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Abstract

Like all SSI, the COVID-19 pandemic requires decisions that are contentious, involve sci-
entific thinking, and vary across social groups. This investigation determined how percep-
tions about COVID-19 science and sociocultural membership associate with 557 university
biology students’: (1) COVID-19 behaviors after stay-at-home orders and (2) support for
future societal COVID-19 responses. Hierarchical moderated multiple regression analyses
demonstrate that students’ COVID-19 mitigating actions after stay-at-home orders were
significantly and positively associated with, in order of importance: (1) higher levels of
COVID-19 spread prevention knowledge; (2) espousing more liberal, as opposed to con-
servative, political orientations; (3) being female; and (4) increased disbelief of COVID-
19 misinformation/disinformation claims. Furthermore, the students’ political orientation
moderated the relationship between their trust in scientific models to guide COVID-19
decisions and their personal COVID-19 actions, with trust in scientific models to guide
COVID-19 decision-making being a significant positive predictor of moderate, conserva-
tive, and very conservative student groups’ COVID-19 mitigating actions. Conversely,
there was no association between trust in scientific models to guide COVID-19 decision-
making and very liberal and liberal students’ conducting COVID-19 actions. Hierarchical
moderated multiple regression analyses revealed that students’ support for societal-wide
COVID-19 mitigating measures going forward is positively associated with, in order of
importance: (1) espousing more liberal, as opposed to conservative, political orientations;
(2) higher levels of COVID-19 spread prevention knowledge; (3) increased disbelief of
COVID-19 misinformation/disinformation claims; (4) trust in scientific models for guid-
ing COVID-19 decision-making; and (5) beliefs that factors beyond science and technol-
ogy (e.g., personal actions) are necessary for pandemic resolution. Implications discussed
include the importance for helping students analyze how sociocultural membership, per-
sonal biases, and trust in science interactively influence socioscientific decision-making.
Further recommendations discussed include how science communication strategies must
account for sociocultural variance in order to optimize trust in science and reasoned and
responsible action.
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1 Introduction

Socioscientific issues (SSI) are societal problems involving the intersection of scientific
knowledge with complex social and cultural considerations. Examples of SSI include
anthropogenic climate change, vaccinations, water fluoridation, genetically modified organ-
isms, and the current COVID-19 pandemic. SSI may not only involve well-established
scientific knowledge, like in the case of climate change science and the overwhelming
safety of long-standing vaccinations, but they can also entail even more complex situations
involving science-in-the-making (Latour, 1987) — exemplified in the ongoing COVID-19
pandemic. All SSI, whether involving well-established science or science-in-the-making,
require policymakers and citizens to demarcate authentic scientific knowledge from pseu-
doscientific misinformation and disinformation to make judicious decisions.

However, SSI engagement is not solely determined by one’s scientific knowledge.
Because SSI by definition involve science and society, sociocultural factors often play a
role in how people consider scientific information and their SSI decision-making —
even when the relevant science is well-established (Herman 2015, 2018; Hodson, 2009;
National Academies of Sciences, Engineering, and Medicine (NASEM), 2017). Therefore,
with contentious SSI, issues of science beliefs and trust, and their impact on action and
support for SSI resolution are not uniform among individuals, and become increasingly
complex when accounting for people’s sociocultural group membership. This study sought
to empirically investigate how science-related knowledge and beliefs and sociocultural fac-
tors associate with post-secondary biology students’ decisions while in the midst of the
COVID-19 pandemic.

2 Literature Review

Authentic scientific knowledge regarding multivariate systems is often not as straightfor-
ward as policymakers and citizens expect, and school science generally conveys. In Unsim-
ple Truths, philosopher of science Mitchell (2009) writes that:

Policymakers would like neat, certain answers to questions of risk, so that an easily
enforceable policy can be made. ... however, fixed probability assignments and law-gov-
erned prediction-and-act models cannot reflect our scientific knowledge in many of these
situations. (p. 103)... If we project the overly simplistic old views of science as the episte-
mology of science, then when simple explanations and methods fail in complex situations,
it appears to policymakers that science fails. The danger is that holding science up to the
wrong standard will diminish the value of what science discovers about nature, and could
create an environment in which science is no longer consulted to inform policy. (p. 118)

Policymakers and the general public too often suffer from misconceptions regard-
ing standards of confidence for scientifically supported ideas, misunderstand the mean-
ing of scientific consensus (Powell, 2016), and often wrongly seek unreasonable levels of
certainty before being willing to accept an idea and take appropriate action regarding it
(Mitchell, 2009). Yearly (1996) and Rudolph (2007) argue that some policymakers and
business people use uncertainty to create unreasonable doubt and inaction on public policy
matters. Thus, accurate and effective history and nature of science teaching and learning
play an important role in scientific literacy efforts aimed at promoting more informed soci-
oscientific decision-making. But such efforts must be done judiciously. The deconstruction
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of science by scholars in the social studies of science has, unwittingly, played a role in cre-
ating distrust in science. Latour (2004), a noted scholar in the field of science and technol-
ogy studies, writes:

Do you see why I am worried? I myself have spent some time in the past trying to show
the lack of scientific certainty’” inherent in the construction of facts. I too made it a “‘pri-
mary issue’.” But I did not exactly aim at fooling the public by obscuring the certainty of
a closed argument—or did 1? After all, I have been accused of just that sin. ...In which
case the danger would no longer be coming from an excessive confidence in ideological
arguments posturing as matters of fact—as we have learned to combat so efficiently in the
past—but from an excessive distrust of good matters of fact disguised as bad ideological
biases! (p. 227)

Trust is a broad notion entailing perceptions of integrity, dependability, and/or compe-
tence (Hon & Grunig, 1999; Rahn & Transue, 1998; Roduta-Roberts et al., 2011), and it is
central to the concept of social capital (Mondak, 1988); the shared values and understand-
ing that enables reliance among people that is essential for working together. Studies con-
sistently show that general trust in science is high (Gauchat, 2011, 2012; National Science
Board, 2016; Pew Research Center, 2015), and the broad tacit public trust in science and
technology is also evident in the conduct of citizens in everyday life. For instance, most
all people in developed nations have great trust in transportation vehicles and systems; are
confident that plentiful food and other necessities will be replenished in stores and avail-
able for purchase; that potable water will flow to and sewage away from their living quar-
ters; expect their communication devices to work; and rely on modern medicine to treat
medical issues. None of this, including Earth’s human population nearing 8 billion and a
life expectancy nearing 73 years (United Nations, 2019), would be possible without defer-
entially trusting science and technology. Even those who deny the COVID pandemic and
related public health recommendations still, with rare exceptions, seek medical treatment if
they become seriously ill. Both implicit action and explicit opinion express general trust in
science and technology.

However, trust in science and technology is quite different when the public is faced with
what it perceives as a controversial SSI. With such issues, trust is no longer deferential, and
decision-making becomes more explicit and purposeful. In these instances, a host of factors
come into play including perceptions about the validity and nature of science (NOS), the
latter entailing the ontological and epistemological assumptions of science, how science
and scientists work, and the relationship between science and society (Herman, 2015;
McComas et al., 1998). Sociocultural factors such as ideologies, identity, socioeconomic
situation, religion, and gender (Herman 2013, 2015; Allchin, 2011, 2012; Hodson, 2009;
Kahan, 2013, 2015; Kahan et al., 2011; Zeidler, Herman, Ruzek, Linder, & Lin 2013)
also play a role in shaping a worldview that is manifested in beliefs, emotions, thinking,
and choices (Herman 2015, 2020, 2021; Cobern, 1993, 1996; Hodson, 2009; Lynch &
McKenna, 1990; Oulton et al., 2004).

Recent scholarship has focused on the complex relationships between peoples’
views about science, sociocultural factors, and engagement with science-related top-
ics perceived to be contentious. Nadelson and Hardy (2015) demonstrated that among
159 surveyed undergraduates at a large university, lower levels of evolution acceptance
associated with higher levels of religious commitment and distrust of science and sci-
entists, and, to a lesser degree, more conservative political orientations. Author (2015)
showed that trust in the validity of the Intergovernmental Panel on Climate Change
claims was the foremost positive predictor of secondary marine science students’
willingness to mitigate global warming through actions requiring varying levels of

133

@ Springer



1108 B.C.Herman et al.

sacrifice. However, the students’ NOS views (e.g., climate science uses a plurality of
methods) and sociocultural grouping (e.g., ethnicity and socioeconomic classification)
also significantly associated with their willingness to mitigate global warming.

While these myriad factors need not confound reasoned and measured decision-
making, they can and often do, particularly when misinformation (false information)
and disinformation (deliberate dissemination of misleading or biased information) are
prevalent regarding science content and how science works. Misinformation and dis-
information exacerbate the complexity of SSI, placing all of society at greater risk
(NASEM, 2017; Nichols, 2017), but while both are detrimental, disinformation is par-
ticularly damaging and dangerous because controversy and doubt is purposely created
where it does not belong and perpetuated through public discourse and media, making
educative efforts and achieving public confidence far more difficult (Herman, 2013;
Harker, 2015).

