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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. In 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 C’RONA 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 C’RONA 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 5th through 9th 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: C’RONA COMIX Pages 1–5, C’RONA

COMIX Pages 6–10, C’RONA COMIX II Pages 1–5, TRIBAL C’RONA 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 C’RONA 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

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

https://doi.org/10.1371/journal.pone.0267871.g001
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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 C’RONA 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%

TV 7%

C’RONA 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:

• “The New York Times and Anthony Fauci.”

• “CBS This Morning, CNN, CDC, and the Mayo Clinic, But I mainly watch CBS the most.”

• “www.foxnews.com”

• “The news, but mostly CBS.”

• “cdc.gov fox news cnn news cnn 10”

• “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”

• “Accurate news channels”

Some of the youth emphasized that they had multiple ways of accessing information, and

about 5% mentioned the comics:

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

• “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:

• “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:

• “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.”

• “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:

• “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.”

• “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:

• “Family, school, friends”

• “News, Signs or Rumors”

• “People”

• “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

“a little” and “somewhat” (M = 2.83, SD = 1.19), and that science helps people between “some-

what” and “a lot” (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 5th, 29% in 6th, 24% in 7th grade) participated than

youth in higher grades (16% in 8th and 8.3% in 9th 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 2.11 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 0 4

How much do you think you are a science kind of person? 1.84 .88 0 3

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.t002
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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
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< .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

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)

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.

# of COVID-19 information sources .029 .008 .229 �� .023 .008 .176 �� .016 .007 .128 � .017 .007 .134 �

How often do you. . .

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

your body?

.028 .008 .215 ��� .026 .008 .198 �

How much, if at all, does science help people? .037 .015 .150 �� .037 .012 .170 �

# of COVID-19 information sources X How much does

science help you make decisions about your body?

-.021 .006 -.196 ���

Constant .789 .037 .793 .036 .788 .033 .796 .032

Adjusted R-squared .038 � .127 ��� .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,

���p < .001.

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

PLOS ONE Accuracy of COVID-19 relevant knowledge among youth

PLOS ONE | https://doi.org/10.1371/journal.pone.0267871 December 27, 2022 16 / 24

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


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

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.g002

PLOS ONE Accuracy of COVID-19 relevant knowledge among youth

PLOS ONE | https://doi.org/10.1371/journal.pone.0267871 December 27, 2022 17 / 24

https://doi.org/10.1371/journal.pone.0267871.g002
https://doi.org/10.1371/journal.pone.0267871


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 C’RONA 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 C’RONA 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.

Supporting information

S1 Appendix.

(TIF)

Acknowledgments

The authors would like to thank Grace Kelly, who contributed to this paper by helping to edit

the paper, and by reviewing the graphs, figures, and qualitative coding during the revision

process.

Author Contributions

Conceptualization: Patricia Wonch Hill, Judy Diamond, Amy N. Spiegel, Julia McQuillan.

Data curation: Patricia Wonch Hill, Judy Diamond, Julia McQuillan.

PLOS ONE Accuracy of COVID-19 relevant knowledge among youth

PLOS ONE | https://doi.org/10.1371/journal.pone.0267871 December 27, 2022 20 / 24

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0267871.s001
https://doi.org/10.1371/journal.pone.0267871


Formal analysis: Patricia Wonch Hill, Judy Diamond, Julia McQuillan.

Funding acquisition: Patricia Wonch Hill, Judy Diamond, Elizabeth VanWormer, Julia

McQuillan.

Investigation: Patricia Wonch Hill, Judy Diamond, Amy N. Spiegel, Elizabeth VanWormer,

Julia McQuillan.

Methodology: Patricia Wonch Hill, Judy Diamond, Amy N. Spiegel, Julia McQuillan.

Project administration: Patricia Wonch Hill, Judy Diamond, Meghan Leadabrand.

Supervision: Judy Diamond, Julia McQuillan.

Validation: Patricia Wonch Hill.

Visualization: Patricia Wonch Hill, Judy Diamond, Amy N. Spiegel, Meghan Leadabrand.

