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Abstract

Scientists have developed a strong consensus that Earth’s climate is changing and that

human activities play an important role in these changes. However, current research shows

that in the United States, there is significant partisan polarization on climate change and its

causes, leading to climate denialism. In this paper, we shed light on the political and social

determinants of climate action. Using a May 2022 nationally representative survey of Ameri-

can registered voters (n = 2,096), we examine the multivariate correlates of trust in univer-

sity research and opinions about climate change. Our results confirm that segments of the

American electorate do not believe climate change is a problem for the United States and

that climate change is not a consequence of human activities. But we also show that part of

the problem regarding climate denialism is a lack of trust in university research. We argue

for a comprehensive four-stage research strategy based on the empirical results. First,

more research must be done to understand who trusts or distrusts university research on cli-

mate change and who is persuadable. Second, more research is needed on climate com-

munication framing and messaging. Third, additional research on appropriate messaging is

necessary. Finally, we need to develop a culture of trust in climate research and how it is

communicated across society.

1 Introduction

For many decades, scientists have published research findings that indicate the Earth’s climate

is changing and that human behavior plays an important role in these changes. In the last ten

years meta-analyses of scientific studies on climate change found evidence of a strong consen-

sus in the literature, with virtually all published papers agreeing that climate change is real and

is being affected by human activities [1,2]. This consensus has been reached over many

decades and has won recognition from credible intergovernmental organizations and scientific

groups. For example, in the early 1990’s the Intergovernmental Panel on Climate Change pro-

duced the first two (of six) assessments that provide detailed analyses of how the Earth’s
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climate is changing and the scientific evidence for those changes [3]. By 2004, researchers were

reporting that all important scientific organizations whose members had expertise in climate

science agreed that climate change was real and that it was being influenced by human behav-

ior—and that most papers published in scientific journals reflected this consensus [4].

In the United States, however, there is significant partisan polarization on issues related to

climate change and its causes, with many Republicans disbelieving that climate change is

occurring or disagreeing with scientific findings that show climate change is a result of human

activities [5]. This “climate denial” narrative may be the result of corporate rhetoric and the

activities of some non-profit organizations [6,7]. Interest groups and business associations also

have provided resources for political efforts to both political parties, further fueling partisan

polarization regarding climate change and its origins in human activities [8–11].

Climate denialism in American popular opinion, and its association with Republican politi-

cal elites and organizations, is in sharp contrast to the scientific consensus about climate

change. That significant climate denialism exists in the United States, despite the scientific

research showing that climate change is real and that it is being influenced by human activities,

has generated significant frustration in the climate science community. This frustration has

reached such a point that some climate scientists have recently argued “for scientists to agree

to a moratorium on climate change research as a means to first expose, then renegotiate, the

broken science-society contract” [12]. These authors also implied putting social science-driven

climate research on the backstage of global climate research.

In their call for a climate science moratorium [12], argue that social science has not been

effective in helping resolve the gap between the climate scientists and climate deniers. We

believe that this is incorrect, and instead we assert that now is a moment where social science

can be more relevant than it has been in the past regarding climate change and sustainability

and where social science can help to understand contemporary science denialism [13].

Public trust in science is affected by polarization stemming from psychological, political,

and ideological beliefs. People tend to ignore information that goes against their political or

personal beliefs, which can lead to polarization over science [14]. Prior research suggests two

interrelated behavioral processes may be associated with political polarization over science:

Psychological Science Rejection (PSR) and Ideological Science Rejection (ISR). Rekker (2021)

presents a useful conceptual framework for for understanding how polarization may be driven

by scientific claims, facts, and political beliefs (see Fig 1 in [14]). Studies have shown that PSR

may have increased over time, especially in the United States, where people show more sympa-

thy for political or ideological “in-groups” and more hostility towards “out-groups” [15–17].

The ISR perspective sheds light on the rise of populism and declining political trust, new ideol-

ogies that contest science, and the polarizing effect of media and communication environ-

ments. Gauchat (2012) [17], for instance, shows how the rise of the New Right in the U.S.

coincides with increased polarisation regarding public trust in science. Similarly, some media

treat science as ‘relativistic’, i.e., producing coverage of scientific issues as just one opinion

among others, and exposing a ‘false balance’ between scientists and skeptics can distort citi-

zens’ perceptions of expert opinion on issues like vaccines and climate change [18,19]. More-

over, studies have also shown that increases in PSR and ISR may also be explained by

education attainment as more politically sophisticated citizens have a stronger tendency to

align with political elites [14].

