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Abstract: The local warming effect occurs when perceived deviations in the day’s temperature
affect individuals’ global warming beliefs. When people perceive the day to be warmer than
usual, they tend to overestimate the number of warm days throughout the year, and to report
increased belief in and worry about global warming. For many, this is normatively concerning
because a single day’s perceived temperature fluctuation is not representative of longer-term,
large-scale climate patterns. It thus makes for a poor basis for global warming judgments. Recent
work shows that the local warming effect might disappear when people receive a reminder to
think about weather patterns over the past year (i.e., a correction). This paper employs a survey
experiment that extends past research by exploring the generalizability, conditionality, and
durability of the corrective information. It identifies the conditions under which a local warming

effect is more or less likely to occur.
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1. Introduction

There is little doubt that perceptions of daily temperature deviations can influence
individuals’ global warming beliefs. When people perceive the day’s local temperature to be
warmer than usual, they tend to overestimate the number of warm days throughout the past year,
and to report increased belief in and concern about global warming. This local warming effect
has been documented with numerous operationalizations, across multiple populations, and at
different times (Joireman, et al. 2010, Li et al. 2011, Risen and Critcher 2011, Egan and Mullin
2012, Lewandowski et al. 2012, Zaval et al. 2014).

The local warming effect may not always occur, however. For example, Druckman
(2015) presents suggestive evidence that the effect may disappear when people receive a
reminder to think about over-time temperature patterns. Druckman’s results show that prompting
people to consider weather fluctuations over time can sever the connection between perceptions
of the present day’s temperature deviation and both impressions of the last year’s temperature
trends and global warming beliefs. However, Druckman conducted his study on a young sample
at a single location, on an uncharacteristically warm day, following a near record-cold winter.
Thus, many questions remain. Just how generalizable is this corrective effect? Does the
occurrence of the local warming effect vary based on individual differences? Does the impact of
a corrective prompt sustain over time?

This paper presents an experimental study that addresses each of these questions. It first
presents data that re-tests the impact of the corrective prompt, with a more heterogeneous sample
across multiple locations, and with respect to an additional dependent variable beyond belief in
and concern about global warming — specifically, beliefs about the role of humans in causing

global warming (see, e.g., Hamilton and Stampone 2013). The expectation is that the prompt will
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have the same corrective impact on this additional measure. Indeed, the psychological process
underlying Druckman’s (2015) findings should also occur here. Without the prompt, individuals
tend to substitute readily available direct sensory experience (i.e., perceived daily temperature
fluctuations) for more diagnostic but less accessible information (i.e., over-time temperature
trends) — a pattern of behavior similar to the “end-heuristic” observed by Healy and Lenz (2014).
In other words, people tend to engage in attribute substitution (see Kahneman and Frederick
2002). The prompt makes over-time temperature patterns more accessible, meaning people do
not rely on perceptions of today’s temperature deviation in forming their global warming beliefs.
The prediction then is: relative to people who do not receive a prompt to consider over-time
temperature patterns, people who receive such a prompt will be significantly less likely to base
their global warming attitudes on their perceptions of today’s temperature deviation, all else
constant (hypothesis 1).

Second, this paper presents a test of whether the local warming effect varies based on
individual differences. Past work suggests that less intelligent or cognitively able individuals are
more likely to rely on attribute substitution since they typically lack the knowledge base and
motivation to think through longer-term patterns (Stanovich and West 2002, Egan and Mullin
2012): there is “generally a negative correlation between... measures of intelligence and
susceptibility to judgment biases” (Kahneman and Frederick 2002, p. 68). The prediction is thus
that the local warming effect (which entails using the end-heuristic via reliance on perceptions of
today’s temperature deviation) will occur to a significantly greater extent among less cognitively
able individuals, all else constant (hypothesis 2).

