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THE GATEWAY BELIEF MODEL

Abstract: The Gateway Belief Model describes a process wfidihal change where a shift

in people’s perception of the scientific consermusn issue leads to subsequent changes in
their attitudes which in turn predict changes ip@art for public action. In the current study,
we present the first large-scale confirmatory gilon of the GBM. Specifically, we
conducted a consensus message experiment on aalafimta sample of the US population
(N =6,301). Results support the mediational hypabed the GBM: an experimentally
induced change in perceived scientific consensusesasubsequent changes in cognitive
(belief) and affective (worry) judgments about dit@ change, which in turn are associated
with changes in support for public action. The stifee consensus message also had a direct
effect on support for public action. We further fouan interaction with both political
ideology and prior attitudes such that conservataad climate change disbelievers were
more likely to update their beliefs toward the camsus. We discuss the model’s theoretical
and practical implications, including potential &qpations for why conveying scientific
consensus can help reduce politically motivatedarimg.

Keywords, Gateway belief model; scientific consensus; ctere@hange; motivated cognition.
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1. I ntroduction

Although a consensus has emerged in the scieatiffimunity on a range of scientific
"facts”, including human evolution, the safety bfldhood vaccines, and human-caused
climate change, the public remains sharply divideanany of these topics (Pew, 2015a).
This large discrepancy between the state of agneeiméhe scientific community and the
general public has been referred to as the “conseyep” (Cook et al., 2018)

Among all of these important societal issues, mutgused climate change is
arguably the most urgent, particularly becausectagale societal solutions will require
significant changes in individual and collectivenitan behavior and decision-making
(Gifford, 2011; van der Linden, Maibach, & Leiselitay2015). Yet, many climate change
mitigation solutions are constrained when publesain divided on basic scientific facts,
such as whether or not humans are causing globratiwg. For example, despite the fact that
about 97% of climate scientists have concludedhbatan-caused climate change is
happening (Cook et al., 2016), only about half aigkicans believe that climate change is
mostlycaused by human activity (Leiserowitz et al., 2017

The Gateway Belief Model (GBM) introduced by vaer dlinden, Leiserowitz,
Feinberg, & Maibach (2015) views the public’s (rpiception of the degree of scientific
consensus as an influential “gateway” cognitiorgrdwing line of research has emerged
evaluating the model’s theoretical mechanisms bad\iational Academy of Sciences (2017)
has called for more research on the topic (p. B&)¥urther advance the literature, we
conducted the largest confirmatory replication erténsion of the Gateway Belief Model
(GBM) to date using a nationally balanced quotaaraf the US populatiorN(= 6,301).
Before proceeding to the method and analysis, wienewnd expand on the history of the
model’s development below, followed by an assesswiaihe empirical evidence to date,

presentation of method and results, and a disausdiourrent issues.
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2. The Gateway Belief M odel

“Should the public come to believe that the scfentssues are settled, their views about
global warming will change accordingly. Therefoyeu need to continue to make the lack of

scientific certainty a primary issue in the debateFrank Luntz (2002), political strategist

The GBM captures what political strategists havaiiively understood for decades: the
degree to which people perceive science as castaim important heuristic that informs their
personal views. At its core, the Gateway Belief Mlo@BM) is a descriptive model in the
sense that it describepeocessof judgment and attitude change (van der Lindeal.gt
2015). In particular, the model outlines a two-stagquential mediational process (Figure 1).
The first stage involves a “de-biasing” process mgtteghlighting the degree of normative
agreement (“scientific consensus”) on an issudj siscclimate change, influences the
public’s perception of that consensus. This changeerceived scientific consensus then
predicts cascading changes in other key beliefstabe issue, such as the belief that climate
change is happening, human-caused, and a worrigskinat requires societal action.
Notably, achangein perceived scientific consensus acts as a “gatém the sense
that it predicts smaller subsequent changes iropatgprivate) beliefs and attitudes about
climate change (van der Linden et al., 2015). itn,tahanges in these central beliefs predict
support for public action. In short, the influerafeperceived scientific consensus on support
for public action emergaadirectly, as the causal effect is mostly mediated by changkey
personal beliefs. This is largely a theoreticallgtiveted hypothesis because highlighting
scientific consensus isr@n-persuasiveommunication: it only conveys the consensus that
most climate scientists have concluded that areamsmare causing global warming but does
not directly speak to solutions or policy-supp@étcordingly, information about scientific

consensus should mainly have detectable first-agflects on those beliefs that directly
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relate to the consensus, with relatively weakeosdarder effects on constructs that diverge
further from the communication (e.g., worry, suggdor action). Nonetheless, the predictions
that flow from the GBM suggest that consensus | @omain (climate science) can serve as

a “gateway” (foot-in-the-door) to achieving consesf other domains (public opinion).

Consensus
Messaging Belief in
: Climate
i Change
debiasing process g 9
i \
Perceived Worry about
Scientific Climate Sup_p ort f_o r
Public Action
Consensus Change
Belief in
Human
Causation

Figure 1.Gateway Belief Model (GBM).

The theoretical structure of the GBM was derivenifiimportant earlier correlational work,
which independently found that perceptions of ddieragreement are strongly associated to
science acceptance and support for climate poboygy et al., 2011; Lewandowsky, Gignac,
& Vaughan, 2012; McCright, Dunlap, & Xiao, 2013h& GBM combined and validated
these relationships experimentally on a nationakbi@ple (van der Linden et al., 2015).