Building on theories like ISR and PSR, we shed light on the political and social determi-

nants of climate action. We conceptualize trust in science in relational and institutional terms

(discussed in detail in Section 2) use empirical modelling to examine how trust in science is

associated with opinions about climate change and who is more trusting of science. Using

multivariate analysis of a recent population-representative survey of American registered
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voters, we study the factors associated with trust in university research. Thus, our paper explic-

itly evaluates the following questions in the context of public opinion in the United States: i)

How is trust in science associated with belief in the importance of climate change as a prob-

lem? ii) How is trust in science associated with beliefs about whether climate change is caused

by humans or nature? iii) Who trusts university research centers? Empirical studies like ours

are few in the literature, underscores our call for more research like ours.

In this paper, we engage in this debate using data from a recently conducted nationally rep-

resentative survey of American registered voters (n = 2,096). Our analysis shows that there are

segments of the American electorate who do not believe that climate change is a problem for

the United States and that climate change is not a consequence of human activities, thus updat-

ing previous research. But we also show that part of the problem regarding climate denialism

can be a lack of relational or institutional trust in research universities (and, by extension,

research science). Our research, coming from a long-standing tradition of academic social sci-

ence research using representative surveys of public opinion and behavior, shows that this lack

of trust has links to climate denialism associated with the anthropogenic cause of climate

change. Thus, the path towards a solution to climate denialism is not for climate scientists to

go on strike, but rather for universities and scientists to work to re-establish public trust and

confidence in our research.

2 Background

2.1 Trust in science and university research

Previous studies have shown that Americans’ trust in scientists has historically been high, but

there are differences in Americans’ trust in science across regional, religious, and partisan lines

[20]. More generally, misinformation about science arises from many sources, including indi-

vidual, group, and societal level factors [10,21]. Past research has identified a variety of factors

as being associated with a lack of trust in climate science:

political conservativism [10,20,22–25]; expert cultures and skeptic rationalization [26–28];

and institutional transparency, fairness and public accountability [11,29,30]. Rekker [14] fur-

ther generalized these factors associated with political polarization regarding science into two

interrelated processes: Psychological Science Rejection (PSR) and Ideological Science Rejec-

tion (ISR).

This lack of trust in climate science has critical environmental, social and political conse-

quences [11]. It weakens the science-society compact [12] and enables the active resistance of

powerful actors with vested interests to change the status quo from which they disproportion-

ately profit [13]. To bridge this trust gap, scholars have studied how to “manage trust” in ways

that can strengthen climate action and decision-making. First, trust is a psychological state

that is context-specific, involving a trustor and a trustee whose interaction is asymmetric and

action-specific [13,29,31]). However, secondly there is no clear understanding of how trust

operates at the science-policy interface, which in turn limits the uptake of climate science into

policymaking processes [32–35]. Third, it is important to consider maintaining a balance

between excessive trust (faith, favoritism, contentment, loyalty) and insufficient trust (skepti-

cism, impartiality, exigency, opportunism) [31].

Cross-national social science research has shown that the public wants scientists to play an

active role in the science-policy interface of climate change mitigation that includes advocacy

and engagement [4,36]. On a public policy scale, recent evidence shows that public acceptance

is a precondition for implementing policies like climate change taxes (carbon taxes) [30]. In

this context, factors like distributional fairness, effectiveness and concerns about climate

change were found to be strongly associated with public opinion about climate policy [30,37].

PLOS CLIMATE America’s trust in climate change
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Previous research has also shown that knowledge is positively related to climate change

opinions, although knowledge alone is not a sufficient precondition to public acceptance of cli-

mate policies [38]. Public engagement and accountability by scientists are critical drivers of

knowledge translation, further influencing public acceptance of climate research [28,29]. Berg-

quist et al.’s (2022) meta-analysis found knowledge to be weakly related to public opinion

about climate change taxes and laws with no significant differences between subjective and

objective knowledge [30]. Also other factors like trust, values and demographic factors (like

education, age, income and gender) were not strongly correlated with climate change opinions

[11,29,30].

In the case of the United States, opponents and critics of the scientific consensus over

anthropogenic climate change have been much more vocal and influential globally. As a result,

climate deniers have been successful in confusing public opinion and delaying decisive action

[4,39]. However, the origins and motives of the climate change denial movement are highly

complex and defined by ideological forces shaped by Republican politics over the last few

decades, which bodes ill for climate science and university research [40,41]. For example, a

2016 poll of U.S. adults (n = 1534) found that conservative Republicans are more likely to

believe that climate research findings are influenced by scientists’ desire to advance their

careers (57%) or their political leanings (54%) most of the time [42]. Moreover, this group is

less inclined to anticipate adverse effects from climate change or to judge proposed solutions

as making any difference in mitigation.

Additionally, this poll found a stark division in opinions about the causes of global climate

change. Nearly 50% of U.S. adults say climate change is due to human activity. A similar per-

centage says either that the Earth’s warming stems from natural causes or that there is no evi-

dence of warming [42]. This poll also found that most Americans (*67%) say climate

scientists should have a role in policy decisions about climate issues, with *23% saying that

climate scientists should play only a minor role, and about 9% saying that climate scientists

should play no role at all in climate policy [42]. This divide between whether scientists should

have a role in policy decisions or not fuels skepticism, with *22% of the Americans having no

trust or not too much trust in climate scientists [42]. In this paper, we update and extend these

earlier studies using recent nationally representative survey data and detailed multivariate

analyses.