Finally, this paper presents results regarding whether the corrective prompt endures over

time, continuing to eliminate the local warming effect even without re-exposure. The expectation
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is that there will be over-time durability of the corrective prompt because it should stimulate
more elaborative thinking as people search their memories for over-time weather assessments
rather than rely on a simple attribution substitution. Such thinking is what minimizes the effects
of “more superficial, cue-driven processes” such as the end-heuristic (Visser et al. 2006, p. 5).
More generally, “when people [form] elaborated attitudes... their attitudes [are] more likely to
persist” (Erber et al. 1995, p. 436). The prediction then is that, relative to those who do not
receive a prompt, those who receive a corrective prompt will demonstrate stability in their initial
attitudes, and will be significantly less susceptible to the local warming effect (i.e., reliance on
perceptions of today’s temperature deviation) a week after receiving the initial prompt, all else
constant (hypothesis 3).
2. Experimental design and procedure

Participants (n = 307) were recruited via Amazon’s Mechanical Turk (MTurk), an online
labor market utilized by an increasing number of survey researchers (Buhrmeister et al. 2011).
MTurk represents an improvement over student-based samples typically available to social
scientists in that MTurk samples are fairly heterogeneous and more closely representative of the
U.S. population as a whole (Berinsky et al. 2012). Mullinix et al. (2015), in fact, show that the
modal social science experiment done on a probability population sample replicates on MTurk.
Moreover, MTurk is a noted improvement over Druckman’s (2015) sample that largely consisted
of students living in one location (e.g., the respondents here came from a total of 44 different
states). It also is the same approach used by Zaval et al.’s (2014) investigation of the local
warming effect (for three of their studies). The first surveys described in this paper were

conducted on 15 December 2014; each respondent received $0.50 for participating.
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Participants were randomly assigned to a control (no prompt) or treatment (prompt)
condition. Following Zaval et al. (2014) and Druckman (2015), participants were asked: (1) to
assess whether the day’s local temperature was warmer or colder than usual for the time of year
(TT; with 1, much colder; 2, somewhat colder; 3, about the same; 4, somewhat warmer; 5, much
warmer); (2) to report what percentage of days over the past year seemed to be warmer than
usual compared with the historical average (PDW); (3) how convinced they are that global
warming is happening (GWB; on a four-point scale from not at all convinced to completely
convinced); and (4) how worried they are about global warming (GWW; on a four-point scale
from not at all worried to a great deal worried). Extending previous work, participants also were
asked about whether they think global warming is naturally-occurring or is the result of human
activities (GWH; on a seven-point scale, which after an adjustment, see Appendix A, ranged
from 1, definitely naturally induced to 7, definitely human induced). Question wordings are
provided in Appendix A. In what follows, unless otherwise noted, TT or today’s temperature
deviation refers to perceptions of temperature deviations rather than an objective deviation in
actual temperatures. The same is true for PDW.

The survey additionally asked each respondent about their demographic characteristics,
political ideology, environmental/economic attitudes, and cognitive ability. Specifically,
respondents reported their age, income, education, and gender, and located themselves on a
seven-point ideology scale ranging from “very liberal” (a score of 1) to “very conservative” (a
score of 7). Respondents also reported their environmental/economic attitude in terms of
preferences for protecting the environment (a low score of 1) versus maintaining economic
growth (a high score of 7). There are not clear directional predictions for all of these control

variables; however, prior work suggests that ideology (becoming more conservative) and



164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

environmental/economic attitudes (moving towards a preference for economic growth) should
have negative effects on all global warming beliefs (e.g., McCright and Dunlap 2011, Marquart-
Pyatt et al. 2014, Bolsen et al. 2015).

Respondents’ cognitive ability was assessed using a political knowledge battery that
included four items (Cronbach’s alpha = 0.63) (Delli Carpini and Keeter 1996). Others have
shown that such a measure can serve as a proxy for intelligence or ability. Motta (2016, p. 7)
states, “Many scholars have documented a link between higher levels of cognitive ability and
increased knowledge about politics[.]” Rasmussen (2015, p. 7) similarly explains, “Research
demonstrates that people who are more intelligent are also more politically knowledgeable[.]”
This measure, which may have the advantage of being a domain specific ability proxy, will be
used to test the expectation that the local warming effect largely occurs among less cognitively
able individuals. A more general cognitive ability measure was not included; future work would
benefit from comparing distinct ability measures. Question wordings and scales for these
measures also are available in Appendix A; this appendix lists all of the questions in the order

they were provided to respondents.!