At its most generic level, the GBM offers a duabgessing account of judgment
formation (Chaiken & Trope, 1999; Evans, 2008; Matal., 2007) in the sense that the
model combines both cognitive (belief-based) arelcéize (worry) determinants of public
attitudes toward societal issues. To the extentthealeft-hand side of the model represents
input in the form of a consensus cue, the GBM rssgient with the literature on heuristic
information processing (Chaiken, 1980). Becaus@$easus implies correctness”, people

tend to heuristically process consensus cues iatieence of a strong motivation to
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cognitively elaborate on a message (Darke et @88;1Mutz, 1998). For example, when the
scientific consensus message is contested (matgrataboration), its persuasiveness is
reduced (Bolsen & Druckman, 2015; van der Lindezisérowitz, Rosenthal, & Maibach,
2017). However, it should be noted that no exptigtinction is made between conscious
and non-conscious processing because heuristidsecdaployed ifoth a reflective and
intuitive manner (Todorov, Chaiken, & Henderson)20Gigerenzer & Gaissmaier, 2011).
In fact, reliance on heuristics can sometimes teddhore) accurate judgments
(Gigerenzer & Gaissmaier, 2011). For example, enfdte of uncertainty, people often look
to experts for guidance (Cialdini, Martin, & Goldst, 2015) and for good reason: through
the law of large numbers (Darke et al., 1998) dbresensus-heuristic reduces the cost of
individual learning. Research shows that peopléepte rely on the combined judgment of
multiple experts (Mannes, Soll, & Larrick, 2014)-picess which improves judgment
accuracy by selectively tapping the “wisdom of thewd” (Budescu & Chen, 2014).
Moreover, although expert consensus is a scieritdict”, it also has the distinct
advantage of being social in nature, as group ecmuseis typically conveyed as a descriptive
norm, i.e. it describes the average level of noweagreement [e.g. 97%] within a referent
group (van der Linden et al., 2015) and as sucdrtexnformational influence (Deutsch &
Gerard, 1955; Cialdini et al., 1991). Given thetcairole that consensus decision-making
has played in the evolution of human cooperatioonf@dt & Roper, 2005), people are
keenly attuned to cues about group consensus. tuntdely, people frequently misperceive
social norms (Tankard & Paluck, 2016). For examplany individuals overestimate the
pervasiveness of undesirable health behaviors, asitinge drinking (Prentice & Miller,
1993). Although misperceiving the norm on unhealibizaviors can be deleterious for the
individual, collective misperceptions about theestific evidence on existential risks such as

climate change arguably pose an even greater abcletllenge. Importantly, because people
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have a basic motivation to hold accurate perceptatout the world (Kunda, 1990), biased
perceptions of the norm can be corrected, whidhrim often leads to subsequent changes in
behavior because people want to align their behavith the norm (Prentice & Miller, 1993;
Spear & Haines, 1996; Schultz et al., 2007). Moego¥ is often easier to change people’s
perception of the norm than it is to change priNagkefs, which are more closely linked to
deep-rooted ideologies (Tankard & Paluck, 2016 GBM is premised on the same
mechanism: closing the gap between the perceiveédetnal scientific norm on an issue.
This can be done by shifting the central tendeaggrage) of the perceived norm to a new

location (e.g. 97%) and by reducing its perceivadability (conveying high consensus).

3. The State of Empirical Evidence

A growing number of empirical studies have eithieectly or indirectly investigated the core
theoretical mechanisms of the GBM across diffedemhains and cultures using a variety of
measures. For example, many studies have foundstemssupport for the basic finding that
providing people with normative cues about thergdie consensus on climate change can
reliably shift people’s perception and understagaifithat consensus (e.g. see Bolsen &
Druckman, 2017; Brewer & McKnight, 2017; Cook et aD17; Cook & Lewandowsky,
2016; Deryugina & Shurchkov, 2016; Harris et ab12; Kerr & Wilson, 2018;
Lewandowsky et al., 2013; Myers et al., 2015; vanldnden et al., 2015). Crucially, these
findings are not limited to climate change, bubagtend to the scientific consensus on
vaccines (van der Linden, Clarke, & Maibach, 20G@))Os (Dixon, 2016; Kerr & Wilson,
2018), the Brexit vote (Harris et al., 2018), naclpower (Kobayashi, 2018a), and non-
politically charged issues (Chinn, Lane, & Hart180Johnson, 2017).

With respect to the effects on people’s privatiuates, evidence in support of the

GBM is accumulating. For example, Tom (2017) nolted people inherently value
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conformity with scientific authority and that therpeption of expert consensus could
therefore have important effects on an individuptivate attitudes. The author confirms this
empirically by noting that when it comes to glolalrming and evolution, perception of a
scientific consensus substantially increases tls ofl personal acceptance (Tom, 2017; see
also Dunwoody & Kohl, 2017). This finding is furthigolstered by a recent meta-analysis in
which Hornsey et al. (2016) identify perceived stifec consensus as one of the strongest
correlates of belief in climate change, stronganth.g. ideology or cultural worldviews.
Conceptual replications of the gateway hypothesielalso offered evidence in support for
the model. For example, in their national consemseissage experiment on climate change,
Bolsen and Druckman (2017) test and confirm the GBMYy mediational hypotheses.
Similarly, in the context of climate change and G8/®err and Wilson (2018) find that
consensus messages significantly increased peragre@ment and that this increase was in
turn mediated by changes in perceptions of a sbeobnsensus, as predicted by the GBM.

Brewer and McKnight (2017) also evaluate the GBMidiational predictions in the
context of global warming. The authors find thadithiesult “reinforces the argument that
consensus messaging can be an effective tooltarifog belief in global warming(p. 177).
Similarly, in a Japanese sample, Kobayashi (20é8agludes; tverall, the present research
gives empirical support for the idea—the assumptioderlying the gateway belief model—
that perceived scientific consensus plays a uniqlesin scientific belief changdp. 81).

Yet, support for the GBM has not been unanimousekample, Kahan (2015)
guestioned the practical importance of van der émet al.’s (2015) mediational hypotheses
for the final outcome variable in the model: puldigport for action. Further, Deryugina and
Shurchkov (2016) and Dixon, Hmielowski, and Ma (2Ptoth find that scientific consensus
messages did not directly impact support for clenailicy. However, it is important to note

that the key hypothesis of the GBM is that anydiedfects on the key outcomes variables



THE GATEWAY BELIEF MODEL

are expected to be mediated by changes in percsoredtific consensus. Because studies do
not always include both type of variables, theynmaneliably adjudicate on this matter.
Moreover, detecting a significant indirect effettihe absence oftatal effect is both

common and theoretically justified in psychologicgearch (Hayes, 2009; Rucker et al.,
2011; Shrout & Bolger, 2002). Nonetheless, we ratgthe applied value of direct effects
and a significant main effect on each outcome w#iaould further strengthen the
importance of any subsequent mediation.

