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Abstract

Teaching science in an age of disinformation and misinformation requires empowering students
to address inaccurate information in evidence-based ways. Science communication scholarship
highlights the growing importance of inclusive and relational approaches for addressing
misinformation. Thus, we developed, implemented, and evaluated an interdisciplinary, graduate-
level course for students in STEM, journalism/communication, and public health to learn to
address misinformation using community-engaged, evidence-based approaches. We used the
Theory of Planned Behavior as a theoretical framework for our mixed-methods analysis of the
efficacy of this course, assessing both the behaviors that students planned to utilize in community-
engaged science communication to address misinformation, as well as the attitudes, norms, and
perceived behavioral control that influenced these planned behaviors. Quantitative self-report
metrics indicated that this curriculum increased students’ subjective norms for misinformation
correction as well as perceived behavioral control of science communication and science civic
engagement. Thematic analysis of qualitative student interview data showed that the course
helped students increase their plans for inclusive approaches to addressing misinformation. This
study indicates the importance of community-engaged curriculum to develop the mindset and
self-efficacy necessary for scientists-in-training to address misinformation in their communities.
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1| INTRODUCTION

In an age of science denial and the spread of disinformation and misinformation, it is

critical for scientists to develop the skills to address inaccurate information. Training in
evidence-based science communication skills should be part of students’ formal scientific
training (Brownell et al., 2013), allowing students to begin practicing these skills early. In
this study, we present the development and implementation of a graduate-level course to
train natural science and social science graduate students in community-engaged approaches
for science communication to address misinformation. We present a mixed-methods analysis
of the efficacy of the intervention in terms of influencing students’ planned behaviors in
science communication, science civic engagement, and misinformation correction.

1.1| Disinformation and misinformation: Origins, spreads, and solutions

There is a growing body of research on scientific disinformation and misinformation. While
disinformation is intentionally false and designed to cause harm, misinformation may be
unintentionally false and disseminated without malicious intent (Wardle & Derakhshan,
2017). This distinction is on the part of the originator of the inaccurate information, rather
than on the part of the receiver. Once this inaccurate information is spreading within

a community, it can cause negative impacts regardless of its original intent (Borges do
Nascimento et al., 2022). Thus, we have conceptualized misinformation as “information
that is perceived to be true but is not” (Choi et al., 2023). Scientists should be involved in
addressing inaccurate information, which we will henceforth refer to as “misinformation”
(Williamson, 2016), regardless of its original intent.

Misinformation correction techniques focusing on emotions have been shown to be more
impactful than those focusing on reasoning (Athey et al., 2023), suggesting the critical
importance of humanism, emotions, and relationships in combatting misinformation. In

this study, we aimed to empower graduate students to use relational strategies to address
misinformation, preparing them to continue using these strategies in their careers as
scientists, journalists, public health professionals, and more. Relational approaches to
addressing misinformation prioritize dialogue and interaction through listening and shared
values among community members (Choi et al., 2023). These relational and community-
based strategies may be more effective at addressing key science communication challenges
like misinformation (Lee et al., 2022; Malhotra, 2020, 2022; Nwanaji-Enwerem, 2023).
Evidence suggests that authentic academic-community partnerships and engagement can
promote effective, accurate science communication and advance equity (Hudson et al.,
2023; O’Mara-Eves et al., 2015). Therefore, increased opportunities for students to practice
community-engaged and relational approaches to addressing misinformation is an important
piece of science communication education and training.

1.2 | Training STEM students to address misinformation: Inclusive science
communication

Science communication educational opportunities are growing in number and depth, with
many programs providing experiential learning and training in evaluation (Bennett et al.,
2022b). Despite such efforts, the deficit model—or the idea that scientific information
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should be shared unidirectionally to an ignorant audience and without consideration of
audience characteristics that shape how individuals select and process such information—
persists in science communication training and practice (Besley & Nisbet, 2013; Simis et
al., 2016; Suldovsky, 2016; Vickery et al., 2023). Conversely, public engagement models of
science communication—which invite diverse perspectives into dialogic conversations about
science—have been identified as a critical component of science communication training
(Lewenstein & Baram-Tsabari, 2022). Employing these more participatory, culturally
competent, and inclusive approaches to science communication can help bridge divides and
enable co-creation of solutions to socioscientific problems (Canfield et al., 2020; Nogueira
etal., 2021; O’Mara-Eves et al., 2015; Vickery et al., 2023).

Scholars have dedicated significant time to understanding public trust in science (Besley,
Lee, & Pressgrove, 2021; Brewer & Ley, 2013; Funk, 2017; Hunt et al., 2018; Kreps &
Kriner, 2020; Nadelson et al., 2014; Pollard & Davis, 2022; Siegrist & Bearth, 2021).
Scientists’ attitudes toward “the public,” however, are also a critical consideration for
inclusive science communication approaches (Besley & Nisbet, 2013). How scientists
perceive the public and whether they hold a deficit perspective of the public or not
influences how they engage in addressing misinformation (Choi et al., 2023). Thus, helping
our students examine their mindset toward the public via classroom activities and via
community engagement was an important component of the course.

1.3| Training STEM students to address misinformation: Community-engaged

approaches

Community-engaged approaches provide opportunities for students to develop cultural
competence and for students and community members to learn about topics together. Many
studies have examined the impact of service learning and community-based learning on
student motivation and identity (Bosman et al., 2017) as well as science literacy and
academic achievement (Hayford et al., 2014; Simonet, 2008). Notably, students who engage
in service learning make strong links between their learning in class and their activities in
the community (Currie-Mueller & Littlefield, 2018; Strage, 2000). The interdisciplinarity
of service learning promotes many of these positive outcomes (Mayes & Rittschof, 2021).
In addition to these outcomes on student learning and achievement, participation in service
learning increases students’ sense of connection to the community (Mann & Schroeder,
2019) and helps them develop social skills that are transferrable to other situations in
community engagement (Gupta et al., 2020) such as science civic engagement (Alam

et al., 2023). Educating students about science civic engagement has been theorized to
include multiple fields, from socioscientific issues, to science and technology studies, to
environmental education, to civics (Levy et al., 2021). Additionally, students can engage in
science civic issues at multiple levels, from classroom exposure via in-class discussions or
activities, to analysis of data related to socioscientific issues, to participation and advocacy
in the community (Levy et al., 2021). In this study, we aimed to help students develop their
skills in addressing misinformation, a critical civic issue (Kaufman, 2021), via many of these
modalities.
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We developed, implemented, and evaluated a course to train graduate students from the
natural sciences and social sciences in techniques to address misinformation. Specifically,
our students partnered with a community organization to perform a group project alongside
more traditional classroom activities of lectures, discussions, and guest speakers. While
service learning can commonly be a component of courses, it is rarer for entire courses

to be built around community engagement (Lancor & Schiebel, 2018) and for effective
partnerships between academia and community organizations to be established (McDonald
& Dominguez, 2015).

In this study, we partnered with a nonprofit organization and a local government agency
that both empower community members to handle information and misinformation

related to health and crises. By engaging with established community partners that

promote participatory approaches to science communication (President’s Council of
Advisors on Science and Technology, 2023), we provided students with practice in this
important mindset and skillset for science communication. Additionally, civic engagement
is a powerful way to connect higher education and informal science educators like

these community partners (Mappen, 2018). Importantly, students had conversations with
community organization leaders and community members to guide their research, which is
a model of community-driven rather than scientist-driven community engagement in science
education (Ballard et al., 2023). Students partnered with these community organizations and
community members to conduct pilot research projects to address misinformation. In these
projects, students used qualitative and quantitative research methods that they had learned in
the course. Combining in-class research experiences with civic engagement has been shown
to improve student learning (Labov et al., 2019).

In particular, our community-engaged research projects took a critical approach, assessing
whether certain groups were more susceptible to misinformation due to power imbalances
and systemic disenfranchisement. Research in science education has shown that including
ideologically aware material—which highlights how biases and stereotypes impact science
and socioscientific issues—in classes is important for students to develop a holistic
understanding of socioscientific issues (Costello et al., 2023). In our course for example,
some students worked on a community-engaged research project related to misinformation
targeting Spanish-speaking communities (Hildreth & Alcendor, 2021). Others analyzed
misinformation in rural communities that lacked access to resources like staffing, equipment,
and real-time access to accurate information during disasters (Hess et al., 2022). Finally, our
course was held at a land-grant university; for these universities, serving the community an
institutional obligation and common practice (Jamieson, 2020).

Training STEM students in how to address misinformation: Theoretical foundation

for examining factors influencing planned behaviors

When determining how to equip natural and social science students to be effective

science communicators, science educators should draw from literature in both science
communication and science education (Akin et al., 2021; Baram-Tsabari & Osborne,

2015; Kohen & Dori, 2019; McKinnon & Vos, 2015; Vickery et al., 2023) in order to
develop effective science communication training, as both fields provide important insights
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about audience engagement and information processing. In particular, synthesizing insights
from the fields of science education and science communication can lead to improved
insights about democracy, science literacy, and the deficit model of science communication
(Lewenstein, 2015).

In science communication scholarship, many studies have examined scientists’ motivations
for engaging in science communication activities or public engagement with science
(Bennett et al., 2022a; Besley et al., 2015, 2018; Dudo, 2013; Dudo et al., 2018; Dudo

& Besley, 2016; Rose et al., 2020; Yuan et al., 2017, 2019). These studies have identified
that goals for scientists engaging in public communication activities range from advancing
their careers (e.g., meeting tenure requirements) to building public excitement about science.
Likewise, while some scientists are focused on informing the public in a top-down fashion
(Dudo & Besley, 2016), research shows that other scientists are more willing to try trust-
building approaches such as listening, developing hope, and building connections with
community audiences (Besley, Newman, et al., 2021). In science education scholarship,
studies have examined how students engage in science communication. Many undergraduate
STEM students are more motivated to do science education by internal factors like
collaboration with members of their communities rather than external factors like building
their CV (Murphy & Kelp, 2023; Shah et al., 2022). As they progress in their career,
graduate students are often encouraged to do community engagement by institutions (Morin
et al., 2016) but also continue to grow their internal motivations to find connection and
belonging as science communicators (Bennett et al., 2022a). In examining the impacts of our
course, we focused on the science communication behaviors students planned to enact and
what goals influenced this behavioral decision-making.

The Theory of Planned Behavior (TPB) provides a useful theoretical framework for studying
human behavior. The TPB posits that a person’s attitudes toward a behavior, their beliefs
about the subjective norms surrounding that behavior, and their perceived behavioral controll
self-efficacy about their ability to perform the behavior predict their intention to perform
the behavior (Ajzen, 1991). The TPB is based on an expectancy-value framework, where
an individual’s behavior is based on how much they value the task as well as how

much they expect to succeed in the task (French & Hankins, 2003). Strategic science
communication has been conceptualized in terms of planned behavior, wherein scientists’
attitudes, normative beliefs, and self-efficacy influence whether and how they engage in
public engagement (Besley et al., 2018, 2019; Besley & Dudo, 2022; Besley, Newman,

et al., 2021). Related to research in science communication education, the TPB has been
used to investigate how graduate students’ perceptions of their science communication
self-efficacy and behavioral intentions increased after science communication trainings
(Akin et al., 2021; Copple et al., 2020) and to assess undergraduate STEM students’
motivations and behaviors in science community engagement (Murphy & Kelp, 2023).

The TPB has also been combined with other models, such as Risk Information Seeking

and Processing, to assess multiple components of trainees’ thoughts, attitudes, and actions
regarding science communication (Akin et al., 2021). Framing our study in the TPB allows
further examination of many factors involved in training students in science communication
and allows us to link our findings to other studies that have used TPB concepts to study
science communication training programs for students. For instance, a study proposing a
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competence model for science communication built on public relations research (Pieczka,
2002) to delineate three competencies necessary for effective science communication;
picture of the world, professional norms and roles, and working knowledge (Féhnrich et

al., 2021). These categories roughly correspond to the TPB inputs of attitudes, subjective
norms, and perceived behavioral control, respectively. For instance, scientists” and students’
attitudes toward the world in general and their audience in particular influence the types

of science communication behaviors they may plan to undertake (e.g., Yuan et al., 2019).
For scientists and graduate students, their professional norms such as progression toward
tenure are key drivers of their subjective norms regarding public engagement (Rose et al.,
2020). Finally, a scientist or student’s experience with science communication, which would
increase their working knowledge, has been shown to be a strong driver of their self-efficacy
and perceived behavioral control to continue to engage in science communication (Rose et
al., 2020).