Writing – original draft: Patricia Wonch Hill, Judy Diamond, Amy N. Spiegel, Elizabeth Van-

Wormer, Meghan Leadabrand, Julia McQuillan.

Writing – review & editing: Patricia Wonch Hill, Judy Diamond, Amy N. Spiegel, Elizabeth

VanWormer, Meghan Leadabrand, Julia McQuillan.

References
1. Lalwani P, Fansher M, Lewis R, Boduroglu A, Shah P, Adkins TJ, et al. Misunderstanding “Flattening

the Curve.” 2020.

2. Mitchell F. Communicating with children about COVID-19. Lancet Infect Dis. 2020; 20: 1023. https://doi.

org/10.1016/S1473-3099(20)30626-5

3. Ilari B, Cho E, Li J, Bautista A. Perceptions of Parenting, Parent-Child Activities and Children’s Extracur-

ricular Activities in Times of COVID-19. J Child Fam Stud. 2022; 31: 409–420. https://doi.org/10.1007/

s10826-021-02171-3 PMID: 34840489

4. Dorn E, Hancock B, Sarakatsannis J, Viruleg E. COVID-19 and student learning in the United States:

The hurt could last a lifetime. McKinsey Co. 2020;1.

5. Gostin LO, Wiley LF. Governmental public health powers during the COVID-19 pandemic: stay-at-

home orders, business closures, and travel restrictions. Jama. 2020; 323: 2137–2138. https://doi.org/

10.1001/jama.2020.5460 PMID: 32239184

6. Hardy LJ, Mana A, Mundell L, Neuman M, Benheim S, Otenyo E. Who is to blame for COVID-19?

Examining politicized fear and health behavior through a mixed methods study in the United States.

PloS One. 2021; 16: e0256136. https://doi.org/10.1371/journal.pone.0256136 PMID: 34469453

7. Edgerly S, Vraga EK, Bode L, Thorson K, Thorson E. New Media, New Relationship to Participation? A

Closer Look at Youth News Repertoires and Political Participation. Journal Mass Commun Q. 2018; 95:

192–212. https://doi.org/10.1177/1077699017706928

8. Edgerly S. The head and heart of news avoidance: How attitudes about the news media relate to levels

of news consumption. Journalism. 2021; 14648849211012922. https://doi.org/10.1177/146488492

11012922

9. Coyne SM, Radesky J, Collier KM, Gentile DA, Linder JR, Nathanson AI, et al. Parenting and Digital

Media. Pediatrics. 2017; 140: S112–S116. https://doi.org/10.1542/peds.2016-1758N PMID: 29093044

10. York C, Scholl RM. Youth Antecedents to News Media Consumption: Parent and Youth Newspaper

Use, News Discussion, and Long-Term News Behavior. Journal Mass Commun Q. 2015; 92: 681–699.

https://doi.org/10.1177/1077699015588191

11. Archer L, DeWitt J, Osborne J, Dillon J, Willis B, Wong B. Science aspirations, capital, and family habi-

tus how families shape children’s engagement and identification with science. Am Educ Res J. 2012;

49: 881–908.

12. Dabney KP, Tai RH. The Association of Family Influence and Initial Interest in Science. Sci Educ. 2013;

97: 395–409.

13. Dabney KP, Tai RH, Scott MR. Informal Science: Family Education, Experiences, and Initial Interest in

Science. Int J Sci Educ Part B. 2015; 1–20.

PLOS ONE Accuracy of COVID-19 relevant knowledge among youth

PLOS ONE | https://doi.org/10.1371/journal.pone.0267871 December 27, 2022 21 / 24

https://doi.org/10.1016/S1473-3099(20)30626-5
https://doi.org/10.1016/S1473-3099(20)30626-5
https://doi.org/10.1007/s10826-021-02171-3
https://doi.org/10.1007/s10826-021-02171-3
http://www.ncbi.nlm.nih.gov/pubmed/34840489
https://doi.org/10.1001/jama.2020.5460
https://doi.org/10.1001/jama.2020.5460
http://www.ncbi.nlm.nih.gov/pubmed/32239184
https://doi.org/10.1371/journal.pone.0256136
http://www.ncbi.nlm.nih.gov/pubmed/34469453
https://doi.org/10.1177/1077699017706928
https://doi.org/10.1177/14648849211012922
https://doi.org/10.1177/14648849211012922
https://doi.org/10.1542/peds.2016-1758N
http://www.ncbi.nlm.nih.gov/pubmed/29093044
https://doi.org/10.1177/1077699015588191
https://doi.org/10.1371/journal.pone.0267871