A final issue in the GBM revolves around the rolgolitical ideology. Because
polarization on climate change has sharply incretaser the last decades (Dunlap &
McCright, 2016), the extent to which people usersttiic consensus as a heuristic cue for
informing their own judgments may depend on thé@ology and trust in referent groups,
such as scientists. Given the concern that cliciagége campaigns could disengage
[conservative] audiences, it is of both theoretaradl practical importance to establish
whether a backfire effect occurs. For examplectiiaural cognition thesis predicts that
exposure to the scientific consensus would ledzbtef polarization (Kahan, Jenkins-Smith,
& Braman, 2010). Yet, in their original studiesnw@er Linden et al. (2014, 2015) found
evidence for an interaction between exposure tethentific consensus and party affiliation
such that Republicans (positively) adjusted thencpption of the scientific consensus more
than Democrats. This finding is consistent with kvby Lewandowsky et al. (2013) and
Cook et al. (2017) who both found that highlightswentific consensus neutralized the
effect of free-market ideology on belief in climateange. Similarly, Brewer and McKnight
(2017) find greater consensus-effects among tha$elow environmental interest.

Other studies did not find a significant interantibut concluded that the scientific
consensus message elicited relatively uniform &ffacross the political spectrum (Bolsen &

Druckman, 2017; Deryugina & Shurchkov, 2016; Myetral., 2015). Regardless of whether
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the scientific consensus appeals equally well arenb@ certain groups, what'’s of particular
note is that, with some exceptions (e.g. Cook & ardowsky, 2016), these studies jointly
provide little to no support for a so-called “patamg”, “backfire”, or “boomerang” effect.
Indeed, Dixon et al. (2017) state; “It is notalllatta backfiring effect among conservatives
was not observed” (p. 7). Similarly, Brewer and Mgt (2017) conclude;viewers did not

engage in motivated reasoning in response to causemessagiridp. 177).

4, Present Study

The main objective of the present study is to pte\a confirmatory replication of the
Gateway Belief Model (GBM) by van der Linden et(@015). We advance the literature in
two important aspects. First, the experimental @rdrol groups in the original study were
unbalanced, which affects power and interactioaat$f In addition, prior studies have only
offered partial conceptual replications of the natidnal hypotheses posited by the GBM,
often using convenience samples. To our knowledgetudy has directly replicated the full
GBM (as theorized) using the same variables omgla-powered national sample of U.S.
adults (N = 6,301). Second, we extend the origies¢arch by evaluating the robustness of
the interaction with Party ID across a range ofitamithl and arguably more direct measures,
including political ideology and prior attitudesatard climate change. Because our sample is
much larger and balanced across experimental gmupslitical ideology, the current study

provides a more robust test of the causal structiiiee GBM.
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5. Method
51 Sample and Procedure

We obtained a large national quota sample 6,301) of the US population from
Quialtrics LLC, who maintain a panel of over 60 mitl people in the United States
(Qualtrics, Provo, UT). National quotas were inéddor gender, age, region, education,
ethnicity, and political ideology. In addition tp@roximating U.S. census demographics
overall, both the experimental € 3,150) and controh(= 3,151) groups were also each
balanced on the same socio-demographic charaatefiptease see Supplement for details).

The experiment was conducted online with the QigalBurvey software using a
mixed factorial design, combiningithin (post-pre) as well dsetweer(treatment vs. control)
subject measures. This design is statistically piuwvbecause it controls for both within and
between subject sources of variatf@marness, Gneezy, & Kuhn, 2012). Following van der
Linden et al. (2015), respondents were first pressewith three randomized blocks of bogus
guestions about popular media topics (of equalthértg hide the true purpose of the study
and to reduce potential demand effects. One bleatufed questions on new state-level
regulations around drunk driving, the other askedpte about the Apple watch, and the last
block contained the key questions about global virgnRespondents were then (falsely)
told that the researchers maintain a large datatfasedia statements and that they would
randomly be shown one of these statements (theigige norm was always the same,
namely that; 97% of climate scientists have concluded that huozarsed global warming is
happening) . Consistent with van der Linden et al. (2015),abgtrol group completed a
short neutral word sorting task. After exposuretippants were asked a few unrelated

guestions about the new Star Wars movie as aniaaaidistraction. We asked the same

1 We used text instead of the original pie chartasder Linden et al. (2014) found no differencéoimmat.
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guestions both at the start (pre-test) and atrideoéthe survey (post-test) in both groups.

The study received ethical approval from Yale Ursitg’s Institutional Review Board.

5.2 Measures

Perceived Scientific Consens@onsistent with van der Linden et al. (2015) we
measured perceived consensus on a slider scafgngainom 0% to 100%M = 67.32, SD =
22.26). Participants were askedp'the best of your knowledge, what percentage ofatém
scientists have concluded that human-caused gwhahing is happening?”

Belief in Global Warming “How strongly do you believe that global warmingiiss
not happenin®” Response options were given on a continuMnx 6.25, SD = 1.75),
ranging from 1 (I strongly believe that global wammis not happening), 4 (I am unsure
whether or not global warming is happening) to 3t{dbngly believe global warming IS
happening). For subgroup analysis, three priotualiéi groups were created using equal thirds
of the scale value (173 7) so that the first group ranges from 0 to 2288l so of.

Human-CausationAssuming global warming IS happening: How much dbiyou
believe is caused by human activities, natural gesnn the environment, or a combination
of both?” Response optionsA(= 4.96, SD = 1.61) ranged from 1 (I believe tHabgl
warming is caused mostly by natural changes irethvronment), 4 (caused equally by
natural changes and human activities) to 7 (caonsestly by human activities).

