all study participants, the depen-
dent variable measures COVID-19 relevant knowledge. Because the study included randomi-
zation to one of four conditions, we first needed to adjust comic condition. Prior to the start of
the survey, all participants were asked to read five pages of a comic story that contained accu-
rate scientific information about COVID-19 protective health measures, the human immune
system, bats and COVID-19, or the impact of COVID-19 on a Tribal community. The research
team worked closely with scientists and content creators to develop 20 knowledge items about
COVID-19, health preventative behaviors, viruses, vaccines, the immune system, animals and
public health, and historical facts. To assess knowledge of factual information presented in
each of the comic conditions, these 20 true/false statements were designed specifically to align
with the content in each of the four comic treatments. The number of items per comic ranged
from three to seven. The research team also developed five true/false items assessing more gen-
eral COVID-19 and other health-related knowledge not specifically addressed in any comic
set, which resulted in a total of 25 knowledge items in the survey. To avoid inadvertently
spreading misinformation, all the factual statements included in the survey were true. A list of
all 25 knowledge questions and those included in comic knowledge scale and COVID-19 rele-
vant knowledge scale are available in S1 Appendix.

To a create a general measure of COVID-19 relevant knowledge for the multivariate analy-
sis, we focused on a subset of 19 items specifically related to the COVID-19 pandemic and
excluded factual items that were relevant to the comic story but unrelated to health or science.
See details about each item that makes up the 19-item scale and youth accuracy on individual
items in the results section.

Focal independent variable

Sources of information about the COVID-19 pandemic. To understand the role of the
comics within the context of existing sources of information about COVID-19, the survey
included an open-ended question about where youth got information about the pandemic.
We knew of no comprehensive list of sources of information about COVID-19 for youth, so
we chose to use an open-ended question with no indication of any type of source (e.g., media,
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family, friends). The survey asked youth, “What are your main sources of information about
the COVID-19 pandemic?” Almost all youth (96%) provided some written response to this
query, although a few (7%) simply listed pandemic knowledge or replied without answering
the question. Two researchers iteratively created exhaustive thematic codes based on all sub-
stantive responses. We identified four categories of codes: Media, Family/Friends, School, and
Experts. Youth varied in specificity of their sources. For example, many youth simply said
“news” while others listed several media types (e.g., social media, internet, TV) or several news
sources (e.g., CBS, CNN, Fox). While we wanted to assess whether the type of source (Media,
School, Family/Friends, Experts) mattered for COVID-19 knowledge, we also wanted to quan-
tify distinct sources of information youth listed.

We created a count of COVID-19 sources of information from the open-ended question to
assess the relationship between the number of sources and COVID-19 relevant knowledge. A
dataset including all open-ended responses and codes is publicly available here [provide DOI
to publicly available data]. See more information about the frequency of codes and the number
of information sources in the results section.

Other focal independent variables

Science capital. In addition to measures of social location, we measure what Archer et al.
[14] calls “science behaviors” to assess science capital. Youth were asked how often they visit
libraries, science museums, zoos, and how often they watch shows about science or nature.
The response categories for zoos, science museums, and watching shows about science and
nature are “never” (0), “once in a while” (1), “sometimes” (2), and “often” (3). For how often
youth visit public libraries we imputed 22 cases to the mid-point of the scale similar to “I don’t
know” measures on the items about the utility for science for health and society. The response
categories are “never” (0), “once in a while” (1), “I don’t know” (2), “sometimes” (3), and
“often” (4).

Science identity. To better model the unique association of sources of information and
accurate knowledge, we include a measure of science identity. Similar to Hill et al. [59] we
measure science identity with a single item variable that asked youth how much they think
they are a “science kind of person.” Response categories ranged from “not at all” (0), “a little”
(1), “somewhat” (2), to “totally” (3).

Utility of science for health and society. Miller’s theory of JIT indicates that some people
may be more motivated to seek out health and science information than others, and motiva-
tions may differ depending on whether the information is about science or health [15]. To
assess this, we asked youth, “How much does science help you make decisions about your
body?” and “How much does science help people?”. Youth were allowed to respond “I don’t
know” (12.1% and 3% respectively. We recoded those students at the mid-point. Response cat-
egories ranged from “not at all” (0), “a little” (1), “I don’t know” (2) “somewhat” (3), to “a lot”
(4).