Beyond science communication, the TPB has been utilized in science education research to
better understand students’ and teachers’ behavioral decisions (Archie et al., 2022; Cooper
et al., 2016; Crawley 111, 1990; Opoku et al., 2021; Pierce, 2018; Zint, 2002). Similar
theories such as the Theory of Reasoned Action and Expectancy-Value Theory have also
been utilized in science education and communication research (Butler, 1999; Cline et al.,
2022; Cooper et al., 2016; Ray, 1991; Sullins et al., 1995).

We can use the TPB constructs of behavioral intention and behaviors to assess the behaviors
an individual does or plans to do in order to communicate science, engage in the community,
and address misinformation. Does the individual communicate—or plan to communicate—
in a unidirectional manner that reflects deficit-based models of science communication,

or do they plan to use more inclusive approaches that build bridges among a variety

of community members (Fahnrich et al., 2021) and to serve as ambassadors between
professional science spaces (e.g., labs, scientific meetings) and community spaces (Nadkarni
etal., 2019)?

Past research shows that attitudes toward science communication play an important role

in predicting science communication engagement. For instance, perceived enjoyment of
communicating about science is a positive predicator of willingness to participate in this
communication activity (Besley et al., 2018). Furthermore, scientists’ past engagement
activity is positively correlated to future public engagement and science communication
activities (Rose et al., 2020). Thus, providing students positive and multiple opportunities
to practice science communication will likely increase their willingness to become science
communicators. Additionally, positive attitudes toward the audience (e.g., expecting respect
and listening from the audience in the conversation) are positively related to likelihood of
engaging in certain types of communication, such as face-to-face communication (Besley et
al., 2018).

A scientist’s or student’s perception of their audience is important. Do they have a deficit
view of the public or a more inclusive view? That is, do scientists think they have the
information and solutions and are responsible to relay this information to an ignorant public,
or do scientists recognize that nonscientists in the community have ideas and perspectives
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that are valuable to conversations about science and should be listened to by scientists?
Like this push in science communication away from deficit views of the public toward
inclusion of diverse perspectives in conversations about science (Canfield et al., 2020),
there has been a push in science education research to move from deficit views of students
from marginalized backgrounds to asset-based views, focusing on the capital students bring
from their backgrounds. For example, the Community Cultural Wealth model focuses on
the cultural capital that students of color utilize to succeed in STEM as well as contribute
new knowledge to better the scientific enterprise (Denton et al., 2020; McGowan & Pérez,
2020; Samuelson & Litzler, 2016; Stanton et al., 2022; Yosso, 2005). Likewise, science
students and scientists can focus on the assets that communities have to process information,
address misinformation, and empower the integration of science into their decision-making
(Feinstein, 2015).

While some authors have suggested that there are “clear moral and professional imperatives
for scientists to participate in communicating their research to the public” (Borowiec, 2023),
such subjective norms have received mixed support as a predictor of willingness to engage
in science communication activities (Besley et al., 2018; Copple et al., 2020). Similar

to attitudes about behaviors, how students perceive norms may impact their behavioral
intentions as theorized in the TPB. Yet, an interview study of early-career scientists

found that they held differing opinions on whether public engagement is an integral part

of a scientists” professional role, and they did not tend to consider more participatory
approaches over more unidirectional approaches to this public engagement (Riley et al.,
2022). Thus, whether students and scientists perceive that their peers are engaging in
science communication at all, and whether they are using science communication strategies
that are inclusive of the public’s worldviews and values, may impact the type of science
communication activities they plan to do.

Scientists’ perceived behavioral control is also an important predictor of their likelihood
of participating in science communication and public engagement activities. Se/f-efficacy,
or the confidence that one can accomplish a behavior, is an important component of
perceived behavioral control (Ajzen, 2002). Self-efficacy is a predictor of prioritizing
communication objectives beyond simply increasing knowledge (Besley et al., 2020).

In other words, promoting scientists’ belief that they are effective communicators is

an important part of encouraging scientists to engage in communication beyond trying

to increase public awareness or knowledge, such as in relational or community-based
approaches to science communication. Additionally, being trained in inclusive approaches
to science communication—which highlight not only the assets of the audience but also the
assets of the communicator—has been shown to increase undergraduate STEM students’
self-efficacy as science communicators (Alderfer et al., 2023). Thus, our course focused
on helping students practice effective science communication skills in order to help them
develop confidence in their abilities to perform these behaviors. In addition, we focused
on helping students consider how their background, forms of social capital, and identities
provide assets for collaborating with communities to communicate about science and
address misinformation. We aimed to empower students as boundary spanners; they are
scientists and members of academia as well as being neighbors and community members
(Couch et al., 2022; Shah et al., 2022; Vickery et al., 2023). The concept of boundary

J Res Sci Teach. Author manuscript; available in PMC 2025 May 13.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Cagle et al.

Page 8

spanners has evolved from its traditional conceptualization in science and technology
studies (Guston, 2001), business knowledge transfer (Pattinson & Dawson, 2023), and
science policy (Bednarek et al., 2018; Goodrich et al., 2020) to include a focus on academic-
community partnerships with Indigenous communities (Hatch et al., 2023) and on other
explicitly social justice-driven goals (Lambert et al., 2019) including in science education
(Shah et al., 2022).

However, in order to have perceived behavioral control for a behavior like addressing
misinformation via being boundary spanner, science students need not only confidence in
their communication abilities but also a belief that they can overcome other barriers, such
as time constraints and competing work demands, which have been identified as barriers
for young scientists to engage in public engagement (Riley et al., 2022). We incorporated
time for students to practice science communication during the course, which provided
students with more agency to overcome some of these institutional barriers—at least in the
immediate term. Other barriers to science communication cited by scientists and students
includes fear of conflict with their audience (Alderfer et al., 2023; Johnson et al., 2014),
which can manifest strongly with challenging science communication issues like addressing
misinformation. While science communicators cannot control their audience’s responses,
they can engage in positive communication practices to handle conflict positively (Rogers
et al., 2018). Thus, we included explicit teaching on evidence-based conflict management
techniques as part of the course, via guest speaker panel from a communication researcher
who specializes in interpersonal conflict and a medical communication instructor.

Finally, the concept of motivation, which impacts behavioral intentions for science
communication and engagement (Murphy & Kelp, 2023), has been previously
conceptualized in different ways in terms of the TPB. In one study, motivation was
described to incorporate all three components of TPB that impact behavioral intentions (i.e.,
attitudes, subjective norms, and perceived behavioral control) (Rosenthal, 2018). In another,
motivation as a factor was shown to influence constructs measuring perceived behavioral
control (Rhodes & Courneya, 2004). More specifically, the type of motivation (Morris et al.,
2022) may impact what TPB construct the motivation is most associated with. For example,
external motivations to comply are a component of subjective norms (Ajzen, 1991), while
internal motivations toward a behavior can be related to attitudes toward that behavior
(Murphy & Kelp, 2023; Peters & Templin, 2010). In this study, we conceptualized internal
motivation within the TPB construct of attitudes and external motivation within the TPB
construct of subjective norms.

Overall, for this study, we framed our research questions in terms of the TPB. We

aimed to assess students’ planned behavior toward science communication in general,
toward community/civic engagement, and toward addressing misinformation. These three
concepts are linked and synergistic—especially with using community-engaged science
communication strategies to relationally address misinformation. Thus, we assessed these
planned behaviors individually via existing survey constructs as well as collectively via
interviews.

Specifically, we aimed to answer the following research questions:
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RQ1. What factors related to students’ planned behaviors in science
communication, civic engagement, and addressing misinformation change after
participation in a community-engaged course?

RQ2. How do students describe the factors influencing their planned behaviors
toward community-engaged science communication to address misinformation?

METHODS

In this quasi-experimental study, a graduate-level science communication course designed
around topics of misinformation and community-engaged correction techniques was
developed, implemented, and evaluated. To evaluate our course, we used a one group,
pre-test/post-test (Privitera & Ahlgrim-Delzell, 2019), within-subjects design, gathering both
quantitative (survey) and qualitative (interview) data to answer our RQs.

Intervention

Our three-credit, graduate-level course had an interdisciplinary design, both in terms of
teachers and students. The course was taught by a co-teaching team of faculty from
microbiology and journalism/communication departments, to incorporate the perspectives of
both natural sciences and social sciences regarding science communication. Interdisciplinary
approaches to teaching science communication that employ the strengths of both STEM/
natural science and communication/social science faculty lead to improved student learning
in the inherently interdisciplinary topic of science communication (Hall & Birch, 2018).
Additionally, the graduate students were recruited from STEM, journalism/communication,
and public health graduate programs, which enabled students to learn from students in
different disciplines about science communication theory, research, and practice as well as
natural science research related to topics prone to misinformation, such as climate change
and vaccines.

The course activities included an introduction to science communication theory and
methods, engagement with science communication research literature about misinformation,
discussions and writing assignments, and collaboration with local stakeholders to perform
community-engaged research projects related to addressing misinformation. Overall, the
learning objectives for the course were for students to be able to:

1. Overview main tenants of theory and practice in effective risk communication,
with an emphasis on health communication.

2. Explain the qualitative and quantitative methods and ethical considerations that
are utilized in risk communication research.

3. Identify origins of scientific misinformation on a local and national level.
4, Discuss how scientific misinformation disproportionately affects diverse groups.
5. Discuss and practice evidence-based strategies for addressing misinformation via

public health communication and interpersonal communication.
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6. Analyze communication case studies for effective and ineffective practices to
address misinformation.

7. Discuss and implement strategies for building relationships and collaborations
with community members.

8. Consider how scientists play a role in addressing misinformation, both in their
professional role and as personal members of their communities.

9. Develop and implement a community-engaged project related to risk/
misinformation communication.

10.  Consider a plan for addressing misinformation in your field of expertise.

We accomplished these learning objectives via a mix of instructor- and student-led
activities. The course was held once a week for a 3-ho period for the 16-week

semester. During each 3-h period, a variety of activities were planned. Before class,
students read selected articles and responded to a question on a discussion board on

the online learning management system. During class, there was a mix of short lectures
from the instructors about particular theories or practices in science communication;
discussion questions answered by the class about science communication, community/civic
engagement, and addressing misinformation; and presentations from guest speakers from
other departments (e.g., ethnic studies) relevant to community-engaged approaches to
addressing misinformation. Additionally, throughout the semester, students in groups led
class presentations and discussions on pre-selected topics, allowing students to practice their
presentation, teaching, and discussion-leading skills. Finally, students were able to practice
their science communication skills via a World Café approach (Brown & Isaacs, 2005),

in which students rotated in groups to discuss ideas for addressing real-life scenarios of
misinformation believed by their families and communities.

In particular, we focused on reflexive practices and analysis of how humility and
recognition of multiple ways of knowing is critical for interdisciplinary collaboration and
academic-community partnerships to address science misinformation. During online and
in-class discussions, students were encouraged to consider their identities and motivations
for community engagement, science communication, and addressing misinformation.
Many discussions implicitly connected to the TPB, such students discussing different

types of science communication behaviors they may undertake, critically analyzing their
attitudes toward community members with whom they discuss science and misinformation,
considering how others in their field handled these issues (subjective norms) or analyzing
their personal strengths and weaknesses in different science communication skills (perceived
behavioral control).

Additionally, students worked on a community-engaged project throughout the semester.
This included guest talks from employees of our community partner organizations; students
reviewing preliminary data gathered by the faculty teaching team regarding misinformation
relevant to vaccines and natural disasters (topics prone to misinformation); student
conversations with community members who interact with misinformation regarding these
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topics; and student gathering and analysis of data for a pilot project related to addressing
misinformation in communities of interest.