Worry about Global WarmindgOn a scale from 1 to ’(= 4.70, SD = 1.82),

"How worried are you about global warmingResponse options ranged from 1 (I am not at

all worried about global warming), 4 (neutral) tgl am very worried about global warming).

2 For the remaining measures, we made one changmirast to van der Linden et al. (2015): instea@-@D0
scales we adopted 7-point scales to facilitate mtreéghtforward comparisons with other research.

% Results are entirely robust to whether tertileswsmed based on the distribution of the data de sgaupings.

12
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Support for Action on Global Warmin@n a scale from 1 to TA(= 5.46, SD = 1.55),
“Do you think people should be doing more or lesseduce climate changeResponses
ranged from 1 (Much less), 4 (Same amount) to 7cfMmuore).

Political Party and IdeologyWe assessed ideology on a 5-point scale (very
conservative, conservative, moderate, liberal, \ibgral,M = 2.85, SD = 1.12) as well as
political party affiliation (Republican, Democrétdependent). For mediation analyses,

political ideology was recoded so that higher ssoedlect greater conservatism.

6. Results

We start with an overview of the main effects & tonsensus treatment (vs. control) on
changes (post-pre) in each of the dependent vasabbllowing a significant MANOVA on
the five dependent variablds(5, 6295) = 246.023) < 0.001, Wilk'sA = 0.84, univariaté-
tests (revised = 0.01) indicated a significant main effect of tmsensus treatment on all
key dependent variableg € 0.001). Results comparing change scores acorghtons are
listed in Table 1 and visualized in Figures 2-3.ekpected, there is a large initial effect on
perceived scientific consensuk< 0.88), followed by significant effects on thdibkthat
global warming is happening € 0.14), human-caused € 0.23), how much people worry
about the issual(= 0.11) and whether they support more public actiion 0.09).

The pattern of main effects is consistent withdbaeral observation that effect-sizes
decrease in size as a function of how distal tm@bke is to the (consensus) treatment. We
further investigated the main effect of the treatt{®lgi = 16.81, SE = 0.40) on perceived
scientific consensus by political ideology, padgntification, and prior belief in global
warming (visualized in Figure 3). As can be obsdrfrem the trends in Figure 3, a between-
subjects ANOVA on the post-pre difference scoreeaded a significant main effect and
interaction pattern across all measures of ideglpgsty ID, and prior attitudes such that the

effect of the experimental treatment on perceivaergific consensuB(1, 6,299) = 1224.34,

13
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MSE = 337.46p < 0.001,112 = 0.16 (main effect), is stronger for conservatiV€3, 6,295) =
11.63, MSE = 334.9(h < 0.001,1]2 = 0.004 (interaction), RepublicaR$2, 5,187) = 16.25,
MSE = 328.72p < 0.001,112 = 0.006 (interaction), and those with lower priefiéf in global
warmingF(2, 6,295) = 35.52, MSE = 329.64< 0.001,? = 0.01 (interaction). Notably, this
interaction did not reliably occur for any of théher personal belief variables (pi> 0.30).
Separate plots of the pre and post test meanadbr group similarly reveal that the greatest

gains (relative to baseline) occur for conservatidease see Supplementary Figures 1-4).

Table 1. Main Effects of Consensus Message onXpendent Variables.

Dependent variables Consensus Control Cohen’sd BFo
(N=6,301) Treatment Group 95% ClI

A Post-Pre A Post-Pre

(n=3,150) (n=3,151)
Perceived Scientific Consensus  16.81" 0.62 0.88 1.07e+241
(0% - 100%) (16.03, 17.59) (0.15, 1.08) (0.83, 0.93)
Belief GW is Happening 021" 0.08 0.14 252,765
a-7) (0.18,0.25) (0.05,0.11) (0.09, 0.19)
Belief GW is Human-Caused 027" 0.07 0.23 6.70e+15
(1-7) (0.24,0.30) (0.04,0.10) (0.18, 0.28)
Worry about Global warming 0.28™" 0.18 0.11 628.90
a-7) (0.25,0.31) (0.16,0.21) (0.06, 0.16)
Support for Public Action 011" 0.03 0.09 13.07
a-7) (0.08,0.14) (0.00,0.06) (0.04,0.14)

Note 95% confidence intervals in parentheses. All me@mparisons significant at p < 0.001 (bold face).

Cohen’sd is a standardized measure of effect size (Col#88)1 Bayes factors between 10 and 30 are

considered “strong evidence” while values > 30datk very strong evidence (Kruschke & Liddell, 2018
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Having established significant main effects omadidiating and outcome variables, we
proceed with replicating the GBM path relationshipthe Structural Equation Model (SEM)
outlined by van der Linden et al. (2015) usingshee variables and model specification. All
mediation analyses were conducted in STATA 14.EM3nodule (StataCorp, 2015) using
maximum likelihood estimation. It is important tota that although mediation models are
frequently estimated on observational data (Stooeto et al., 2018), all variables in the
model represent post-pre differences in bekefsditionalon experimental assignment,
which allows for stronger conclusions about causadliation (Bullock et al., 2010).

Main results are visually displayed in Figure 4l amdicate good model fit and
confirm significant direct effects for all path agbnships in the model. The breakdowns of
all indirect, direct, and total effects are listedrables 2-3. In general, the pattern of resalts i
consistent with the model reported by van der Lineteal. (2015): an experimentally
induced change in perceived scientific consengsfgiantly predicts post-pre changes in
the belief that climate change is happening, huosursed, and a worrisome threat. In turn,

changes in these key cognitions and emotions grgcBater support for public action.