Social location and learning environment. We also included measures to account for
SES (# of books in the home, whether a parent/guardian graduated college) because of likely
correlations with science behaviors, science identity, and science attitudes. Because of histori-
cal discrimination and implicit biases, girls and students of color do not have the same access
to science identities as youth who identify as male or who are white [41,59]. Additionally, in
adult populations, Miller found that women are more likely to seek out health information for
utility reasons while men are more likely to seek out science information out of curiosity
[15,33]. We include gender and race/ethnicity as control variables for these reasons. Addition-
ally, we control for grade level and comic condition.
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Results
Comics as sources of information about COVID-19

Can comics effectively convey scientific knowledge about COVID-19 to youth? To answer this
question we used t-tests to compare whether youth who received each comic condition were
more accurate (percent correct) on the items that aligned with their comic than youth who did
not receive the comic pertaining to those items. The first comic (comic condition one) con-
tained information that was often in the news such as the importance of physical distancing
and masking to help stop the spread of COVID-19. Yet youth who were assigned to read this
comic had, on average, 7% higher scores on the relevant survey items than youth who did not
read this comic (p < .05). The other three comic conditions contained information that was
less common in the news. The average differences between those who did or did not read a
comic with information on the remaining topics ranged from 13% higher for condition three
(about bats and One Health) to 24% higher for condition four (about Tribal experiences dur-
ing the pandemic) to 27% higher for condition two (about the immune system) (p < .01)
(results not shown in table).

After assessing whether youth gained knowledge from comics on the 20 comic-aligned
knowledge questions, we then look at general accuracy using the 19-item COVID-19 relevant
knowledge scale. For a detailed description of the 25 knowledge items and how they aligned
with the comics and whether they were included in the COVID-19 knowledge scale, see S1
Appendix. Fig 1 shows the 19 true/false items that comprise the measure of COVID-19 rele-
vant knowledge organized by different science/health content areas.

Overall, the average percentage correct (81%) was relatively high. The first five statements
were about behaviors to contain the pandemic and the percentage of youth with accurate
scores, ranged from 88% to 97%. Similarly, scores ranged from 85% to 94% of youth with accu-
rate answers for the next four statements that were specific to the COVID-19 virus

Percent of student participants answering items correctly
(n=264)

Wearing a mask helps to contain the pandemic. NN 97%
Staying six feet apart helps stop the pandemic. NN 52%

My behavior can protect the health of the people in my
community, even those | have never met. I 56%
Visiting just one friend during a pandemic can spread the
virus to many people. I 88%
When a person's oxygen is very low they need to go to the
hospital
COVID-19 virus can spread from one person to another
before the infected person has symptoms.
COVID-19 virus can spread from person to person through
the air when people are close to each other.

I es%
94%
93%

COVID-19 virus is different than flu virus. 88%

COVID-19virus enters human cells where it makes copies
of itself.

Vaccines help our bodies' natural defenses to fight viruses. I 0%
Viruses cannot spread as easily when people are oy ¢

vaccinated

85%

Your immune cells can fight viruses by stopping them from
entering your cells. 81%
Mutations in viruses can help scientists understand how
viruses spread
T-cells destroy cells in your body that are infected with
viruses.

69%
51%
B-cells can block viruses from reproducing in the body. 48%
Many diseases can spread from animalsto humans. I 30%
Human health depends, in part, on the health of the planet I 5%
(e.g. increase in pollution, decrease in forests).

Bats can spread viruses to humans. I 750
The health of humansis connected to the health of
I 53%

livestock.

Fig 1. Percent of accurate responses to questions about COVID-19 relevant knowledge.

https://doi.org/10.1371/journal.pone.0267871.9001
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transmission and traits. Many participants also had correct answers to the two questions in the
third set of items that were about vaccines, with 87% correct about viruses not spreading as
easily when people are vaccinated and 92% correct that vaccines help our bodies fight viruses.
Fewer youth had accurate knowledge of the immune system, with agreement to statements
about B-cells (48%) and T-cells (51%) quite low, and the more general questions about viral
mutations (69%) and immune cells (81%) somewhat higher. Only about half of the participants
(53%) knew that the health of humans is connected to the health of livestock, yet more had
accurate knowledge (78% to 89%) on other statements about how human health is connected
to other living animals and our shared environments (i.e. One Health [60]).