! The demographic breakdown of the sample is as follows. Age was measured as a six-item categorical variable (1 =
under 18; 2 = 18-24; 3 = 25-34; 4 = 35-50; 5 = 51-65; 6 = 65+); the mean response was 3.18 with a standard
deviation of .80. Education was measured as a five-item categorical variable (1 = less than high school; 2 = high
school; 3 = some college; 4 = 4 year college degree; 5 = advanced degree); the mean response was 3.46 with a
standard deviation of .88. Slightly fewer than half of the respondents were female (46.5%). Income was measured as
a five-item categorical variable (1 = < $30,000; 2 = $30,000 - $69,999; 3 = $70,000 - $99,999; 4 = $100,000 -
$200,000; 5 = $200,000+); the mean response was 2.07 with a standard deviation of .90. As intimated, ideology was
measured on a seven-point scale ranging from “very liberal” (a low score of 1) to “very conservative” (a high score
of 7); the mean response was 3.26 with a standard deviation of 1.67. Also, as intimated, respondents’
environmental/economic attitudes were assessed by asking them whether they favored “protecting the environment,
even at the risk of curbing economic growth” or “maintaining a prosperous economy, even if the environment
suffers to some extent?” Respondents’ answers were recorded on a seven-point scale ranging from “definitely
protect environment” (a low score of 1) to “definitely maintain prosperous economy”’; (a high score of 7) the mean
response was 3.46 with a standard deviation of 1.83. Finally, the average score on the four-item knowledge battery
was 2.99 correct with a standard deviation of 1.15.
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Finally, objective temperature and objective temperature deviations was collected for
each respondent’s location; these variables allow for several robustness checks. Appendix B
describes how these data were collected and details the robustness check results. These checks
rule out the possibility that it is objective conditions that drive the local warming effect, rather
than the posited perceptions.

The treatment (prompt) condition (n = 154) differed from the control (no prompt) (n =
153) in only one way. Specifically, as in Druckman (2015), before treatment participants were
asked to assess temperature trends over the past year (PDW), they were prompted with the
following reminder: “When thinking about temperatures over the last year, remember not only
the feeling of today but also how you felt throughout last winter, spring, and summer — when
temperatures were different.” Finally, all respondents were contacted 7 days after the initial
survey (on 22 December 2014) and asked to participate in another survey that re-asked the same
series of questions (TT, PDW, GWB, GWW, and GWH).2 In the follow-up, respondents in both
experimental groups received the same questions; the prompt was not introduced again for the
treatment group. Respondents received $2.00 for completing the follow-up; roughly half of the
initial respondents (52 percent of control respondents and 53 percent of treatment respondents)
accepted the invitation, with 80 control group and 81 treatment group respondents taking part.

To be clear, the experimental approach used here differs from Zaval et al. (2014). Their
fourth study (the one most similar to what is presented here) uses an observational approach to
explore the existence of the local warming effect. This paper focuses on the impact of the
prompt, which means that the key tests entail comparisons across the randomly assigned

experimental groups. Thus, even though responses to the measures varied through the sample,

2 At the time of the initial survey, respondents were informed that they would be re-contacted to participate in a
second brief survey.
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given that respondents lived in a host of locations, random assignment to the control (no prompt)
or treatment (prompt) condition means that on average the two groups were the same.
Consequently, controlling for other variables (including actual rather than perceived temperature
deviations; however, see Appendix B) is not necessary since the groups should be comparable,
on average, other than exposure to the prompt (see Shadish et al. 2002).2 Any differences
between experimental groups can be confidently attributed to the prompt.