Belief in Global
‘Warming B=0.03%*
B=0.13%%* (0.01, 0.05)
(0.11, 0.15) \0_07***
(0.05, 0.10)
Consensus B~ 040" Perceived B0:070 éolz** Bozlg%(z** .
Treatment M Scientific (007, 0.13) Worry abou.t (0.18, 0.23) Support ff)r Public
******************* Global Warming |- ______| Action

vs. Control Agreement B =0.06***

(0.03, 0.08)
B=0.10%
= ok
EO 28'322” (0.07, 0.13)

Belief in Human
Causation

B =0.04%%
(0.02, 0.07)

Model Fit:

72(6)= 166.40, p < 0.001
RMSEA =0.065

(90% CI: 0.06 —0.07)
CFI=0.94

SRMR =0.028

Figure 4.Gateway Belief Model (GBM)Note Coefficienti*are standg*rdized and 95%
confidence intervals are provided in parentheNes6,301. p< 0.001, p<0.01.
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For ease of interpretation, the direct paths betveagerimental assignment and all other
variables in the model are non-significant (&> 0.11) and not visually depicted. In other
words, the GBM is a two-stage sequential mediatialel: the effect of experimental
condition on all cognitive and affective judgmeistsully mediated by the large initial
changes in PSC (stage 1). In turn, the effectgifidgn PSC on support for public action is
mediated by smaller subsequent changes in keymarbeliefs (stage 2)Although van der
Linden et al. (2015) reported full mediation inith@riginal study, it is noteworthy that in
addition to a significant indirect effedi € 0.04, 95%CI; 0.03, 0.05, Table 2), a significant
direct effect of PSC on public support for actiemains (dotted lines), even when
controlling for all key personal beliefs in the neb@ = 0.06, 95%CI; 0.03, 0.08, Table 3).
Lastly, we investigated the role of political idegy. Although van der Linden et al.
(2015) reported an exploratory interaction betwieeology and the consensus treatment (on
PSC), they did not explore the possibility of cabig indirect effects. As shown in Figure 4,
we reliably replicated this interaction, findingathafter exposure to the scientific consensus
message, conservatives show greater changes eiymtconsensus than liberals. When
both ideology and an interaction between ideolayy eondition are included in the mogel
the direct effect of the interaction on perceivedsensus is significant & 0.05, 95% ClI;
0.03, 0.07). Importantly, there are also smallat,dignificant indirect effects flowing from
the interaction to all key beliefs, including supor public action (Table 4). The interaction

did not have a significant direct effect on anyesthariable in the model (gbs > 0.18).

* The coefficients are not influenced by the inadasdf covariates (gender, age, education, ideology)
5 All variables are observed and the interaction standardized before entered into the mediationeinod
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Table 2. SEM model parameters (direct and totaiots)

Model path relationships Birect 95% C.I. Btota 95% C.I.
Condition—> PSC 0.40 0.38,0.42 0.40 0.38,0.42
PSC- Belief in GW 0.13 0.11, 0.15 0.13 0.11, 0.15
PSC- Belief in HC 0.22 0.20, 0.25 0.22 0.20, 0.25
PSC-> Worry 0.10 0.07,0.13 0.13 0.11, 0.16
Belief in GW > Worry 0.07 0.05, 0.10 0.07 0.05, 0.10
Belief in HC > Worry 0.10 0.07,0.13 0.10 0.07,0.13
PSC- Public Action 0.06 0.0308. 0.10  0.07,0.12
Belief in GW > Public Action 0.03 0.01, 0.05 0.04  0.02,0.06
Belief in HC - Public Action 0.04 0.02, 0.07 0.06 0.04, 0.09
Worry - Public Action 0.20 0.18, 0.23 0.20 0.18, 0.23

Note: PSC = Perceived Scientific Consensus; GW = Gla¥aiming; HC = Human Causation; standardized
regression coefficient® = 6,301.
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Table 3. SEM model parameters (indirect effectB®€C and condition)

Model path relationships B 95% C.I.
Condition-> Belief in GW 0.05 0.04, 0.06
Condition-> Belief in HC 0.09 0.08, 0.19
Condition—> Worry 0.05 0.04, 0.06
Condition—=> Public Action 0.04 0.03, 0.05
PSC-> Public Action 0.04 0.03, 0.05
Belief in GW - Public Action 0.01 0.01, 0.02
Belief in HC - Public Action 0.02 0.01, 0.03

Note: Condition = consensus message (vs. control), PBEreeived Scientific Consensus; GW = Global
Warming; HC = Human Causation; standardized regmes®efficientsN = 6,301. Indirect effects ran through
multiple mediators.

Table 4. SEM model parameters (with ideology)

Model path relationships Bairect 95% C.I. Bc'):‘;';d 95% C.I.
ID*condition - PSC 0.05 0.03, 0.07 -
ID*condition - Belief in GW 0.01 -0.01, 0.03 0.007 0.003, 0.010
ID*condition = Belief in HC -0.01 -0.04, 0.01 0.011 0.006, 0.016
ID*condition - Worry -0.02 -0.05, 0.01 0.007 0.003, 0.001
ID*condition - Public Action -0.01 -0.03, 0.01 0.005 0.002, 0.007

Note: ID = political ideology (conservative), conditienconsensus message, PSC = Perceived Scientific
Consensus; GW = Global Warming; HC = Human Causasitandardized regression coefficieMs: 6,301.
The indirect effects are for the ID*conditieh PSC path (on all other variables in the model).
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7. Discussion

The current research makes at least two intercetadatributions to the literature. First, in
contrast to partial mediation tests, we conductditext confirmatory replication of the GBM
by van der Linden et al. (2015) using a large, pglvered, and balanced national sample.
This is important because separate partial media¢ists conducted on non-representative
(observational) data can inflate Type 1 and 2 erfean der Linden, Leiserowitz, &
Maibach, 2018). This also allowed us to extend ristgzal development of the Gateway
Belief Model and address several key criticism&o8d, we extend prior research by
investigating the consistency of interaction efdmttween perceived scientific consensus,

Party ID, political ideology, and prior attitudesxards global warming.

