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The efficacy of science communication can be influenced by the cultural values and cognitions of target audiences, yet message framing rarely accounts for these cognitive factors. To explore the effects of message framing tailored to specific audiences, we investigated relationships between one form of cultural cognition—political ideology—and perceptions about the zoonotic origins of the COVID-19 pandemic using a nationally representative Qualtrics XM panel (n = 1,554) during August 2020. First, we examined differences in attitudes towards science (in general) and COVID-19 (specifically) based on political ideology. We found that, compared to conservatives and moderates, liberals trusted science more, were less skeptical of science, perceived greater risk from COVID-19, were more likely to believe in a wildlife origin of COVID-19, and were more likely to support restrictions on wildlife trade. Second, we examined the influence of cultural framing on the perceived validity of science related to COVID-19. Respondents were randomly assigned to one of three treatment groups: 1) a technocratic framing that highlighted feats of human ingenuity to overcome zoonoses; 2) a regulatory framing that highlighted regulations and expansions of protected areas for wildlife as a means to prevent zoonoses, and 3) a control article about traffic lights with no cultural framing. After reading the initial framing article, all three groups read the same fictional, yet factually accurate, ‘Nature Science study’ generated by the authors. An OLS regression model revealed a significant interaction between the technocratic framing and political ideology. Relative to the control group, the technocratic framing slightly increased perceived validity of the Nature Science study for conservatives, significantly lowered perceived validity for liberals, and had no impact on moderates. We did not detect any significant interaction between framing and political ideology for the regulatory framing. Findings of this study highlight the need to account for cultural cognitions when communicating about COVID-19 and other zoonotic diseases. Communication strategies carefully designed to resonate with ideologically diverse audiences may ultimately lead to bipartisan support for actions required to promote “One Health” approaches that reduce the impacts of zoonoses on human and environmental health.
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INTRODUCTION
The COVID-19 pandemic has highlighted the critical need to improve communication about zoonotic disease to mitigate global threats to the health, safety, and financial stability of the global community, including both humans and wildlife (Daszak et al., 2000; Cunningham et al., 2017; Henig, 2020; Nuwer, 2020). The World Health Organization (WHO) define zoonotic diseases as “any disease or infection that is naturally transmissible from vertebrate animals to humans” (World Health Organization, 2020); a definition that encompasses the COVID-19 pandemic. To be effective, communication about zoonotic disease may need to account for cultural values and worldviews. The cultural cognition thesis suggests individuals process information through the filter of their worldviews and accept or reject facts based on their beliefs about how social systems should function (Kahan et al., 2010). For instance, those with hierarchical and individualistic worldviews tend to downplay environmental risks, as they believe addressing them would threaten hierarchical social structures and restrict the free market (Kahan et al., 2008). In contrast, those with egalitarian and communitarian worldviews are more likely to perceive risk from environmental issues and support environmental regulations, as they interpret unrestricted markets as sources of inequality within society (Douglas and Wildavsky, 1983; Kahan et al., 2008). Worldviews are closely tied to political ideology, particularly in the United States, where conservatives tend to adopt individualistic and hierarchical worldviews and liberals tend to adhere to communitarian and egalitarian ones (Wildavsky, 1987; Gastil et al., 2011; van der Linden, 2016). Furthermore, political polarization on key issues has magnified ideological differences based on party affiliation within the United States (Pew Research Center, 2017).
Political polarization has been particularly evident in the context of the COVID-19 pandemic, as news coverage regarding the lethal zoonotic disease has helped to fuel a partisan divide in perceptions of the pandemic, its causes, and its consequences (Hart et al., 2020). Thus, uncertainty surrounding the COVID-19 pandemic can be used as a tool by political elites to reduce trust in science and diminish support for science-based policy (Kreps and Kriner, 2020). Such tactics might further erode trust in science, a trend that is particularly prominent among conservatives (Gauchat, 2012; Funk et al., 2019), leading to higher levels of polarization. Thus, it has become urgent to investigate the influence of political ideology on beliefs about COVID-19 and explore the ability of culturally responsive communication to increase the efficacy of messaging related to zoonotic disease. It is especially important to implement effective communication during pandemics, as rapidly evolving knowledge may lead to widespread misinformation (Vraga and Jacobsen, 2020). Further, better communication can help mitigate future zoonotic disease outbreaks similar to COVID-19 by building public support for proactive wildlife management actions and policy changes needed to reduce disease risks (Hanisch-Kirkbride et al., 2013) and promote biodiversity conservation (Jacobson et al., 2019). This integrated approach reflects a “One Health” conceptualization of zoonotic disease communication where humans, wildlife, and the environment all become part of the story (Lu et al., 2016; Centers for Disease Control, 2020; Zinsstag et al., 2020). However, the extent to which these new approaches influence the growing polarization of perspectives remains unclear.
Lapinski et al. (2015) called for more testable hypotheses about how different human cognitions influence the efficacy of One Health message framing about zoonotic disease. To address this knowledge gap, we investigated how conservatives, moderates and liberals in the United States differed in their attitudes toward science and wildlife diseases, and how political ideology shaped the efficacy of science communication about COVID-19. To this end, we compared general beliefs about science, specific beliefs about the zoonotic origins of COVID-19, and responses to different types of message framing (focused on technocratic vs. regulatory solutions to prevent zoonoses) among three groups with different political ideologies. Our first set of hypotheses focused on investigating different beliefs and perceptions about science and the pandemic based on political ideology:
H1: Compared to conservatives, liberals and moderates will exhibit more trust in science.