The control (no prompt) condition should display a similar local warming effect as
previous studies (i.e., Zaval et al. 2014, Druckman 2015). That is, among control (no prompt)
respondents, perceptions of today’s temperature (TT) should influence perceptions of the
percentage of warmer-than-normal days over the past year (PDW), as well as global warming
belief (GWB), worry (GWW), and the extent to which respondents believe that global warming
is the result of human activities (GWH). In contrast, treated (prompt) respondents should display
a significantly smaller or no connection between TT and PDW or the global warming variables
(hypothesis 1). The impact of cognitive ability among respondents in the control (the no prompt
condition, where the local warming effect is expected to occur) is explored by assessing whether
the effect is significantly larger for those who are less able, as measured by the aforementioned
four-item knowledge battery (hypothesis 2). Finally, the over-time impact of the prompt is
investigated by comparing experimental groups using the follow-up survey data (hypothesis 3).

3. Results and Discussion
The first prediction to test is whether the prompt vitiates or severs the connection

between TT and the other main variables: PDW and the global warming beliefs. Note that one-

3 The comparison of the two groups on all measured demographics confirmed they matched on average.
Specifically, a logistic regression, available from the authors, showed that virtually none of the demographic
variables significantly predicted experimental assignment, suggesting balance across conditions.

8



222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

tailed tests are used, given the clear directional nature of the hypotheses (Blalock 1979: 163).
Table 1 presents the results. The first two rows display average scores for the given measures,
while the bottom four rows present relevant correlations. The table shows that TT is not
significantly different by condition, confirming the success of random assignment.* On average,
respondents in both conditions reported that the present day’s temperature was higher than usual
(the midpoint of the scale is 3 — so responses above this value indicate warmer than normal
temperatures).® It is not surprising, then, that PDW is significantly higher among control (no
prompt) respondents: while both groups perceived the present day to be warmer than usual, only
those in the control group made the connection between TT and PDW, leading them to relatively
higher estimates of the number of such days over the past year (28.84 versus 24.88).
[TABLE 1 ABOUT HERE]

This is further evidenced by the marginally significant correlation (r = 0.15, p = 0.059,
one-tailed test) between TT and PDW among control (no prompt) respondents. Consistent with
hypothesis 1, TT and PDW are uncorrelated among treated respondents.® Moreover, as predicted,

TT is correlated with each of the global warming measures (GWB, GWW, and GWH) for the

4 As mentioned, objective temperature data were collected (see Appendix B); those data show that TT is
significantly correlated with objective temperature deviations at both T1 (r = 0.431, p < 0.001, two-tailed test) and
T2 (r=0.2089, p < 0.01, two-tailed test), suggesting that respondents did indeed attend to actual weather patterns in
formulating their responses to this item. PDW, on the other hand, is not correlated with objective temperature at
either point, and does marginally differ by condition (i.e., at the .1 level of significance). Additionally, neither
objective temperatures nor objective temperature deviations differ significantly across conditions either at T1 or T2
(see Appendix B).

5 Objective temperature data show that respondents experienced temperatures on the day of the survey that were a
mean of 5.3 degrees Fahrenheit (s.d. = 6.8 degrees) warmer than the historical average.

& Linear regression shows that perceived temperature deviations (TT) influence PDW even when controlling for
objective temperatures and objective temperature deviations among control (no prompt) respondents. TT’s effects
are insignificant among respondents who received the prompt. Details are available from the authors.

9
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control group, but not the treatment group.” The prompt did not just vitiate the impact of TT —in
the case of these data, it eliminated the effect.

Altogether, this is evidence that Druckman’s (2015) prompt generalizes to a broader
population at a distinct time. It also extends past work by exploring the local warming effect’s
absence or presence when it comes to beliefs about the role of human action in affecting global
warming (GWH).

Hypothesis 2 predicts that the local warming effect occurs to a greater extent among less
cognitively able individuals. Testing this possibility entails focusing on respondents in the
control (no prompt) condition where the local warming effect occurred.® To do so, each
dependent variable is regressed on TT, PDW, demographic and ideological controls (i.e., age,
education, gender, income, ideology, and environmental/economic attitudes), cognitive ability,
and an interaction of cognitive ability with temperature (TT).® The results are displayed in Table
2.