2.2 Conceptualizing trust in climate science

Climate change is a global challenge and needs an interdisciplinary collaborative approach to

understand and address this ‘wicked problem’. Climate science provides a crucial intersec-

tional example for examining public trust in science (and research). The Intergovernmental

Panel on Climate Change (IPCC) emphasizes that public confidence in climate science is

needed to ensure that the public and governments that receive their mandates from the public

implement consensual mitigation and adaptation policies to prevent the predicted devastation

from further global warming [29,43].

There is little interdisciplinary agreement on how to conceptualize trust or distrust. Fage-

Butler et al., [29] provide a meta-narrative literature review of the interdisciplinary meaning of

trust in climate science. The authors argue that there are six key narratives of trust in the cli-

mate science literature, attitudinal, cognitive, affective, contextual, communicated, and contin-

gent (that there are six key narratives underscores the lack of consensus about how to

conceptualize trust). In our work we focus on one specific type of attitudinal trust, namely sur-

vey-based measurement of trust in university research centers. As we describe in detail below,

we use a national survey to ask subjects about whether they trust university research centers.

PLOS CLIMATE America’s trust in climate change
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Fage-Butler et al. note that this type of attitudinal trust is relational in nature. In their paper

they state that “Relational trust, on the other hand is more specific; it is articulated with respect

to particular institutions or certain actors as sources of information or as those taking some

form of action on climate change.” [29] Thus in our paper we define trust in this attitudinal-

relational manner, which is quite similar to what other researchers have called “institutional

trust.”

Many scholars have defined trust in this way, and measures of institutional trust like the

one we use in this paper have been included in surveys for decades. This has produced an

extensive literature that studies attitudinal trust in many different institutions and organiza-

tions. There are important social science studies about trust in governmental institutions

[44,45], trust in the news media [46], in how governments responded to the COVID-19 pan-

demic [47], and of course in the many institutions and organizations that work in the climate

change and sustainability area [48].

In the institutional trust literature, emphasis is placed on the relationship between institu-

tional performance and institutional trust. [49] This of course makes sense; individuals interact

with institutions, hear about the experiences of others with the institutions, and they develop

trust (or a lack of trust) based on this information. If the institutional experience is not posi-

tive, for example in situations where the institutions are corrupt, those negative experiences

can diminish trust in institutions [50,51].

However, we are not studying trust in governmental institutions, or other major organiza-

tions like the news media. Rather we are studying trust in scientists and specifically in univer-

sity research centers, which are unlikely to be institutions that many Americans have a direct

experience with. Thus, the evaluations of many Americans towards scientists and university

research centers, and their trust in those institutions, may be based less on direct experience

but more on heuristics like partisanship, ideology, and religiosity [52–55]. These factors form

an important component of our model for trust in university research science centers, as we

discuss in the next section.

3 Materials and methods

Data and survey design

The survey data we use in our analysis was collected May 18–24, 2022. The survey was imple-

mented online by YouGov, using respondents from their online opt-in panel to be representa-

tive of all U.S registered voters. For this study, the sample definition was self-reported active

registered voters in the U.S., who were stratified on age (18–29, 30–44, 45–64, and 65+), race/

ethnicity (white non-Hispanic, Black, Hispanic, and other), gender (male, female), education

(high school or less, some college, college graduates, and post-graduate), and geographic

region (Northeast, Midwest, South, West). The population targets for these strata come from

model estimates by YouGov using the 2019 American Community Survey and November

2020 Current Population Survey, conducted by the U.S. Bureau of the Census, and TargetS-

mart Voter Files.

This sample was weighted to gender, age, race, education, geographic region, and vote in

the 2020 U.S. Presidential election. The weights were developed using a raking methodology

[56]. Raking is commonly used in survey methodology for estimating weights when the popu-

lation information is not completely known, usually situations where the univariate population

parameters are known but their multivariate distributions are not known. Raking proceeds

iteratively: it starts by post-stratification of the sample using one population feature, then the

next feature, and so on until the weight variable no longer changes. The weights range from

0.1 to 4.2, with a mean of 1.0 and a standard deviation of 0.4. The implied design effect for

PLOS CLIMATE America’s trust in climate change
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unequal weights is 7.7%. With this adjustment, the margin of error for population proportions

would be 2.3%.

There are many potential sources of variance and bias that tend to inflate the root mean

squared error above the reported margin of error. The sampling frame does not include any

voters without access to the internet (representing approximately 7% of the U.S. population),

but the sample is balanced on the variables described above to the population of adult voters.