H2: Compared to conservatives, liberals and moderates will be less skeptical of science.
H3: Compared to conservatives, liberals and moderates will perceive greater risk to human health, safety, and prosperity associated with COVID-19.
H4: Compared to conservatives, liberals and moderates will express more belief that COVID-19 originated in wildlife.
H5: Compared to conservatives, liberals and moderates will express more support for actions to regulate wildlife trade tied to zoonotic disease transmission.
Our second set of hypotheses focused on examining the influence of different message frames, designed to resonate with certain cultural worldviews (i.e., political ideologies), on the perceived validity of science communication about the zoonotic origins of the COVID-19 pandemic and potential management responses.
H6: Science communication about the zoonotic origins of COVID-19 primed with a technocratic framing (focusing on human ingenuity and technological solutions to zoonoses) will be perceived as more valid among conservatives and less valid among liberals and moderates.
H7: Science communication about the zoonotic origins of COVID-19 primed with a regulatory framing (focusing on regulations to promote the shared health of humans and wildlife) will be perceived as more valid among liberals and moderates, and less valid among conservatives.
BACKGROUND ON ZOONOSES AND COMMUNICATION RESPONSES
As defined by the Centers for Disease Control (CDC), emerging infectious diseases (EIDs) are “those whose incidence in humans has increased in the past two decades or threaten to increase in the near future” Centers for Disease Control (2018). Zoonoses, a class of EIDs that emerge from wildlife and become infectious to humans, may pose the greatest threats to human health and well-being (World Health Organization, 2020). Several notable human diseases have emerged from wildlife including SARS, Hendra virus, Nipah virus, Ebola, HIV, Malaria, and COVID-19 (Evans et al., 2020). Zoonoses can be deadly or have lasting effects throughout the lifetime of people who are infected. For instance, from 2017 to 2018, Malaria had an estimated death toll of 405,000–416,000 despite continued global efforts to combat the mosquito-borne disease (World Health Organization, 2019). HIV/AIDs, a chronic disease affecting the immune system that originated in wild primates, claimed the lives of an estimated 690,000 individuals in 2019 (UNAIDS, 2020). Encephalitis, acute respiratory distress syndrome, and depression are just a few of the symptoms associated with the Nipah virus, which originated in fruit bats and produced a mortality rate of about 70% in humans when it first spread in Bangladesh and India (Ang et al., 2018). COVID-19 is a recent zoonosis that likely originated from a bat (Andersen et al., 2020) and spread through the Huanan seafood market, which sells various types of live wildlife including poultry, fish, marmots, pangolins, and bats, among others (Wu et al., 2020; Zhou et al., 2020). In 2020, the death toll for COVID-19 exceeded 1.7 million globally (Centers for Systems Science and Engineering, 2020; Dong et al., 2020), and early research has revealed significant and persistent damage to cells within the lungs from the virus, which may explain chronic symptoms for some individuals (Bussani et al., 2020). These examples illustrate the massive losses of life and impacts to human health associated with zoonoses at a global scale.
In addition to these health impacts, zoonoses also pose a major threat to the world economy (Cunningham et al., 2017). Findings suggest that the economic impacts of zoonoses reach into multiple sectors of the global economy, causing losses estimated in the billions of dollars by effecting services worldwide including agriculture, tourism, commerce, and transportation (Fonkwo, 2008). For instance, the cost of the global AIDs response for 2020 is estimated to be $26 billion (UNAIDS, 2020). Other major outbreaks including SARS, Ebola, and H1N1 have cost economies worldwide a combined $138 billion (Global Preparedness Monitoring Board, 2019). The COVID-19 pandemic is predicted to have a total cost of $16 trillion when factoring in loss of human life, direct economic impacts, impacts to mental health, and long-term health impacts while assuming that the virus will be well contained by Fall 2021 (Cutler and Summers, 2020).
Beyond the severe consequences of zoonoses for humans, these diseases also present a direct threat to wildlife species and biodiversity on a global scale (Daszak et al., 2000; Corlett et al., 2020; Morand, 2020). For example, George et al. (2015) found that 47% of avian species in a sample of a quarter million birds tested positive for the zoonosis West Nile Virus, which caused significant mortality in species that failed to build immunity over time. Zoonoses that emerge from wildlife may transfer to humans and “spillover” back into susceptible wildlife populations, as evidenced by the transfer of the zoonotic parasite Giardia from humans to wildlife species such as beaver and muskoxen (Jenkins et al., 2013; Thompson, 2013). Given a lack of immunity to COVID-19 within North American bats, spillover from humans into populations of bats poses a potential threat to bat conservation (Olival et al., 2020). Recently, COVID-19 has spilled over into populations of mink in Utah, United States, and Denmark, resulting in mass culling and heavy economic losses (Cahan, 2020; Munnink et al., 2020). Spillover of zoonoses also occurs from populations of wildlife to domesticated animals and vice-versa, often incentivizing the elimination of wild species that carry the disease (Nugent, 2011). For instance, Bison herds in Yellowstone National Park have been culled in order to prevent the spread of Brucellosis (Brucella abortus) to domestic livestock, thus negatively impacting bison conservation within the park (White et al., 2011). These are only a few of the many examples of zoonoses that simultaneously affect both humans and wildlife.