Furthermore, individuals do not consistently employ epistemological resources
and beliefs across the scientific or SSI contexts they encounter (Herman 2015, Bell &
Linn, 2002; Clough & Herman, 2017; diSessa et al., 2002; Leach et al., 2000; Louca
et al., 2004). Sociocultural membership and personal beliefs can erratically bias peo-
ple’s views about the science regarding, and promote or deter action that would assist
in addressing, such issues. For instance, Kahan et al. (2011) write about the impact of
cultural cognition whereby risk perceptions regarding SSI often become aligned with
group members having shared values. Kahan (2013) and Kahan et al. (2012) demon-
strate that increased science comprehension increases concern of individuals whose
sociocultural identities align with groups accepting climate change. But among indi-
viduals who align with groups opposing the scientific consensus on climate change, as
their science comprehension increases, they can become more skeptical because they
use their greater science proficiency to seek fault with climate change evidence and
choose to foreground any conceivable counter-evidence that fits their group’s position.

Moreover, the more polarizing an SSI appears to individuals, the more they draw
from sociocultural identity and personal reasoning to confirm their beliefs and express
acceptance or rejection on such issues. This phenomenon appears to diminish when
people encounter ideas that are not perceived as uncertain and perhaps controversial
(Kahan, 2015). For instance, Kahan et al. (2011) surveyed members of the US public
investigating the magnitude of the relationship between peoples’ cultural values and
their perceptions of the scientific consensus and the credibility and trustworthiness
of experts regarding three controversial issues. They determined that the disparities
occurring between the culturally defined groups’ perceptions of the scientific consen-
sus and trustworthiness of experts were the largest regarding global warming, lesser
with handgun regulation, and lesser still with nuclear waste disposal, illustrating that
the level of perceived political polarization on an issue is related to trust. Lewan-
dowsky et al. (2013) surveyed members of the US public and reported that rejection
of climate science is strongly predicted by holding self-identified conservatism and
free-market economic ideologies. However, conservatism weakly positively and free-
market worldview weakly negatively associated with vaccine acceptance, and both of
these ideological positions were not associated with acceptance of genetically modi-
fied foods. These reviewed studies demonstrate that sociocultural factors are associated
with SSI thinking and engagement. Media messaging and use appears to encourage
peoples’ socioculturally derived biases in regard to contentious SSI, thus further splin-
tering how groups holding diverse ideologies respond to those issues (Herman, 2013;
Barzilai & Chinn, 2020; Chinn et al., 2021, Feldman et al., 2012).
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3 Study Purpose and Research Questions

This study investigated how factors well beyond scientific knowledge and beliefs may play
important roles in COVID-19 thinking and decision-making. While it has been noted by
scholars (e.g., Herman, 2018) that many studies address SSI that are more abstract and
distant (time as well as place) from study participants, the study reported here focuses on
participants’ thinking and actions in the midst of a health crisis where hospitals in the state
were being overrun with COVID-19 cases and lives were lost. Even when personal and
societal stakes were undeniably high, factors other than a rational assessment of scientific
knowledge may have played a large role in thinking and action in response to the pandemic
— even among those who possess science credentials exceeding that of most citizens.

On December 31st, 2019, a pneumonia-like illness in the city of Wuhan, China, first
came to the attention of the World Health Organization (WHO, 2020a). The cause was
soon identified as a novel coronavirus, named severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2), and the disease it caused was named COVID-19 (WHO, 2020b).
Scientists around the world raced to learn more about the virus — its transmission, likely
spread, symptoms, disease state, risk factors, how those who contracted the disease could
be treated, and how the spread of the virus could be slowed. Policymakers and the public
sought immediate projections and answers, expecting science certainty, but instead were
faced with science-in-the-making (Latour, 1987) — emerging and tentative research find-
ings, a variety of probabilistic models with differing projections, and cautious, conflicting,
and changing implications for action.

The COVID-19 pandemic presented a time-sensitive and unique need to investigate
citizen’s thinking, emotions, and actions in regard to science-in-the-making that impact
personal and societal welfare. Data collected in the midst of a developing SSI has greater
validity because it more assuredly reflects genuine thinking and actions at the time, as
opposed to how people recall or project their thinking and action outside the occurrence of
those issues (Herman, 2018). Data collected long after events have passed are often very
unreliable reports of actual thinking and action at the time of the event (Fagerlin et al.,
2005; Kormos & Gifford, 2014). Furthermore, research to understand how sociocultural
identity and perceptions about the nature and validity of science may relate to people’s risk
perceptions and decision-making regarding SSI holds importance for helping educate and
better prepare people to more effectively tackle such issues. Reflecting this time-sensitive
opportunity, the purpose of the study reported here was to determine whether relationships
exist between the group membership, and COVID-19 thinking, and action of post-second-
ary biology students during spring 2020 while in the midst of the COVID-19 pandemic.

During spring and summer 2020, policymakers and citizens were grappling with a
steady stream of science research findings and health officials’ recommendations regard-
ing the COVID-19 pandemic. In the midst of this authentic SSI, we sought to answer the
following research questions that broadly addressed factors associated with study partici-
pants’ COVID-19 mitigating personal behaviors (research question 1) and expressed views
on societal level COVID-19 mitigating policy proposals (research question 2).

Research question 1 (RQ1) — Factors associated with COVID-19 mitigating personal
behavior.

RQ1la: Which of the following factors associate most strongly with university biology

students’ COVID-19-related behaviors after government imposed stay-at-home orders:
(a) political orientation; (b) gender; (c) beliefs about the veracity of COVID-19 claims;
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(d) trust in prominent politicians (e.g., The President of the United States) and health
science/medical experts (e.g., World Health Organization) as sources of COVID-19
information; and/or (e) trust in science and scientific modeling to ensure efficacious
COVID-19 response?

RQ1b: How does political orientation moderate reliance on science and trust in scien-
tific models and health science/medical experts as sources of information for COVID-19
response when predicting university biology students’ COVID-19-related behaviors?

Research question 2 (RQ2) — Factors associated with views on COVID-19 mitigating
policy proposals.

RQ2a: Which of the following factors associate most strongly with university biology
students’ support for future societal COVID-19 responses: (a) political orientation; (b)
gender; (c) beliefs about the veracity of COVID-19 claims; (d) trust in prominent politi-
cians and health science/medical experts’ as sources of COVID-19 information; and (e)
trust in science and scientific modeling to ensure efficacious COVID-19 response?
RQ2b: How does political orientation moderate reliance on science and trust in scien-
tific models and health science/medical experts as sources of information for COVID
response when predicting university biology students’ support for societal COVID-19
responses?

4 Study Context and Methodology
4.1 Study Context

The study took place near the end of the spring 2020 semester at a large Texas post-second-
ary school in three undergraduate introductory biology courses that had included instruc-
tion on pathogens and viruses. Beyond the international and national COVID-19 scene,
Table 1 lists noteworthy COVID-19-related incidents study participants experienced dur-
ing spring 2020 semester, illustrating they were in the midst of an important and ongoing
SSI

4.2 Study Population and Sampling

The on-line survey, named the COVID-19 Perceptions and Action Survey (CPAS), was
made available from April 21st to May 5th through Qualtrics via an anonymous link to
1,420 undergraduate students enrolled across the three biology courses. A total of 797
(56%) students responded to the survey. Of these, 87 were incomplete or completed in
fewer than 8 min which, according to pilot testing, was not sufficient time for serious con-
sideration of the survey items. Thus, 710 (50%) of the broader population of students who
were invited to complete the CPAS did so, which falls well within 60 +20% response and
retention rate that is recommended for educational studies (Baruch, 1999).

The CPAS deliberately asked study participants about their behaviors and rationale for
those behaviors during the 2 weeks following the state’s March 31 stay-at-home order, as
this order was the most significant pandemic-related societal event to date. Because sur-
veys were completed from April 21 to May 5, participants’ thinking at the time of com-
pleting the CPAS may have changed from their thinking during the 2 weeks following the
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Table 1 COVID-19 pandemic events experienced by study participants and their communities

Date Happening

03/12 University cancels classes from 3/16 to 20. All classes held on-line for the remainder of semester.

03/19 Texas Governor issues a public health disaster decree for the state of Texas. This order prohibits
groups of more than 10 people and shuts down gyms and bars.

03/26 Texas Governor mandates people flying to Texas from Connecticut, New Jersey, New York, and
Louisiana, self-quarantine for 14 days.

03/31 Texas Governor issues order requiring anyone who is not considered an essential and critical
worker to stay home (shelter in place) except for essential activity. This coincided with President
Trump warning of between 100,000 and 240,000 deaths even if Americans follow the strict social
distancing guidelines.

04/17 Texas Governor, citing “semi-flattened” COVID-19 curve, announces plan to reopen the Texas
economy. The reopening permits state parks to open on 4/20 under social distancing guidelines,
some nonessential surgeries at hospitals to resume starting 4/21, and pickup of goods at retail
stores starting 4/24.