14. Archer L, Dawson E, DeWitt J, Seakins A, Wong B. “Science capital”: A conceptual, methodological,

and empirical argument for extending bourdieusian notions of capital beyond the arts. J Res Sci Teach.

2015; 52: 922–948. https://doi.org/10.1002/tea.21227

15. Miller JD, Ackerman MS, Laspra B, Huffaker J. The acquisition of health and science information in the

21st century. Inf Soc. 2021; 37: 82–98. https://doi.org/10.1080/01972243.2020.1870022

16. DeWitt J, Archer L, Mau A. Dimensions of science capital: exploring its potential for understanding stu-

dents’ science participation. Int J Sci Educ. 2016; 38: 2431–2449. https://doi.org/10.1080/09500693.

2016.1248520

17. Lessenski M. Media Literacy Index 2021. Double Trouble: Resilience to Fake News at the Time of

Covid-19 Infodemic. Open Soc Inst Sofia Online. 2021.

18. Ifroh RH, Asrianti T. Health Literacy, Media Exposure and Behavior Among Young Adults During the

Covid-19 Pandemic. J Ilmu Kesehat Masy. 2020; 11: 223–236. https://doi.org/10.26553/jikm.2020.11.

3.223–235

19. Piaget J. The moral development of the child. Kegan Paul Lond. 1932;418.

20. Kuhn D. What is scientific thinking and how does it develop? 2011.

21. Hughes C, Devine RT. Individual Differences in Theory of Mind From Preschool to Adolescence:

Achievements and Directions. Child Dev Perspect. 2015; 9: 149–153. https://doi.org/10.1111/cdep.

12124

22. Farinella M. The potential of comics in science communication. J Sci Commun. 2018; 17: Y01. https://

doi.org/10.22323/2.17010401

23. Boy GA. From STEM to STEAM: toward a human-centred education, creativity & learning thinking. Pro-

ceedings of the 31st European Conference on Cognitive Ergonomics. Toulouse France: ACM;

2013. pp. 1–7. https://doi.org/10.1145/2501907.2501934

24. Mejias S, Thompson N, Sedas RM, Rosin M, Soep E, Peppler K, et al. The trouble with STEAM and

why we use it anyway. Sci Educ. 2021; 105: 209–231. https://doi.org/10.1002/sce.21605

25. Spiegel AN, McQuillan J, Halpin P, Matuk C, Diamond J. Engaging Teenagers with Science Through

Comics. Res Sci Educ. 2013; 43: 2309–2326. https://doi.org/10.1007/s11165-013-9358-x PMID:

24347748

26. Jee BD, Anggoro FK. Comic Cognition: Exploring the Potential Cognitive Impacts of Science Comics. J

Cogn Educ Psychol. 2012; 11: 196–208. https://doi.org/10.1891/1945-8959.11.2.196

27. Straus V. Learning the real story of covid-19 through comics—and other news literacy lessons. 2020; 5.

28. Barksby R. Marveling at microbes through comics. Lancet Child Adolesc Health. 2021; 5: 618. https://

doi.org/10.1016/S2352-4642(21)00244-3

29. Matuk C, Hurwich T, Spiegel A, Diamond J. How Do Teachers Use Comics to Promote Engagement,

Equity, and Diversity in Science Classrooms? Res Sci Educ. 2021; 51: 685–732. https://doi.org/10.