For all of these reasons, growing global efforts to research and improve science communication regarding zoonoses have increasingly focused on the One Health perspective (Zinsstag et al., 2020). One Health is a “collaborative, multisectoral, and transdisciplinary approach—working at the local, regional, national, and global levels—with the goal of achieving optimal health outcomes recognizing the interconnection between people, animals, plants, and their shared environment” (Centers for Disease Control, 2020). This perspective illuminates the interconnected nature of human, environmental, and animal health, and suggests that addressing zoonoses requires broad conservation policies that encourage human behavior change and designate protected areas for wildlife (Jenkins et al., 2015; Bonilla-Aldana et al., 2020).
Effective communication that influences risk perceptions of zoonoses and targets behavior change is a key element of the One Health approach (Decker et al., 2012), and the efficacy of such communication has been supported by prior research (Triezenberg et al., 2014; Lu et al., 2016). In one study focused on bovine tuberculosis (TB) in white-tailed deer (Odocoileus virginianus), persuasive communication materials mailed to hunters increased the perceived risk from TB, increased reported behavioral intentions to hunt the species, and increased the perception that other hunters were carrying out behaviors to combat TB (Triezenberg et al., 2014). Another study found that persuasive communications that conveyed the risk of rabies from bats, while also highlighting their ecological benefits, were able to influence intentions to adopt recommended rabies prevention measures without stigmatizing bats (Lu et al., 2016). Studies such as these are useful because effective wildlife communication can help members of the public understand risk, which in turn has been shown to influence support for wildlife disease management (Hanisch-Kirkbride et al., 2013). Such studies are also needed to avoid inciting bias against specific species, inspiring fear of natural areas, and eroding support for conservation (Decker et al., 2012; Buttke et al., 2015). For example, misinformed individuals who see bats as the cause of the COVID-19 pandemic may wish to enact retribution or withdraw support for bat conservation (MacFarlane and Rocha, 2020).
Cultural framing, or packaging information to appeal to an audience’s worldviews, influences risk perception of some environmental issues and the perceived validity of science related to them (Kahan et al., 2008; Kahan et al., 2015). For example, with respect to climate change, a technocratic framing that emphasizes technological solutions and highlights the power of human ingenuity tends to resonate well with those who hold individualistic worldviews, whereas a regulatory framing that focuses on restrictions to markets and protections for the environment resonates well with those holding communitarian worldviews (Kahan et al., 2015). Political ideology operates similarly to worldviews, with both liberals and conservatives reacting negatively to scientific information that conflicts with their cultural worldviews. This dynamic is on display when predicting concern about genetically modified foods among liberals (Zimmerman and Eddens, 2018) and climate change skepticism among conservatives (Hamilton, 2015). Accounting for cultural worldviews, or political ideology as a more concrete manifestation of worldviews, appears to be crucial for effective communication about science topics. Cultural framing may therefore impact how people respond to communication about zoonotic diseases. For instance, framing that emphasized human responsibility for the emergence of Lyme disease and impacts of the disease in the near future created backlash among Republicans, who reported lower intentions to engage in pro-conservation behaviors after receiving the communication; yet, the same framing had no impacts on the conservation behavioral intentions of Democrats (Roh et al., 2015). Although the efficacy of One Health communication has been demonstrated (Lu et al., 2016; Lu et al., 2017), it is not clear how such messaging resonates or conflicts with individuals who hold different cultural worldviews or political ideologies. Our study used the COVID-19 content to explore answers to this question.
METHODS
Institutional Review Board (IRB) approval was obtained before commencing the study. We collected a nationally representative sample of 1,554 United States residents through a Qualtrics XM survey panel during August 2020. In the Qualtrics XM panel potential respondents from across the United States sign up to participate in online surveys through the Qualtrics website. Researchers set certain criteria for a sample (in our case, a representative sample of the United States) and Qualtrics invites respondents to participate who meet the criteria. Qualtrics continues to collect data until quotas set by the researchers are filled, at which time the researchers can download the data for analysis. We chose to use a Qualtrics panel as it allowed for demographic quotas and, when compared to other online panel providers, came closest to a national probability sample in terms of demographic and political representativeness (Boas et al., 2018). Qualtrics also allowed for rapid data collection—a critical need in a COVID-19-focused study. The panel for this study drew from a national pool (50 states and Puerto Rico) with demographic quotas for regions of the United States (South, West, Midwest, Northeast), race/ethnicity (White, Hispanic, Black, Asian), and age (18–34, 35–54, 55+). Quotas were also set for the different treatment groups to ensure equal responses across groups. Though Qualtrics panels have no true response rate, as the respondents are paid to complete the survey, they do provide an “incidence rate” that measures the amount of potential respondents who were deemed ineligible for participation. In this case, this included those under the age of 18 and those who we had already met demographic quotas for, resulting in an incidence rate of 60% of the total potential respondents.