Youth-reported sources of information about COVID-19

What sources of information did youth have about COVID-19 during the pandemic? To find
out we summarized the responses to the open-ended question about usual sources of informa-
tion. Table 1 shows the distribution of responses in four broad categories: (1) Media (67%); (2)
Family, friends, and acquaintances (47%); (3) School (39%); and (4) Experts (17%). Table 1 also
provides the proportion of youth who listed specific types of sources that fall within the four
broad categories. Media included any mention of news, internet, social media, radio, books,
TV, plus the CRONA Pandemic Comics that were part of the study. When students named
specific news organizations (e.g., CNN, MSNBC), we counted each source. We also separated
legacy media mentions from social media or internet mentions (not shown in the table). Fam-
ily, friends, and acquaintances included any parent or guardian (sometimes more than one),

Table 1. Sources of information about the COVID-19 pandemic (N = 264).

What are your main sources of information about the COVID-19 pandemic? (n = 264)

Category Specific Code % mentioned

Media (67%) News 53%
Internet/online 17%
vV 7%
CRONA Pandemic Comics 5%
Social media 4%
Radio 2%
Books 2%
YouTube 2%

Family, friends and acquaintances (47%) Parent(s) 39%
Family 5%
Other people 5%
Friends/peers 5%
Grandparents 2%

School (39%) School 28%
Teacher(s) 9%
Science class 8%
COVID-19 lesson 2%

Experts (17%) Doctors/ Healthcare workers 11%
CDC/ WHO/ local health department 7%
Scientists/ researchers 3%
Specific experts 2%

* Note: Because youth could respond with more than one source, percentages include any mention and equal more
than 100%.

https://doi.org/10.1371/journal.pone.0267871.t001
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grandparents, other family, other people more broadly, and friends/peers. School included
cases when students just said “school” broadly, if they mentioned a specific teacher, if they spe-
cifically mentioned a science class, or if they said they had a lesson or did a project about
COVID-19 in school. Experts included youth reports that they learned about COVID-19 from
a healthcare provider, a government agency, researchers, or scientists, or if they listed any
other expert sources (e.g., Dr. Fauci). If youth reported that their parent was a healthcare pro-
vider or expert, we counted that as two sources of information as they noted their parents’
dual roles. In Table 1 we arranged the responses so that the most common sources are listed
first. The cumulative percentages can exceed 100% because youth could list numerous sources
for their main sources of information about the COVID-19 pandemic. A detailed dataset with
youth open-ended responses and codes is available here [DOI to publicly available dataset].

Students varied in how much explanation they gave about the sources that they used for
information about COVID-19. Just under a third of youth simply said, “The news,” but others
provided specific details, for example:

o “The New York Times and Anthony Fauci.”

« “CBS This Morning, CNN, CDC, and the Mayo Clinic, But I mainly watch CBS the most.”
o “www.foxnews.com”

o “The news, but mostly CBS.”

o “cdc.gov fox news cnn news cnn 10”

o “CNN News, Channel 8 eyewitness news”

« “My parents and NPR/podcasts which my mom listens to in the car to and from school.”

» “News sources such as CNN or any other news network”

o “Accurate news channels”

Some of the youth emphasized that they had multiple ways of accessing information, and
about 5% mentioned the comics:

o “The comics, The news, My parents, and the radio.”

o “My parents and what I have heard from health care professionals online, on TV, and occa-
sionally in person.”

» “Various articles, CDC, these comics, and a video I watched in a class”

“I guess the news and school also my doctors plus I search it up if I want to find out some-
thing about the virus.”

Others noted their access to parents or other adults who served as information sources:

o “My mother and father were front line workers during the pandemic of Covid—19. They
were my main source of information.”

» “my science teacher does covid fridays where he gives us a few websites and a few questions
and we cover different topics. we’ve gone over things like what the virus is, other viruses and
pandemics, the effectiveness of masks, social distancing, washing your hands, and sanitizing
your hands/surfaces. that’s where i’'ve learned most of the stuff i know about covid-19.”

“My grandpa, who is a doctor, knows a lot about the virus, so he helps my sister and I under-
stand how it works. We call him when we are sick or hurt so that he can help us find the best
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way to treat the injury or sickness. My other source is the internet, where I read articles
about the virus and how I can protect myself from it.”

« “School, my dad who works in the health department and the cdc. Also the news like 1011 or
today show.”

Demonstrating awareness of variation in the quality of sources of news, some respondents
commented on the reliability or validity of their information sources:

o “When i go to school in the morning i hear facts about the covid-19 things on the radio, I
also ask my mom if i have questions about it. If i hear something from a Source i will check
other sources to see if they agree with the information i found on that particular source. I try
to fact check as much as i can just in case i am wrong.”

o “Scientific research from doctors, or people that study COVID and they are very reliable.”

« “Any credible source. We had a unit on COVID-19 in school that also boosted my
knowledge.”