04/27 Texas Governor announces phased reopening of the Texas economy beginning 5/1. Phase 1 permits
retail stores, restaurants, movie theaters, shopping malls, libraries, and museums to operate at 25%
capacity.

March 31 stay-at-home order. To address this very unlikely issue, we had CPAS respond-
ents review the Institute for Health Metrics and Evaluation (IHME, www.healthdata.org)
projections appearing in Fig. 1, and then — on a slider scale ranging from “An extreme
under-reaction” through “Just about right” to “An extreme overreaction” — assess the
appropriateness of their personal COVID-19 mitigation actions during the 2 weeks after
the March 31st stay-at-home order.

A total of 557 study participants responded that, in light of these projections, their
COVID-19 actions were appropriate (M =50, S.D.=3.7 on a 100-point scale). Thus, we
can assume that the students would not have made different COVID-19-related choices
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Fig. 1 March 31 and April 19 IHME models showing trajectory Texas COVID-19 fatalities
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during the time period from March 31st to April 14th with the knowledge and beliefs they
possessed when completing the CPAS from April 21st to May 5Sth. This, in turn, permits
assessing the relationships between the 557 students’ (412 females and 145 males, aged
17 to 37 years, x=19.2, S.D.=1.4) science knowledge and beliefs expressed during the
data collection period and their reported retrospective COVID-19 actions from March 31
to April 15.

4.3 Survey Construction, Validity, and Reliability

The CPAS included single forced-choice items with a 100-point slider response scale that
asked students about their trust in health science/medical experts’ (e.g., the World Health
Organization (WHO), National Institute of Allergy and Infectious Diseases director Fauci)
statements; trust in U.S. President Trump’s statements about COVID-19 and associated
policies; trust in the Texas Governor’s statements about COVID-19 and associated policies;
the appropriateness of their COVID-19-related actions during the 2 weeks after the govern-
ment imposed lockdown on March 31st; and their personal political orientation. The par-
ticipants were also asked to respond to collections of items about more complex topics that
included perceptions regarding the veracity of WHO and the Centers for Disease Control
(CDC) claims about COVID-19 infection, spread, and misinformation and disinformation;
personal trust in science and scientific models to guide COVID-19 response (i.e., deci-
sion-making and policy); personal COVID-19 mitigating behaviors (e.g., wearing personal
protective equipment in public and social distancing) after the Texas government imposed
stay-at-home orders on March 31st; and personal support for societal level COVID-19 pol-
icy and response (e.g., social distancing as an ethical commitment and not permitting large
social gathering events where infection risk is high). The 100-point slider scales displayed
anchor points and approximated an interval scale that enables both the development of con-
structs comprised of multiple items and the judicious analysis of straightforward single
items through parametric approaches (Allen & Seaman, 2007; Bishop & Herron, 2015;
Carifio & Perla 2008, Norman, 2010; Vickers, 1999). Tables 2 through 7 provide all CPAS
dimensions, items, and slider scale anchor points.

4.3.1 CPAS Development

CPAS development occurred over several iterative steps informed by feedback from biol-
ogy and science education faculty and PhD students, including those specializing in NOS
and SSI research, and pilot survey responses from undergraduate biology students (Ben-
nett, 2001; Osborne et al., 2003). The first two authors (having over 40 years of combined
NOS and SSI scholarship, teaching experience, and familiarity with the target population)
collaboratively drew from existing research and literature regarding NOS, SSI, pseudo-
science, risk analysis, COVID-19 information, and misinformation (e.g., Allchin, 2011,
Herman, 2015, 2018; CDC, 2020; Harker, 2015; Hodson, 2009; WHO 2020a, b, c; Wong
et al., 2008) to write initial prompts aligned to this study’s research questions. The authors
then independently completed and reviewed the survey in order to evaluate its clarity and
content validity; followed by meeting and revising the survey. The survey was then sent to
three science education faculty and two practicing biology teachers to complete and feed-
back regarding the survey’s clarity and content validity. Based on this feedback, the survey
was revised and then piloted with 37 undergraduate biology students, similar to those in
the study reported here. One student indicated that two questions caused a little confusion
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Table 2 Examples of single-response CPAS slider-scale items with anchor points

What is your political orientation?

Very liberal Liberal Moderate Conservative Very conservative

0 10 20 30 40 50 60 70 80 90 100
President Trump’s statements about COVID-19 and how to respond to it are accurate and trustworthy.
Not at all About half of the time Always

0 10 20 30 40 50 60 70 80 90 100
Governor Abbot’s statements about COVID-19 and how to respond to it are accurate and trustworthy.
Not at all About half of the time Always

0 10 20 30 40 50 60 70 80 90 100

The health science/medical experts’ (e.g., the World Health Organization (WHO), National Institute of
Allergy and Infectious Diseases director Fauci) statements about COVID-19 and how to respond to it are
accurate and trustworthy.

Not at all About half of the time Always

0 10 20 30 40 50 60 70 80 90 100

After reviewing IHME projections (see Fig. 1), I think my personal actions in response to COVID-19 after
March 31st lockdown were:

An extreme under-reaction Just about right An extreme overreaction

0 10 20 30 40 50 60 70 80 90 100

because of their similarity, 27 overtly stated that none of the pilot survey questions were
confusing, and the remaining 9 did not respond to this question. Reliability and validity
analyses conducted on pilot data demonstrated Cronbach’s alphas and mean inter-item cor-
relations on collections of items intended to serve collectively as constructs respectively
range from 0.32 to 0.85 and 0.20 to 0.46. Mean inter-item correlations are emphasized
here with a minimum threshold of 0.15 because they provide better estimates of internal
consistency than Cronbach’s alpha when scales consist of fewer than ten items (see Briggs
& Cheek, 1986; Clark & Watson, 1995). Thus, satisfactory internal consistency existed
among the piloted item responses (Table 3). A final round of survey revisions for compre-
hensibility and validity was then conducted and also included adding four items measuring
support for societal level COVID-19 policy and response. The validity and reliability of
these items, and all CPAS items as scales established with the full CPAS administration are
discussed below.

4.3.2 CPAS Scales Establishment, Validity, and Reliability

Principle components analyses (PCA) (Tabachnick & Fidell, 2007) with Direct Oblimin
rotation were conducted on the 557 students’ responses to items measuring the veracity
of various COVID-19 claims (11 items); reliance on science and trust in scientific models
to guide COVID-19 response (9 items); COVID-19 mitigating behaviors after the Texas
government imposed stay-at-home orders on March 31st (6 items); and support for societal
level COVID-19 policy and response (4 items). PCA factors were retained and scales estab-
lished based on Kaiser’s criterion with eigenvalues> 1, parsimoniously explaining >0.50
total variance, and Catell’s scree test (Beavers et al., 2013; Streiner, 1994; Tabachnick
& Fidell 2007). Pattern and structure matrices were analyzed to attribute items to factors on
which they loaded (minimum factor loading >0.40) the most significantly. Items with low
factor loadings (< 0.40) and/or communalities (0.30) were inspected for possible removal.
Cronbach’s alpha and mean inter-item correlation for each subset of items representing
extracted factors were calculated and reported with optimal mean inter-item correlations
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ranges from 0.15 to 0.50 indicating satisfactory internal consistency. Constructs of collec-
tive items were summed, averaged, and normalized on a 100-point scale. Details regarding
the establishment of scales through PCA and internal consistency analyses appear below.

4.3.3 CPAS Items Addressing Veracity of COVID-19 Claims

Students’ responses to 11 items based on WHO and CDC position statements about
COVID-19 infection, spread, and misinformation and disinformation were analyzed
through PCA. The data demonstrated suitability for PCA with several items being suffi-
ciently correlated (>0.30), Kaiser-Meyer-Oklin value of 0.73 that exceeds the minimum of
0.60, and a significant Bartlett’s Test of Sphericity. PCA demonstrated three components
with eigenvalues exceeding 1 and respectively explaining 24.8%, 14.4%, and 10.2% of the
variance. Screeplot inspection supported retaining a three-component solution. However,
one item, Antibiotics are effective in treating COVID-19, demonstrated a low communality
(0.28) and was removed.

The final three-component solution explained a total of 52.9% of the variance. Com-
ponents 1, 2, and 3 respectively contributed 26.5%, 15.3%, and 11.1% of the variance.
Oblimin rotation revealed a simple structure and all but one item (Some people may
develop more severe health complications from COVID-19) substantially loaded on only
one of the three components. After inspecting the remaining item that loaded on two com-
ponents, that item was grouped on the component it loaded most strongly and that included
conceptually similar items. Interpretation of each of the three components (i.e., sub-dimen-
sions) entailed establishing the common theme among each component’s items. Based
on this interpretation, component 1 represents COVID-19 spread prevention knowledge,
component 2 represents COVID-19 misinformation/disinformation beliefs, and component
3 represents COVID-19 basic knowledge (Table 4). The mean inter-item correlations for
each of the three sub-dimensions of items exceeded 0.15, thus indicating satisfactory inter-
nal consistency (Table 3). Again, the scores for students’ responses to the items for each of
the three sub-dimensions were summed, averaged, and normalized on a 100-point scale.
For ease of interpretation through regression analyses, the summed and averaged score for
component 2, which were comprised of reverse coded COVID-19 misinformation and dis-
information beliefs, was then subtracted by 100. Thus, higher scores were consistent with
stronger beliefs that COVID-19 misinformation and disinformation claims hold veracity.