Several scales were adapted from prior literature or, where not previously established, generated by the authors for the purposes of this study (Table 1). The scale used to assess the perceived risk of COVID-19 was adapted from Kahan et al. (2015). The trust in science and skepticism toward science scales were also adapted from previous literature (Gauchat, 2011; Nadelson et al., 2014). Two scales measuring beliefs about COVID-19 origins and attitudes toward wildlife trade were developed by the authors for this study. The measure used to assess respondents’ perceptions of the validity of the hypothetical scientific study was adapted from Kahan et al. (2015). Reliabilities were assessed for each scale with the cutoff Cronbach’s alpha >0.70 (Nunnally, 1978).
TABLE 1 | Means, standard deviations, and Cronbach’s Alpha for scale items (n = 1,554).
[image: Table 1]Political ideology was assessed using a 5-point scale, adapted from Casola et al. (2020), ranging from strong conservative to strong liberal. We chose to use political ideology rather than the more abstract constructs sometimes employed in the cultural cognition framework (e.g. communitarian and individualist) for three key reasons. First, research suggests cultural cognition closely parallels political ideology (Wildavsky, 1987; Gastil et al., 2011) and may be a means for explaining why individuals with different political ideologies differ in their views on topics (van der Linden, 2016). Second, initial research suggests that political ideology is particularly salient for driving polarization of COVID-19 topics (e.g. Calvillo et al., 2020; Hart et al., 2020). Thus, political ideology has more empirical support as a driver of attitudes toward COVID-19 than other measures of cultural worldview. Third, political ideology is more concrete and widely recognizable than the abstract measures of cultural worldview, which facilitates application of results.
We used a two-channel science communication strategy to assess how message framing influenced perceptions of the validity of a study related to the origins of COVID-19 (Kahan et al., 2015). To this end, we followed the approach of Kahan et al. (2015) and developed two fictional, but factually accurate, articles with message frames that contained the same channel 1 and a different channel 2 communication. Channel 1 (the first four paragraphs, the exact same in each treatment) focused on providing empirical information relevant to zoonoses. Channel 2 (the remaining paragraphs, differing by treatment) focused on unique appeals to specific cultural values. We also adapted a third control article from Kahan et al. (2015) with no cultural framings or channeled communication. The first group received a technocratically framed article designed to appeal to individualistic values, “Early detection and elimination, not additional wildlife regulations, needed to fight diseases like COVID-19” (Figure 1). The structure of this article was loosely based on the geoengineering framed article present in Kahan et al. (2015), but focused instead on technical aspects of wildlife population management (Bosch et al., 2015; Grant et al., 2017). The second group received a regulatory framed article designed to appeal to communitarian values, “More Protected Areas for Wildlife and Stricter Regulations Needed to Fight Diseases like COVID-19” (Figure 2). This article’s structure was loosely based on the anti-pollution article in Kahan et al. (2015), but instead focused on restrictions for wildlife trade and expansion of wildlife refuges as encouraged by the One Health approach to managing wildlife disease like COVID-19 (Bonilla-Aldana et al., 2020). Following the model in Kahan et al. (2015), individuals in the third control group received an article about traffic signals that was free of any information about COVID-19 that would activate cultural values (Figure 3). We randomly assigned respondents to one of these three treatments.
[image: Figure 1]FIGURE 1 | Technocratic framing of COVID-19 science highlighting human ingenuity and technology as means to prevent and control the emergence and spread of zoonoses. Modeled after Kahan et al. (2015), information from Bosch et al. (2015) and Grant et al. (2017). Images obtained from Creative Commons. Left image: “Pangolin Rescue” by Wildlife Alliance is licensed under CC BY-SA 2.0. Right image: “Townsend’s big-eared bat” by USFWS Headquarters is licensed under CC BY 2.0.
[image: F2]FIGURE2 | Regulatory framing of COVID-19 science highlighting the need for regulations and expansions of protected areas for wildlife to prevent the emergence and spread of zoonoses. Modeled after Kahan et al. (2015), information from Bonilla-Aldana et al. (2020). 1Link to removed image: https://www.gettyimages.com/detail/news-photo/malayan-pangolin-is-seen-out-of-its-cage-after-being-news-photo/51341736?adppopup=true
[image: Figure 3]FIGURE 3 | Control article about funding for traffic lights free of cultural framing. Adapted from Kahan et al. (2015).
After reading the randomly assigned framing article (technocratic, regulatory, or control), all respondents read an article excerpt from a fictional, but factually accurate, scientific journal (Nature Science) about COVID-19 and the relationship between humans and ecosystem health (Figure 4). This article included factual information from Bonilla-Aldana et al. (2020), Mackenzie and Smith, (2020), and Rothan and Byrareddy (2020) regarding the wildlife origin of COVID-19, the risk to human health and wellbeing associated with the disease, and the potential economic losses from zoonoses such as COVID-19. This article lacked ideological framing, and we sought to reduce the perception of cultural meanings by specifically focusing on descriptive wording in this article. To do this, we avoided words and phrases that would obviously evoke cultural meanings, as suggested by Kahan et al. (2015). Respondents then answered questions about the perceived validity of the Nature Science article.