Participation in the panel is voluntary and potentially correlated with variables measured in

the survey. The estimates are approximately unbiased if sample selection is conditionally inde-

pendent of survey variables conditional upon the weighting variables and target population

estimates are consistent. Similar assumptions are needed for alternative sampling methodolo-

gies and interviewing modes.

The survey included a number of questions about climate change. We use three questions

from our survey as dependent variables in the analyses that we report in the next section of

this paper. The wording of these questions is presented in Table 1.

For our purposes, two of those climate change questions are used in our analysis: how

important is climate change as an issue for the U.S. in the next decade, and whether climate

change is caused by human activities or is a natural event. The responses to those questions

form the dependent variables in two of our models. In the original survey data, the importance

of climate change question had four answers: that it is very important, somewhat important,

not important, or is not a problem. We recode these four categories into important (very or

somewhat important) and not important (not important or not a problem). We recode this

dependent variable to be binary for ease of interpretation, in the paper’s S1 Text we present

alternative model specifications that analyze the four-category ordinal variable; those models

produce results that are more difficult to interpret but which are substantively similar to the

results we report in the paper.

The cause of climate change question in our survey had only two responses, whether cli-

mate change was caused by human activities or is a natural event. We used this two-response

format in our survey to align the survey responses the recent scientific consensus from the

IPCC that while climate is always changing due to natural forces, human activities have accel-

erated this change. For our analysis we use this dichotomy, that climate change is being caused

by human activities or by natural events.

The original response distributions for both of these questions from our survey are given in

Table A in the S1 Text. As we discuss below, as these two outcome variables are binary

responses, we use logistic regression to estimate the model coefficients and standard errors.

The important feature in all our models is trust in university research centers. In our survey,

we asked respondents a number of questions about their trust in different institutions, and for

this analysis we use the responses to the question asking if they trust in research university cen-

ters. The answers to that question provide the dependent variable for another of our statistical

models (see Fig 1, further details is presented in the S1 Text).

Empirical models

The three models contain a number of other measures from the survey. First, we include mea-

sures of domain specific information (questions that assess the respondent’s knowledge about

climate change) and general political information (questions that measure the respondent’s

knowledge about American politics). The wording of both our domain specific and general

political information questions are in Table 1 and in the Supplementary Information. Finally,

our models contain measures controlling for race and ethnicity, gender, educational attain-

ment, region, religious affiliation, frequency of attending religious services, partisanship,

PLOS CLIMATE America’s trust in climate change
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ideology, and news sources. Additional information about these variables in Table 1 and the

S1 Text.

First, we estimate a logistic regression model for the importance of climate change. The crit-

ical hypotheses that we test with this model regard partisan and ideological polarization, as we

expect to find that more liberal and Democratic registered voters are more likely to respond

Table 1. The wording of the survey questions used in this study. Further details about the dependable variables are presented in Table A to Table D in the S1 Text.

Question framing Preamble Response choices

Climate change importance:

How much of a problem do you believe climate change

may be in the next ten years for the United States?

Climate change has been in the news recently.

Climate change is based on the observation that the Earth’s average

temperature has been increasing for the past 150 years.

Very important problem;

Somewhat important problem;

Not very important problem;

Not a problem at all

Climate change cause:

How about you? Do you think that climate change is

caused by human activities or that it is a natural event?

Some people say that climate change is caused by human activities. Others

say that climate change is a natural event.

Human activities;

Natural event

University research centres:

How much do you trust each of the following

institutions?

One a scale from 0 to 10, where 0 means you don’t trust the institution at

all and 10 means you trust it completely

0 (no trust) - 10 (Complete

trust)

Demographic features:

General

Gender (Woman;Man);

Race (Black; Hispanic/Latino; Other; White);

Education attainment (Ed) (High School (HS) or less;

College graduate; Some college; Postgraduate);

Age: In what year were you born?

Region (South; Midwest; Northeast; West)

Select one choice

Demographic identity:

Religious denomination (Rel)

How do you identify your religious group? Protestant; Catholic; Jewish;

Others

Demographic identity:

Religious Service Attendance (Attend)

How frequently do you visit your place of worship? Frequently; Often; Sometimes;

Never

Political identity:

Partisanship

Generally speaking, do you think of yourself as a. . .? Republican; Democratic;

Independent, Other, Not sure

Political identity:

Ideology

In politics today, do you generally think of yourself as. . .? Extremely liberal, Liberal,

Slightly Liberal,

Moderate, Slightly

Conservative,

Conservative, Extremely

conservative, Don’t know

Information sources (News) What was the source of your environmental and political news in the past

week?

Environment info: TV; Radio;

Print; Online

Political info:

TV; Radio; Print; Online

Domain-specific information:

Environment info

The global average temperature increased between 1901 and 2016 by:

(1.1F, 1.8F, 2.5, 5F);

How many weather- and climate-related billion dollar disastersdid the U.

S. experience in 2020? (5, 12, 20, 35);

What was the costliest hurricane in U.S. history?