[TABLE 2 ABOUT HERE]

One thing to note, prior to discussing the results for hypothesis 2, is that the results
presented here differ from prior work in one regard. As Table 2 shows, the main TT effect
remains significant. Zaval et al. (2014) and Druckman (2015) suggest a mediational argument
such that TT works through PDW (i.e., TT affects PDW which, in turn, affects the global
warming beliefs). The continued significance of TT here suggests that the effects are not entirely

mediated through PDW (e.g., Baron and Kenny 1986). The experience of the hot day likely

7 As in Druckman (2015), the correlation between PDW and each dependent variable, while not reported in Table 1,
is statistically significant across experimental conditions. There were no predictions about how the relationship
among these particular variables might change (or not) based on exposure to the prompt.

8 1t is possible that cognitive ability could moderate an effect in the treatment (prompt) group (e.g., the general null
results could hide a small effect among those very low in ability). This possibility was explored, and the result was
that cognitive ability has neither a main nor an interactive effect among treated respondents.

9 When Percent Days Warmer (PDW) is left out, all models remain substantively the same.
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affects other mediators that were unmeasured (e.g., Leiserowitz 2006). For example, TT may
influence global warming attitudes via risk assessments (e.g., van der Linden 2015).
Alternatively, particularly warm days may cause individuals to worry more about global
warming consequences on public health, environmental degradation, or the local ecology, which
in turn could generate increased belief in and concern about global warming (see, e.g., Corbett
and Durfee 2004, Scannell and Gifford 2013, Weathers and Kendall 2015, Wiest et al. 2015).
This paper leaves it to future work to more concretely identify additional mediators.® For the
present purposes, the more important point is that because TT remains significant, the analysis
tests hypothesis 2 by interacting cognitive ability with TT (rather than with PDW).

Table 2, consistent with hypothesis 2, shows both a main effect for TT and a significant
negative effect of the interaction term across all three models (although it is marginally
significant in the GWB model)!! — suggesting that the local warming effect is indeed larger for
those with lower levels of cognitive ability (see note 12 on comparisons with prior work).*2 For
example, we find that while a one-unit increase in today’s temperature produces a 0.34 unit

increase (more than 30 percent of a standard deviation) in global warming belief (GWB) among

101t is worth noting that recent work on mediation makes clear that the study design used here and by others — which
involves the measurement, within a single study, of both the overall effect of the treatment (prompt) and its indirect
effect through a potential mediator — makes it impossible to definitively establish mediation (Bullock and Ha 2011).
Moreover, another challenge to documenting mediation, if it did occur partially via PDW, is that individuals may
not easily translate their over-time perceptions into precise estimates.

11 Similar results obtain using ordered logistic regression instead of ordinary least squares regression (in terms of
significance and the direction of coefficients). Also, interacting cognitive ability with PDW instead of TT produces
an interaction term that is significant for two of three dependent variables (GWB and GWW).

2 In part, this replicates the findings of Egan and Mullin (2012), although they proxy for cognitive ability with
education, and examine the effect of actual rather than perceived temperatures on attitudes and beliefs. Interestingly,
the results here may appear to contradict Zaval et al. (2014), who find that increased knowledge does not eliminate
the local warming effect. This may be due to differences in how the respective research designs operationalize
“cognitive ability.” Zaval et al. directly manipulate respondents’ knowledge base, presenting treatment-group
respondents with information about the relationship between local short-term and broad long-term_temperature
trends; they find that this information fails to correct the local warming effect. In contrast, the design here controls
for respondents’ preexisting levels of cognitive ability using a political knowledge battery. It is possible that less
able respondents were unable to integrate the information that Zaval and colleagues presented, allowing the local
warming effect to persist in spite of their treatment. The results here show, on the other hand, that for more
cognitively able respondents, the local warming effect never appears in the first place.

11
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the least cognitively able control (no prompt) respondents, the same temperature increase among
the most cognitively able yields a change of just -0.007, indistinguishable from zero. A similar
pattern appears for the other two dependent variables.!314

As mentioned, ideology (moving in a conservative direction) and
environmental/economic attitudes (moving toward a greater preference for economic growth
over environmental protection) were predicted to have significant and negative effects on the
global warming variables. This is what was found, using one-tailed tests (given the directional
predictions). Fewer a priori expectations existed for the other control variables and thus for those
two-tailed tests of significance are used. The results show that age had a significant negative
effect on GWH. Cognitive ability also had a significant positive main effect on all variables,
although only marginally so for GWB (.1 level).