[image: Figure 4]FIGURE 4 | Factually accurate article from a fictional ‘Nature Science’ academic journal highlighting the science surrounding COVID-19 without cultural framing. Generated by authors with information from Bonilla-Aldana et al. (2020), Mackenzie and Smith (2020), and Rothan and Byrareddy (2020).
Analysis
First, we assessed the reliability of all study variables using the criteria of Cronbach’s Alpha >0.70 (Nunnally, 1978). Next, we employed six one-way ANOVAs to test for differences in trust in science (H1), skepticism toward science (H2), perceived risk of COVID-19 to human health and wellbeing (H3), beliefs in the wildlife origin of COVID-19 (H4), attitudes toward wildlife trade (H5), and perceived validity of the Nature Science article based on political ideology (conservative, liberal, or moderate). For each ANOVA, we conducted a post-hoc Tukey’s multiple comparison tests to test for significant mean differences between each group. Then, we tested message framing effects using multiple linear regression to predict the perceived validity of the Nature Science article based on the interaction of experimental treatments and political ideology (H6-7). Model 1 examined the main effect of framing type (technocratic, regulatory, or control) on perceived study validity of the Nature Science article. Model 2 added political ideology as a covariate. Political ideology was converted into two binary variables (liberal and moderate), with conservatives as the reference group. Model 3 included interactions between treatment and each dummy variable to determine if the impact of the experimental treatment groups varied depending on a respondent’s political ideology. In each model, we controlled for gender (1 = male, 2 = female) and education level [1 = “some high school,” 2 = “high school diploma or GED,” 3 = “Associate’s or Bachelor’s degree (BA, BS, etc.),” and 4 = “Graduate or professional degree (MS, MBA, MD, JD, PhD, etc.).”].
RESULTS
The trust in science (α = 0.83), science skepticism (α = 0.76), perceived risk of COVID-19 (α = 0.82), belief in a COVID-19 wildlife origin (α = 0.77), and attitudes toward restricting wildlife trade (α = 0.89) scales all produced acceptable reliability (Table 1). The initial 4-item scale used to measure perceived study validity initially produced low reliability (α = 0.45). The removal of two items (“The scientists who did the study were biased” and “More studies must be done before policy-makers rely on the findings of the Nature Science study”) improved reliability for the final two-item scale (α = 0.61) measuring perceived study validity (of the Nature Science article).
H1 was partially supported, as liberals reported higher trust in science than conservatives and moderates, but we did not detect a difference between moderates and conservatives [F (2) = 37.48, p < 0.001] (Figure 5). Similarly, H2 was partially supported, as all three groups differed significantly in their views on skepticism toward science [F (2) = 82.19, p < 0.001]. Conservatives expressed the most skepticism toward science, and liberals expressed the least (Figure 5). H3 was partially supported by the ANOVA for political ideology and perceived risk of COVID-19 [F (2) = 22.60, p < 0.001]. Liberals perceived more risk than both moderates and conservatives, who did not differ significantly in their views of risk (Figure 5). H4 was also partially supported by the ANOVA for COVID-19 origins [F (2) = 12.44, p < 0.001]. Liberals believed in a wildlife origin of COVID-19 more than both moderates and conservatives, who did not differ significantly (Figure 5). H5 was partially supported by the ANOVA for political ideology and wildlife trade [F (2) = 12.07, p < 0.001]. Liberals were more likely to support restrictions on wildlife trade than both conservatives and moderates, who did not differ significantly (Figure 5).
[image: Figure 5]FIGURE 5 | Means with 95% confidence intervals for study variables regarding attitudes toward science and the COVID-19 pandemic grouped by political ideology. Significant differences (p < 0.01) revealed by a post-hoc Tukey’s Test are denoted by letters above each bar. Groups sharing the same letter are not significantly different from each other. Measured on a 7 pt Likert scale where 1 = ‘strongly disagree’ and 7 = ‘strongly agree’. The dashed line through point 4 on the y-axis represents the ‘neutral’ choice within the 7 pt Likert Scale.
Liberals differed significantly from both conservatives and moderates in their perceived validity of the Nature Science study, and conservatives did not differ significantly from moderates [F (2) = 23.56, p < 0.001]. Mean perceived validity of the Nature Science article was highest among liberals, followed by moderates and then conservatives (Figure 5). The results of the baseline regression model, model 1, did not detect direct effects of the technocratic (β = −0.06, p = 0.43) or regulatory framing (β = 0.04, p = 0.59) on perceived study validity, and accounted for 4% of the variation in perceived study validity (R2 = 0.040). Mean values showed that, across all political groups, individuals exposed to the regulatory framing perceived only slightly higher study validity than individuals exposed to the control or technocratic group (Table 2). Model 2 included the dummy variables for political ideology without any interactions and accounted for 7.2% of the variation in perceived validity of the Nature Science study (R2 = 0.072). Results revealed that liberals (β = 0.52, p < 0.001) and moderates (β = 0.20, p = 0.003) found the Nature Science study more valid than conservatives. Model 3 examined the interaction between political ideology and each framing treatment, and accounted for approximately 7.6% of the variation in perceived study validity (R2 = 0.076) (Table 3). A significant interaction between the technocratic framing and the liberal dummy variable (β = −0.36, p = 0.05) partially supported H6. The plot of the interaction effect suggests that liberals who received the technocratic framing found the study less valid than the control group, and conservatives who received the technocratic framing found the study slightly more valid than the control group (Figure 6). We did not detect a significant interaction between the moderate dummy variable and the technocratic framing (β = −0.04, p = 0.82). This is also reflected in Figure 6, as moderates did not appear to differ in their perceived study validity between the group that received the technocratic framing and the one that received the control. H7 was not supported, as we did not detect a significant interaction effect on perceived study validity for the regulatory framing for the liberal dummy variable (β = 0.02, p = 0.92) or the moderate dummy variable (β = 0.14, p = 0.41).