1007/s11165-018-9814-8 PMID: 34024960

30. Reisdorf B, Blank G, Bauer JM, Cotten SR, Robertson C, Knittel M. Information-Seeking Patterns and

COVID-19 in the United States. Rochester, NY: Social Science Research Network; 2021 Feb Report

No.: ID 3898189. Available: https://papers.ssrn.com/abstract=3898189.

31. Besley JC, Hill D. Science and Technology: Public Attitudes, Knowledge, and Interest. Science and

Engineering Indicators 2020. NSB-2020-7. Natl Sci Found. 2020.

32. Miller JD, Augenbraun E, Schulhof J, Kimmel LG. Adult Science Learning from Local Television News-

casts. Sci Commun. 2006; 28: 216–242. https://doi.org/10.1177/1075547006294461

33. Miller JD. Who is Using the Web for Science and Health Information? Sci Commun. 2001;22. Available:

https://journals.sagepub.com/doi/10.1177/1075547001022003003.

34. Rideout V, Robb MB. The Common Sense census: Media use by tweens and teens, 2019. San Fran-

cisco, CA: Common Sense Media; 2019. Available: https://www.commonsensemedia.org/press-

releases/the-common-sense-census-media-use-by-tweens-and-teens-new-research-finds-youtube-

videos-beat-out-tv-and#:~:text=Among%20teens%2C%2058%25%20enjoy%20watching,day%

20among%20teens%20on%20average.

35. Wartella E, Rideout V, Lauricella AR, Connell S. Parenting in the age of digital technology. Rep Cent

Media Hum Dev Sch Commun Northwest Univ. 2013.

36. Atehortua NA, Patino S. COVID-19, a tale of two pandemics: novel coronavirus and fake news messag-

ing. Health Promot Int. 2021; 36: 524–534. https://doi.org/10.1093/heapro/daaa140 PMID: 33450022

37. Metzger MJ, Flanagin AJ, Markov A, Grossman R, Bulger M. Believing the unbelievable: understanding

young people’s information literacy beliefs and practices in the United States. J Child Media. 2015; 9:

325–348.

38. Wineburg S, McGrew S. Evaluating information: The cornerstone of civic online reasoning. 2016.

PLOS ONE Accuracy of COVID-19 relevant knowledge among youth

PLOS ONE | https://doi.org/10.1371/journal.pone.0267871 December 27, 2022 22 / 24

https://doi.org/10.1002/tea.21227
https://doi.org/10.1080/01972243.2020.1870022
https://doi.org/10.1080/09500693.2016.1248520
https://doi.org/10.1080/09500693.2016.1248520
https://doi.org/10.26553/jikm.2020.11.3.223235
https://doi.org/10.26553/jikm.2020.11.3.223235
https://doi.org/10.1111/cdep.12124
https://doi.org/10.1111/cdep.12124
https://doi.org/10.22323/2.17010401
https://doi.org/10.22323/2.17010401
https://doi.org/10.1145/2501907.2501934
https://doi.org/10.1002/sce.21605
https://doi.org/10.1007/s11165-013-9358-x
http://www.ncbi.nlm.nih.gov/pubmed/24347748
https://doi.org/10.1891/1945-8959.11.2.196
https://doi.org/10.1016/S2352-4642(21)00244-3
https://doi.org/10.1016/S2352-4642(21)00244-3
https://doi.org/10.1007/s11165-018-9814-8
https://doi.org/10.1007/s11165-018-9814-8
http://www.ncbi.nlm.nih.gov/pubmed/34024960
https://papers.ssrn.com/abstract=3898189
https://doi.org/10.1177/1075547006294461
https://journals.sagepub.com/doi/10.1177/1075547001022003003
https://www.commonsensemedia.org/press-releases/the-common-sense-census-media-use-by-tweens-and-teens-new-research-finds-youtube-videos-beat-out-tv-and#:~:text=Among%20teens%2C%2058%25%20enjoy%20watching,day%20among%20teens%20on%20average
https://www.commonsensemedia.org/press-releases/the-common-sense-census-media-use-by-tweens-and-teens-new-research-finds-youtube-videos-beat-out-tv-and#:~:text=Among%20teens%2C%2058%25%20enjoy%20watching,day%20among%20teens%20on%20average
https://www.commonsensemedia.org/press-releases/the-common-sense-census-media-use-by-tweens-and-teens-new-research-finds-youtube-videos-beat-out-tv-and#:~:text=Among%20teens%2C%2058%25%20enjoy%20watching,day%20among%20teens%20on%20average
https://www.commonsensemedia.org/press-releases/the-common-sense-census-media-use-by-tweens-and-teens-new-research-finds-youtube-videos-beat-out-tv-and#:~:text=Among%20teens%2C%2058%25%20enjoy%20watching,day%20among%20teens%20on%20average
https://doi.org/10.1093/heapro/daaa140
http://www.ncbi.nlm.nih.gov/pubmed/33450022
https://doi.org/10.1371/journal.pone.0267871