We anticipated that many youth would mention the internet or social media as a source of
information, but only a few did (4%), as in the following responses:

o “Tik tok (The anime) cells at work that help me learn about what cells do what when there’s
a virus or disease or what each cells Job is. And my mom that makes sure that every think I
know about this is true (or she thinks) so I can stay safe and not get sick.”

o “My parents, Reddit”

» “Youtube”

« “my teachers memes youtube”

« “Websites, YouTube videos, random articles and school”

Some youth reported that they got information through members of their social network.
For example, one participant indicated that, in addition to the news, "sometimes the word
about something related to COVID-19 gets around school.” Others gave the following
responses:

o “Family, school, friends”

« “News, Signs or Rumors”

« “People”

o “The internet and people around me”

Result from the open-ended question about media use support previous findings on the
central role of mainstream or “legacy” media for youth during a pandemic. More than half
(55.7%) of the youth got information about COVID-19 from legacy or traditional news
sources, compared to about 90% among adults [61]. While youth named similar sources to
adults, they also relied heavily on the adults in their lives (e.g., parents, caregivers, grandpar-
ents, teachers) as their main sources of information. A total of 39% mentioned that they
learned about COVID-19 from school, including pandemic-specific lessons from teachers and
school-based media. At least nine students explicitly mentioned CNN 10, an on-demand digi-
tal news show composed of 10-minute segments created by CNN for students aged 6-12 that
is commonly used in class by teachers. We next turn to analyses in which we explore how the
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type of sources, number of sources, and depth of description (i.e. number of words) are associ-
ated with accuracy of COVID-19 relevant knowledge.

Univariate and bivariate results

Table 2 provides univariate descriptive statistics for the study variables. As noted above, on
average had COVID-19 relevant knowledge scores of 81% correct (SD = .16). Youth wrote on
average seven words (M = 6.85, SD = 9.12) in response to the open-ended prompt; the range
of the number of words was large, from zero to 71. The average number of sources about
COVID-19 was just over two (M = 2.11, SD = 1.23); 97% of youth reported between zero and
four sources; the highest number was six. In response to the questions about informal science
activities, youth reported visiting public libraries most often, with an average score close to the
value for “sometimes” (M = 2.02, SD = 1.43), followed by watching shows about nature and
science (M = 1.72, SD = .91), visiting a zoo (M = 1.69, SD = .80), and visiting a science
museum, which had an average close to the value for “once in a while" (M = 1.13, SD =.75).
Youth reported that science helps them make decisions about their body on average between
“alittle” and “somewhat” (M = 2.83, SD = 1.19), and that science helps people between “some-
what” and “alot” (M = 3.77, SD = .63). Compared to other studies [59], youth in the sample
had fairly high science identities: between “somewhat” and “a lot” (M = 1.84, SD = .88).

More youth in lower grades (23% in 5%, 29% in 6", 24% in 7 grade) participated than
youth in higher grades (16% in 8" and 8.3% in 9™ grade) (results not shown in table). The
sample had fewer students of color (21%) than the district as a whole (35.8% students of color).
Additionally, the sample had a slightly higher percentage of boys (53%) than the district (51%).

Table 2. Descriptive statistics for sample variables from youth (n = 264).

Mean/ Proportion | SD | Min. | Max

COVID-19 Relevant Knowledge (Proportion Correct of 19 items) 81| .16 0 1
What are your main sources of information about the COVID-19
pandemic?
word count 6.85 | 9.12 0 71
# of sources 211 1.23 0 6

Informal Science Activities

How often do you visit the public library? 2.02 | 1.43 0 4
How often do you visit a science museum? 1.13| .75 0 3
How often do you visit a zoo? 1.69 | .80 0 3
How often do you watch shows about science or nature? 1.72| 91 0 3
Utility of Science & Identity
How much does science help you make decisions that affect your body? 2.83 | 1.19 0 4
How much, if at all, does science help people? 3.77 | .63
How much do you think you are a science kind of person? 1.84| .88 0
Social Location
Male .53 0 1
Non-minority .79 0 1
>100 Books .67 0 1
Parent attended college .63 0 1
Learning Environment 0 1
Remote 22 0 1
In-person .64 0 1
Hybrid .14 0 1

https://doi.org/10.1371/journal.pone.0267871.t1002
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Approximately 67% of the sample reported more than 100 books in the home, and 63%
reported at least one parent or guardian had attended college. The findings provide a snapshot
of how students obtain information and what they know of the COVID-19 pandemic during a
historic time, yet we cannot claim to represent the whole district or all youth in the U.S.