4.3.4 CPAS Items Addressing Reliance on Science and Trust in COVID-19 Models
for Pandemic Response

Three items asked students about their reliance on science to resolve the COVID-19 pan-
demic. Six items asked students about their trust in scientific models, after reviewing
Fig. 1, to guide COVID-19 response, policy, and decision-making. Collectively, these items
demonstrated appropriateness for PCA with multiple items being substantially correlated
(>0.30), a Kaiser-Meyer-Oklin value of 0.81, and a significant Bartlett’s Test of Sphericity.
Two components demonstrated eigenvalues exceeding 1 and respectively explained 38.6%
and 15.3% of the variance. Screeplot inspection supported retaining a two-component solu-
tion. However, two items, Scientific evidence should be the only consideration used when
responding to the COVID-19 pandemic and The models projecting COVID-19 mortality
rates are just scientists’ guesses, were removed. The former demonstrated correlations with
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all other items in the PCA that were much lower than 0.30, and the latter a low communal-
ity (0.27).

The final two-component solution explained a total of 63.4% of the variance, with
components 1 and 2 respectively contributing 45.4% and 17.9% of the variance. Oblimin
rotation revealed a simple structure with all items substantially loading on one of the two
components. Component 1 was interpreted to represent trust in COVID-19 models for pan-
demic decisions and responses, whereas component 2 included items that appear to gauge
a kind of scientism perspective — an over confidence that science and technology alone,
sans personal action, will resolve the COVID-19 pandemic. The mean inter-item correla-
tions for each of the two sub-dimensions of items exceeded 0.15, thus indicating satisfac-
tory internal consistency (Table 3). Again, the scores for students’ responses to the items
for each of the two sub-dimensions were then summed, averaged, and normalized on a
100-point scale. Table 5 provides the score descriptions and items used for each of the two
sub-dimensions of the trust in science for COVID-19 response.

4.3.5 CPAS Items Addressing COVID-19 Personal Mitigating Actions

COVID-19 mitigating behaviors after the Texas government imposed stay-at-home orders
on March 31st were addressed through 6 items. The data demonstrated appropriateness
for PCA with multiple items being substantially correlated (>0.30), a Kaiser-Meyer-Oklin
value of 0.79, and a significant Bartlett’s Test of Sphericity. PCA demonstrated a unidi-
mensional solution with one component with an eigenvalue of 3.041 that explained 50.7%
of the variance. Screeplot inspection supported a unidimensional solution. Because all
items loaded on a single component, Oblimin rotation did not occur. All communalities
were substantially higher than 0.3 and the mean inter-item correlation for this set of items
exceeded 0.15 indicating satisfactory internal consistency (Tables 3 and 6). The scores
for students’ responses to each of the COVID-19 action items were then summed, aver-
aged, and normalized on a 100-point scale. Table 6 provides the score description for this
dimension.

4.3.6 CPAS Items Addressing Future COVID-19 Societal Response

Support for various future societal level COVID-19 responses was addressed in 4 items.
The data demonstrated appropriateness for PCA with multiple items being substantially
correlated (>0.30), a Kaiser-Meyer-Oklin value of 0.76, and a significant Bartlett’s Test of
Sphericity. PCA demonstrated a unidimensional solution with one component having an
eigenvalue of 2.284 that explained 57.1% of the variance. Screeplot inspection supported a
unidimensional solution. Because all items loaded on a single component, Oblimin rotation
did not occur. All communalities were substantially higher than 0.3 and the mean inter-
item correlation for this set of items exceeded 0.15 indicating satisfactory internal consist-
ency (Tables 3 and 7). The scores for students’ responses to each of the future societal
COVID-19 response items were then summed and normalized on a 100-point scale.

4.4 Data Analyses
Hierarchical moderated multiple regression was used to control for the day on which

the CPAS was completed and investigate: (1) the extent that university biology stu-
dents’ COVID-19-related behaviors after government imposed stay-at-home orders
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Table 6 Communalities of COVID-19 action items

Score range: Communalities
Never Sometimes Consistently

0 100 20 30 40 50 60 70 80 90 100

(higher scores equal more consistent engagement in COVID-19 mitigating actions)

Social distanced of at least 6 feet while in the public. 0.59
Sheltered in place. 0.56
Washed or sanitized hands after public interactions. 0.40
Sterilized items that were in the public (e.g., products you bought in store). 0.47
Wore protective garments (e.g., mask and gloves) while in the public. 0.47
Encouraged others to engage in COVID-19 prevention behaviors. 0.56

Table 7 Communalities of future societal COVID-19 response items

Score range: Communalities
Strongly disagree Neutral Strongly agree

0 10 20 30 40 50 60 70 80 90 100

(higher scores equal stronger support for societal level COVID-19 mitigating response)

*Public events should be permitted with individuals deciding for themselves whether they 0.67
wish to risk COVID-19 infection.

*In person college and high school graduation ceremonies should be permitted this May.  0.60
Those who do not appropriately social distance are acting in an unethical manner. 0.54

If college and professional football seasons occur this fall, fans should not be permitted to ~ 0.48
attend.

*Reverse coded

are associated with: (a) political orientation; (b) gender; (c) beliefs in the veracity of
COVID-19 claims; (d) perceptions of the trustworthiness and accuracy of prominent
sources (e.g., health science/medical experts) of COVID-19 information and guid-
ance; and (e) reliance on science and trust in scientific models for COVID-19 response;
and (2) whether political orientation moderates the relationship between the students’
engagement in COVID-19 actions and their reliance on science and trust in health sci-
ence/medical experts and science models for COVID-19 response. Hierarchical moder-
ated multiple regression was also used to investigate the extent that university biology
students’ support for future societal COVID-19 responses was predicted by the same set
of variables after controlling for the day on which the survey was completed. The use of
hierarchical moderated multiple regression analyses to control for the day the students
completed the CPAS is warranted given the rapidly evolving nature of the pandemic
on a personal and societal level, and that we wanted to ensure that the participants’
responses did not vary over the 2 weeks the survey was available. While methodologists
sometimes recommend centralizing regressor variables involved in moderated multiple
regression, we followed procedures outlined by Kromrey and Foster-Johnson (1998)
who successfully demonstrate such recommendations are specious and that centering
regressor variables is unnecessary, results in no benefit gained regarding minimizing
multicollinearity, and does not change regression results.
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5 Results

The means, standard deviations, skewness and kurtosis, and correlations of the variables
used in this study are reported in Tables 8 and 9. Preliminary analyses were conducted
prior to both regressions to screen for violations of normality, linearity, multicollinearity,
and homoscedacity. Skewness and kurtosis values indicate that the score distributions for
each variable approximated normality and were appropriate for parametric analyses — par-
ticularly given the large sample size (>300) included in this study (Kline, 2016; Tabach-
nick & Fidell, 2007). Inspection of normal probability plots and regression standardized
residual scatterplots demonstrated acceptable linearity and homoscedacity. All variance
inflation factor (VIF) < 10, and tolerance indicators of multicollinearity were within accept-
able ranges (VIF < 10, tolerance >0.10) across the two regressions, with the exception of
those involved in tests for interactions. Again, elevated VIF in these cases is expected and
non-concerning (Kromrey & Foster-Johnson, 1998). However, inspection of the correlation
matrix indicated the correlations between an increasingly conservative political orienta-
tion and perceptions of the trustworthiness of President Trump’s and Governor Abbot’s
statements about COVID were highly and significantly correlated (Table 9). These results
make theoretical sense given that President Trump and Governor Abbot are considered
to be strongly conservative and oftentimes polarizing political figures. Therefore, among
these three independent variables, only political orientation was retained in the regression
models as it most likely encompasses the participants’ perceptions of trustworthiness of
President Trump and Governor Abbot.

Table 9 presents the Pearson correlations between all variables used in this investigation.
Pearson correlation analysis demonstrated significant, yet weakly negative, associations
between the day the students completed the CPAS and increasingly conservative political
orientation and perceptions of trustworthiness of President Trump’s and Governor Abbott’s
COVID-19 guidance (r=—0.14 to—0.17). A weakly positive correlation existed between
the day of CPAS completion and trust in scientific model projections (r=0.11). The extent
that students engaged in COVID-19 mitigating actions after the March 31st government
imposed lockdown and their support societal level COVID-19 mitigating response in the
future demonstrated a significantly and moderately large positive correlation (r=0.43).