39. Kiili C, Leu DJ, Marttunen M, Hautala J, Leppänen PHT. Exploring early adolescents’ evaluation of aca-

demic and commercial online resources related to health. Read Writ. 2018; 31: 533–557. https://doi.

org/10.1007/s11145-017-9797-2

40. Mathews CJ, McGuire L, Joy A, Law F, Winterbottom M, Rutland A, et al. Assessing adolescents’ criti-

cal health literacy: How is trust in government leadership associated with knowledge of COVID-19?

Camacho-Rivera M, editor. PLOS ONE. 2021; 16: e0259523. https://doi.org/10.1371/journal.pone.

0259523 PMID: 34818322

41. Wong B. Is Science for Us? Science Education, Career Aspirations and Minority Ethnic Students.

Springer; 2016. pp. 83–106. Available: http://link.springer.com/chapter/10.1057/9781137533982_5.

42. DeWitt J, Archer L. Participation in informal science learning experiences: the rich get richer? Int J Sci

Educ Part B. 2017; 0: 1–18. https://doi.org/10.1080/21548455.2017.1360531

43. Dou R, Hazari Z, Dabney K, Sonnert G, Sadler P. Early informal STEM experiences and STEM identity:

The importance of talking science. Sci Educ. 2019; 103: 623–637.

44. Lee JD. Which kids can" become" scientists? Effects of gender, self-concepts, and perceptions of scien-

tists. Soc Psychol Q. 1998; 199–219.

45. Gee JP. Identity as an analytic lens for research in education. Rev Res Educ. 2000; 99–125.

46. Foster A. Games and Motivation to Learn Science: Personal Identity, Applicability, Relevance and

Meaningfulness. J Interact Learn Res. 2008; 19: 597–614.

47. Kim AY, Sinatra GM. Science identity development: an interactionist approach. Int J STEM Educ. 2018;

5: 51. https://doi.org/10.1186/s40594-018-0149-9 PMID: 30631740

48. Hart PS, Chinn S, Soroka S. Politicization and polarization in COVID-19 news coverage. Sci Commun.

2020; 42: 679–697.

49. Waselewski E, Waselewski M, Harper C, Dickey S, Bell SA, Chang T. Perspectives of US Youth During

Initial Month of the COVID-19 Pandemic. Ann Fam Med. 2021; 19: 141–147. https://doi.org/10.1370/

afm.2642 PMID: 33397686

50. Riiser K, Helseth S, Haraldstad K, Torbjørnsen A, Richardsen KR. Adolescents’ health literacy, health

protective measures, and health-related quality of life during the Covid-19 pandemic. Pakpour AH, edi-

tor. PLOS ONE. 2020; 15: e0238161. https://doi.org/10.1371/journal.pone.0238161 PMID: 32857806

51. Bracko M, Simon UK. Virus-related Knowledge in Covid-19 Times—Results from two Cross-sectional

Studies in Austria and Implications for School. Int J Biol Sci. 2022; 18: 1627–1650. https://doi.org/10.