(Katrina, Harvey, Sandy, Andrew);

The sea level along the U.S. coastline is predicted to rise in the next 30

years by: (2–3 inches, 5–6 inches, 10–12 inches, 24–26 inches)

Is the United States a party to the Paris Agreement, an internationaltreaty

seeking to limit global warming? (Yes, No)

Select one choice

Domain-specific information:

Political info

What office does Kamala Harris hold?:

(U.S. Senator, Vice President, Secretary of State, Governor);

What office does Samuel Alito hold? (Speaker of the House,

Supreme Court Justice, Secretary of Defense, U.S. Senator); 3. How many

representatives are there in the U.S. Congress? (435, 100, 50, 500);

Who is the Secretary of Treasury: (Janet Yellen, Jerome Powell,

Deb Haaland, Steven Mnuchin)

Who is the Secretary of Defense? (Lloyd Austin, Merrick Garland,

Anthony Blinken, Xavier Becerra)

Select one choice

https://doi.org/10.1371/journal.pclm.0000147.t001
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Fig 1. Distributions of dependent measures (in %, n = 2,096).

https://doi.org/10.1371/journal.pclm.0000147.g001
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that climate change is an important problem for the U.S. The other critical hypothesis is that

controlling for partisanship, ideology, and all of the other features in our model, we expect to

see that voters with low or moderate trust in university research centers will be less likely to

respond that climate change is an important problem, relative to those with high trust in uni-

versity research centers (we recode the trust responses into these three categories to simplify

the analysis).

Second, we study whether our survey respondents respond that climate change is being

caused by human action or by natural changes. Again, the key hypotheses regard partisanship

and ideology, as we expect to find that those who are ideologically liberal or who are Demo-

cratic are more likely to respond that climate change is caused by human activity, than are con-

servatives or Republicans. The other key hypothesis is that controlling for these political and

ideological factors (and the others in the model), those who have low or moderate trust in uni-

versity research scientists will be less likely to respond that climate change is caused by human

actions than are those with high trust.

In our case, the logistic regression model has a functional form (following [57]):

pij ¼ Prðyi ¼ jjXijÞ ¼ FðXijbÞ ð1Þ

where i indexes individuals, j indexes alternatives, Xijβ represents the linear function of coeffi-

cients β and features Xij in our model, and F represents the logistic transformation. Our mod-

els have binary outcomes (so j = 1), and our features (Xij) represent the set of demographics,

identity-related, partisan and ideological, and trust variables discussed above. In particular, we

rely on self-reported levels trust in university centers as a measure of relational trust. We ask

respondents to report levels of trust towards a generic class of institutions which perform sci-

entific research. One way to interpret this model is that we measure the extent to which self-

identified high-trust and low-trust respondents report agreement with the scientific consensus

related to climate change. As the logistic regression model is nonlinear, we provide the nonlin-

ear estimates in the paper’s S1 Text and present the estimated average marginal effects below

in the paper [57].

The final research question we discuss in the next section regards who trusts university

researchers. Establishing this will provide insight into our paper’s closing discussion regarding

how climate change scientists might reframe or change their approach to public messaging

about the importance and causes of climate change. This model has as a dependent variable

response to our survey’s trust in university research centers question: as that question gave

respondents the ability to use a 0–10 scale, we will use ordinary least squares regression to esti-

mate the parameters of this model. Here, we estimate the correlates of self-reported levels of

trust in university researcher centers directly. This allows us to make inferences related to

which demographic variables are correlated with self-reported levels of trust in relation to an

important class of scientific institutions.

As we use ordinary least squares regression, the model parameters are easier to depict and

interpret (following [58]):

yi ¼ aþ b1Xi1 þ b2Xi2 þ . . .þ mi ð2Þ

where yi is our outcome variable, i indexes individuals, α is a constant, βk are coefficients to

estimate, the Xik are the k features in our model, and μi is an error term. Ordinary least squares

regression estimates can be interpreted directly, and thus we provide in the paper the coeffi-

cients and their estimated standard errors in graphical form.

As discussed above, the YouGov provided the survey weights which was used to adjust the

sample to make inferences for the national population of American registered voters (these
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weights are discussed in more detail in the S1 Text. To use these weights in our logistic models

and regression analyses, we estimate these models using the ‘survey’ package in R [56,59].

4 Results

4.1 Is climate change a problem?

We begin with our model that provides results for the registered voter’s opinion that climate

change is an important problem. For the purposes of our analysis, we have recorded the four

responses to our question into a simple dichotomy, important (very or somewhat important)

or not important (not very important or not a problem at all). This allows us to estimate the

model using logistic regression, and we report the logistic regression coefficient estimates and

confidence intervals in the Supplementary Information (see Fig A and Table E in S1 Text). In

order to produce more easily understood estimates, we transform the logistic regression results

into average marginal effects, which for this first model are shown in Fig 2. This allows easy

comparison of the estimated magnitude of each feature’s correlation with the outcome, con-

trolling for the other features in the model.