All of these activities were designed to help students consider their attitudes toward
science communication, community engagement, and addressing misinformation; practice
these behaviors in order to develop self-efficacy; and discuss how they could utilize

these behaviors in their future careers. Thus, the course was intentionally designed

around helping students develop the factors impacting planned behaviors in inclusive
science communication and relational, community-engaged approaches to addressing
misinformation.

A sample syllabus of readings and schedule of lecture/discussion/guest speaker topics is
provided in Supplementary Materials.

Participants

Our course enrolled 15 graduate students from a mix of fields: STEM (5 students),
journalism/communication (6 students), and public health (4 students). The STEM students
were PhD students from a variety of departments, including microbiology, ecology, and
construction management. The journalism/communication students were a mix of MS and
PhD students who identified as communication researchers. The public health students were
all MPH (master of public health) students concentrating in a variety of disciplines, such as
health disparities or epidemiology.

Data collection and analysis

We used a mixed-methods approach to answer our research questions, with concurrent
triangulation of quantitative and qualitative data for interpretation (Warfa, 2016). This study
was approved by the Institutional Review Board of Colorado State University, and students
consented to their course artifacts (including survey and interview data) being used in the
research.

We created a survey to measure the key constructs in the TPB (relevant attitudes, subjective
norms, perceived behavioral control, behavioral intentions, and behaviors) by utilizing
validated metrics used in other studies for the behaviors of science communication, science
civic engagement, and addressing misinformation (Akin et al., 2021; Alam et al., 2023;
Bode & Vraga, 2021; Copple et al., 2020; Krause et al., 2020; Krause et al., 2021;

Morin et al., 2016; Murphy & Kelp, 2023; Park & Smith, 2007; Rodgers et al., 2020;

Yuan et al., 2019). While not all of these studies conceptualized their survey items in the
TPB, and not every TPB construct for each behavior have existing survey items, many

of the previously published items—such as self-efficacy, motivations, and social norms
—are established components of TPB constructs. Additionally, utilization of previously
published survey items for studies related to scientists’ and students’ behavioral plans

for science communication/public engagement, science civic engagement, and addressing
misinformation allowed us to assess the efficacy of our course with validated instruments
as well as facilitated comparison to previous and future studies in the field using these
instruments. In our sample, we achieved reliability with an average Cronbach’s alpha of
0.713, with most constructs having internal consistency of Cronbach’s alpha >0.7. These
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constructs are listed in Table 1, and all survey items, references for constructs, and reliability
analyses of constructs are provided in the Supplementary Materials. Students indicated their
name in the survey for linking of pre- and post-course survey responses and so that we could
make comparisons between STEM, journalism/communication, and public health graduate
students. However, the graduate student researcher blinded the survey data before it was
viewed by the faculty teaching team so students knew their answers were anonymous to
those who made grading decisions in the course. Students took the survey, which took
approximately 15 min, during class on the first day of class and the last day of class. All
students took the pre- and post-course surveys. Wilcoxon matched pairs signed rank tests
were utilized to assess changes before and after the course for these metrics to quantitatively
address RQ1.

We performed interviews with each student before and after the course to capture their
thoughts about the factors influencing their behavioral plans in science communication,
community engagement, and addressing misinformation. While the questions were not
specifically worded according to TPB constructs, the questions aimed to help students
consider how they collectively engaged in these overlapping behaviors. A copy of the
interview questions is provided in Supplementary Materials. A graduate research assistant
who was a member of the teaching team but not responsible for grading conducted

this data collection to mitigate student-professor power dynamics that could influence
students’ interview responses. We utilized deductive thematic analysis (Terry et al., 2017)
to assess how students describe their behavioral plans for using community-engaged science
communication to address misinformation (RQ2) and how these themes changed over the
course of the semester (RQ1). After interviews were transcribed, the graduate research
assistant who performed the interviews did initial analysis of transcripts to identity codes
related to the TPB factors influencing students’ planned behaviors (i.e., attitudes, subjective
norms, and perceived behavioral control). Multiple discussions with another member of the
research and teaching team clarified the coding scheme and organization of key themes
emerging from the interview data into the TPB framework. Any discrepancy of insights
from these two authors was discussed until consensus, thus improving confirmability of
the analysis, or the possibility that other researchers would interpret the data in a similar
manner (Korstjens & Moser, 2018). For example, the student quote “I think that | have a
responsibility to be able to move into those spaces. | don’t think it’s my responsibility to
start a dialogue with everything that | think is misinformation. But I think that as a public
health practitioner, | need to have the skills and the experience to be able to shift into

that space if | need to...” was originally coded by one author as exemplifying boundary
spanning. Upon discussion with the other coder, however, it was decided that this quote
better exemplified an ambassador role, where the student was moving into a space or
community where they might not personally identify.

Analysis was performed in MaxQDA and frequency of these codes in pre-course and
post-course interviews was determined. We considered planned behaviors of science
communication, civic/community engagement, and addressing misinformation collectively,
since these behaviors overlap in students use of relational and community-engaged
communication strategies to address misinformation. Discussion between the two authors
was used to organize the emergent A student in a post-course interview discussed scientists’
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responsibilities to do science communication, stating that, “it depends on where they are in
their journey as scientists, because | think the more you grow in your career as a scientist or
as a science communicator, the higher your responsibilities.” One author coded this as “roles
and responsibilities,” and via discussion between the two authors this code was organized
into the TPB construct of subjective norms and theme of expectations of others.

RESULTS

Pre- and post-course survey analyses

To assess RQ1 quantitatively, we analyzed the extent to which each TPB construct for

the behaviors of science communication, civic engagement, and misinformation correction
changed over time, from before the course to after the course. Results of Wilcoxon
matched-pairs signed rank tests are listed in Table 1. The significant differences fell

into two of the TPB constructs, specifically subjective norms in terms of national social
norms of misinformation correction and perceived behavioral control in terms of science
communication knowledge, science communication self-efficacy, and civic engagement self-
efficacy. Overall, many constructs did not change following the course, which could be due
to the small sample size, previously high scores with little room for growth, the course not
providing enough chances for growth in those areas, or innate stability of these constructs in
our students.

In terms of attitudes toward science communication, we were particularly interested in
students’ deficit view of the public, since this measure has been shown to be an inhibitor

of scientists engaging in relational strategies to address misinformation (Choi et al., 2023).
Of note, in the pre-course survey over half of students agreed or strongly agreed with the
statement that “the general public has little knowledge about science.” When comparing
the students’ level of agreement with the aforementioned statement post-course, there was
less agreement (pre-course mean = 3.27, post-course mean = 2.73; median of differences =
0.000, W=-23.00, p=0.0781) (Figure 1). It is likely that small r+values or the single-item
survey measure contributed to lack of statistical significance for this construct.

There was a statistically significant change for one construct related to students’ subjective
norms for misinformation correction. Specifically, from pre-course to post-course students’
perceived social norms of the nation regarding misinformation correction increased (median
of differences = 0.5000, W= 77.00, p=0.0129). The survey items to examine this contrast
asked the students to rate their level of agreement with statements like, “A majority of
people in the United States approve of correcting misinformation” (Supplemental Materials).

Furthermore, regarding the behavior of addressing misinformation, our survey results
showed that while students intended to engage in science conversations in their communities
in order to address misinformation, their reported behaviors in the past year was
significantly lower than their intended future behaviors (Figure 2). This trend of past
behaviors to address misinformation ranking lower than intended future behaviors did not
change as a result of the course completion (Table 1).
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Our analyses revealed that several constructs related to students’ perceived behavioral
control for science communication and science civic engagementhad significant changes
following course completion: an increase in science communication knowledge (median of
differences = 21.00, W= 98.00, p=0.0007; Figure 3a), science communication self-efficacy
(median of differences = 0.4000, W= 71.00, p=0.0251; Figure 3b), and science civic
engagement self-efficacy (median of differences = 0.2500, W= 49.00, p= 0.0117; Figure
3c). Science communication knowledge and self-efficacy both relate to students’ perceived
behavioral control in science communication, while science civic engagement self-efficacy
relates to students’ perceived behavioral control in civic engagement. While the n-value

is too low to do meaningful statistical analysis of how these constructs manifested among
journalism and communication, public health, or STEM graduate students, data visualization
(as shown in Figure 3) suggests no obvious pattern according to student discipline.

3.2| Pre-and post-course interview analyses

To assess RQ1 and RQ2 qualitatively, transcripts from pre- and post-course interviews with
students underwent a deductive thematic analysis using TPB as the theoretical framework
by which to understand student perspectives toward their planned behaviors in community-
engaged science communication to address misinformation both before and after the course.
We aimed to identify how students described the factors influencing their planned behaviors
(RQ2), and results from this qualitative analysis are presented in Table 2.

Below, we discuss how these themes changed in response to the course (RQ1).

3.3 | Student attitudes toward science communication increased in inclusivity

In terms of attitudes and internal motivations toward science communication, both before
and after the course, students indicated that they were motivated to be involved in science
communication in order to improve society, to help others improve their decision-making,
and to enjoy talking with others about scientific topics about which they have personal
interest and curiosity.

“I’m just hoping to find ways and mechanisms to share science that maybe reach a
larger audience or are more understandable for other audiences. Just kind of make it
more like a general reach than typical like academia.”

(Student 3, MPH, pre-course interview)
“l would honestly say personal kind of fulfillment and enjoyment, because science
is something that | really enjoy and it’s helped me form an understanding of the
world, and | really wanna help other people be able to make those same—not the

same exact conclusions, but to be able to understand the world better and yeah,
understand their relationship with the world.”

(Student 9, STEM, post-course interview)

In pre-course interviews, many students stated they desired to educate the public, echoing
potential deficit views of the public. For example:
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“Being able to provide that information for people to make better decisions either
in their own lives... I’m really motivated toward guiding others and improving their
ability to do things.”

(Student 13, journalism/communication, pre-course
interview)

However, in the post-course interview, this student specifically referred to deficit attitudes as
problematic for science communication efficacy.

“Different cultural ways of knowing things doesn’t necessarily mean that they
don’t know about science or things like the way that society operates. But they
have different ways of understanding it. So kind of plays into that deficit model
avoidance”

(Student 13, journalism/communication, post-course
interview)

Additionally, students mentioned diversity, equity, and inclusion as prominent motivators for
their science communication activities moreso during post-course interviews.

“Yeah, it’s a lot of cultural differences and maybe even language barriers or
different levels of education within the audience that affects... the perception of
information. So even the verified information which [is] given from the experts
could be misinterpreted within the audience because...the information was given
for the very wide audience without counting the differences between people.”

(Student 1, journalism/communication, post-course
interview)

3.4 | Students developed nuance in their subjective norms toward misinformation

correction

Subjective norms were most clearly discussed when students were asked if scientists

in general or if they themselves have a responsibility to address misinformation. In pre-
course interviews, the majority of students answered that scientists “yes, absolutely” had a
responsibility to address misinformation.

“Yes, because that goes into a lot of their job title. If they’re the ones researching
and finding out all of these things and saying that they’re fact obviously to back

it up with their own research on things that their colleagues have found. So yes, |
do believe scientists have a responsibility to address misinformation, especially the
larger platform that they have.”

(Student 4, MPH, pre-course interview)

In the post-course interviews, most students answered after pause for consideration that
scientists did have a responsibility to address misinformation, but that this was highly
dependent on “if it’s related to their field or their knowledge.” Whereas the students
perceived that a scientist may be more responsible to address misinformation within their
field of expertise, especially if they have a position of authority or power, they also perceived
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that a non-expert should limit their misinformation correction lest they propagate more
misinformation.

“It depends on where they are in their journey as scientists, because I think the
more you grow in your career as a scientist or as a science communicator, the
higher your responsibilities. | think in our own little corners, our [own] spheres of
influence, there’s something that we can do.”