7150/ijbs.69224 PMID: 35280678

52. Dumais N, Hasni A. High School Intervention for Influenza Biology and Epidemics/Pandemics: Impact

on Conceptual Understanding among Adolescents. Tomanek D, editor. CBE—Life Sci Educ. 2009; 8:

62–71. https://doi.org/10.1187/cbe.08-08-0048 PMID: 19255137

53. Zucker A, Noyce P. Lessons from the pandemic about science education. Phi Delta Kappan. 2020; 102:

44–49. https://doi.org/10.1177/0031721720963231

54. Archer L, DeWitt J. Science Aspirations and Gender Identity: Lessons from the ASPIRES Project. In:

Henriksen EK, Dillon J, Ryder J, editors. Understanding Student Participation and Choice in Science

and Technology Education. Dordrecht: Springer Netherlands; 2015. pp. 89–102. https://doi.org/10.

1007/978-94-007-7793-4_6

55. C’RONA Pandemic Comics | Biology of Human/World of Viruses. [cited 9 Dec 2022]. Available: https://

worldofviruses.unl.edu/crona-comix/.

56. Hall B, Diamond J, VanWormer L, gaiashkibos J. C’RONA Pandemic Comics. University of Nebraska

Lincoln; 2021.

57. Diamond J, Spiegel A, Hill TW, VanWormer E. Developing Pandemic Comics for Youth Audiences. J

STEM Outreach. 2021;4. https://doi.org/10.15695/jstem/v4i2.03 PMID: 34532652

58. Sturgis P, Roberts C, Smith P. Middle alternatives revisited: How the neither/nor response acts as a

way of saying “I don’t know”? Sociol Methods Res. 2014; 43: 15–38.

59. Hill PW, McQuillan J, Spiegel AN, Diamond J. Discovery Orientation, Cognitive Schemas, and Dispari-

ties in Science Identity in Early Adolescence. Sociol Perspect. 2018; 61: 99–125. https://doi.org/10.

1177/0731121417724774 PMID: 29576677

60. One Health | CDC. 16 Mar 2022 [cited 11 Apr 2022]. Available: https://www.cdc.gov/onehealth/index.

html.

61. Ali SH, Foreman J, Tozan Y, Capasso A, Jones AM, DiClemente RJ. Trends and Predictors of COVID-

19 Information Sources and Their Relationship With Knowledge and Beliefs Related to the Pandemic:

Nationwide Cross-Sectional Study. JMIR Public Health Surveill. 2020; 6: e21071. https://doi.org/10.

2196/21071 PMID: 32936775

PLOS ONE Accuracy of COVID-19 relevant knowledge among youth

PLOS ONE | https://doi.org/10.1371/journal.pone.0267871 December 27, 2022 23 / 24

https://doi.org/10.1007/s11145-017-9797-2
https://doi.org/10.1007/s11145-017-9797-2
https://doi.org/10.1371/journal.pone.0259523
https://doi.org/10.1371/journal.pone.0259523
http://www.ncbi.nlm.nih.gov/pubmed/34818322
http://link.springer.com/chapter/10.1057/9781137533982_5
https://doi.org/10.1080/21548455.2017.1360531
https://doi.org/10.1186/s40594-018-0149-9
http://www.ncbi.nlm.nih.gov/pubmed/30631740
https://doi.org/10.1370/afm.2642
https://doi.org/10.1370/afm.2642
http://www.ncbi.nlm.nih.gov/pubmed/33397686
https://doi.org/10.1371/journal.pone.0238161
http://www.ncbi.nlm.nih.gov/pubmed/32857806
https://doi.org/10.7150/ijbs.69224
https://doi.org/10.7150/ijbs.69224
http://www.ncbi.nlm.nih.gov/pubmed/35280678
https://doi.org/10.1187/cbe.08-08-0048
http://www.ncbi.nlm.nih.gov/pubmed/19255137
https://doi.org/10.1177/0031721720963231
https://doi.org/10.1007/978-94-007-7793-4_6
https://doi.org/10.1007/978-94-007-7793-4_6
https://worldofviruses.unl.edu/crona-comix/
https://worldofviruses.unl.edu/crona-comix/
https://doi.org/10.15695/jstem/v4i2.03
http://www.ncbi.nlm.nih.gov/pubmed/34532652
https://doi.org/10.1177/0731121417724774
https://doi.org/10.1177/0731121417724774
http://www.ncbi.nlm.nih.gov/pubmed/29576677
https://www.cdc.gov/onehealth/index.html
https://www.cdc.gov/onehealth/index.html
https://doi.org/10.2196/21071
https://doi.org/10.2196/21071
http://www.ncbi.nlm.nih.gov/pubmed/32936775
https://doi.org/10.1371/journal.pone.0267871