The same historic conditions that led us to study youth in 2021 also led to many challenges
for students and schools. In our sample, 64% of youth attended school mostly in-person, 22%
attended mostly online, and 14% reported attending a hybrid model. All youth who were in
classrooms had peers joining via Zoom, and the majority of students who attended in-person
wore masks. The findings provide a snapshot of how students obtain information and what
they know of the COVID-19 pandemic during a historic time, yet we cannot claim to represent
the whole district or all youth in the U.S.

We also conducted bivariate correlations and found that increases in the number of sources
was associated with higher accuracy of COVID-19 knowledge (Pearson’s r = .23, p < .001).
There was a weaker and non-statistically significant association of word count and COVID-19
knowledge (Pearson’s r = .118, p = .056). We created dummy variables for each source type
and used t-tests to assess if any type of source was associated with more accurate COVID-19
relevant knowledge compared to the combination of the other types of sources. We also did a
sensitivity test in which we broke down “Media” into legacy media versus online/social media
similar to recent studies [40,49]. We found that youth who mentioned any legacy media source
(TV, radio, books, “news”, or a specific news source) had higher average higher scores on the
COVID-19 knowledge scale compared to youth who did not mention a legacy source (83.8%
vs. 78.2%, p < .01). The remaining COVID-19 mean knowledge comparisons (i.e. youth who
mentioned the internet or social media, school, family, friends or acquaintances, or experts as
sources versus those who did not) failed to reach statistical significance.

Multivariate results

Are sources of information associated with accurate COVID-19 knowledge? To answer this
question, we used ordinary least squares multiple regression and added variables in four mod-
els (see Table 3). All ordinal and continuous independent variables were mean-centered to
reduce multicollinearity and to simplify the interpretation of the intercept. The reference cate-
gories for the categorical variables were: assigned to the comic story about a U.S. Tribal com-
munity response to the pandemic, girls, youth of color (minority), those with >100 books in
the home, those whose parents/guardians have attended college, those in fifth grade, and those
who have the mean on all other items. We initially also included type of media source (legacy
compared to all others) in the model, but due to high multicollinearity with the number of
sources measure, it was not significant and therefore we did not include it in the final analyses
reported in Table 3.

In Model 1 of Table 3, we show the association of the number of COVID-19 information
sources with COVID-19 relevant Knowledge as the outcome, adjusted for the control vari-
ables. The coefficients for the control variables are not listed in Table 3; none of them had sta-
tistically significant associations with accuracy of COVID-19 relevant knowledge. The
association between number of sources of information and COVID-19 knowledge was positive
and moderate (Beta = .229, p < .01). The unstandardized coefficient is about a fifth of the stan-
dard deviation in the outcome (SD = .16/B = .03). The control variables plus sources of knowl-
edge accounted for 3.8% of the variance in COVID-19 knowledge (R-squared = .038).

Model 2 in Table 3 added indicators of science behaviors/science capital. The positive asso-
ciation between the number of COVID-19 sources and accuracy of COVID-19 knowledge
remained positive and statistically significant in Model 2, although it is smaller (Beta = .176, p

PLOS ONE | https://doi.org/10.1371/journal.pone.0267871 December 27, 2022 15/24


https://doi.org/10.1371/journal.pone.0267871

PLOS ONE

Accuracy of COVID-19 relevant knowledge among youth

Table 3. Multiple regression of COVID-19 relevant knowledge on information sources.

Table 3. Multiple Regression of COVID-19, Viruses, and Vaccines Knowledge by (n = 264)

# of COVID-19 information sources

How often do you. ..

Model 1 Model 2 Model 3 Model 4
B | S.E. |Beta|Sig.| B | S.E. | Beta Sig.| B | S.E.| Beta | Sig.| B | S.E. | Beta | Sig.
.029 | .008 | .229 | ** .023|.008 | .176 | ** .016 | .007 | .128 | * .017 |.007 | .134 *

visit a public library? .022 | .007 | .201 | ** .018 | .006 | .167 | ** 019 |.006 | .175|*
visit a science museum? .028 | .014 | .136 | * .007 | .013 | .032 .007 | .013 | .036
visit a zoo? -.013 | .013 | -.066 -.110 | .012 | -.054 -.012 | .012 | -.056
watch shows about science or nature? .028 | .011 | .161 |* .003 | .011 | .017 .004 | .011| .025
How much do you think you are a science kind of person? .037|.012| .205 ** .030 | .012| .170 | **
How much does science help you make decisions that affect .028 | .008 | .215|*** | .026|.008 | .198 |*
your body?
How much, if at all, does science help people? .037 | .015 | .150 | ** .037|.012| .170 | *
# of COVID-19 information sources X How much does -.021 | .006 | -.196 | ***
science help you make decisions about your body?
Constant | .789 | .037 793 | .036 .788 | .033 796 | .032
Adjusted R-squared .038 | * 27| 264 | *** 301 | ***

All models control for comic book condition, gender, race, #books in the home, parent/guardian college, grade level, and learner type (remote, hybrid, in-person). In

model 2, boys had significantly higher knowledge than girls/other on the dependent variable. There were no other significant associations among control variables.