(Student 11, journalism/communication, post-course
interview)

Students’ sense of personal responsibility to address misinformation manifested most
assuredly in post-course interviews compared to pre-course interviews. Students mentioned
an awareness of their intended audience when engaging in science communication activities
and highlighted the ambassador role of science communicators (Nadkarni et al., 2019).
Being an ambassador involves knowing the values of the audience and entering the spaces
of the audience to engage in conversations about science and misinformation rather than
expecting the audience to seek out and blindly believe scientific facts (Nadkarni et al.,
2019).

“l don’t think you can ever find a communication flow that’s going to equally
communicate to all these different niche audiences and sub audiences and whatnot.
But, the main thing you can do... is just trying to be cognizant of, like who at any
point isn’t getting information...”

(Student 2, MPH, post-course interview)

The ability to transition between spaces and communities based on personal identities was
seen as a strength of science communication boundary spanners (Shah et al., 2022).

“My research is in climate change. So, it’s very rich in misinformation... My step-
father—I don’t know how he finds these videos, honestly. He finds this [video on
why climate change is incorrect], he sends it to me, and he already has this denialist
instinct for climate change... Now, I try to give him the tools to understand what
misinformation might look like. And now, just now, I’ve started actually explaining
[to him] how I might look at it [the information in the video].”

(Student 14, STEM, post-course interview)

This same student had responded with more trepidation and less conviction to address
misinformation when asked about personal responsibility in the pre-course interview.

“It’s easier said than done to try and address misinformation like that. I think the
way | personally kind of feel like I’m making my mark on the world is like doing
the research. Kind of to see what the effects are of like how people understand
science, so that then maybe we can then address how bad science can affect them,
so | don’t know. That’s how | approach it. Yeah, there’s too many social pressures,
I think to try and take that on myself. But yes, | to some extent, | think | do have a
responsibility to address misinformation.”

(Student 14, STEM, pre-course interview)
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Students were more able to engage and felt more responsibility to engage interpersonally
rather than virtually (on social media).

“l do when I can, like one-on-one settings | don’t feel the responsibility to engage
in combating misinformation on things like Facebook or Twitter or, you know,
TikTok. On social media, | don’t feel as much of a responsibility.”

(Student 7, MPH, pre-course interview)

In their post-course interview, this same student recognized boundary spanning as a
relational tool for addressing misinformation.

“| think that I have a responsibility to be able to move into those spaces. | don’t
think it’s my responsibility to start a dialogue with everything that I think is
misinformation. But | think that as a public health practitioner | need to have the
skills and the experience to be able to shift into that space if | need to... | feel very
uncomfortable addressing misinformation on social media. | feel more comfortable
addressing it in person, where both of us can like get online and together, look

at, you know, like sources, articles, talk about previous experience when it’s not
behind a computer screen.”

(Student 7, MPH, post-course interview)

3.5| Students increased their sense of perceived behavioral control in science
communication, community engagement, and misinformation correction as a results of

the course

The TPB construct of perceived behavioral control manifested in the acquisition of
science communication knowledge over the course. Students cited exposure to science
communication theory and practice, improved recognition of misinformation tactics, and
identification of effective misinformation corrective techniques as increasing their self-
efficacy in addressing misinformation.

“If | feel like it’s [misinformation] an aspect of science that | have knowledge
about, I’m motivated to talk about it. If it’s something that | feel is not my strong
point, then | kind of take a step back.”

(Student 11, journalism/communication, post-course
interview)

Students’ science communication knowledge, a component of perceived behavioral control,
was developed via their community-engaged group projects, which were a cornerstone of the
course curriculum.

“One of the things from our [community-engaged] project from the class that we
discussed that really makes a lot of sense is like a lot of the psychological roots of
why this [misinformation] occurs and a lot of the theory and the frameworks which
| didn’t feel like | had the language for before.”

(Student 6, STEM, post-course interview).

STEM and public health students listed the course as their first exposure to science
communication theory and research skills, whereas journalism and communication students
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viewed this course as an opportunity to reinforce theory and practice they had previously
encountered.

“And so having that [science communication theory and practice] reiterated and
explained in different ways was really helpful. So, it definitely, it kind of, you know
validated what | already felt like I knew, but it also really helped me incorporate it
and understand it a little better.”

(Student 13, journalism/communication, post-course)

Before the course, many students identified source-based approaches to addressing
misinformation—such as improving the science literacy of the audience or providing
corrective scientific information to counter an inaccurate claim—as their primary
misinformation correction technique. By the end of the course, students mentioned that

they learned specific skills such as debunking and prebunking (Roozenbeek et al., 2020)

that are shown to be more efficacious. Additionally, at the end of the course all students
mentioned relational strategies—such as trust-building, empathy, and cultural competency—
as efficacious for science communication and addressing misinformation. Examples of these
strategies cited by students included: “active listening to understand what the person values,”
having conversations “on an interpersonal level,” “being aware of their backgrounds and
their reasoning,” and “trying to come at it with a sense of like humility.”

Both pre- and post-course, students explained that barriers to having conversations
with community members about science misinformation were highly dependent on their
perceived relationship to their conversant.

Students expected to be met with lack of understanding or respect from their audience, and
this impacted their willingness to engage in conversation.

“I think when people are set in their ways, it kind of hard to change their minds,

or even just have like, an adult conversation about [science]. So, | think there’s

just some hesitancy to learn about other peoples’ perspectives. And I also feel like
after this class, I’ve been more likely to listen to other people’s perspectives, too, to
create that open communication.”

(Student 3, MPH, post-course interview)

Additionally, they felt their status as a graduate student could serve as a barrier when talking
to more experienced researchers, such as graduate students who were further along in their
programs or professors with a longer research career.

“More recently, I have had friends and family reach out to me and ask me

if something on some social media platform [is] true. And before | just say,
‘Absolutely not... | know what I’m talking about,” | say something along the

lines of. ‘Did you check and see if somebody else was saying it? Did you check
other sources to see what they were? Does it seem to you—what does your gut

tell you?” So, in those instances with and [with] really informal relationships, | feel
comfortable saying something, but even then I’m encouraging them to kind of look
elsewhere. | think in a professional situation, no, absolutely not, unless | am very
comfortable and knowledgeable about what 1’m talking about.”
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(Student 15, journalism/communication, post-course
interview)

Furthermore, the students who had teaching experience stated that they felt less of a barrier
with science communication and addressing misinformation with their students because

of their position of authority and the atmosphere of teaching and correction within the
classroom. For example, a student mentioned in a post-course interview:

“| think that the place where | would probably feel the most confident to fight
misinformation right now would first be as like a teacher. If | had a student who
said something, | feel very confident in that space to address it. And | also feel like
in that space, because of the level of like leadership | would have in that role, | feel
like it would be even more so my duty....”

(Student 9, STEM, post-course interview)

This sentiment was also present in pre-course interview. For example, when one student was
asked if they have a personal responsibility to correct misinformation, they responded:

“Definitely because | I’'m a teacher, you know? Like | teach undergrad classes... So
it’s like, I wanna make sure that I’m not giving them something that’s false.”

(Student 10, journalism/communication, pre-course
interview)

Time availability was another barrier mentioned by graduate students, many of whom
discussed the research, class, teaching, and personal responsibilities limiting the amount of
time they had available for pursuing additional science communication opportunities.

“Whenever I’m really overwhelmed with, like school and deadlines, it’s really hard
for me to feel as if | have the energy to be able to meet people the way that | feel
like those conversations need to be met with.”

(Student 9, STEM, post-course)

Overall, our qualitative analysis revealed that the course helped students adjust some of their
attitudes toward misinformation by increasing their considerations of inclusivity issues, their
expectations of norms and responsibilities in terms of what type of science communication
role to play, and their perceived behavioral control by increasing knowledge about evidence-
based science communication techniques to address misinformation. However, there were
still barriers—such as level of experience and time—Ilimiting their ability to actually
perform the behavior of using community-engaged science communication approaches to
relationally address misinformation.

Integration of qualitative and quantitative results

We utilized a concurrent triangulation design of our mixed methods research (Warfa,
2016) to examine insights from our quantitative and qualitative data. While there were
no significant findings for students’ deficit attitudes within the quantitative data, there
was a decrease in this construct when comparing pre- and post-course survey results
(Figure 1). The qualitative data expanded on this point by revealing an increase in
inclusive attitudes regarding science communication and misinformation correction. For
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example, students mentioned factors like audience diversity and personal or cultural
knowledge as a consideration when communicating. While survey constructs related to
deficit attitudes were limited, the pre- and post-course perception changes toward more
inclusive, less deficit mindsets are made evident by qualitative data. Furthermore, survey
results indicate that students had increased subjective norms for misinformation correction,
which is a component of TPB that dictates behavioral intentions. The course curriculum
exposed students to group projects examining misinformation and to science communication
theory and practice (Supplemental). Post-course interview responses highlight the acquired
strategies for misinformation correction through exposure to theory and the opportunities
to practice these skills within the course. Opportunities for science communication practice
increased students’ self-efficacy, which was also significantly increased from pre-to post-
course surveys (Figure 3). However, pre- and post-course survey results show that students’
intended behaviors to engage in misinformation correction were lower than their actual
behaviors (Figure 2). Students stated in interviews that their barriers for their actual behavior
for misinformation correction include time and status within their position. If students were
in a teaching position, this removed barriers for misinformation correction and increased
their perceived behavioral control. Perceived behavioral control was increased upon

course completion, as exemplified by the significant increases in science communication
knowledge and science communication self-efficacy between pre- and post-course surveys
(Figure 3). Future studies could utilize sequential explanatory design, in which qualitative
interviews are used to delve into reasons for changes or lack thereof in the quantitative
survey results (Warfa, 2016).

DISCUSSION

The aim of this study was to assess how an interdisciplinary science communication

course focused on community-engaged approaches to addressing misinformation impacted
graduate students’ planned behaviors in science communication, civic engagement, and
addressing misinformation. Using a quasi-experimental design and mixed-methods data
collection and analysis, we found that in response to the course, there was a qualitative
increase in students’ attitudes toward their audiences that led to increased desires for
inclusivity in addressing misinformation relationally. The course extensively focused on
inclusivity and community participation in science communication, which explains this
change. In terms of norms, students quantitatively increased their perception of national
acceptance of misinformation correction. The course curriculum included group projects

in which the students’ examined real-world instances of misinformation dissemination and
response within target communities (e.g., how the Latinx population and how the city school
boards in neighboring counties responded to COVID-19 misinformation). These projects
may have made students more aware of how others across the country are performing
misinformation correction. Finally, students demonstrated a quantitative increase in their
perceived behavioral control in science communication (specifically science communication
knowledge and science communication self-efficacy) as well as perceived behavioral control
in science civic engagement (specifically civic engagement self-efficacy). Students having a
change to practice science communication, community engagement, and misinformation
correction during the course likely explains these changes. Regardless of changes in
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students’ perspectives about addressing misinformation during the course, quantitative
measures revealed that while students’ intent to correct misinformation was high, their
behaviors in these activities was lower. This could be related to barriers cited by students in
qualitative data, which included time constraints and fear of judgment or confrontation.

Teaching students to address misinformation: Influences on planned behavior

In this study, we used the TPB as a framework to analyze students’ planned behavior in the
related topics of science communication, civic engagement, and addressing misinformation.
In our study, we found that students increased their perceived behavioral control in

both science communication and science civic engagement, which are both important

for addressing misinformation. This result mirrors previously identified synergy between
the development of science communication self-efficacy and the development of other
constructs like science self-efficacy and science identity (Murphy & Kelp, 2023). These
results highlight the importance of assessing multiple planned behaviors that support a
broader behavioral outcome of interest. Future studies can continue to analyze how students’
development in one behavior (e.g., science civic engagement) impacts their development in
others (e.g., science communication) as it relates to engaging with communities in an age of
science misinformation.