7.1 Replicating the Gateway Belief Model (GBM)

In terms of model specification, all path relatibips were significant and the model did not
need any modifications to achieve good model fite Tow “lack of fit” (e.g. RMSEA) and
high “goodness of fit” (e.g. CFl) indices were itieal if not descriptively better than in the
original study, providing further evidence for ttedust nature of the theorized causal
relationships as identified by key prior researnlttos topic (Ding et al., 2011; McCright et
al., 2013; van der Linden et al., 2015). Anothanpof consistency between van der Linden
et al. (2015) and the current model is that whadthlprocesses are influenced by perceived
scientific consensus, affective judgments (worppear more influential than cognitive
judgments (e.g. the belief that global warmingappening and human-caused) in driving
public support for action. Importantly, this findims consistent with a large literature on “risk
as feelings” vs. “risk as analysis” (Slovic et 2004) and the role of emotion (worry) in

global warming policy support specifically (Smithl&iserowitz, 2014).
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Yet, one primary difference between the originatlg and the current replication is
the significant direct effect of perceived scigntdonsensus on support for public action in
the mediation model. The source of this differeisdéely due to the fact that this consensus
experiment had significantly stronger main effemsall key personal belief variables,
including support for action (which was partiallytimot fully mediated by the inclusion of
PSC). This finding strengthens the conceptual tiekveen perceived scientific consensus
and support for action. Moreover, because the efiges decrease in size the further the
construct is removed from the consensus statempeat,research may have had insufficient
power to detect these substantially smaller dieffeicts (Rucker et al., 2011). Another
interesting point of difference is that the currstudy used the term “global warming”
whereas van der Linden et al. (2015) used “clincaenge”. On one hand, given the well-
established effects of labeling on public percap{®chuldt, 2016), we acknowledge that
framing effects could influence the results. Ondhb®er hand, it is encouraging that wording
differences did not seem to influence key findirigdact, our model can be regarded as a
conservative test given that the public is knowpéoceive greater scientific consensus when

the term “climate change” is used vs. “global wargii(Schuldt, Roh, & Schwarz, 2015).

7.2  Consensus neutralizes conflict: A non-identity dtireg cognition

We advance two potential explanations for the adgon between ideology and exposure to
the scientific consensus message. First, the fdielief change could be explained by a
potential ceiling effect among liberals given theilatively higher baseline perceptions of the
consensus (76% vs. 62%). However, this doesn’taéxphe motivational incentive for
conservatives to update their beliefs in lighttodsg political polarization. Accordingly, we
theorize that expert consensus-perceptions (peocspdf what other, non-political groups

believe) are a non-identity threatening cognitionother words, it is easier to change
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perceptions of what scientists believe than ibiswerhaul one’s ideological worldview,
given the stability of ideology over the lifesp&@ears & Funk, 1999). Indeed, people’s
willingness to update their beliefs about what ofpeople believe, otherwise known as
“meta” or “second-order” climate beliefs has beaederestimated (Mildenberger & Tingley,
2017; van Boven et al., 2018), presumably becaudse Iseliefs are less threatening and can
serve as a “gateway” to changing other beliefs.@dwer, in the long-term, changing norms
is important in itself because changes in percenaths represent shifts in people’s
understanding of society and its overall direc(idankard & Paluck, 2016).

In addition, conservatives are unlikely to takesctrem liberals on politically
polarized issues and vice versa. In other wordsirttergroup nature of the climate change
conflict calls for neutral mediators (Pearson & @dh 2018; Swim & Bloodhart, 2018).
Scientists are one referent group that, on aveagdrusted sources of information about
global warming (Leiserowitz et al., 2013) and aon#y of the US public regard scientists as
ideologically-neutral (Pew, 2015b). Importantlynscstent with other research (Frimer,
Gaucher, & Schaefer, 2014), this study finds tludh lgroups are willing to conform to
ideologically-neutral outgroups (experts). Althouginservatives are known to value
obedience to authority more than liberals (Josal.eR018), this relationship may be mediated
by known partisan differences around trust in ctemscientists (Kennedy & Funk, 2016).
Accordingly, it is likely that conservatives wout@ even more receptive if the scientific
consensus was presented by a prototypical in-gmeember (e.g. Benegal & Scruggs, 2018).

Second, Krosnick and Macinnis (2015) argue thigictige exposure to different
media content could play a bigger role in accountor the divergence in Americans views
on global warming than motivated reasoning. In otirerds, perhaps conservatives are just
less familiar with the scientific consensus. TRisiot implausible given that for decades,

vested-interest groups have orchestrated influesiBanformation campaigns to purposefully
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cast doubt on the reality of human-caused globamwvay (Elsasser & Dunlap, 2013; Oreskes
& Conway, 2010; Cook et al., 2018). This hypothésisorroborated by evidence that the
knowlede gap about the scientific consensus—altihdugh in general—is substantially
higher among conservatives (Leiserowitz et al.,720lmportantly, experimental research
finds that both false media balance and misinfoionatan easily neutralize and distort
people’s perception of expert consensus (Bolsermrd&kman, 2018; Cook et al., 2017,
Koehler, 2016; van der Linden et al., 2017). Thisonsequential because higher domain
knowledge is known to reduce ideological biasesy(&wal, 2014). In short, the observed
interaction is likely the result of both selecteeposure and the fact that updating second-

order normative beliefs is psychologically less#iening.