TABLE 2 | Means and standard deviations for the perceived study validity variable by message framing treatment group and political ideology.
[image: Table 2]TABLE 3 | Multiple regression modeling the effects of political ideology and treatment group on perceived study validity of the Nature Science article.
[image: Table 3][image: Figure 6]FIGURE 6 | Predicted means based on OLS regression model 3 with 95% confidence interval error bars for perceived validity of the Nature Science study, grouped by political ideology and treatment group.
DISCUSSION
Our results suggest political ideologies predict divergent views of scientific evidence (in general) and evidence about surrounding the wildlife origins of COVID-19 (specifically) in the United States. The patterns we observed build on prior research. Namely, liberals trusted science more and were less skeptical of science than both conservatives and moderates. This finding aligns with the trend of conservatives expressing less trust in science as science becomes more politicized over time (Gauchat, 2012; Nisbet et al., 2015; Funk et al., 2019). Liberals also perceived more risk from COVID-19 than conservatives and moderates, which aligns with another study suggesting conservatism was associated with less perceived individual vulnerability to COVID-19 and lower perceived severity of the pandemic (Calvillo et al., 2020). Our study also elucidates how political ideology influences topics relevant to the novel coronavirus by showing that liberals, on average, reported believing in a COVID-19 wildlife origin and supporting restrictions on wildlife trade to combat zoonotic disease more than conservatives and moderates. These results align with and reinforce initial reports that conservatives are more likely to believe conspiracy theories that COVID-19 was produced in a laboratory setting (Jiang et al., 2020; Romer and Jamieson, 2020). Together, these findings are crucial for assisting policymaking in the era of COVID-19, as policy development surrounding the disease will hinge on trust in scientific expertise and decision-makers advocating for disease management (Cairney and Wellstead, 2020). They also underscore the importance of developing strategies for effectively communicating in a way that increases the perceived validity of science surrounding the pandemic, especially when politicians are inclined to use uncertainty and misinformation that appeals to political ideologies to reduce support for science-based policies (Cinelli et al., 2020; Kreps and Kriner, 2020).
Our results also contribute to research on communicating about zoonotic disease through the One Health lens by highlighting how cultural cognitions shape public consumption of related science (Kahan et al., 2011). Our investigation of different message frames related to the zoonotic origins of COVID-19 yielded two key conclusions. First, strategic framing based on cultural worldviews likely shapes how people in the United States respond to COVID-19 science, but with relatively small impacts. For instance, technocratic framing was only slightly effective in increasing perceived study validity among those with conservative ideology (as compared to conservatives in the control group). However, we did detect a significant drop in perceived study validity for liberals who received the technocratic framing as compared to those in the control group. These results are comparable to those of a study employing cultural worldviews to understand perceptions of climate change. Kahan et al. (2015) found that the technocratic framing (a framing that highlighted a geoengineering approach to climate change) increased perceived study validity among those with individualistic worldviews and decreased it among communitarians. In another study, cultural worldview influenced perceived benefits and risk of nanotechnology, with communitarians less likely than individualists to recognize the benefits of nanotechnology as compared to the risks (Kahan et al., 2008). Similarly, our results suggest that cultural appeals rooted in technological framings may negatively influence perceptions of COVID-related messaging for those with a liberal ideology. Liberals’ apparent distrust of the technocratically framed article may be explained by the cultural cognition thesis, which posits that those who hold communitarian values, including political liberals, are more concerned about technological risks than more conservative people (Douglas and Wildavsky, 1983; Kahan et al., 2008). This idea has been supported by studies in the domains of nanotechnology (Kahan et al., 2008), nuclear power (Peters and Slovic, 1996), and genetically modified foods (Finucane, 2002). Thus those with liberal ideology are likely skeptical of the safety and efficacy of technological solutions to wildlife diseases due to cultural cognition. If issues surrounding science continue to be politicized in the coming years, or grow even more politicized as some predict (Gauchat, 2012; Funk et al., 2019), an enhanced understanding of the effects of cultural cognition on information processing will be crucial to improve the efficacy of science communication and inform research and practice.
The absence of an interaction between regulatory framing and political identity in the context of COVID-19 should be interpreted with caution. As implied above, among conservatives, regulatory framing may not differentially impede trust or trigger distrust in the science surrounding zoonoses in the way that it does for potentially more politically charged domains such as climate change (Kahan et al., 2015). For liberals, the regulatory framing of the study treatment might not have adequately activated communitarian values, thereby generating a negligible response. The novelty of the COVID-19 pandemic may play a role here as well, as members of the public may be less inclined to acknowledge direct links between human health and environmental conservation. New message frames that incorporate more diverse aspects of One Health communication, including those that highlight the importance of habitat conservation as a disease mitigation strategy (Deem et al., 2001), might be more effective at influencing the behavior of liberal audiences.