In addition to interactions of different behaviors, educators and researchers can continue

to analyze how students refine what behaviors they actually plan to do. Evidence from

our qualitative analysis suggests that the students’ attitudes toward themselves and their
profession as well as toward their audience changed as a result of the course. Before the
course, students indicated their plans for information-sharing and source-based approaches
to addressing misinformation. After the course, students indicated their plans for more
relational and inclusive approaches to addressing misinformation. The COVID-19 pandemic
highlighted the need for multiple actors, community organizations, and community leaders
to participate in science communication for it to be effective (Organizing Committee

for Assessing Meaningful Community Engagement in Health & Health Care Programs

& Policies, 2022). Thus, it is important to train students in such relational, inclusive,

and participatory approaches to addressing science misinformation. Interestingly, scientists
have been shown to prioritize addressing misinformation as an objective of their science
communication skills, but do not always prioritize building trust and resonance with the
public (Dudo & Besley, 2016). By taking a course that teaches effective, inclusive, and
relational approaches to addressing misinformation, students in our study began to see these
objectives as integrated instead of separate. Qualitative data indicating that students were
thinking about diversity and inclusion more after the course than before the course correlated
with a quantitative decrease in students’ deficit perspective of the public from pre-course to
post-course. As students began to think more inclusively about their audiences, they began
to plan to grow as boundary spanners (Shah et al., 2022) and ambassadors (Nadkarni et

al., 2019; Tuttle et al., 2023) instead of simply as sharers of information. However, even
after the course students identified some barriers to addressing misinformation. Mainly,
more time for more practice is needed for students to implement the behaviors that they are
planning in their communities. This highlights the need for institutions to provide systemic
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support for students to engage in science communication and community engagement
activities (Murphy & Kelp, 2023).

Teaching in the age of misinformation: Promoting civic and community engagement

to address socioscientific issues

43|

This study contributes to the growing literature on encouraging students to engage in
community, including emphases related to civic engagement related to science issues (Alam
et al., 2023; Garibay, 2015), which can promote university student development (Farmer-
Hanson et al., 2021). As we encourage students to develop their skills in using relational
approaches to science communication and addressing misinformation, we also help them
partner with community members and build collective agency to address misinformation
(Feinstein, 2015). It is equally valuable for students to engage with society as well as

for communities to partner with students to address socioscientific issues. Additionally,

an interdisciplinary approach where students in STEM disciplines engage with science
communicators trains them in evidence-based practices for addressing misinformation that
engages multiple disciplines as well as community stakeholders (National Academies,
2022).

In general, our findings correlate with those found in the literature focused on teaching
socioscientific issues, in which students consider the social, economic, political, and ethical
aspects of controversial issues (Sadler et al., 2017) using diverse knowledge domains across
the sciences and social sciences (Menke et al., 2023; Owens et al., 2022). For example,

a study of students’ engagement with socioscientific issues found that those who do not
engage with these issues think negatively of them, while those who consume more media
and are exposed more to socioscientific issues think more positively and productively about
these issues (Klaver et al., 2023). When students engage in group projects to address
socioscientific issues, they increase their sense of personal responsibility to contribute to
solving these issues (Hwang et al., 2023). This mirrors our findings; after our students
engaged with community members to address misinformation during the course, the
students began to have a more inclusive and less deficit view of the public. Our findings
thus reinforce the importance of using relational strategies to address misinformation and
curbing deficit approaches to science communication. The more that students engage with
community members, discuss socioscientific issues, and address misinformation, the more
they wanted to perform and planned to engage in these behaviors. There is likely a positive
feedback cycle involved in addressing misinformation.

Limitations and future research

In this study, we studied the effect of a semester-long course in science communication,
community engagement, and addressing misinformation on 15 graduate students who chose
to take the course. A larger sample size may reveal different results regarding modulating
planned behavior related to science communication and addressing misinformation. For
example, there was not a statistically significant quantitative decrease in students’ deficit
views toward the public, although qualitative data indicates students increasing in their
inclusive perspectives toward public community engagement. Different survey measures
may reveal more nuanced differences in student attitudes. Additionally, providing a control
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group to compare the students who choose to take such a course versus other students in the
program could help explain some of the data. When survey results were analyzed based on
the students’ discipline (STEM, journalism/communication, or public health), no statistically
relevant conclusions could be made, which was also likely a limitation of the small class
size.

Studying other populations and their drivers of behavior to utilize community-engaged
science communication approaches to address misinformation—such as undergraduate
students or scientists—could reveal valuable insights beyond those we found studying
graduate students. Another limitation is our survey metrics; existing metrics for every
construct in TPB for every planned behavior (science communication, community/civic
engagement, and addressing misinformation) we analyzed in the course do not currently
exist. Future development and validation of metrics to further analyze factors affecting
students’ planned behaviors in these areas is warranted. Finally, we analyzed students’
behavioral intents to address misinformation before and after the course, but it would also be
valuable to follow participants after such an intervention to see how such training modulates
their behavior going forward.

Implications for science communication training

Many studies have systemically examined how science communication is performed, such
as a categorization of Australian science communication programs as more deficit-focused
or more participatory and inclusive (Metcalfe, 2019). Unfortunately, there has often been
more of a shift in language than practice (Trench, 2008). Actually making changes on

a system-level is driven by individual-level changes in the scientists and others involved

in science communication activities. A personal ethnography of a science communicator
who examined how to engage with and empower community members in her science
communication practice highlights some of these individual changes that must occur, such
as studying communication theory, understanding the resilience and power of communities,
and recognizing that science must partner with other disciplines to solve wicked problems
(Leitch, 2022). Realizing that community members have resources to solve issues like
misinformation in their community is a powerful shift for scientists and students. We
focused on these reflexive practices (Jensen, 2022; Salmon et al., 2014) in our course so
students could consider their perception of themselves and of community members in terms
of responsibilities and partnerships for addressing misinformation.

In addition to focusing on their own reflexive practices, it is important for students to be
prepared to engage in difficult conversations regardless of how the audience may react.
Research on intergroup relations has shown that focusing on factors influencing intergroup
behaviors (i.e., TPB factors like norms and self-efficacy) has a bigger impact on positive
intergroup relations than focusing on changing prejudiced attitudes (Brauer, 2023). By
focusing on helping students develop their behavioral skills in relationally engaging about
contentious topics like science misinformation, we aimed to help students contribute toward
positive intergroup relations even with audiences who may be influenced by science denial.

Instructors may teach science communication to diverse types of students. Our results
suggest that instructors teaching STEM students should focus on teaching theory and
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research-based evidence for science communication practices as well as giving these
students practical tools for fulfilling their perceived responsibility for scientists to correct
misinformation. Instructors teaching public health students should similarly focus on
teaching the theory behind effective public health and communication practices, which
these students may not normally learn. Instructors teaching journalism/communication
students should help research-focused students apply their knowledge to actual science
communication practice. Finally, instructors teaching any of these students should promote
opportunities for interdisciplinary collaboration and peer learning between students of
different backgrounds.

Implications for science education

Our findings suggest that science educators should help students conceive of science
communication in more inclusive and community-engaged ways, which will help students
modulate their planned behaviors to engage in complex socioscientific issues such as
addressing misinformation. In this age of science denial and misinformation, helping
students develop the mindset and skillset to engage in relational and evidence-based
approaches to work with societies to address misinformation is critical. A recent

report of competencies for students to handle science misinformation and disinformation
highlighted the importance of self-regulation and acknowledgment of bias and other nuanced
considerations (Allchin, 2023). Our results echo these need for students to consider their
own perspectives and the perspectives of others in their communities. Students are often

in a position to act as boundary spanners and address misinformation within their own
communities and need to be equipped with these critical skills (Bowen et al., 2023). In

the course, we engaged in conversations about humility and multiple ways of knowing

in an effort to help students develop a more inclusive, non-deficit mindset toward the

public and thereby increase their ability to address misinformation effectively in their future
scientific careers. Regarding skillset, students need training in evidence-based approaches to
overcome barriers such as fear of conflict and engage in relational conversations to address
misinformation. Finally, greater institutional investment and support is needed to facilitate
students’ protected time and opportunities to engage with communities.

This focus on helping students in the science classroom consider community collaboration,
cultural funds of knowledge, and multidisciplinary perspectives on socioscientific issues is
helpful not only for students’ science communication skills but also for their own learning
of scientific content itself (Bell, Bricker, et al., 2012; Bell, Tzou, et al., 2012; Tzou et al.,
2010) and recognition of important cultural views of science (Bang et al., 2009). Much of
this research in place-based and community-engaged approaches to science education has
centered at the K-12 level. Our course thus provides important insight into the application
of community-engaged teaching at the graduate level, which is a needed area: despite calls
for increased community-engaged teaching in graduate school (O’Meara, 2008; O’Meara &
Jaeger, 2006), there has been some progress in the area but there remains room for growth
(Morin et al., 2016).

Overall, as the broader science education researcher and practitioner field, we must
continue to engage our students in social science perspectives in order for them to develop

J Res Sci Teach. Author manuscript; available in PMC 2025 May 13.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Cagle et al.

Page 25

the mindset and skillset needed to employ science communication practices beyond a
unidirectional information-delivery approach and toward an inclusive and participatory
approach that enables students to partner with communities to address misinformation
(Martin-Ortega, 2023; Nogueira et al., 2021; Simis et al., 2016; Suldovsky, 2016).
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Refer to Web version on PubMed Central for supplementary material.

ACKNOWLEDGMENTS

The research reported in this publication was supported by Colorado State University’s Office of the Vice President
for Research’s “Accelerating Innovations in Pandemic Disease” initiative, made possible through support from The
Anschutz Foundation. The content is solely the responsibility of the authors. The authors thank Marilee Long for
comments to improve the manuscript.

Funding information

Colorado State University and the Anschutz Foundation

REFERENCES

Ajzen | (1991). The theory of planned behavior. Organizational Behavior and Human Decision
Processes, 50(2), 179-211. 10.1016/0749-5978(91)90020-T

Ajzen | (2002). Perceived behavioral control, self-efficacy, locus of control, and the theory of planned
behavior. Journal of Applied Social Psychology, 32(4), 665-683.

Akin H, Rodgers S, & Schultz J (2021). Science communication training as information seeking
and processing: A theoretical approach to training early-career scientists. Journal of Science
Communication, 20(5), A06. 10.22323/2.20050206

Alam I, Ramirez K, Semsar K, & Corwin LA (2023). Predictors of scientific civic engagement (PSCE)
survey: A multidimensional instrument to measure undergraduates’ attitudes, knowledge, and
intention to engage with the community using their science skills. CBE—L.ife Sciences Education,
22(1), ar3. 10.1187/cbe.22-02-0032

Alderfer S, McMillan R, Murphy K, & Kelp N (2023). Inclusive science communication training
for first-year STEM students promotes their identity and self-efficacy as scientists and science
communicators. Frontiers in Education, 8, 1-15. 10.3389/feduc.2023.1173661

Allchin D (2023). Ten competencies for the science misinformation crisis. Science Education, 107(2),
261-274. 10.1002/sce.21746

Archie T, Hayward CN, Yoshinobu S, & Laursen SL (2022). Investigating the linkage between
professional development and mathematics instructors’ use of teaching practices using the
theory of planned behavior. PLoS One, 17(4), e0267097. 10.1371/journal.pone.0267097 [PubMed:
35427406]

Athey S, Cersosimo M, Koutout K, & Li Z (2023). Emotion versus reasoning-based drivers of
misinformation sharing: A field experiment using text message courses in Kenya (SSRN Scholarly
Paper 4489759). 10.2139/ssrn.4489759

Ballard HL, Calabrese Barton A, & Upadhyay B (2023). Community-driven science and science
education: Living in and navigating the edges of equity, justice, and science learning. Journal of
Research in Science Teaching, 1-14, 1613-1626. 10.1002/tea.21880

Bang M, Medin D, & Cajete G (2009). Improving science education for native students: Teaching

place through community. Science Education, 12(1), 8-10.