7.3  The consensus-heuristic: Accuracy vs. motivatedaeiag

At a more general level, our findings contributextgrowing literature which shows that
people use consensus cues as a heuristic to helgddgments about whether or not the
position advocated in a communication is valid {@aet al., 1998; Cialdini et al., 1991,
Lewandowsky et al., 2013; Panagopoulos & Harri@®1,6; Mutz, 1998; Schultz et al.,
2007). The current results are especially intemgdtiecause the persuasive power of
scientific consensus benefits from two heuristicthat “consensus implies correctneast
“statements from experts can be trusted” (Chaikderman, & Eagly, 1989; Cialdini et al.,
2015). In other words, when it comes to social riere can be a clear divergence
between “going alongs getting it right” (Chenn et al., 1996). Yet, imetcase of expert
consensus both motivations are satisfied, as gdomgg with the (expert) crowd also offers a
higher likelihood of getting it right (Budescu & €, 2014; Cook et al., 2018; Mannes, Soll,
& Larrick, 2014). Neurological research even fikdat people experience reward-signals

when they learn that they are in agreement witregggCampbell-Meiklejohn et al., 2010).
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At the same time, defense-motivations can leaglpdo selectively deploy heuristics
in a way that is congenial to their prior attitug€sen et al., 1996; van der Linden et al.,
2017). In fact, a large literature in social anditpal psychology shows people selectively
attend to evidence, assimilate information in a ¥t reinforces prior beliefs, and are
motivated to reject information that threatensitherldviews (Bolsen & Druckman, 2014;
Hart & Nisbet, 2012; Lewandowsky & Oberauer, 20léxd, Ross, & Lepper, 1979; Kahan,
2015; Kunda, 1990; Nickerson, 1998; Flynn, NyharRéifler, 2017; Taber & Lodge, 2006).

Importantly, however, in a large national samgte, ¢urrent study finds no support
for the belief polarization claim (Kahan et al. 180, as the opinions of conservatives,
liberals, and those with skeptical and supportivermttitudes all converged towards the
scientific consensus. In fact, exposure to thensifie consensus interacted positively with
political ideology (conservativsm), including inélat effects on personal attitudes and
support for action. These findings are consistatit & growing literature on consensus
messaging (Brewer & McKnight et al., 2017; Coolalet 2017; Lewandowsky et al., 2013
van der Linden et al., 2017), including more mixades where studies do not find evidence
of a “boomerang”, “backfire” or “polarization” eft¢ (Bolsen & Druckman, 2017; Dixon et
al., 2017; Kobayashi, 2018b; Kerr & Wilson, 2018yds et al., 2012). This is not to say that
there are no exceptions (e.g., see Cook & Lewankinviz)16) or that people do not engage
in politically motivated reasoning. However, stugiacreasingly find that true belief
polarization is a relatively rare phenomenon (Guée&oppock, in press; Kuhn & Lao, 1996;
Kobayashi, 2018b). Even Lee Ross (2012) commemgzhdisan motivated reasoning
theories, suggesting that “we cannot assume tlugdi@@ersist in their views simply because
of some emotional attachment to them” (p. 241)ebdd] motivated reasoning has a limit
(Redlawsk et al., 2010) and the relative importasfcaccuracy versus directional goals is

context dependent (Flyn, Nyhan, & Reifler, 2019r Example, a recent study investigating
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corrections across 52 political issues found ndewe of belief polarization (Wood &
Porter, 2018). The authors conclude: “by and lacgzens heed factual information, even
when such information challenges their ideologamahmitments” (p. 1). As such, our
findings have important implications for more nuath@nd contextualized debates about the

role of accuracy and defense motivation in reagpalyout evidence.
7.4  Practical implications and future research

Dixon (2016) correctly notes that important quassioemain about how to best apply the
Gateway Belief Model (GBM). For example, even ifgeved scientific consensus acts as a
gateway cognition, one might wonder about the pralcimportance of the cascading direct
and indirect effects on personal attitudes and sugpr public action (Kahan, 2015; Kerr &
Wilson, 2018). We outline three arguments in fanfothe practical importance of the GBM.
Purely in terms of effect-sizes, the experimentain effects on the second-order
variables (i.e. personal beliefs and support fddiplaction) can be considered small (Cohen,
1988). Yet, it should be noted that, contextuahgy are average and lie between th& 50
and 7% percentile of all effects in media and persuasésearch (Weber & Popova, 2012).
Considering that the scientific consensus messagg idot specifically target worry or
support for action, this could be considered imgikes The initial effect on perceived
consensusd(= 0.88) is large and lies above thd"Q&rcentile of effect-sizes in media and
persuasion psychology research (Weber & Popove)2€irthermore, small effects can be
considered meaningful, especially when a) the exygtal manipulation is minimal and b)
the dependent variable is difficult to influenceditice & Miller, 1992). We maintain that
both of these conditions are satisfied here agxtperimental manipulation is extremely
minimal and public opinion on climate change (leiha policy-support) is notoriously

difficult to change (Gifford, 2011). Moreover, asikan and Braman (2003) note, small
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effects matter when scaled at population leveakliVidual opinions influence political
outcomes through aggregation. Even a modest anafwariation in opinion across
individuals will profoundly influence collectivelteerations” (p. 1406). To contextualize
this, ad of 0.15 roughly translates to a change in puhblfgp®rt from 50% to 54%—recent
elections have hung on less (e.g. Brexit 51.9%48<%).

One could counter-argue that although the sciemt#nsensus on global warming has
been around for decades, little has happened (K&0d®). Yet, this point a) ignores
experimental evidence on the potent role of mismftion in neutralizing the effect of the
scientific consensus (Aklin & Urpelainen, 2014; ®at al., 2017; van der Linden et al.,
2017) and b) is contradicted by evidence that py@rceptions of the scientific consensus
and corresponding beliefs that climate change manicaused have been increasing since
2010 while polarization on these beliefs has des@@4Cook et al., 2018; Hamilton, 2016).

A final critique concerns the fact that the GBMhi sensitive to individual
differences. Yet, the extent to which it is usetutonsider individual differences in the
GBM remains unclear. For example, the interactietwiken ideology and the scientific
consensus may not generalize across all issuesxbn, 2016; van der Linden, Clarke, &
Maibach, 2015). Similarly, it could be argued ttra effects may be conditional on trust in
climate scientists given the important role of triifarris et al., 2018), yet research to date
has not found that inclusion of trust, perceivestldnility of scientists, or deference to
scientific authority produces meaningful moderagfiects in the GBM (Chinn et al., 2018;
Dixon, 2016; Kobayashi, 2018a). Furthermore, asreetnl rule, it should be illustrated that
making the model substantially more complex by agdndividual difference moderators is
worth the trade-off by corresponding increases adeh fit, explanatory, or predictive power.