*p <.05,
p<.01,
#4p < .001.

https://doi.org/10.1371/journal.pone.0267871.t003

< .05). Among science behaviors, frequency of visiting public libraries (Beta = .201, p < .01),
watching science and nature shows (Beta = .161, p < .05), and visiting science museums (Beta
=.136, p < .05) were associated with more accurate COVID-19 knowledge. Visiting a zoo is
not associated with COVID-19 knowledge. It is unlikely that visiting the library itself increases
knowledge of COVID 19; instead, it is more likely that youth who go to libraries and have
more sources of knowledge or retain more of the information that they obtain. The R-square
increased from .037 in Model 1 to .127 in Model 2, indicating a substantial and significant
increase in explained variance (p < .001).

We add indicators of science identity (Beta = .205, p < .01) and perceptions of the utility of
science for health (B =.215, p < .001) and society (B =.150, p < .01) in Model 3. All three mea-
sures, even controlling for the other variables, had significant and positive associations with
COVID-19 knowledge. Yet two of the science behaviors (visiting a science museum and
watching shows about science or nature) are no longer significant once the science identity
and utility for health and society measures were included. Consistent with Archer’s theory of
science capital [14], we interpret this change in the coefficients as indicating that the relation-
ship between watching shows about nature and science and visiting science museums and
COVID-19 relevant knowledge was mediated by science identity (separate analysis not
shown). Frequency of visiting public libraries continues to have a positive and statistically sig-
nificant association with accuracy of COVID-19 knowledge in Model 3. In this model the indi-
cator of number of sources was still positive and statistically significant (Beta = .128, P < .01)
but about half the size that it was in the original model, suggesting that some of the association
reflects a general orientation towards science and learning and is less about having multiple
sources of information, consistent with JIT theory [15]. In this third model the R-square is
nearly double the prior model, indicating that general science identity and perceptions of the
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utility of science for health and society explain the variance in COVID-19 knowledge (R =
264, p < .001).

Science capital theory suggests that more sources of information (more science capital) will
contribute to more science literacy, in this case accurate knowledge of COVID-19 [14]. Yet
Miller and colleagues’ [15] JIT theory suggests that the effectiveness of more sources will
depend upon how salient and relevant people see health and science information for their
lives. We therefore assessed if the focal association between number of sources and accuracy of
knowledge was modified by science identity or the utility of science for health and/or society.
We found that only the interaction of number of sources and the utility of science for health
was significant. Model 4 shows that the attitudes about the utility of science for health modified
the association between the number of sources of information and accuracy of COVID-19
knowledge. Adding the interaction in Model 4 also increased the explained variance by 5% (R-
square = .301).

Fig 2 shows a plot of the interaction of number of sources by utility of science for health
(i.e., “science helps me make decisions about my body”) from Model 4. We restricted the
range of the number of sources of information to zero to four because most participants (97%)
had values within this range. We estimated the predicted proportion correct COVID-19 rele-
vant knowledge based upon one standard deviation below and above the mean for utility of
science for health. For youth with low scores on utility of science for health, each additional
source of information is associated with an increase in accurate COVID-19 relevant knowl-
edge by three percentage, or 12 points total between zero (70% correct) and four sources (82%
correct). For those with higher than average utility of science for health attitudes, there was
very little change in accuracy on COVID-19 relevant knowledge. Therefore the association of
the number of sources and accuracy of COVID-19 relevant knowledge is stronger for those
with lower utility of science for health attitudes.