62. Benner AD, Mistry RS. Child Development During the COVID-19 Pandemic Through a Life Course The-

ory Lens. Child Dev Perspect. 2020; 14: 236–243. https://doi.org/10.1111/cdep.12387 PMID:

33230400

63. Callaghan NI, Khaira S, Ouyang A, Cadavid JL, Chang HH, Co IL, et al. Discovery: virtual implementa-

tion of inquiry-based remote learning for secondary STEM students during the COVID-19 pandemic.

Biomed Eng Educ. 2021; 1: 87–94. https://doi.org/10.1007/s43683-020-00014-z PMID: 35136888

64. Groot Kormelink T, Klein Gunnewiek A. From “far away” to “shock” to “fatigue” to “back to normal”: How

young people experienced news during the first wave of the COVID-19 pandemic. Journal Stud. 2022;

23: 669–686.

65. Ytre-Arne B, Moe H. Doomscrolling, Monitoring and Avoiding: News Use in COVID-19 Pandemic Lock-

down. Journal Stud. 2021; 22: 1739–1755. https://doi.org/10.1080/1461670X.2021.1952475

66. Basu SJ, Barton AC. Developing a sustained interest in science among urban minority youth. J Res Sci

Teach. 2007; 44: 466–489.

67. Rasi P, Vuojärvi H, Ruokamo H. Media Literacy Education for All Ages. J Media Lit Educ. 2019; 11: 1–

19. https://doi.org/10.23860/JMLE-2019-11-2-1.

68. Hillis SD, Blenkinsop A, Villaveces A, Annor FB, Liburd L, Massetti GM, et al. COVID-19–associated

orphanhood and caregiver death in the United States. Pediatrics. 2021;148.

69. What is CNN 10? In: CNN [Internet]. 22 Jul 2013 [cited 11 Apr 2022]. Available: https://www.cnn.com/

2013/07/22/studentnews/sn-what-is-student-news/index.html.

70. Austin EW, Austin BW, Willoughby JF, Amram O, Domgaard S. How Media Literacy and Science

Media Literacy Predicted the Adoption of Protective Behaviors Amidst the COVID-19 Pandemic. J

Health Commun. 2021; 26: 239–252. https://doi.org/10.1080/10810730.2021.1899345 PMID:

33928871

71. Lawson DF, Stevenson KT, Peterson MN, Carrier SJ, L Strnad R, Seekamp E. Children can foster cli-

mate change concern among their parents. Nat Clim Change. 2019; 9: 458–462.

PLOS ONE Accuracy of COVID-19 relevant knowledge among youth

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

https://doi.org/10.1111/cdep.12387
http://www.ncbi.nlm.nih.gov/pubmed/33230400
https://doi.org/10.1007/s43683-020-00014-z
http://www.ncbi.nlm.nih.gov/pubmed/35136888
https://doi.org/10.1080/1461670X.2021.1952475
https://doi.org/10.23860/JMLE-2019-11-2-1
https://www.cnn.com/2013/07/22/studentnews/sn-what-is-student-news/index.html
https://www.cnn.com/2013/07/22/studentnews/sn-what-is-student-news/index.html
https://doi.org/10.1080/10810730.2021.1899345
http://www.ncbi.nlm.nih.gov/pubmed/33928871
https://doi.org/10.1371/journal.pone.0267871

	Accuracy of COVID-19 Relevant Knowledge among Youth: Number of Information Sources Matters
	
	Authors

	Accuracy of COVID-19 relevant knowledge among youth: Number of information sources matters