Our results suggest the regulatory and technocratic framings had little to no effect among self-identified moderates. This may be a result of the message content or a result of the political ideology of those in the moderate group. Unlike politicized and polarized topics such as climate change, zoonoses may be a neutral subject among moderates. Studies have also suggested that the moderate label is a poor indicator of politically central ideals. Instead, some researchers argue the self-reported moderate label is a result of respondents attempting to describe their preferences on a single scale, when in reality they prefer a mix of policies that span the political spectrum (Ahler and Broockman, 2014). This conglomeration of diverse views may drown out differences that exist within the group. Collectively, these findings regarding the influence of cultural cognition and political ideology suggest that science communicators should carefully consider the political leanings of target audiences when framing information regarding zoonotic diseases, especially within the context of the COVID-19 pandemic.
Another aspect of our study that should be noted was that, despite statistical significance, the interaction term in our model displayed low predictive power. This leads to our second conclusion that although politically motivated message framing is important when communicating about science topics, such framing might be less relevant in the case of zoonotic diseases. While strategic framing is undoubtedly influential, direct and descriptive zoonotic disease communication frames that intentionally avoid activation of cultural cognitions and values may ultimately be the safest (i.e., less polarizing and contentious) approach to influencing the beliefs and behaviors of politically diverse audiences. One possible explanation for the relatively small influence of framing and political ideology in our study is that discussions of the zoonotic origins of COVID-19 were quickly marginalized when the media began to focus myopically on polarizing issues (Hart et al., 2020) such as mask wearing (Utych, 2020) and vaccines (Puri et al., 2020).
Limitations and Future Research
One of the primary limitations associated with this study was the possibility of omitted variable bias. Given the relatively low explanatory power of our final model, there are likely other key variables contributing to the perceived validity of the Nature Science article that were not included. For example, profession be relevant if individuals who are trained as scientists or health professionals are more likely to trust science (Krause et al., 2019), and exposure to COVID-19 could be relevant if those who have experienced the disease are more likely to believe the science of it. Initial results suggest that the lived experience of nurses during COVID-19 influenced their mental state by inducing fear, stress, and anxiety (Karimi et al., 2020). Furthermore, obese individuals reported experiencing fear and anxiety because of the pandemic and their status as a vulnerable population (Grannell et al., 2020). Future research should seek to illuminate how the lived experience of the COVID-19 virus, especially for those strongly affected by it or vulnerable to it, influences cultural cognitions.
Another limitation of this study is the use of a sample of United States respondents. The generalizability of these results cannot be assumed for an international audience. Future research should examine how cultural worldviews influence science communication about zoonoses in other countries beyond the United States where the split between political groups may be different. Specifically, liberal and conservative ideologies do not parallel political parties in other international contexts as closely as they do in the United States, where they have become seemingly inseparable (Pew Research Center, 2017). For example, eight distinct political groups across a wide ideological spectrum held seats in the European Parliament in 2019 (Pew Research Center, 2019). Nevertheless, various forms of political polarization and conflicting ideologies abound globally and consistently present challenges for effective communication (Carothers and O’Donohue, 2019). This underscores the importance of understanding cultural cognitions, however they manifest, to inform strategic communication and messaging around contentious issues such as COVID-19.
Another notable limitation is that our two-item scale for “perceived validity” of our fictional Nature Science communication failed to produce a reliability coefficient above the recommended cutoff of α = 0.70 (Nunnally, 1978). The two items we removed from the scale were reverse-coded and later recoded to match the positive wording of the other items. Scales using reverse-coded items reduce acquiescence bias, but also reduce reliability scores (Weems and Onwuegbuzie, 2001; Boley et al., 2020). The use of scale measures that were all positively worded may improve scale reliability in the future. Additionally, we closely adapted our fictional message frames from Kahan et al. (2015), which could be problematic if COVID-19 requires a drastically different approach to communication compared to other issues such as climate change. Specifically, the cultural meanings associated with COVID-19, and the mechanisms for best evoking them, are not yet well understood.
Another possible limitation for this study is self-report accuracy. While the wordings and questions were designed to be as clear as possible, some individuals might have found some questions or concepts confusing and responded inaccurately. Social desirability bias could come into play for questions regarding trust in science, assuming the respondent considers trust in science to be a socially desirable trait. However, social desirability bias may be less prominent in web (vs. face-to-face) surveys (Heerwegh, 2009). Another limitation is the use of online respondents, who are sometimes considered a less reliable source of data. However, due to the need for safe and rapid data collection, an online panel was the best option for this study as it comes close to national probability samples in terms of representativeness (Boas et al., 2018).
Future research should explore additional variables that may impact the perception of validity of scientific studies and explore the efficacy of alternative communication framings that might not be politically motivated. Gain and loss framing (Tversky and Kahneman, 1981), which can be influential in a conservation context (Jacobson et al., 2019), could be especially relevant to the COVID-19 pandemic, where the gains (lockdowns ending sooner, businesses reopening), and losses (deaths of loved ones, economic impacts) of behaviors to reduce the impact of the virus may be particularly salient. Future studies could also examine how the impacts of framing change over time, and how the efficacy of framings might differ as a function of the severity of the pandemic.