Baram-Tsabari A, & Oshorne J (2015). Bridging science education and science communication

research. Journal of Research in Science Teaching, 52(2), 135-144. 10.1002/tea.21202

Bednarek AT, Wyborn C, Cvitanovic C, Meyer R, Colvin RM, Addison PFE, Close SL, Curran K,

Farooque M, Goldman E, Hart D, Mannix H, McGreavy B, Parris A, Posner S, Robinson C,

J Res Sci Teach. Author manuscript; available in PMC 2025 May 13.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Cagle et al.

Page 26

Ryan M, & Leith P (2018). Boundary spanning at the science—policy interface: The practitioners’
perspectives. Sustainability Science, 13(4), 1175-1183. 10.1007/s11625-018-0550-9 [PubMed:
30147800]

Bell P, Bricker L, Tzou C, Lee T, & Van Horne K (2012). Exploring the science framework: Engaging
learners in scientific practices related to obtaining, evaluating, and communicating information.
Science Scope, 36(3), 17.

Bell P, Tzou C, Bricker L, & Baines A (2012). Learning in diversities of structures of social practice:
Accounting for how, why and where people learn science. Human Development, 55(5-6), 269—
284.

Bennett N, Dudo A, & Besley JC (2022a). STEM graduate students’ perspectives
on science communication and their sense of belonging in these space. Center
for Media Engagement. Retrieved from https://mediaengagement.org/research/stem-graduate-
students-perspectives-on-science-communication/

Bennett N, Dudo A, & Besley JC (2022b). The form and function of U.S.-based science
communication fellowship programs: Interviews with program directors. International Journal of
Science Education, Part B, 13(3), 230—-244. 10.1080/21548455.2022.2155495

Besley JC, & Dudo A (2022). Strategic communication as planned behavior for science and risk
communication: A theory-based approach to studying communicator choice. Risk Analysis,
42(11), 2584-2592. 10.1111/risa.14029 [PubMed: 36116781]

Besley JC, Dudo A, & Storksdieck M (2015). Scientists’ views about communication training. Journal
of Research in Science Teaching, 52(2), 199-220. 10.1002/tea.21186

Besley JC, Dudo A, Yuan S, & Lawrence F (2018). Understanding scientists’ willingness to engage.
Science Communication, 40(5), 559-590. 10.1177/1075547018786561

Besley JC, Lee NM, & Pressgrove G (2021). Reassessing the variables used to measure public
perceptions of scientists. Science Communication, 43(1), 3-32. 10.1177/1075547020949547

Besley JC, Newman TP, Dudo A, & Tiffany LA (2020). Exploring scholars’ public engagement
goals in Canada and the United States. Public Understanding of Science, 29(8), 855-867.
10.1177/0963662520950671 [PubMed: 32878551]

Besley JC, Newman TP, Dudo A, & Tiffany LA (2021). American scientists” willingness
to use different communication tactics. Science Communication, 43(4), 486-507.
10.1177/10755470211011159

Besley JC, & Nisbet M (2013). How scientists view the public, the media and the political
process. Public Understanding of Science, 22(6), 644—659. 10.1177/0963662511418743 [PubMed:
23885050]

Besley JC, O’Hara K, & Dudo A (2019). Strategic science communication as planned behavior:
Understanding scientists’ willingness to choose specific tactics. PL0oS One, 14(10), e0224039.
10.1371/journal.pone.0224039 [PubMed: 31639153]

Bode L, & Vraga E (2021). Value for correction: Documenting perceptions about peer correction of
misinformation on social media in the context of COVID-19. Journal of Quantitative Description:
Digital Media, 1, 1-22. 10.51685/jqd.2021.016

Borges do Nascimento 1J, Pizarro AB, Almeida JM, Azzopardi-Muscat N, Gongalves MA, Bjoérklund
M, & Novillo-Ortiz D (2022). Infodemics and health misinformation: A systematic review of
reviews. Bulletin of the World Health Organization, 100(9), 544-561. 10.2471/BLT.21.287654
[PubMed: 36062247]

Borowiec BG (2023). Ten simple rules for scientists engaging in science communication. PL0oS
Computational Biology, 19(7), €1011251. 10.1371/journal.pchi.1011251 [PubMed: 37471282]

Bosman L, Chelberg K, & Winn R (2017). How does service learning increase and sustain interest
in engineering education for underrepresented pre-engineering college students? Journal of STEM
Education: Innovations and Research, 18(2), 5-9.

Bowen CD, Summersill AR, Google AN, Aadnes MG, & Barnes ME (2023). Exploring black
undergraduate students” communication and biology education experiences about COVID-19 and
COVID-19 vaccines during the pandemic. CBE—L.ife Sciences Education, 22(4), ar42. 10.1187/
che.22-11-0233 [PubMed: 37751507]

J Res Sci Teach. Author manuscript; available in PMC 2025 May 13.


https://mediaengagement.org/research/stem-graduate-students-perspectives-on-science-communication/
https://mediaengagement.org/research/stem-graduate-students-perspectives-on-science-communication/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Cagle et al.

Page 27

Brauer M (2023). Stuck on intergroup attitudes: The need to shift gears to change intergroup
behaviors. Perspectives on Psychological Science, 19(1), 280-294. 10.1177/17456916231185775
[PubMed: 37485866]

Brewer PR, & Ley BL (2013). Whose science do you believe? Explaining trust in sources
of scientific information about the environment. Science Communication, 35(1), 115-137.
10.1177/1075547012441691

Brown J, & Isaacs D (2005). The world café: Shaping our futures through conversations that matter.
Berrett-Koehler Publishers.

Brownell S, Price J, & Steinman L (2013). Science communication to the general public: Why we need
to teach undergraduate and graduate students this skill as part of their formal scientific training.
Journal of Undergraduate Neuroscience Education, 12, E6-E10. [PubMed: 24319399]

Butler MB (1999). Factors associated with students’ intentions to engage in science
learning activities. Journal of Research in Science Teaching, 36(4), 455-473. 10.1002/
(SICI)1098-2736(199904)36:4<455::AID-TEA4>3.0.CO;2-T

Canfield KN, Menezes S, Matsuda SB, Moore A, Mosley Austin AN, Dewsbury BM, Felid-Mojer M,
McDuffie KWB, Moore K, Reich CA, Smith HM, & Taylor C (2020). Science communication
demands a critical approach that centers inclusion, equity, and intersectionality. Frontiers in
Communication, 5, 1-8. 10.3389/fcomm.2020.00002

Choi S, Anderson AA, Cagle S, Long M, & Kelp N (2023). Scientists’ deficit perception of the
public impedes their behavioral intentions to correct misinformation. PLoS One, 18(8), e0287870.
10.1371/journal.pone.0287870 [PubMed: 37531388]

Cline C, Santuzzi AM, Samonds KE, LaDue N, & Bergan-Roller HE (2022). Assessing how
students value learning communication skills in an undergraduate anatomy and physiology course.
Anatomical Sciences Education, 15(6), 1032-1044. 10.1002/ase.2144 [PubMed: 34665527]

Cooper G, Barkatsas T, & Strathdee R (2016). The theory of planned behaviour (TPB) in educational
research using structural equation modelling (SEM). In Barkatsas T & Bertram A (Eds.), Global
learning in the 21st century (pp. 139-162). Sense Publishers. 10.1007/978-94-6300-761-0_9

Copple J, Bennett N, Dudo A, Moon W-K, Newman TP, Besley J, Leavey N, Lindenfeld L, &

Volpe C (2020). Contribution of training to scientists’ public engagement intentions: A test of
indirect relationships using parallel multiple mediation. Science Communication, 42(4), 508-537.
10.1177/1075547020943594

Costello RA, Beatty AE, Dunk RDP, Ewell SN, Pruett JE, & Ballen CJ (2023). Re-envisioning biology
curricula to include ideological awareness. Research in Science Education, 54, 13-26. 10.1007/
s11165-023-10101-0

Couch B, Wybren E, de Araujo Bryan M, Niravong T, Jin Y, Bowen C, & Barnes ME (2022).
Exploring undergraduate biology students’ science communication about COVID-19. Frontiers in
Education, 7, 1-10. 10.3389/feduc.2022.859945

Crawley FE 111. (1990). Intentions of science teachers to use investigative teaching methods: A test
of the theory of planned behavior. Journal of Research in Science Teaching, 27(7), 685-697.
10.1002/tea.3660270708

Currie-Mueller JL, & Littlefield RS (2018). Embracing service learning opportunities: Student
perceptions of service learning as an aid to effectively learn course material. Journal of the
Scholarship of Teaching and Learning, 18(1), 25-42. 10.14434/josotl.v18i1.21356

Denton M, Borrego M, & Boklage A (2020). Community cultural wealth in science, technology,
engineering, and mathematics education: A systematic review. Journal of Engineering Education,
109(3), 556-580. 10.1002/jee.20322

Dudo A (2013). Toward a model of Scientists’ public communication activity: The case of biomedical
researchers. Science Communication, 35(4), 476-501. 10.1177/1075547012460845

Dudo A, Besley J, Kahlor LA, Koh H, Copple J, & Yuan S (2018). Microbiologists’ public
engagement views and behaviors. Journal of Microbiology & Biology Education, 19(1), 1-8.
10.1128/jmbe.v19i1.1402

Dudo A, & Besley JC (2016). Scientists’ prioritization of communication objectives for public
engagement. PLoS One, 11(2), e0148867. 10.1371/journal.pone.0148867 [PubMed: 26913869]

J Res Sci Teach. Author manuscript; available in PMC 2025 May 13.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Cagle et al.

Page 28

Féhnrich B, Wilkinson C, Weitkamp E, Heintz L, Ridgway A, & Milani E (2021). RETHINKING
science communication education and training: Towards a competence model for science
communication. Frontiers in Communication, 6, 1-13. 10.3389/fcomm.2021.795198

Farmer-Hanson AJ, Echols MA, Nelson MS, & Manning-Ouellette A (2021). (RE)Imagining and
(RE)calibrating community engagement professionals’ roles in higher education. New Directions
for Higher Education, 2021(195-196), 123-131. 10.1002/he.20416

Feinstein NW (2015). Education, communication, and science in the public sphere. Journal of
Research in Science Teaching, 52(2), 145-163. 10.1002/tea.21192

French DP, & Hankins M (2003). The expectancy-value muddle in the theory of planned behaviour
—And some proposed solutions. British Journal of Health Psychology, 8(Pt 1), 37-55.
10.1348/135910703762879192 [PubMed: 12643815]

Funk C (2017). Mixed messages about public trust in science. Issues in Science and Technology,
34(1), 86-88. Retrieved from https://issues.org/real-numbers-mixed-messages-about-public-trust-
in-science/

Garibay JC (2015). STEM students’ social agency and views on working for social change: Are STEM
disciplines developing socially and civically responsible students? Journal of Research in Science
Teaching, 52(5), 610-632. 10.1002/tea.21203

Goodrich KA, Sjostrom KD, Vaughan C, Nichols L, Bednarek A, & Lemos MC (2020). Who
are boundary spanners and how can we support them in making knowledge more actionable
in sustainability fields? Current Opinion in Environmental Sustainability, 42, 45-51. 10.1016/
j.cosust.2020.01.001

Gupta K, Grove B, & Mann G (2020). Impact of service learning on personal, social, and academic
development of community nutrition students. Journal of Community Engagement and Higher
Education, 13(3), 1-16.

Guston D (2001). Boundary organizations in environmental policy and science: An introduction.
Science, Technology, & Human Values, 26(4), 399-408.

Hall SE, & Birch C (2018). Creating successful campus partnerships for teaching communication
in biology courses and labs. Journal of Microbiology & Biology Education, 19(1), 1-6. 10.1128/
jmbe.v19i1.1395

Hatch MBA, Parrish JK, Heppell SS, Augustine S, Campbell L, Divine LM, Donatuto J, Groesbeck
AS, & Smith NF (2023). Boundary spanners: A critical role for enduring collaborations between
indigenous communities and mainstream scientists. Ecology and Society, 28(1), 41. 10.5751/
ES-13887-280141

Hayford B, Blomstrom S, & DeBoer B (2014). STEM and service-learning: Does service-learning
increase STEM literacy? International Journal of Research on Service-Learning and Community
Engagement, 2(1), 32-43.