Discussion and conclusion

The COVID-19 pandemic was unprecedented to the extent that information (and misinforma-
tion) about health and science was seemingly everywhere, and the pandemic was highly salient
in most people’s lives, especially youth [2,36]. Youth were asked to adapt to many changes in

100%

80%

60%
e=@== -15D Low Utility of Science
—@—+1 D High Utility of Science

40%

Proportion Correct - COVID 19 Relevant Knowledge

0%
0 Sources 1 Sources 2 Sources 3 Sources 4 Sources

Fig 2. Proportion accurate COVID-19 relevant knowledge by number of sources and attitude about the utility of
science for health.

https://doi.org/10.1371/journal.pone.0267871.9002
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schooling and activities based on information scientists and health officials were learning
about the virus over time, through a filter of news media and politics [2,62]. As difficult as the
pandemic was for so many people, the historic event also created a unique chance for research-
ers to explore how young people learn and adapt in a global health crisis [27,63]. Studying a
health topic while it is relevant to most people is important because specific science and health
information generally has salience only to small subgroups of people at any given time. It is
rare that a science and health topic is covered in such depth and so often in the news, and
information that is accessible, accurate, and tailored to engage youth can be difficult to find,
particularly for youth with low science capital, science identity, or those who may avoid news
media that is politicized [2,7,25,64,65]. Understanding youth sources of information about
COVID-19 during the pandemic and their relevance for accurate knowledge provides insights
for science educators and public health experts who often count on youth to follow protective
health measures [50]. Identifying gaps in accurate information sources or that do not reach
youth with low science capital can guide efforts to provide information that is accessible, accu-
rate, engaging and relevant to the lived experiences of youth from many backgrounds [66].

Decades of research on youth science engagement, persistence, identities, and career aspira-
tions [47] have provided relatively little information on how young people acquire emerging
and new science and health information. While youth may learn about science and health
from different sources than adults, they may understand information differently [20,67]. They
also are more influenced by parents and their family context than adults [9,10]. They may have
less autonomy over exploring their own interests due to differences between families in science
capital [42], but they also may also have funds of knowledge that can help tie science to their
lived experience [66]. Existing perspectives for studying youth and science provide a good
starting point to conceptualize factors relevant to sources of information [7,9]. Archer and col-
leagues proposed a science capital framework grounded in the work of Bourdieu and others to
conceptualize the components that contribute to youth science engagement and persistence
[11,14]. Others focus on how youth navigate emerging media sources compared to conven-
tional news media as a way to understand repertoires of news consumption [7] or how sci-
ence-interested youth get information and make sense of COVID-19 [40].

The CRONA Pandemic Comics were designed as a rapid dissemination of accurate infor-
mation about COVID-19 through an entertaining medium. Because of the need to act quickly,
we simultaneously provided accurate information and collected data on sources of informa-
tion about COVID-19. The comics were an effective mechanism for conveying accurate infor-
mation about COVID-19, particularly on topics that youth were less familiar with. Based upon
comparisons between those assigned to specific comics or not, we discovered that more stu-
dents had accurate knowledge of behaviors that could slow the spread of COVID-19 and less
knowledge of how the immune system reacts to viruses, the role of animals in viral evolution
and transmission, and tribal histories and experiences with viruses.

Our findings suggest that youth absorb accurate information from reading the comics:
youth had higher accuracy on the topics covered in the comics that they read than on the top-
ics covered by comics that they did not read. Spiegel and colleagues found that when almost all
ninth-grade youth in a school district read comics or essays, those assigned comics were more
likely to want to read similar materials, particularly those with lower science identity [32].

Prior studies of sources among adults compares legacy and online media [40,49]. Therefore
we also compared level of accurate COVID-19 knowledge for those who listed legacy or online
media and found that, at the bivariate level, those who reported legacy media did have higher
accuracy than online, but the association was not significant when we included total number
of sources. Therefore, it is possible that what seems to be a “legacy media” effect could simply
be a “high number of sources” effect. Our findings suggest that youth absorb accurate
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information from reading the comics: youth had higher accuracy on the topics covered in the
comics that they read than on the topics covered by comics that they did not read.

The closing of schools; isolation from friends; cessation of sports, theatre, music, dance,
and other enrichment activities; and concerns about the health of people in their lives (parents,
grandparents, teachers) made the COVID-19 pandemic highly relevant to most youth [2—-
4,62,68]. Mainstream news media rarely “speak” directly to youth. Some outlets, such as NPR,
involve youth reporters and feature youth voices while many teachers may utilize CNN 10
(student news) [69], yet only a few participants in the current study listed the 10 minute in-
school news stories by name. Youth may encounter information about health and science
from a variety of sources, and our study indicates that the more sources youth have, the more
knowledgeable they are. Therefore, during a time when for most people “just in time” informa-
tion is highly salient, those with more science capital will have more accurate knowledge. We
hope that future research will discover if youth with more accurate knowledge also engage in
more prevention behaviors.