Correlation analysis demonstrated significant, yet weakly negative, associations
between the students’ gender and the extent they believed that their personal actions are
unimportant given science and technology alone will resolve the pandemic, with males
appearing to be slightly more likely to assume these views (r= —0.13). Weakly positive
correlations occurred between the students’ gender and their trust in health science/medical
experts’ (e.g., WHO, r=0.10) statements and engagement in COVID-19 mitigating actions
(r=0.18), with females appearing to score higher on these measures.

Significant and largely positive correlations occurred between an increasingly con-
servative political orientation score and increased trust in President Trump’s and Gover-
nor Abbott’s COVID-19 guidance (r=0.51 to 0.70). Increasingly conservative political
orientation scores and higher levels of trust in the accuracy President Trump’s COVID-19
guidance were significantly and modestly correlated with increasing beliefs in the verac-
ity of COVID-19 misinformation (r=0.26 to 0.29). Students’ increasingly conservative
political orientation and higher levels of trust in President Trump’s COVID-19 guidance
were also similarly and negatively associated, from a small to moderately large extent, with
their knowledge about how COVID-19 spreads (r= —0.14), trust in health science/medi-
cal experts’ (e.g., WHO, r=—0.11 to—0.13) statements and scientific models (r= —0.24
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to—0.26) to guide COVID-19 pandemic response, engagement in COVID-19 mitigating
actions (r= —0.25 to—0.29), and support for societal level COVID-19 mitigating response
going forward (r= —0.47 to—0.49). Students’ trust in the accuracy of Governor Abbott’s
response was weakly positively correlated with increasing beliefs in the veracity of
COVID-19 misinformation (r=0.16), and weakly to moderately negatively correlated with
trust scientific models (r= —0.11) to guide COVID-19 pandemic response, engagement in
COVID-19 mitigating actions (r= —0.16), and support for societal level COVID-19 miti-
gating response in the future (r= —0.37).

The students’ increasing trust in health science/medical experts’ as sources of informa-
tion and trust for scientific models for COVID-19 decision-making were moderately and
significantly correlated (r=0.41). These variables were also significantly and modestly to
moderately positively correlated with the students’ COVID-19 spread knowledge (r=0.30
to 0.36), COVID-19 basic knowledge (r=0.21 to 0.26), engagement in COVID-19 mitigat-
ing actions (r=0.24 to 0.26), and support for societal level COVID-19 mitigating response
going forward (r=0.19 to 0.36). Students’ increasing trust in health science/medical
experts’ and their organizations’ guidance and trust for scientific models to guide pandemic
decision-making, however, were negatively correlated from small to modest degrees with
increasing beliefs that COVID-19 misinformation is true (r= —0.18 to—0.29) and beliefs
that science and technology alone will resolve the pandemic (i.e., scientism, r= —0.10
to—0.29).

A significant moderately positive correlation occurred between the students’ level of
COVID-19 basic and spread knowledge (r=0.37). These two forms of knowledge were
modestly and negatively correlated with increasing beliefs in the truth of COVID-19 misin-
formation (r= —0.17 to—0.28). Weak to moderate positive correlations were demonstrated
between the students’ increasingly accurate knowledge of COVID-19 spread and their
engagement in COVID-19 mitigating actions (r=0.39), and their support for societal level
COVID-19 mitigating response going forward (r=0.35). Smaller, yet still significant and
positive correlations were shown between the increasing accuracy of the students’ basic
COVID-19 knowledge and their engagement in COVID-19 mitigating actions (r=0.09),
and support for societal level COVID-19 mitigating response going forward (r=0.21). Stu-
dents’ engagement in COVID-19 actions and support for societal level COVID-19 mitigat-
ing response were moderately negatively correlated with students’ increasing beliefs that
COVID-19 misinformation is true (r= —0.29 to—0.38).

5.1 Predictors of Students’ COVID-19 Mitigating Actions and Support for Ongoing
Societal COVID-19 Mitigating Response

Again, hierarchical moderated multiple regressions were used to determine the extent that
students’ (1) COVID-19 mitigating actions during the 2 weeks after a government imposed
lockdown and (2) support for ongoing societal COVID-19 mitigating response were pre-
dicted by their: (a) political orientation; (b) gender; (c) beliefs in the veracity of COVID-19
claims; (d) perceptions of the trustworthiness and accuracy of prominent health science/
medical experts’ and scientific organizations’ COVID-19 information and guidance; and
(e) reliance on science and trust in scientific models for COVID-19 response. Furthermore,
these analyses were used to detect whether the students’ political orientation moderated the
relationship between their reliance on science and trust in scientific models and sources of
health science information for COVID-19 response, and their personal COVID-19 actions
and support for future societal COVID-19 mitigating responses. Table 10 presents all
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relationships tested through the hierarchical multiple moderated regressions. The results
of these analyses are presented below and organized according to this investigation’s two
research questions. Along with unstandardized (B) and standardized regression (/) coef-
ficients, R? values and semi-partial coefficients (sr?) are also reported. The latter are inter-
preted as effect sizes where R? and s/% of 0.02, 0.13, and 0.26. respectively approximate
Cohen’s (1992) f2 of 0.02 (small effect), 0.15 (medium effect), and 0.35 (large effect).
Finally, Darlington and Hayes (2017) and Keith (2019) make clear that, holding all other
regressors constant, two cases that differ by one standard deviation on a given predictor
variable are estimated to differ by f standard deviations on the outcome variable. We use
these guidelines to provide interpretive statements that demonstrate the estimated magni-
tude of change in students’ COVID-19 mitigating actions and support for societal level
COVID-19 mitigating response for one standard deviation of each of the predictor vari-
ables that are measured along a 100-point scale, when the other predictor variables are held
constant. However, regarding gender, a dummy coded dichotomous variable, the unstand-
ardized coefficient, is interpreted as the difference in male and female students’ COVID-19
mitigating actions and support for societal level COVID-19 mitigating response.

5.1.1 RQ1: Students’ COVID-19 Mitigating Actions

Table 10 shows that step one of the hierarchical moderated multiple regression analysis
demonstrated that the extent that the day the students completed the CPAS was not associ-
ated with their engagement in COVID-19 mitigating actions during the 2 weeks after the
March 31st government imposed lockdown (R2=0.003, F (1, 555)=1.51, p=0.22). After
controlling for the day students completed the CPAS, inclusion of all independent vari-
ables in step 2 explained an additional 27% of the variance of the students’ engagement in
COVID-19 mitigating actions during the 2 weeks succeeding the lockdown (AR*>=0.27,
AF (8, 547)=25.5, p<0.001). Significant predictors of the students’ COVID-19 miti-
gating actions at step two of the regression, in order of importance, were (1) COVID-19
spread prevention knowledge (f=0.28); (2) political orientation (f= —0.19); (3) gender
(#=0.16); and (4) beliefs about COVID-19 misinformation/disinformation (f= —0.12).
Each of these predictors uniquely explained between 1 and 6% of the variance in the stu-
dents’ COVID-19 mitigating actions.

More specifically, more informed spread prevention knowledge and being female pre-
dicted significantly higher levels of COVID-19 mitigating actions. Based on standardized
regression coefficients (Table 10), holding all other regressors constant, and on a 100-point
scale, every increase of 9.5 points (one standard deviation) of COVID spread knowledge
scores associates with a 5.6-point increase (0.28 standard deviation) in scores measur-
ing COVID-19 mitigating actions after the government stay-at-home orders. Considering
unstandardized regression coefficients, females can be expected to score approximately
7.23 points higher than males on that same 100-point scale measuring COVID-19 mitigat-
ing actions.

However, lower levels of COVID-19 mitigating actions were significantly predicted by
increasing levels of conservative political orientation and beliefs that common COVID-
19 misinformation and disinformation claims are true. On a 100-point scale and holding
all other regressors constant, an increase of a 22.7 points (one standard deviation) on the
political orientation scale (e.g., moving from liberal to moderate or moderate to conserva-
tive) associates with a reduction of 3.8 points (—0.19 standard deviation) in students’ lev-
els of COVID-19 mitigating actions, whereas an increase of a 16.3 points (one standard
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Table 11 Means and standard deviations of students’, when grouped based on political orientation, trust in
scientific models to guide COVID-19 response, and COVID-19 mitigating actions for 2 weeks after stay-at-
home orders

Political orientation Trust in scientific models to  COVID-19 mitigating
guide COVID-19 response  actions for 2 weeks
after stay-at-home

orders
N M S.D M S.D
Very liberal 47 76.7 14.9 87.0 16.1
Liberal 111 77.9 15.4 84.6 15.2
Moderate 172 70.8 14.7 81.2 18.8
Conservative 156 70.4 14.5 72.9 20.8
Very conservative 71 63.7 14.6 71.2 24.2

Table 12 Follow-up analyses for each political orientation group regressing their trust in scientific models
to guide COVID-19 decision-making and response on engagement of COVID-19 actions after the govern-
ment stay-at-home orders

Political orientation R? F p B (SE) p sr
Very liberal 0.002 0.08 (1, 45) 0.77 0.05 (0.16) 0.04 <0.01
Liberal 0.001 0.02 (1, 109) 0.88 0.01 (0.09) 0.01 <0.01
Moderate 0.08 13.7 (1, 170) <0.001 0.35 (0.09) 0.27 0.06
Conservative 0.06 9.6 (1, 154) 0.002 0.35(0.11) 0.24 0.08
Very conservative 0.11 8.2 (1, 69) 0.005 0.54 (0.19) 0.33 0.11

deviation) in students’ scores measuring their believing COVID-19 misinformation asso-
ciates with a reduction of 2.4 points (—0.12 standard deviation) in students’ levels of
COVID-19 mitigating actions.