Finally, the fact that political ideology did not contribute to a large amount of variance in our model may be an artifact of the novelty and newfound salience of zoonoses in the domain of public science communication. Whereas media coverage of the origins of COVID-19 cast a relatively new spotlight on zoonotic disease, public and highly politicized debates about climate change have been simmering in the media for decades (Brulle et al., 2012). For many issues (e.g., climate change), confirmation bias compels individuals to process scientific information in ways that align with culturally congruent worldviews (Kahan et al., 2015). For respondents who have little previous experience with the concept of zoonoses, however, there may be no (or few) preexisting beliefs to confirm. Strategic communication in this context might be even more effective because heuristics that often bias interpretation of information are absent (Akin and Landrum, 2017). Disease management communication would benefit from future research examining how the United States news media, social media, and misinformation interact with cultural cognitions to influence perceptions of zoonotic disease.
Conclusions
Our results reinforce that wildlife management agencies and conservation organizations operate in an increasingly complex social and political environment, where they must consider nuanced values and worldviews in developing and communicating policy and management decisions (Manfredo et al., 2018). Furthermore, wildlife management is increasingly connected to broader issues and debates, presenting both potential opportunities and pitfalls. Given that zoonotic disease does not appear to be as controversial as other topics such as climate change, there may be space for wildlife agencies to proactively communicate about positive actions they are taking to help prevent occurrence and spread. For example, the United States Fish and Wildlife Service examines international shipments at ports across the country to prevent illegal transportation of animals and plants, which can help prevent the spread of wildlife diseases (U.S. Fish and Wildlife Service, 2019). Messaging that highlights these types of actions could align well with One Health communication initiatives and help wildlife management agencies proactively demonstrate the wide range of benefits that conservation can provide (Kellert et al., 2017). Effective science communication might also influence individual action to prevent the rise of zoonoses, as human interaction with wildlife is a key emergence factor (Alexander and McNutt, 2010). Inspired by One Health, interventions might involve partnerships between wildlife management (e.g., USFWS) and public health agencies (e.g., CDC) to provide proactive messaging about strategies for preventing zoonotic disease, such as keeping distances from wildlife and discouraging the purchasing of wildlife pets that may carry diseases (Chomel et al., 2007).
Our findings also highlight the importance of deploying effective communication framing that takes into account individuals’ cultural values and political ideologies, especially as it pertains to topics such as zoonotic disease and politicized issues such as COVID-19. Emerging framings surrounding the risk of zoonoses that emphasize regulation, including the One Health framing, have the potential to generate backlash with conservatives (Wildavsky, 1987; Kahan et al., 2008; Kahan et al., 2015), though we did not detect this effect in the present study. In particular, regulations on wildlife trade and movements to expand protected areas to minimize the threat of zoonoses, though promising from a One Health perspective (Jenkins et al., 2015; Bonilla-Aldana et al., 2020), may be met with resistance among groups with individualistic values (Kahan et al., 2011). Our results highlight a potential to improve the efficacy of message frames directed at conservative audiences by focusing instead on feats of human ingenuity used to manage wildlife disease. Content in this messaging might include disease tracing, culling of diseased animals, and vaccination of wildlife populations (Bosch et al., 2015; Grant et al., 2017), or just a purely descriptive communication of the science of wildlife disease management. However, future research is needed to clarify how conservatives respond to different forms of regulatory framing in the context of COVID-19 and how this might change over time. Some wildlife management agencies may already be experiencing a backlash against policies and actions that seek to broaden conservation agendas beyond a historic focus on game species (Manfredo et al., 2017). In these cases, strategic framing may have the potential to influence conservatives’ perceived validity of the science, which may enhance support for policy measures taken to prevent zoonotic diseases from emerging and spreading (Hanisch-Kirkbride et al., 2013).
On the other hand, technocratic solutions rooted in human ingenuity are not the only factors needed to effectively prevent the emergence and spread of zoonoses (Langwig et al., 2015). In fact, overemphasis on these approaches might be unpalatable to those with liberal and communitarian ideologies. Therefore, communication aimed at liberal audiences might focus on broader conservation goals while avoiding discussing tactics such as culling populations of threatened or endangered wildlife (Nugent, 2011; White et al., 2011; van Herten et al., 2019). Ultimately, a combination of these approaches is likely needed to effectively connect with different audiences and reduce the threat of zoonotic global outbreaks such as COVID-19 (Bosch et al., 2015; Cunningham, et al., 2017; Grant et al., 2017). Such dilemmas highlight the growing importance of risk communication surrounding zoonotic disease and the need for strategic messaging to target distinct populations in order to achieve collective management goals and reduce the impacts of future pandemics on human health and environmental health.
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TRUST2: Even if it brings no immediate benefits, scientific research is necessary and should be supported by the
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TRUSTS: Overall, the benefits of scientific research have outweighed any harmiul effects
TRUST4: Most scientists want to work on things that will make lite better for the average person
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TRUST6: We should trust that scientists are being honest in their work
Skepticism toward science
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On a scale of 0-10 with 0 being “no risk at all” and 10 meaning “extreme risk,"
RISK4: How much risk would you say diseases people can catch from wildife pose to human health, safety, and
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