Starting with the demographic features in the model, we see a few statistically significant

demographic features in this model. The first regards age: relative to those under 30, these

results indicate that those aged 45 to 64 and those aged 65 and older are less likely to say that

climate change is an important problem. We also see that women are more likely than men to

say that climate change is an important problem, though the estimate is of slight magnitude.

The other demographic features—race/ethnicity, education, region, religious affiliation and

attendance—do not produce results that are statistically distinct from zero.

Next, in these results we see some statistically significant information and information

source associations. Those who score higher on our domain-specific environmental informa-

tion scale are more likely to say that climate change is an important problem for the U.S.,

while those who score higher on our political information scale are less likely to say that cli-

mate change is an important problem; both of these estimates are of relatively small magni-

tude. Similarly for information sources, the results reported in Fig 2 indicate that those who

follow the news on television or print are more likely to believe that climate change is an

important issue. We do not obtain statistically significant results regarding those who get their

information from radio or online sources.

Next, in this model we see statistically significant and relatively sizeable estimates for the

political features: partisanship and ideology. Relative to Republicans, we see that Democrats

are more likely to say that climate change is an important problem. And relative to conserva-

tives, those who identify as moderates or liberals are more likely to say that climate change is

an important problem in the U.S. These estimates are larger in magnitude that any of the

demographic and informational features in the model.

Finally, and perhaps most importantly, at the top of the graph we present the average mar-

ginal effects for two of the response categories for our trust in science feature (here the baseline

category is high trust). These results indicate that registered voters in our sample who say they

have low trust in science are much less likely to respond that climate change is an important

problem in the U.S, relative to those who have high trust. Also, those who said that they have

moderate levels of trust in scientists are less likely to say that climate change is an important

problem in the U.S, relative to those who have high trust. These results are statistically signifi-

cant, and of sizable magnitude (roughly comparable in magnitude to the estimated average

marginal effects for partisanship and ideology).

In conclusion, so far, we have established that trust in science is strongly and statistically

associated with whether a registered voter in the U.S. believes that climate change is an
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important problem in the country. As the model controls for partisanship, ideology, informa-

tion and information sources, and demographic features that are may be correlated with cli-

mate change opinions, this helps to make the case that trust in science has an association with

climate change concerns, independent of these other features.

Fig 2. How much of a problem is climate change? logistic regression AME results. Note: Average marginal effects from a logistic regression model

and 95% confidence intervals. Model coefficients and standard errors are reported in the SI.

https://doi.org/10.1371/journal.pclm.0000147.g002
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4.2 Is climate change caused by humans or nature?

To examine the association between trust in university scientists and the importance of climate

change, and to whether climate change is caused by humans or by natural events, we use a sim-

ilar methodological approach. We present the logistic regression average marginal effects in

Fig 3. The logistic regression coefficients are shown in Fig B and Table E in the S1 Text. Recall

that the outcome variable is coded so that if the respondent said that climate change is caused

Fig 3. Is climate change caused by humans or nature? logistic regression AME results. Note: Average marginal effects from a logistic regression

model and 95% confidence intervals. Model coefficients and standard errors are reported in the appendix.

https://doi.org/10.1371/journal.pclm.0000147.g003
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by human activities that takes a value of 1 while if they said it is caused by natural events it

takes a value of 0. Thus positive estimates indicate that a change in the feature increases the

likelihood that the respondent would say that climate change is caused by human activities,

while negative estimates indicate that a change in the feature is associated with an increased

likelihood that the respondent would say that natural events are causing climate change.

As shown in Table A in the S1 Text, 59% of the survey respondents said climate change is

caused by human activities. At the same time, 41% attributed it to natural phenomenon. Our

logistic regression results show few statistically significant demographic features attributable to

race and ethnicity; the one exception is that Black registered voters in our sample are more

likely to believe that climate change is being caused by natural events than white registered vot-

ers. Those aged 45 to 64 and older than 65 are less likely to say climate change is caused by

human activities. We also see Hispanics/Latinos are more likely (with higher estimates) than

any other race to say climate change is caused by human activities (see Fig 2). In the same

demographic category, we find that those who have at least a postgraduate degree are more

likely to support that climate change is caused by human activities. We check for the robust-

ness of this result to choice of functional form in Fig C and Fig D in the S1 Text. We estimate

model coefficients for both a Linear Probability Model and Ordered Logit specification, and

we find that the results are consistent with those reported in the main text.

In the model, we see that women are more likely than men to say that climate change is

caused by human activities. Our results show that religious affiliation is associated with this

belief. For instance, Jewish and non-Catholic respondents are more likely to believe climate

change has anthropogenic sources. However, respondents who said they have no religious

affiliations were significantly more likely to support this belief (see Fig 2, “Rel:None”). In con-

trast, those who frequently attend religious services are more likely to believe climate change is

due to natural causes. Previous research has argued that those who attend religious services

tend to believe that climate change is due to natural causes [60–62].