Hierarchical moderated multiple regression analyses at step three demonstrated a signif-
icant interaction, which indicated the students’ political orientation moderated the relation-
ship between their trust in scientific models to guide COVID-19 decisions and response
and their personal COVID-19 actions (AR*=0.007, AF (1, 546)=5.5, p<0.02). To fur-
ther investigate this relationship, the students were then parsed into five dummy-coded
subgroups according to the CPAS anchor points that the students used to self-identify
their political orientation (e.g., scores of 80—100 were coded as “very conservative,” see
Table 2). Then, follow-up regressions and spotlight analyses were conducted to determine
how each political orientation subgroup’s trust in scientific models to guide COVID-19
decisions and response predicted their engagement of COVID-19 actions after the March
31st government imposed stay-at-home order.

Table 11 shows that across the five student groups, organized from very liberal to
very conservative, a decrease occurs in the mean scores gauging the students’ COVID-
19 mitigating actions and their trust in scientific models to guide COVID-19 response.
Table 12 demonstrates that among students identifying as very liberal and liberal, there
was no association between trust in scientific models to guide COVID-19 decision-mak-
ing and response and their conducting COVID-19 actions during the 2 weeks after the
March 31st government stay-at-home order (very liberal: R?>=0.002, F (1, 45)=0.08,
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p=0.73; liberal: RZ=0.000, F (1, 109)=0.02, p=0.89). Inspection of Fig. 2 shows
that the very liberal and liberal students’ high levels of COVID-19 actions are irrespec-
tive of the extent they trust scientific models to guide COVID-19 decision-making and
response. Conversely, respectively across moderate, conservative, and very conserva-
tive student groups, trust in scientific models to guide COVID-19 decision-making
predicted, to a significant and small to medium extent, their conducting COVID-19
mitigating actions during the 2 weeks after the government stay-at-home orders (mod-
erate: R*=0.08, F (1, 170)=13.7, p <0.001; conservative: R>=0.06, F (1, 154)=9.6,
p=0.002; very conservative: R?>=0.11, F (1, 69)=8.2, p=0.005).

Figure 2 demonstrates that across politically moderate, conservative, and very con-
servative student groups, an increased trust in the efficacy of scientific models to guide
COVID-19 decision-making, despite those models’ exhibiting uncertainty and malle-
ability, has a positive impact on the extent students in these groups engage in COVID-
19 mitigating actions. This is particularly the case for students identifying as very
conservative. Trust in scientific models for guiding COVID-19 decision-making alone
explained 6 to 8% of the variance in moderate and conservative students’ COVID-19
actions. On a 100-point scale, an increase of 14.7 and 14.5 points (one standard devia-
tion) respectively in moderate and conservative students’ trust in models scores associ-
ates with an approximately five-point (0.24 to 0.27 standard deviation) increase in their
scores measuring their COVID-19 mitigating actions. Eleven percent of the variance
in very conservative students’” COVID-19 actions was explained by the same forms of
trust in scientific models. An increase of one standard deviation (14.6 points) of very
conservative students’ trust in scientific model scores associates with an 8-point (0.33
standard deviation) increase in COVID-19 mitigating action scores. None of the remain-
ing tested variables and interactions demonstrated significance.

Political orientation
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Fig.2 Regression plotting of different political orientation groups showing the effects of trust in scientific
models to guide COVID-19 decision-making and response on engagement of COVID-19 actions after a
government imposed stay-at-home order
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5.1.2 RQ2: Support for Ongoing Societal COVID-19 Mitigating Response

Step one of the hierarchical moderated multiple regression analysis demonstrated that
the extent that the day the students completed the CPAS did not significantly associate
with their level of support for societal level COVID-19 mitigating responses (e.g., not
permitting in person graduation ceremonies and football games, Table 10 R*>=0.003,
F (1, 555)=1.68, p=0.19). After controlling for the day the students completed the
CPAS, inclusion of all independent variables in step 2 explained an additional 40%
of the variance in the students’ support for societal level COVID-19 mitigating
responses (AR?=0.40, AF (8, 547)=45.1, p<0.001). The significant predictors of stu-
dents’ support for societal level COVID-19 mitigating responses, in order of impor-
tance, were (1) political orientation (f= —0.39); (2) COVID-19 spread prevention
knowledge (f=0.19); (3) beliefs about COVID-19 misinformation and disinformation
(= —-0.17); (4) trust in scientific models for guiding COVID-19 decision-making
(#=0.13); and (5) beliefs that science and technology, sans personal action, alone will
fix the pandemic (f= —0.13). Political orientation uniquely explained 14% of the vari-
ance in the students’ support for societal level COVID-19 mitigating responses going
forward. The remaining significant predictors uniquely explained between 1 and 3% of
the variance in the students’ support for such COVID-19 responses.

These findings suggest that being increasingly politically conservative, believing
common COVID-19 misinformation and disinformation claims, and perceiving that
science and technology alone will resolve the COVID-19 pandemic result in lower lev-
els of support for future COVID-19 responses that include social distancing as an ethi-
cal commitment and not permitting large social gathering events where infection risk
is high. On a 100-point scale and holding all other regressors constant, an increase of
22.7 points (one standard deviation) on the political orientation scale (e.g., moving
from liberal to moderate or moderate to conservative) associates with a reduction of
8.3 points (—0.39 standard deviation) in students’ levels of support for societal level
COVID-19 responses. An increase of 16.3 points (one standard deviation) in students’
scores measuring their beliefs that COVID-19 misinformation/disinformation holds
veracity associates with a reduction of 3.6 points (—0.17 standard deviation) in their
support for the same societal responses. Lastly, increasing students’ scores measur-
ing their thinking that science and technology alone will resolve the pandemic, one
standard deviation (17.3 points) corresponds with a 2.8-point (—0.13 standard devia-
tion) decrease in scores measuring support for societal level COVID-19 actions going
forward.

However, high levels of support for such COVID-19 mitigating responses are asso-
ciated with an advanced understanding of how COVID-19 spreads and trust in scien-
tific models to guide COVID-19 decision-making and response. Keeping all regressors
constant and on a 100-point scale, increasing COVID-19 spread knowledge scores 9.5
points (one standard deviation) associates with a 4.0-point (0.19 standard deviation)
increase in scores measuring students’ support for societal level COVID-19 actions
going forward. Increasing students’ trust in scientific model scores one standard devi-
ation (15.3) corresponds with a 2.8-point (0.13 standard deviation) increase in their
support for societal level COVID-19 actions going forward. None of the other tested
variables and interactions demonstrated significance (Table 10).
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6 Summary of Results

The hierarchical moderated multiple regression analyses demonstrate that scientific knowl-
edge, beliefs, and trust, and sociocultural factors are associated with/appear to influence
personal COVID-19 behaviors (research question 1) and views regarding societal level
COVID-19 mitigating policy proposals (research question 2). Salient findings appear
below and are elaborated upon in “Sect. 8.”

RQla: Which of the following factors associate most strongly with university biology
students’ COVID-19-related behaviors after government imposed stay-at-home orders:
(a) political orientation; (b) gender, (c) beliefs about the veracity of COVID-19 claims;
(d) trust in prominent politicians (e.g., The President of the United States) and health
science/medical experts (e.g., World Health Organization) as sources of COVID-19
information; and/or (e) trust in science and scientific modeling to ensure efficacious
COVID-19 response?

e In order of importance, significant predictors of the students’ COVID-19 mitigating
actions were (1) COVID-19 spread prevention knowledge; (2) political orientation;
(3) gender; and (4) beliefs about COVID-19 misinformation/disinformation.

e More informed spread prevention knowledge and being female significantly associ-
ated with higher levels of COVID-19 mitigating actions.

e Lower levels of COVID-19 mitigating actions were significantly associated with
increasing levels of conservative political orientation and beliefs that common
COVID-19 misinformation and disinformation claims are true.

e Trust in prominent health science/medical experts as sources of COVID-19 infor-
mation was not associated with levels of COVID-19 mitigating actions.