Hess AMR, Waters CT, Jacobs EA, Barton KL, & Fairfield KM (2022). Understanding the role
of misinformation in COVID-19 vaccine hesitancy in a rural state. Vaccine, 10(5), 818. 10.3390/
vaccines10050818

Hildreth JEK, & Alcendor DJ (2021). Targeting COVID-19 vaccine hesitancy in minority populations
in the US: Implications for herd immunity. Vaccine, 9(5), 489. 10.3390/vaccines9050489

Hudson D, Gilbert K, & Goodman M (2023). Promoting authentic academic—Community
engagement to advance health equity. International Journal of Environmental Research and Public
Health, 20(4), 2874. 10.3390/ijerph20042874 [PubMed: 36833570]

Hunt K, Wald D, Dahlstrom M, & Qu S (2018). Exploring the role of trust and credibility in
science communication: Insights from the sixth summer symposium on science communication.
lowa State University Summer Symposium on Science Communication. Retrieved from https://
lib.dr.iastate.edu/sciencecommunication/2018/proceedings/1

Hwang VY, Ko Y, Shim SS, Ok S-Y, & Lee H (2023). Promoting engineering students’ social
responsibility and willingness to act on socioscientific issues. International Journal of STEM
Education, 10(1), 11. 10.1186/s40594-023-00402-1 [PubMed: 36785540]

Jamieson KH (2020). Reconceptualizing public engagement by land-grant university scientists.
Proceedings of the National Academy of Sciences, 117(6), 2734-2736. 10.1073/pnas.1922395117

J Res Sci Teach. Author manuscript; available in PMC 2025 May 13.


https://issues.org/real-numbers-mixed-messages-about-public-trust-in-science/
https://issues.org/real-numbers-mixed-messages-about-public-trust-in-science/
https://lib.dr.iastate.edu/sciencecommunication/2018/proceedings/1
https://lib.dr.iastate.edu/sciencecommunication/2018/proceedings/1

1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Cagle et al.

Page 29

Jensen EA (2022). Developing open, reflexive and socially responsible science communication
research and practice. Journal of Science Communication, 21(4), C04. 10.22323/2.21040304

Johnson DR, Ecklund EH, & Lincoln AE (2014). Narratives of science outreach in elite contexts of
academic science. Science Communication, 36(1), 81-105. 10.1177/1075547013499142

Kaufman C (2021). Civic education in a fake news era: Lessons for the methods classroom. Journal of
Political Science Education, 17(2), 326-331. 10.1080/15512169.2020.1764366

Klaver LT, Walma van der Molen JH, Sins PHM, & Guérin LJF (2023). Students’ engagement with
Socioscientific issues: Use of sources of knowledge and attitudes. Journal of Research in Science
Teaching, 60(5), 1125-1161. 10.1002/tea.21828

Kohen Z, & Dori YJ (2019). Toward narrowing the gap between science communication and science
education disciplines. Review of Education, 7(3), 525-566. 10.1002/rev3.3136

Korstjens I, & Moser A (2018). Series: Practical guidance to qualitative research. Part 4:
Trustworthiness and publishing. The European Journal of General Practice, 24(1), 120-124.
10.1080/13814788.2017.1375092 [PubMed: 29202616]

Krause N, Scheufele D, Freiling I, & Brossard D (2021). The trust fallacy. American Scientist, 109(4),
226.10.1511/2021.109.4.226

Krause NM, Freiling I, Beets B, & Brossard D (2020). Fact-checking as risk communication: The
multi-layered risk of misinformation in times of COVID-19. Journal of Risk Research, 23(7-8),
1052-1059. 10.1080/13669877.2020.1756385

Kreps SE, & Kriner DL (2020). Model uncertainty, political contestation, and public trust in
science: Evidence from the COVID-19 pandemic. Science Advances, 6(43), eabd4563. 10.1126/
sciadv.abd4563

Labov J, Brenner K, & Middlecamp C (2019). Integrating undergraduate research in STEM with
civic engagement. Science Education and Civic Engagement: An International Journal, 11, 64-78.
Retrieved from http://new.seceij.net/articletype/review/integrating-undergraduate-research-in-stem-
with-civic-engagement/

Lambert K, Garlick S, Burkins M, Weiss M, Besley J, & Cloyd E (2019). The future of boundary
spanning for science & society. AAAS. Retrieved from https://www.aaas.org/programs/center-
public-engagement-science-and-technology/reflections/future-boundary-spanning

Lancor R, & Schiebel A (2018). Science and community engagement: Connecting science students
with the community. Journal of College Science Teaching, 47(4), 36-41.

Lee JH, Santero N, Bhattacharya A, May E, & Spiro ES (2022). Community-based strategies for
combating misinformation: Learning from a popular culture fandom. Harvard Kennedy School
Misinformation Review. 1-12. 10.37016/mr-2020-105

Leitch A (2022). Participatory science communication needs to consider power, place, pain
and ‘Poisson’: A practitioner insight. Journal of Science Communication, 21(2), NO1.
10.22323/2.21020801

Levy BLM, Oliveira AW, & Harris CB (2021). The potential of “civic science education”: Theory,
research, practice, and uncertainties. Science Education, 105(6), 1053-1075. 10.1002/sce.21678

Lewenstein BV (2015). Identifying what matters: Science education, science communication, and
democracy. Journal of Research in Science Teaching, 52(2), 253—-262. 10.1002/tea.21201

Lewenstein BV, & Baram-Tsabari A (2022). How should we organize science communication
trainings to achieve competencies? International Journal of Science Education, Part B, 12(4),
289-308. 10.1080/21548455.2022.2136985

Malhotra P (2020). A relationship-centered and culturally informed approach to studying
misinformation on COVID-19. Social Media + Society, 6(3), 2056305120948224.
10.1177/2056305120948224

Malhotra P (2022). Facing falsehoods: Strategies for polite misinformation correction. International
Journal of Communication, 16(2022), 2303-2324.

Mann G, & Schroeder M (2019). Influence of service-learning site on student perceptions in a
community nutrition course. NACTA Journal, 63(2), 288-292.

Mappen E (2018). Building a model for collaboration between higher education and informal science
educators: A case history of SENCER-ISE and the application of a civic engagement cross-

J Res Sci Teach. Author manuscript; available in PMC 2025 May 13.


http://new.seceij.net/articletype/review/integrating-undergraduate-research-in-stem-with-civic-engagement/
http://new.seceij.net/articletype/review/integrating-undergraduate-research-in-stem-with-civic-engagement/
https://www.aaas.org/programs/center-public-engagement-science-and-technology/reflections/future-boundary-spanning
https://www.aaas.org/programs/center-public-engagement-science-and-technology/reflections/future-boundary-spanning

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Cagle et al.

Page 30

sector framework in STEM learning. Science Engagement and Civic Engagement, 10(2), 26—-43.
Retrieved from https://seceij.net/articletype/review/building-a-model-for-collaboration/

Martin-Ortega J (2023). We cannot address global water challenges without social sciences. Nature
Water, 1(1), 1. 10.1038/s44221-022-00013-0

Mayes R, & Rittschof K (2021). Development of interdisciplinary STEM impact measures of student
attitudes and reasoning. Frontiers in Education, 6, 1-14. 10.3389/feduc.2021.631684

McDonald J, & Dominguez LA (2015). Developing university and community partnerships: A
critical piece of successful service learning. Journal of College Science Teaching, 44(3), 52-56.
10.2505/4/jcst15_044_03_52

McGowan BL, & Pérez D (2020). “A community built just for me”: Black undergraduate men
bridging gaps to community cultural wealth. Journal of the First-Year Experience & Students in
Transition, 32(1), 43-57.

McKinnon M, & Vos J (2015). Engagement as a threshold concept for science education and
science communication. International Journal of Science Education, Part B, 5(4), 297-318.
10.1080/21548455.2014.986770

Menke L, Voss S, Kruse J, & Zacharski K (2023). Investigating the knowledge domains science
teachers use when considering a socioscientific issue. Research in Science Education, 53(3), 477—
492, 10.1007/s11165-022-10067-5

Metcalfe J (2019). Comparing science communication theory with practice: An assessment
and critique using Australian data. Public Understanding of Science, 28(4), 382-400.
10.1177/0963662518821022 [PubMed: 30755086]

Morin SM, Jaeger AJ, & O’Meara K (2016). The state of community engagement in graduate
education: Reflecting on 10 years of progress. Journal of Higher Education Outreach and
Engagement, 20(1), 151.

Morris LS, Grehl MM, Rutter SB, Mehta M, & Westwater ML (2022). On what motivates us: A
detailed review of intrinsic v. extrinsic motivation. Psychological Medicine, 52(10), 1801-1816.
10.1017/S0033291722001611 [PubMed: 35796023]

Murphy K, & Kelp N (2023). Undergraduate STEM students’ science communication skills,
science identity, and science self-efficacy influence their motivations and behaviors in STEM
community engagement. Journal of Microbiology & Biology Education, 24(1), e00182-22.
10.1128/jmbe.00182-22 [PubMed: 37089213]

Nadelson L, Jorcyk C, Yang D, Smith MJ, Matson S, Cornell K, & Husting V (2014). | just don’t trust
them: The development and validation of an assessment instrument to measure trust in science and
scientists. School Science and Mathematics, 114(2), 76-86. 10.1111/ssm.12051

Nadkarni NM, Weber CQ, Goldman SV, Schatz DL, Allen S, & Menlove R (2019). Beyond the deficit
model: The ambassador approach to public engagement. Bioscience, 69(4), 305-313. 10.1093/
biosci/biz018

National Academies. (2022). A guide for scientists to identify and address misinformation. National
Academies Press.

Nogueira LA, Bjgrkan M, & Dale B (2021). Conducting research in a post-normal paradigm: Practical
guidance for applying co-production of knowledge. Frontiers in Environmental Science, 9, 337.
10.3389/fenvs.2021.699397

Nwanaji-Enwerem JC (2023). Response to “science and ethics of ‘curing’ misinformation”. AMA
Journal of Ethics, 25(6), 458—-460. 10.1001/amajethics.2023.458

O’Mara-Eves A, Brunton G, Oliver S, Kavanagh J, Jamal F, & Thomas J (2015). The effectiveness
of community engagement in public health interventions for disadvantaged groups: A meta-
analysis. BMC Public Health, 15(1), 129. 10.1186/s12889-015-1352-y [PubMed: 25885588]

O’Meara K (2008). Graduate education and community engagement. New Directions for Teaching and
Learning, 2008(113), 27-42. 10.1002/t1.306

O’Meara K, & Jaeger AJ (2006). Preparing future faculty for community engagement: Barriers,
facilitators, models, and recommendations. Journal of Higher Education Outreach and
Engagement, 11(4), 3-26.

J Res Sci Teach. Author manuscript; available in PMC 2025 May 13.


https://seceij.net/articletype/review/building-a-model-for-collaboration/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Cagle et al.

Page 31

Opoku MP, Cuskelly M, Pedersen SJ, & Rayner CS (2021). Applying the theory of planned behaviour
in assessments of teachers’ intentions towards practicing inclusive education: A scoping review.
European Journal of Special Needs Education, 36(4), 577-592. 10.1080/08856257.2020.1779979

Organizing Committee for Assessing Meaningful Community Engagement in Health & Health Care
Programs & Policies. (2022). Assessing meaningful community engagement: A conceptual
model to advance health equity through transformed systems for health. NAM Perspectives,
22.10.31478/202202c

Owens DC, Sadler TD, Petitt DN, & Forbes CT (2022). Exploring undergraduates’ breadth of
socioscientific reasoning through domains of knowledge. Research in Science Education, 52(6),
1643-1658. 10.1007/s11165-021-10014-w

Park HS, & Smith SW (2007). Distinctiveness and influence of subjective norms, personal descriptive
and injunctive norms, and societal descriptive and injunctive norms on behavioral intent: A case
of two behaviors critical to organ donation. Human Communication Research, 33(2), 194-218.
10.1111/j.1468-2958.2007.00296.x

Pattinson S, & Dawson P (2023). The ties that bind: How boundary spanners create value in science-
based SMEs. British Journal of Management. 464-486. 10.1111/1467-8551.12723

Peters RM, & Templin TN (2010). Theory of planned behavior, self-care motivation, and blood
pressure self-care. Research and Theory for Nursing Practice, 24(3), 172-186. [PubMed:
20949834]

Pieczka M (2002). Public relations expertise deconstructed. Media, Culture & Society, 24(3), 301-323.
10.1177/016344370202400302

Pierce A (2018). Theory of planned behavior applied to high school science teachers implementing
next generation science standards. University of Northern Colorado.