Finally, our findings support existing literature connecting political conservatism and cli-

mate change beliefs, as discussed in detail in Section 2. In the model, Democrats, Moderates

and Liberals are statistically more likely to say that climate change is caused by human activi-

ties. Similiar to the results from section 4.1 regarding trust in science (baseline category is high

trust), the average marginal effects show that those who say they have low trust in science are

much less likely to respond that climate change is caused by human activities, relative to those

who have high trust (see top of graph in Fig 2). Also, those who said that they have moderate

levels of trust in scientists are less likely to say that climate change is caused by human activi-

ties, relative to those who have high trust.

4.3 Who trusts university research centers?

We use ordinary least squares regression for our third model—examining who trusts univer-

sity research centers. We show the results from this regression graphically in Fig 4 and in tabu-

lar form in Table E in the S1 Text. The outcome variable is coded so that higher values indicate

that the subject had higher levels of trust. Regarding the demographics features in the model,

we see some evidence that non-whites in our sample (those in the “Other” category) are more

trusting of university research centers than registered white voters. We also see that that those

aged 45 to 64 and older than 65 are less likely to trust university research centers than those

aged less than 30.

In this model, religiosity and religious denominations show intriguing correlations with

trust in university research centers. Beginning with the religious denominations, the baseline

denomination in our model specification is Protestant belief. We see that relative to Protestant
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belief, all of the other denominations (including “none”) are associated with higher levels of

trust in university research centers. Perhaps the easier way to interpret this result is that Protes-

tant registered voters are less trusting of university research centers than those of all other

denominations, and those who do not have any religious affiliation. While those who said that

they frequently attended religious services were not statistically more likely to be trusting of

university research centers than those who never attended religious services, the results in

Fig 4 indicate that those who often or sometimes attend religious services reported higher

Fig 4. Who trusts university research centers? regression results. Note: Regression coefficient estimates and 90% confidence intervals.

Model dependent variable is trust in university research centers, higher scores indicate higher trust.

https://doi.org/10.1371/journal.pclm.0000147.g004
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levels of trust in university research centers than those who never attend religious services. As

for our previous model, we check for the robustness of this result to functional form in Fig E

in the S1 Text. We estimate model coefficients for a Linear Probability Model, and we find that

the results are consistent with those reported above.

Regarding race and ethnicity, the model results show that both Black and Hispanic/Latinos

were less likely to trust university research centers than other race groups in the survey sample.

Moreover, in contrast to the results in sections 4.1 and 4.2, we find that women are statistically

less likely to trust university research centers. Finally, in terms of education, respondents with

a postgraduate education are significantly more likely to have greater trust than those with at

most a high school education (see Fig 4).

Regarding partisanship and ideology, Democrats and moderates are more likely to trust

university research centers than independents. The regression model results also show that

information sources play a critical role in determining trust in university research. For

instance, we find that those who are have better domain-specific information about the envi-

ronment are more likely to trust university research centers, while those with higher levels of

general political information are less likely to trust university research centers. Furthermore,

those who get their information from print-based and television news sources have been sig-

nificantly more likely to trust university research centers. Interestingly, we find that respon-

dents who get their information from online news sources were less likely to trust university

research centers, though this result is not statistically significant.

5 Discussion and conclusion

Lack of trust in science and challenges to science have pernicious consequences as they can be

used to slow or stop important policy progress to mitigate the effects of global climate change

[10,63]. Lack of trust in climate science can also slow or stop scientific progress—witness how

environmental and ethical concerns led to the postponement and then cancellation of recent

climate engineering projects (among others) like Stratospheric Particle Injection for Climate

Engineering (SPICE) project in 2012 and Stratospheric Controlled Perturbation Experiment

(SCoPEx) in 2021.

In this paper we used recent data from a population-representative sample of American

registered voters (n = 2,096) to study whether trust in scientific research centers is associated

with beliefs about climate change and it’s causes. We also studied the correlates of trust in uni-

versity research centers. In general, our survey results have supported some previous studies,

discussed in in section 2.

Our study is novel as we contribute to empirically investigating features of relational trust

between demographic features, political and religious identities, news and communication

sources, and climate change beliefs across a population scale. First we use data from a popula-

tion-representative sample of American registered voters, thus our results generalize to that

important population. Second our survey data is from May 2022, collected quite recently, pro-

viding a timely analysis of opinions about climate and scientific research. Third we approach

our hypothesis testing using comprehensive multivariate statistical models, which combined

with the sample we use (N = 2,096) gives us an ability to estimate the association between the

features in the model and the outcome measures controlling for a wide array of other factors.