Prior research indicates the majority of youth are news avoidant and many lack interest in
mainstream media geared towards adults [7]. Our team identified that a sample of youth in a
U.S. Midwestern school district obtained information about COVID-19 from many of the
same sources used by adults, something that supports the findings of other studies conducted
during this pandemic [25]. Although 5% of youth reported acquiring information from the
comics we provided, they did not otherwise cite comics as a source. They generally relied upon
legacy media, the internet, parents, school, and experts. The idea that many youth primarily
learn from curated algorithms from social media [7] was not supported by the present study.

The youth generally had accurate COVID-19 relevant knowledge. Although parents and
youth who were more interested in the topic, or who had higher science capital, may have
been more likely to choose to participate in and complete the study, level of accuracy of
COVID-19 relevant knowledge still varied in the sample. Youth with high science capital, high
science identity, and more positive attitudes about the utility of science for health and society
had more accurate knowledge. Yet even accounting for these general measures, we also found
that increases in the number of sources about COVID-19 was associated with accurate
COVID-19 relevant knowledge. Knowledge did not, however, vary by gender, race/ethnicity,
social capital, comic condition, or grade level. For many science and health topics, we might
expect that older youth would have a better understanding than younger youth; however, we
found no difference in COVID-19 relevant knowledge by grade level. It is important to note
that youth received accurate science and health information under each comic condtion, how-
ever. Indeed, in the internet era, information about a novel virus and the resulting pandemic
spread rapidly from scientists to the public, to both youth and adults. Therefore, our findings
demonstrate the importance of providing accessible and accurate science information about
an emerging health crisis to all.

Indeed, during a time of dramatic global change, it is possible that rather than having less
access to, or less accurate, knowledge about science and health information than adults, youth
may have an advantage if schools are including up-to-date information or access to main-
stream news sources in health and science classes. Providing accurate science about salient and
relevant emergent health topics in schools alongside curriculum aimed at improving science,
health, and media literacy may be critical to combating the rampant spread of disinformation
in the future [18,70]. Some youth act as reservoirs of information for their families if they
share science and health information they learn from school [71]. The dissemination of infor-
mation is often portrayed as a one-way process from adults to youth. Decades of evidence,
however, show that the process is non-linear and more closely resembles a network of trans-
mission that varies with topic, family dynamics, social and cultural histories [33,34].
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The current study has several limitations. Larger studies of youth have found an association
between source or type of information and accuracy of COVID-19 knowledge [40]. The lack
of an association of type of source and accurate of knowledge in the multiple regression results
could reflect a lack of statistical power or that type of source serves as a proxy for number of
sources. The bivariate positive and significant association of type of source is similar to results
in larger studies with youth and adults [30,40]. To inform action for future health crises it will
be important to determine if one legacy source can be as useful as multiple non-legacy sources
or multiple sources that include legacy sources. Therefore we recommend future resource with
youth that includes a set of possible sources now that we have a better sense of what youth are
likely to list. A more detailed question with a list of possible sources of information, with a
larger sample, will add useful information to clarify how best to measure a concept that is
important to both social capital and JIT theory-sources of information.

We did not measure if more accurate knowledge is associated with behaviors aimed at pre-
venting the spread of COVID-19 (e.g., wearing a mask, social distancing, getting vaccinated).
One of the core assumptions for significance testing with multiple regression is that the data
were collected using random sampling. In the current study, we sought participation from all
public-school students in grades five through nine in one school district. Unfortunately, only a
very small fraction of youth participated. Those who did participate over-represented some
groups relative to representation in the district, thus limiting the overall generalizability of the
findings. More research on the validity and reliability of the measure of COVID-19 relevant
knowledge will also be essential. Members of our team created the items to reflect the knowl-
edge conveyed in the CRONA Pandemic Comics. The items cover many topics that are useful
for people to know about COVID-19 as they navigate the implications, yet a more comprehen-
sive list could be explored, particularly as new knowledge emerges.

Many youth described learning information from family members; it would have been use-
ful to ask youth if they share information about COVID-19 with others. For example, if middle
school science classes included skills for assessing the rigor or veracity of news sources and
basic information about viruses, could youth help inform their families about how to assess
the reliability of claims? Similarly, we did not receive many details about the informal flow of
COVID-19 information through peer contacts. Future research needs to explore peer-to-peer
spread of information during a global health crisis because it is an important and poorly
understood element of information acquisition during a pandemic. Even though some stu-
dents had less physical contact with friends and peers, many likely texted, talked on their
phones or interacted with peers online.
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