Pollard MS, & Davis LM (2022). Decline in trust in the centers for disease control and prevention
during the COVID-19 pandemic. Rand Health Quarterly, 9(3), 23.

President’s Council of Advisors on Science and Technology. (2023). Advancing public engagement
with the sciences. Retrieved from https://www.whitehouse.gov/wp-content/uploads/2023/08/
PCAST_Science-Engagement-Letter_August2023.pdf

Privitera G, & Ahlgrim-Delzell L (2019). Chapter 13: Quasi-experimental and single-case
experimental designs. In Research methods for education (pp. 333-370). Sage.

Ray BD (1991). The determinants of grades three to eight students’ intentions to engage in laboratory
and nonlaboratory science learning behavior. Journal of Research in Science Teaching, 28(2),
147-161. 10.1002/tea.3660280206

Rhodes R, & Courneya K (2004). Differentiating motivation and control in the theory of planned
behavior. Psychology, Health & Medicine, 9(2), 205-215. 10.1080/13548500410001670726

Riley J, Joubert M, & Guenther L (2022). Mativations and barriers for young scientists to engage
with society: Perspectives from South Africa. International Journal of Science Education, Part B,
12(2), 157-173. 10.1080/21548455.2022.2049392

Rodgers S, Wang Z, & Schultz JC (2020). A scale to measure science communication training
effectiveness. Science Communication, 42(1), 90-111. 10.1177/1075547020903057

Rogers SL, Howieson J, & Neame C (2018). | understand you feel that way, but | feel this way: The
benefits of I-language and communicating perspective during conflict. PeerJ, 6, e4831. 10.7717/
peerj.4831 [PubMed: 29796350]

Roozenbeek J, van der Linden S, & Nygren T (2020). Prebunking interventions based on “inoculation”
theory can reduce susceptibility to misinformation across cultures. The Harvard Kennedy School
Misinformation Review, 1(2), 1-23. 10.37016//mr-2020-008

Rose KM, Markowitz EM, & Brossard D (2020). Scientists” incentives and attitudes toward public
communication. Proceedings of the National Academy of Sciences, 117(3), 1274-1276. 10.1073/
pnas.1916740117

Rosenthal S (2018). Procedural information and behavioral control: Longitudinal analysis of the
intention-behavior gap in the context of recycling. Recycling, 3(1), 1. 10.3390/recycling3010005

Sadler T, Foulk JA, & Friedrichsen PJ (2017). Evolution of a model for socio-scientific issue teaching
and learning. International Journal of Education in Mathematics, Science and Technology, 5(2),
75-87.

J Res Sci Teach. Author manuscript; available in PMC 2025 May 13.


https://www.whitehouse.gov/wp-content/uploads/2023/08/PCAST_Science-Engagement-Letter_August2023.pdf
https://www.whitehouse.gov/wp-content/uploads/2023/08/PCAST_Science-Engagement-Letter_August2023.pdf

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Cagle et al.

Page 32

Salmon RA, Priestley RK, & Goven JF (2014). The Reflexive Scientist: Enabling more effective
science communication and public engagement through deeper reflection and engagement
between physical and social scientists. 2014, PA11C-3882.

Samuelson CC, & Litzler E (2016). Community cultural wealth: An assets-based approach to
persistence of engineering students of color. Journal of Engineering Education, 105(1), 93-117.
10.1002/jee.20110

Shah H, Simeon J, Fisher KQ, & Eddy SL (2022). Talking science: Undergraduates’ everyday
conversations as acts of boundary spanning that connect science to local communities. CBE—
Life Sciences Education, 21(1), ar12. 10.1187/cbe.21-06-0151 [PubMed: 35179951]

Siegrist M, & Bearth A (2021). Worldviews, trust, and risk perceptions shape public acceptance of
COVID-19 public health measures. Proceedings of the National Academy of Sciences, 118(24),
€2100411118. 10.1073/pnas.2100411118

Simis MJ, Madden H, Cacciatore MA, & Yeo SK (2016). The lure of rationality: Why does the deficit
model persist in science communication? Public Understanding of Science, 25(4), 400-414.
10.1177/0963662516629749 [PubMed: 27117768]

Simonet D (2008). Service-learning and academic success: The links to retention research. Minnesota
Campus Compact, 1(1), 1-13.

Stanton JD, Means DR, Babatola O, Osondu C, Oni O, & Mekonnen B (2022). Drawing on internal
strengths and creating spaces for growth: How black science majors navigate the racial climate
at a predominantly white institution to succeed. CBE—L.ife Sciences Education, 21(1), ar3.
10.1187/cbe.21-02-0049 [PubMed: 34941361]

Strage AA (2000). Service-learning: Enhancing student learning outcomes in a college-level lecture
course. Michigan Journal of Community Service Learning, 7(1), 5-13. Retrieved from http://
hdl.handle.net/2027/sp0.3239521.0007.101

Suldovsky B (2016). In science communication, why does the idea of the public deficit
always return? Exploring key influences. Public Understanding of Science, 25(4), 415-426.
10.1177/0963662516629750 [PubMed: 27117769]

Sullins ES, Hernandez D, Fuller C, & Tashiro JS (1995). Predicting who will major in a science
discipline: Expectancy—value theory as part of an ecological model for studying academic
communities. Journal of Research in Science Teaching, 32(1), 99-119. 10.1002/tea.3660320109

Terry G, Hayfield N, Clarke V, & Braun V (2017). Thematic analysis. In The SAGE handbook of
qualitative research in psychology (pp. 17-36). SAGE Publications. 10.4135/9781526405555

Trench B (2008). Towards an analytical framework of science communication models.

In Cheng D, Claessens M, Gascoigne T, Metcalfe J, Schiele B, & Shi S (Eds.),
Communicating science in social contexts: New models, new practices (pp. 119-135). Springer.
10.1007/978-1-4020-8598-7_7

Tuttle MJ, Cejas D, Kang D, Muchaamba F, Goncarovs B, Ozakman Y, Aziz F, & Orelle A
(2023). Promoting science literacy and awareness across the globe: The role of scientists as
science ambassadors. Journal of Microbiology & Biology Education, 24, e00041-23. 10.1128/
jmbe.00041-23 [PubMed: 37614894]

Tzou C, Scalone G, & Bell P (2010). The role of environmental narratives and social positioning in
how place gets constructed for and by youth. Equity & Excellence in Education, 43(1), 105-119.
10.1080/10665680903489338

Vickery R, Murphy K, McMillan R, Alderfer S, Donkoh J, & Kelp N (2023). Analysis of inclusivity
of published science communication curricula for scientists and STEM students. CBE—L.ife
Sciences Education, 22(1), ar8. [PubMed: 36637377]

Wardle C, & Derakhshan H (2017). Information disorder: Toward an interdisciplinary framework for
research and policy making. Council of Europe.

Warfa A-RM (2016). Mixed-methods design in biology education research: Approach and uses. CBE
—L ife Sciences Education, 15(4), rm5. 10.1187/cbe.16-01-0022 [PubMed: 27856556]

Williamson P (2016). Take the time and effort to correct misinformation. Nature, 540(7632), 7632.
10.1038/540171a

Yosso TJ (2005). Whose culture has capital? A critical race theory discussion of community cultural
wealth. Race Ethnicity and Education, 8(1), 69-91. 10.1080/1361332052000341006

J Res Sci Teach. Author manuscript; available in PMC 2025 May 13.


http://hdl.handle.net/2027/spo.3239521.0007.101
http://hdl.handle.net/2027/spo.3239521.0007.101

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Cagle et al. Page 33

Yuan S, Besley JC, & Dudo A (2019). A comparison between scientists’ and communication scholars’
views about scientists’ public engagement activities. Public Understanding of Science, 28(1),
101-118. 10.1177/0963662518797002 [PubMed: 30175667]

Yuan S, Oshita T, AbiGhannam N, Dudo A, Besley JC, & Koh HE (2017). Two-way communication
between scientists and the public: A view from science communication trainers in North
America. International Journal of Science Education, Part B: Communication and Public
Engagement, 7(4), 341-355. 10.1080/21548455.2017.1350789

Zint M (2002). Comparing three attitude-behavior theories for predicting science teachers’ intentions.
Journal of Research in Science Teaching, 39(9), 819-844. 10.1002/tea.10047

J Res Sci Teach. Author manuscript; available in PMC 2025 May 13.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Cagle et al.

Deficit View of the Public

&)
]

NN
1

W
]

N
]

—
1

0000000

Page 34

EENEN

Pre-course
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Deficit perceptions did not significantly decrease upon course completion. Graduate
students’ self-reported deficit view of the public measured a using Likert scale, with 5
being the strongest deficit perceptions. Color-coded based on students’ fields of study:
magenta represents journalism and communication, green represents public health, and blue
represents STEM. Result of Wilcoxon matched pairs signed rank tests.
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FIGURE 2.
Students’ intended misinformation correction behaviors were significantly higher than

their actual behaviors both pre- and post-course. Graduate students’ self-reported actual
misinformation correction behaviors (past behaviors to correct misinformation in the last
year) and intended misinformation correction behaviors (behavioral intents to address
misinformation), measured using Likert-scales (survey items in Supplementary Materials),
with 5 being the highest likelihood. Asterisks indicate Wilcoxon rank sum test between
intended and actual behaviors at each time point. * indicates p from 0.01 to 0.05, **
indicates o from 0.001 to 0.01, *** indicates p from 0.0001 to 0.001, and **** indicates p <
0.0001.
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FIGURE 3.

Students’ perceived behavioral control in science communication and science civic
engagement increased upon course completion. Graduate students’ self-reported levels of
science communication knowledge (a), on a scale from 0 to 100, with 100 being the highest
level of knowledge, show positive increase in science communication knowledge as a result
of course completion. Graduate students’ self-reported levels of science communication
self-efficacy (b) and science civic engagement self-efficacy (c) measured using Likert-scales,
with 5 being the highest levels of agreement. Color coded based on students’ fields of study:
magenta represents journalism and communication, green represents public health, and blue
represents STEM. Results of Wilcoxon matched pairs signed rank tests. * indicates p from
0.01 to 0.05, ** indicates p from 0.001 to 0.01, and *** indicates o from 0.0001 to 0.001.
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Table of themes identified in interview data, as mapped to the Theory of Planned Behavior. Subthemes and
examples of how students discussed the factors (attitudes, subjective norms, and perceived behavioral control)
influencing their planned behaviors are shown.

Theory of planned

behavior construct Themes

Attitudes Motivation

Social/subjective
Norms

Expectations of self

Expectations of others

Perceived behavioral Science communication
control knowledge

Barriers

Sub-themes

Improve society and help
others

Inclusivity

Personal interest and
curiosity

Ambassador

Boundary spanner

Roles and responsibilities
Limitations

Theory and practice

Recognizing
misinformation

Misinformation corrective
techniques

Perceived receptiveness
of others

Status

Time

Examples

Improved decision-making

Audience diversity

Reaching marginalized people
Science is interesting

Scientists engaging those who cannot access
science

Identity as scientist and also community
member

Field of expertise
Non-expert
Exposure to theory

Opportunity to practice through class
assignments

Cherry-picking

False experts

Debunking and prebunking
Source-literacy

Empathy

Cultural competency

Trust

Confrontational

Close-minded

Education
Level of experience

Teaching removes barrier

Time is a limited resource
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