RQ1b: How does political orientation moderate reliance on science and trust in scien-
tific models and health science/medical experts as sources of information for COVID-19
response when predicting university biology students’ COVID-19-related behaviors?

e The students’ political orientation moderated the relationship between their trust
in scientific models to guide COVID-19 decisions and their personal COVID-19
actions. Trust in scientific models to guide COVID-19 decision-making was a sig-
nificant positive predictor of moderate, conservative, and very conservative stu-
dent groups’ COVID-19 mitigating actions. Conversely, there was no association
between very liberal and liberal students’ trust in scientific models to guide COVID-
19 decision-making and their conducting COVID-19 actions.

e No other significant interactions were present.

RQ2a. Which of the following factors associate most strongly with university biology
students’ support for future societal COVID-19 responses: (a) political orientation; (b)
gender; (c) beliefs about the veracity of COVID-19 claims; (d) trust in prominent politi-
cians (e.g., The President of the United States) and health science/medical experts (e.g.,
World Health Organization) as sources of COVID-19 information; and (e) trust in sci-
ence and scientific modeling to ensure efficacious COVID-19 response?

e Support for societal level COVID-19 mitigating response (i.e., support for future
COVID-19 responses that include social distancing as an ethical commitment and
not permitting large social gathering events where infection risk is high) was signifi-
cantly associated with, in order of importance: (1) political orientation; (2) COVID-
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19 spread prevention knowledge; (3) beliefs about COVID-19 misinformation and
disinformation; (4) trust in scientific models for guiding COVID-19 response and
decision-making; and (5) beliefs that science and technology alone, sans personal
action, will fix the pandemic.

e Higher levels of support for societal COVID-19 mitigating responses were associ-
ated with an advanced understanding of how COVID-19 spreads and trust in scien-
tific models to guide COVID-19 decision-making.

¢ Increasingly politically conservative ideology, believing common COVID-19 mis-
information and disinformation claims, and perceiving that science and technology
alone, sans personal action, will resolve the COVID-19 pandemic were associated
with lower levels of support for future COVID-19 responses.

e Trust in prominent health science/medical experts’ as sources of COVID-19 infor-
mation was not associated with levels of support for societal COVID-19 mitigating
responses.

RQ2b.How does political orientation moderate reliance on science and trust in scien-
tific models and health science/medical experts as sources of information for COVID-19
response when predicting university biology students’ support for societal COVID-19
responses?

e No significant interactions were present.

7 Limitations

Several limitations must be noted regarding this investigation. First, while the investigation
involved a respectable sample size of university biology students, we can only assume that
they are academically, socially, and demographically similar to the larger sample of the
1,420 undergraduates enrolled across the three biology courses. We hesitate to state that
the participants investigated here were fully representative of the larger pool of students.
This is an unfortunate and typical consequence of studies, such as this one, that are lim-
ited to a non-randomized self-selection processes where (1) self-selected participants may
exhibit characteristics (e.g., higher levels of altruism and efficacy to complete surveys) that
are lacking in some non-participants; and (2) no information is collected about non-partici-
pants. Despite this limitation, the sample exhibited sufficient size and variance to carry out
the necessary statistical methods to robustly answer this investigation’s research questions.
A second concern may arise that because surveys were completed from April 21 to May
5, participants’ thinking and beliefs about science at the time of completing the survey
may have changed from their thinking during the 2 weeks following the March 31 stay-at-
home order when they committed COVID-19 mitigating actions. Our rationale for asking
students about their actions after the government imposed order is that the order coincided
with and was rationalized through alarming COVID-19 fatality projections, such as those
announced by the U.S. President and portrayed through scientific models familiar to the
students. Therefore, we perceive that these events created a concrete context that would
prompt students’ judicious action, and their deeply remembering those actions. Much
scholarship has been conducted regarding the durable nature of peoples’ science concep-
tions, particularly regarding NOS issues (Hodson, 2009; Lederman, 2007). In light of
this scholarship, we consider it is highly unlikely that the students’ knowledge and beliefs
would have changed over such a short course of time. However, to safeguard against such
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an event, we only focused on students who, using their knowledge and beliefs at the time
of survey completion, advocated that their COVID-19 mitigating actions were appropriate
during the 2 weeks following the stay-at-home order (see “Sect. 4.27).

Lastly, while the students’ thinking and actions were assessed in the midst of their
experiencing a real-world SSI of the COVID-19 pandemic, those assessments were in
the form of self-report. Measuring students’ actual actions instead of their intentions and
willingness to act adds methodological robustness to this study (Herman, 2018; Gifford &
Nilsson, 2014; Kormos & Gifford, 2014). However, the research is ambiguous regarding
the extent that people may skew how they self-report health and environmental actions
that are tied to social and ideological expectations (Brener et al., 2003; Milfont, 2009;
Studts et al., 2006; Stern & Oskamp, 1987; Tarrant & Cordell, 1997). We do recognize that
response bias may be a more serious concern if it is perceived by respondents that their
actions would be lauded or condemned by the sociocultural groups they identify with. Our
ensuring the participants that their response would remain confidential and asking them to
confirm the appropriateness of their COVID-19 mitigating actions should help to mitigate
this concern. Future studies that focus on socioscientific decision-making should attempt to
collect other forms of data (e.g., qualitative observations and interviews) that can further
confirm participants’ actions.

8 Discussion and Implications

Study participants’ basic knowledge about COVID-19 and how to mitigate its spread were
generally quite high (means of 81 and 93, respectively, on a scale of 0 to 100). Among
our study participants, possessing accurate knowledge about how COVID-19 spreads and
not accepting related misinformation and disinformation was most highly associated with
enacting personal COVID-19 mitigating behavior and supporting societal mitigation poli-
cies. However, this basic COVID-19 knowledge (see Table 4) is to a large extent related
to, or at least not at odds with, more general knowledge about viruses and their spread;
ideas that study participants likely already accepted (e.g., washing hands, distancing one-
self from those who are sick, and being able to spread an illness even when not exhibiting
symptoms). This and other COVID-19 knowledge and beliefs appearing in Table 4 would
unlikely be perceived as contentious, by those just completing an undergraduate biology
course with instruction on pathogens. Thus, as noted in the literature review, trust is largely
tacit.

If personal and societal decision-making were solely a function of possessing this accu-
rate scientific knowledge, then study participants’ COVID-19 mitigating personal actions
and support for mitigating social policies would likely be much higher than was the case.
As noted in the literature review, when a SSI is perceived, correctly or not, as contentious,
trust is no longer tacit. In these situations, science itself comes under scrutiny and the soci-
ocultural factors that are always at play can and often do impact, in complex ways, the
relationship between beliefs about science, the veracity of scientific knowledge, and soci-
oscientific decision-making (Herman, 2015, 2018; Hodson, 2009; NASEM, 2017). What
those sociocultural factors entail and how they impacted COVID-19 thinking and decision-
making are the crux of the study reported here.

For instance, as our study participants’ self-identified political orientation became
increasingly conservative, their self-reported COVID-19 personal mitigating behaviors
decreased as did their support for societal level policies going forward. In contrast, liberal
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political orientations were associated with increased COVID-19 mitigating actions and
support for societal mitigating policies. Participants’ political orientation, even more so
than for their personal COVID-19 actions, predicted support for societal-level action going
forward. This may reflect the greater ease in supporting a position, public policy, and/or
response than exerting the personal effort and possible sacrifice of carrying out an action
(Herman, 2015, 2018; Kormoss & Gifford, 2014) and/or it may reflect the importance of
affiliating with one’s political tribe when SSI-related choices and policy become more con-
tentious (Kahan et al., 2007; McCright et al., 2014). Females in our study also were sig-
nificantly more likely to engage in COVID-19 mitigating actions. These findings align with
prior research indicating that being male and increasing political conservatism are associ-
ated with lower levels of risk perception about environmental hazards, which can reduce
engagement in and support for social behaviors that reduce risk to people and the environ-
ment (Finucane et al., 2000; Flynn et al., 1994). Not surprisingly, the view among study
participants that science and technology, sans personal action, would resolve the pandemic
was negatively associated with support for societal level COVID-19 mitigating response.

This investigation demonstrates that science beliefs and trust, and their impact on SSI
resolution, become increasingly complex when accounting for people’s sociocultural group
membership. For instance, regression analyses showed that participants’ perceptions of the
trustworthiness and accuracy of health science/medical experts’ (e.g., World Health Organ-
ization and Dr. Anthony Fauci, Director of the U.S. National Institute of Allergy and Infec-
tious Diseases and the chief medical advisor to the president) COVID-19 guidance did not
significantly associate with personal COVID-19 mitigating actions or support for societal
level COVID-19 actions going forward. However, that trust was significantly, albeit weakly,
negatively correlated with an increasingly conservative political ideology and trust in U.S.
President Trump’s COVID-19 guidance. Furthermore, knowledge about how COVID-19
spreads and trust in scientific models to guide COVID-19 pandemic response was weakly
to moderately and negatively correlated with espousing increasingly conservative politi-
cal orientations and trust for the Presidents’ guidance. Alternatively, such conservative
political leanings and trust in President Trump’s COVID-19 guidance were positively cor-
related, to a modest extent, in believing in the veracity of COVID-19 misinformation and
disinformation. The correlational relationships described here were not a primary focus of
this study. However, they do appear to demonstrate, in line with studies regarding climate
change (Kahan, 2015), that a lack of trust in the veracity of scientific knowledge or its
source is not always the real culprit. The main issue is often how group membership may
impact what kinds of scientific knowledge you accept as legitimate and what sources of
information you trust. Our future COVID-19 studies are looking at this dynamic interplay
more closely through more in-depth qualitative (e.g., interviews of participants) and quan-
titative (e.g., structural equation modeling) approaches.