Our results indicate that those who have low or moderate levels of trust in university

research centers are less likely to believe that climate change is an important problem in the

United States. Also, those who have low or moderate levels of trust in university research cen-

ters are less likely believe that climate change is cause by human activities, which supports the

results of [20,26].
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In our final analysis we identified segments of the American electorate that are more trust-

ing of university research centers: younger registered voters (under 30 years of age), non-Prot-

estants, those who attend religious services often or sometimes, Democrats, ideological

Moderates and Liberals, and those who get their information from television or print sources.

These results support findings in previous studies [30,62].

Apart from the known demographic and political features that influence trust in university

research and belief in climate change (see section 2), we find information source association

statistically significant in determining whether Americans believe climate change is a problem.

Those who possess domain-specific environmental information are more like to say that cli-

mate change is a significant problem. Similar effects are observed for those who follow the

news on television or print (see Fig 1). In comparison, we did not obtain statistically significant

results regarding whether climate change is important for those who get their information

from the radio or online sources. We observed that radio users believe the climate is a natural

phenomenon with moderate estimates (see Fig 2). Furthermore, those respondents who asso-

ciated their primary news source with online platforms were least trusting of university

research (see Fig 3).

What do these results imply for how we can improve trust among Americans in university

research centers—in the hopes that will then lead to greater agreement with scientific consen-

sus that climate change is an important problem for the United States and that it is being

caused by human activities? We argue for a comprehensive four-stage strategy.

First, more research like ours needs to be done to understand specifically who currently

trusts university research on climate change and sustainability, who does not, and who is per-

suadable. Each segment requires a different approach. Those who currently trust university cli-

mate and sustainability science need to have their trust reinforced; those who do not currently

trust university climate and sustainability science will need a longer-term strategy aimed at

changing their minds (which is a difficult thing to do). Science should be made accessible and

interpretative. Perhaps most importantly, those who are persuadable, who can lean either

towards more or less trust, need the most immediate attention: what information, framing and

messages will push them to being strongly trusting of university research on climate and

sustainability?

Second, and relatedly, we need more research on the framing and messages needed to

strengthen trust for the already trusting and persuade those with more malleable opinions.

Furthermore, these results suggest scientists cannot necessarily expect that these groups will

automatically trust their work, even if their research is of high quality and well-evidenced.

Instead, scientists need to be more sensitive to understanding how to translate and discuss

their work in ways that are understandable, and which generate trust among the public. We

believe that the Generalizing Persuasion Framework (GPF) may be useful for guiding the next

stages of study regarding trust in climate and sustainability science [64]. Scientists will need to

be briefed about how to best frame and discuss their research in ways that will establish trust

in their work. For instance, we refer in Section 1 to Rekker’s [14] generalizable object of sci-

ence polarization framework, which provides two interpretative lenses to understand Psycho-

logical Science Rejection (PSR) and Ideological Science Rejection (ISR). Frameworks like these

may be helpful for improving public trust in science by identifying PSR and ISR trigger points.

Similarly, Druckman’s [64] conceptualization of GPF allows identification of contradictory

statements through a multidimensional lens involving different actors, treatments, outcomes

and settings (see Table 1 in [64]). As we highlighted above, GPF can guide in selecting appro-

priate speakers, topics, message content, and framing of climate action to lead to desired out-

comes across diverse attitudes, behavior, emotions and identities that may help in handling
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PSR and ISR. Future research should study the effectiveness of various components in GPF for

improving trust in university research.

Third, additional research on the appropriate messengers is necessary. It is not necessarily

the case that the best messengers for establishing trust in university research are the research-

ers themselves, instead other types of ingroup messengers might be best for communicating

climate research [14,65]. While additional research is necessary, our survey results indicate

that religious organizations and leaders might provide an important mechanism for the gener-

ation of higher levels of trust in university research. There may be other trusted leaders and

influencers, who when provided well-crafted messages can help solidify trust and persuade

those who might have more malleable opinions.

Finally, for the longer term, and for trying to develop a culture where scientific research

and communications are trusted, studying how to build that trust in the context of primary

and secondary climate and sustainability education curriculum is needed [66]. This is more

than determining the optimal ways to educate primary and secondary students about climate

change and sustainability, what is also needed is developing educational approaches and mate-

rials that help students better understand the scientific process and how they can best under-

stand and interpret scientific materials. Only by educating the next generations can we

minimize distrust of scientific research in the longer term.

This observational study has certain limitations associated with the use of survey designs to

study opinions about climate change and trust in climate science. Future work will build on

this research by developing better survey-based methods for measuring these opinions,

leveraging lessons from global climate change surveys to develop new and improved survey

questions. One important example will be to use more nuanced survey questions about the

causes of climate change; rather than using a simple dichotomy that climate change is being

caused by human activities or natural events, we will explore ways to allow survey subjects to

provide more nuanced responses. We will also explore the use of survey and field experiments

to draw causal inferences about the dynamism of relational trust in science and climate action.
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