Lastly, although the measures adopted here haveussel in prior research, we

acknowledge the limitations of using single-iterasr@easurement constructs. In particular,
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we note that our conceptualization of support idliz action is broad-stroke and future
work on the GBM would benefit from measuring peangagement and support for more
specific climate change mitigation policies (ege ®ing et al., 2011). We encourage future
research to improve the ecological validity of camsus message experiments, for example,
by contextualizing the scientific consensus withdditicized debates (Bolsen & Druckman,
2015; Cook et al., 2017; van der Linden et al., 720y modelling the decay of the
consensus effect over time, and by examining g@ideal variation in scientific belief
change (Zhang et al., 2018). Lastly, our mediatmmuel is guided by prior and replicated
theoretical relationships that provide a goodditite data and we demonstrate causal effects
of the consensus treatment on all key mediatoroatmbme variables. However, we still
cannot fully ascertain a temporal chain where adiagachanges in key beliefsj cause
higher support for public actiory) as separate experiments would need to be corditecte
independently manipulate tiv—>Y paths (Stone-Romero et al., 2008). Accordingly, we

encourage future research to validate the predistid the GBM in real-world field settings.
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1. Supplementary Tables

Supplementary Table 1. Sample Characteristics

Demogr aphics Control (p) Treatment (p) Total (p)
Gender

Male 0.45 0.46 0.46
Female 0.55 0.54 0.54
Age

18-24 0.14 0.14 0.14
25-34 0.22 0.23 0.22
35-44 0.16 0.16 0.16
45-64 0.34 0.35 0.34
65 + 0.14 0.14 0.14
Education

Less than high school 0.05 0.05 0.05
High school graduate 0.32 0.33 0.33
Some college 0.33 0.32 0.32
Bachelor's degree 0.18 0.18 0.18
Graduate or higher 0.12 0.12 0.12
Ethnicity

Black, non-Hispanic 0.08 0.09 0.09
White, non-Hispanic 0.73 0.72 0.73
Hispanic 0.12 0.12 0.12
Other, non-Hispanic 0.07 0.07 0.07

Palitical 1deology

Very conservative 0.13 0.13 0.13
Somewhat conservative  0.23 0.22 0.23
Moderate 0.38 0.40 0.39
Somewhat liberal 0.16 0.16 0.16
Very liberal 0.09 0.09 0.09
Region

Northeast 0.19 0.19 0.19
Midwest 0.22 0.22 0.22
South 0.37 0.37 0.37
West 0.22 0.22 0.22

Note: Proportion of respondents in each category irtrisegment and control groups and overall sample,
respectively. Balance tests indicate no statisficadnificant differences between the two groupsX .5).



Descriptive statistics Pre-test Pre-test Sample
Control Treatment Overall
Perceived scientific consensus 67.02 67.62 67.32
(66.24,67.80)  (66.84,68.39) (66.77, 67.87)
Belief in climate change 5.21 5.29 5.25
(5.15, 5.28) (5.23, 5.35) (5.21, 5.30)
Belief in human causation 4.95 4.97 4.96
(4.89, 5.00) (4.92, 5.03) (4.92, 5.00)
Worry about climate change 4.66 4.74 4.70
(4.60, 4.73) (4.68, 4.81) (4.66, 4.75)
Support for public action 5.44 5.48 5.46
(5.39, 5.50) (5.43, 5.53) (5.42, 5.50)

Supplem
entary
Table 2:
Descripti
ve
Statistics
of Key
M easures
(by

Conditio

n)

Note: Balance tests indicate no significant pre-teedénces between the treatment and control
conditions on any of the key mediator or outcomgatdes ps> 0.27). The largest standardized difference is
0.045 (worry). The 95% (overlapping) confidencesimtls are provided in parenthedds: 6,301 (1 = 3,151

control).

Supplementary Table 3: Intercorrelations of the difference scor es (post-pre)



1. 2. 3. 4. 5.

1. A Perceived Scientific Consensus

2. A Belief in Climate Change 013 -

3. A Belief in Human Causation 023 017" -

4. A Worry about Climate Change  0.13 0.11° 0.14" -

5. A Support for Public Action 0.10 0.06°7 0.09° 0.227 -

Note: Difference scores were computed by subtractingthaest from the post-treatment score for eachef
given variables. p<0.001;” p< 0.01; p < 0.05.

Supplementary Figure 1. Pre and Post-test scores by Condition and Party ID
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Supplementary Figure 2: Pre and Post-test scores by Condition and | deology
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Supplementary Figure 3: Pre and Post-test scores by Condition and Prior Attitude
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Supplementary Figure 4: Pre and Post-test scores by Condition and | deology (5-point)
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Belief in Global

‘Warming B=0.03%*
B=0.13%%* (0.01, 0.0%)
(0.11, 0.15) p=0.07%**
(0.05, 0.10)
T;’::t‘:;‘zﬁi (0.38, 0.42) Szzzgf?c (0.07, 0.13) Worry about (018,0.23) | gunnart for Public
s, C 1 A P A Global Warming - - » Action
vs. Contro greemen B =0.06%=
(0.03, 0.08)
B=0.10%*
= L
{02009 007,019

B=0.04%#
Belief in Human (0.02, 0.07)

Causation

Model Fit:

¥2(6)=166.40, p < 0.001
RMSEA = 0.065

(90% CT: 0.06 —0.07)
CFI=0.94

SRMR =0.028



Using alarge national sample, this study replicates the Gateway Belief Model (GBM)
Exposure to a consensus message increased perceived scientific consensus (PSC)

A change in PSC subsequently predicted (smaller) changesin private attitudes
Changesin these attitudes were in turn associated with greater support for action
Main effects on PSC were greater for conservatives and reduced motivated cognition