The complex interplay between sociocultural group affiliation, trust in science, and
action became more evident when analyzing how study participants’ political orientation
moderated the relationship between their trust in scientific models to guide COVID-19
response and the students’ COVID-19 mitigating actions. At the time of data collection,
these models were increasingly profiled in the media and political briefings delivered by
prominent figures such as the U.S. President. Because COVID-19 models are necessarily
based on assumptions, some that change with time and incoming information, their pro-
jections changed. The changing projections were often misunderstood and their inherent
uncertainty was inappropriately used by politicians as a way to instill distrust among the
public — particularly among conservatives (for example, see Wan & Blake, 2020). In a
sense, this scenario resembles warnings from scholars such as Rudolph (2007) who rightly
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argue that businesses, special interest groups, and political figures may leverage the pub-
lic’s insufficient NOS knowledge to imbue unreasonable doubt among them about relia-
ble scientific work, which can impact socioscientific decision-making to the detriment of
human and environmental health.

For study participants who identified as liberal and very liberal, trust in scientific mod-
els to guide COVID-19 decision-making was not associated with their personal COVID-19
actions. Politically liberal participants’ COVID-19 actions appear to reflect the norms of
their sociocultural group, and appear to largely be irrespective of their contemplated trust
in the COVID-19 models — prudent actions for imprudent reasons! For politically con-
servative study participants, those having higher levels of trust in scientific models to guide
COVID-19 decision-making positively predicted personal COVID-19 actions. The extent
they trusted COVID-19 models mattered a great deal, particularly the more conservative
they were. Thus, perhaps a politically left orientation may have marginalized critical think-
ing regarding the COVID-19 models, while a politically right orientation appears to require
compelling reasons to trust the COVID-19 models. At both ends of the political spectrum,
sociocultural group membership appears to play an important, yet convoluted, role regard-
ing how people consider and trust important scientific information when making decisions
and supporting policy to resolve SSI.

Foregrounding of group identity for any reason is disconcerting because the group
to which allegiance is given does not and will not possess the truth in all matters. Study
participants politically oriented to the left made more appropriate personal and societal
COVID-19 mitigating decisions, but apparently this was not wholeheartedly because of an
increased understanding of or trust in the COVID-19 models. Study participants holding
moderate to conservative political orientations may have noted the inherent uncertainty in
the scientific models, which again was inappropriately leveraged by conservative political
figures at the time of this study, and foregrounded that to justify their personal actions and
thinking. From a pragmatic perspective, in the midst of the COVID-19 pandemic, science
communicators’ and policymakers’ efforts may have been best directed at those whose
trust in science can be augmented in a way that makes clear what can be confidently stated
while acknowledging uncertainty. Efforts to promote more judicious decision-making can
be achieved (Bavel et al., 2020; Schenk et al., 2019), but presuming and foregrounding sci-
ence knowledge deficits is often incorrect and even counter-productive (NASEM, 2017).

The issue of trust in science and science communication that will increase that trust
is complex. Sociocultural factors play a prominent role, and bludgeoning the public with
more science information does not address the sociocultural lenses through which such
efforts and the scientific knowledge itself are seen. In the study reported here, study par-
ticipants with a political left orientation appeared to adopt actions consistent with their
group identity, not because they better understood or trusted the COVID-19 models. Study
participants with a political right orientation were generally distrustful of the COVID-19
models, and this was associated with greater caution or resistance to COVID-19 mitigating
policies. Those at both ends of the political spectrum appeared to foreground their ideology
and sociocultural identity in their sense-making and decision-making. This focus seemed
to interfer with study participants’ fair assessment of the science, even though their school-
ing in science exceeds that of most citizens.

We wish to revisit our previous statement that group membership may impact what
kinds of scientific knowledge are accepted as legitimate and what sources of information
are trusted. The extent that sociocultural biases influence how and what scientific work
and information people, at all levels of society, trust and base decisions upon became more
evident as the pandemic proceeded. This was, and still is, illustrated via the robust support
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for and dissemination of COVID-19 information by pseudoscience purveyors and even
by individual and small groups of scientists possessing legitimate credentials, but either
are not epidemiology experts and/or are those holding views at odds with the vetted and
broad consensus of the community of infectious disease specialists. These unsubstantiated
rogue claims are, instead, shamelessly promulgated via mainstream and social media, and
embraced by particular policymakers and portions of the public who find them ideologi-
cally resonating.

For instance, on October 4, 2020, Martin Kulldorff, Professor of Medicine at Harvard
Medical School, Sunetra Gupta, Professor of Theoretical Epidemiology at Oxford Uni-
versity, and Jay Bhattacharya, Professor of Health Policy at Stanford University Medical
School, authored an on-line petition called The Great Barrington Declaration, which advo-
cates that COVID-19 should be controlled not through widespread lockdowns and eventual
vaccinations, but through a “Focused Protection” approach where herd immunity could
be reached by (1) allowing the virus to spread naturally and unobstructed among younger
people who are at lower risk from developing serious disease and dying; while also (2)
simultaneously protecting older and higher risk individuals from community transmission.
The declaration signing was hosted by the libertarian think tank the American Institute
for Economic Research, video recorded, and posted to YouTube in an apparent appeal to
the broader public; rather than be scrutinized by the scientific community through formal
review.

The condemnation of the Great Barrington Declaration by the community of experts
was swift and occurred through more credible means than those used to propose the Decla-
ration. For instance, the John Snow Memorandum, named after the English physician who
is considered one of the founders of epidemiology because of his source tracing during
a cholera outbreak in 1854, published in the Lancet, and signed by more than 6,900 sci-
entists, researchers, and healthcare professionals, warned that herd immunity approaches
such as those proposed by the Great Barrington Declaration are a “dangerous fallacy
unsupported by scientific evidence” (Alwan, et al., 2020). Pointing out that political group
membership may cause some to mistakenly perceive the Great Barrington Declaration to
be a scientifically viable proposal, Francis Collins, Director of the National Institutes of
Health in the United States, warned:

What I worry about with this is it’s being presented as if it’s a major alternative view
that’s held by large numbers of experts in the scientific community. That is not true...This
is a fringe component of epidemiology. This is not mainstream science. It’s dangerous. It
fits into the political views of certain parts of our confused political establishment, I’m sure
it will be an idea that someone can wrap themselves in as a justification for skipping wear-
ing masks or social distancing and just doing whatever they damn well please (Achenbach,
2020).

Despite condemnation by the scientific community of experts, conservative mainstream
media pundits and politicians lauded the Declaration seemingly because its proposed
course of action appeared to align with their economic and liberty considerations (see
Ingraham, 2020; Pudzer, 2020); with even the U.S. President and some his advisors prais-
ing the merits of the proposal as a viable response to the pandemic (Achenbach, 2020).
Furthermore, the Declaration was also shared widely on social media platforms as a note-
worthy alternative view of the scientific community.

We address this occurrence to illuminate how the Great Barrington Declaration gar-
nered undeserved attention and credibility because of the extent that contemporary media
platforms distribute controversial and unsubstantiated propositions advanced by scien-
tists dissenting from the community of experts. Without extensive media exposure, the
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scientific community of experts would have vetted the Declaration, and protected the
public from that information. However, that this “open science” scenario played out in the
media because of political reasons largely served to undermine public trust in the commu-
nity of experts who put forth viable recommendations to mitigate the pandemic based on
the most veracious science at the time.

The COVID-19 pandemic is the latest and perhaps the most high-profile SSI illustrat-
ing the challenge for science education. An education in science would foreground what is
known about the natural world and how we know it — addressing science-in-the-making
and the vetting processes that over time mitigates bias and results in reliable knowledge.
This entails a plethora of crucial NOS issues, many that can and do play a role in SSI
decision-making. But even more is required. Citizens must be educated to understand and
overtly consider how sociocultural factors impact reasoning, trust, and decision-making;
their own as well as others. With SSI, respectful educative efforts must make overt the rel-
evant and accurate science content (well-established and in-the-making) and NOS under-
standing, inaccurate science content and how we know it is so, relevant sociocultural fac-
tors (including identities), and how all of these can and do impact decision-making. A full
awareness of all of these factors, along with a fair and open discussion of likely outcomes
of various decisions, would likely improve critical thinking and develop appropriate under-
standing of who to trust and why when dealing with personal and societal issues involving
science. This educative approach is likely also the only way out of the polarized identity-
driven debacle society finds itself.
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