The final question to explore is whether the effects of the prompt endure over time. Given
the results reviewed above, the prompt seems like a promising means for decoupling the public’s
attitudes about global warming from a heuristic (perceived deviation in today’s temperature),

especially in light of its robustness to a larger and more diverse population. However, another

13 Analyses using education as a measure of ability rather than the political knowledge battery were also conducted.
Those analyses show that education does not work in the same way; that is, it does not moderate the results (c.f.,
Egan and Mullin 2012). This likely reflects the nature of MTurk respondents. While MTurk is better than a student
sample, it is still skewed on some variables, including education (see Levay, Freese, and Druckman 2016). Indeed,
in the sample studied here, variance was limited such that 55% of subjects had at least a 4-year college degree.
Another test run was for an interaction between ideology and cognitive ability as some research has shown
significant effects for such an interaction (e.g., Bolsen, Druckman, and Cook 2015). The results show no significant
interaction, which likely again reflects a lack of variance in the MTurk sample: 58% of respondents were liberal and
another 19% were pure Independents (see Levay, Freese, and Druckman 2016). To be clear, MTurk is generally
heterogeneous across variables, but education and ideology are two of the central variables on which it tends to be
skewed.

14 These same analyses were run with the inclusion of objective temperature and objective temperature deviation as
control variables. The results remained substantively the same (i.e., perceived temperature deviations influence
global warming beliefs among control (no prompt) respondents, and the interaction effects described above remain
significant). In other analyses (more directly concerning results presented in Table 1), objective temperature
deviation was substituted for perceived temperature deviation and it was found to be significant for only one
outcome variable, and, interestingly, in that case, the prompt also eliminated its effect. See Appendix B for more
discussion; all such results are available from the authors.

12
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important matter to consider is the persistence of the treatment effect. If the effects of the prompt
quickly dissipate, it may have little value beyond simply improving one-off survey responses.
Yet, if the effects of the prompt are more long-lasting, as predicted by hypothesis 3, this would
constitute strong evidence of its rhetorical utility for scientists and educators seeking to
communicate with the public about global warming.®

As noted above, respondents were re-contacted seven days after the initial survey and
asked to complete a short follow-up questionnaire.'® Specifically, they were again asked about
the present day’s temperature (i.e., on the day of the follow-up) and the percentage of warm days
over the past year, in addition to each of the three global warming variables (GWB, GWW, and
GWH). For each of the time 2 (T2) models, all political and demographic control variables were
excluded because these measures are captured by the dependent variables from time 1 (T1),
which are included as controls in the time 2 (T2) regressions. In other words, since the control
variables already influenced the initial measures, which are present in these models, there is no
need to include them a second time. Tables 3 and 4 present the longevity results.

[TABLES 3 AND 4 ABOUT HERE]

Table 3 shows T2 observations for control (no prompt) respondents. Clearly, these results
match the findings for control respondents at T1: perceptions of today’s temperature deviation
exert a significant influence on all three global warming variables, although significance is

marginal for GWH. In short, the local warming effect appears again among control (no prompt)

15 Previous studies and reviews of the persistence of treatment effects and attitude change suggest mixed results
(e.g., Lecheler and de Vreese 2011, Baden and Lecheler 2012).

16 One inferential concern is whether the balance achieved through random assignment at time 1 was maintained at
time 2, given some response rate attrition. Balance would allow for causal inferences across the experimental groups
(e.g., the prompt’s impact is expected to endure and thus the experimental groups should continue to differ when it
comes to the effect of perceived temperature deviations at time 2). In results available from the authors, it is shown
that balance remains at time 2. The groups likely remain comparable on unobserved measures since there is no
reason to expect those receiving the brief and subtle prompt at time 1 would subsequently engage in behaviors
distinct from those who do not receive the prompt at time 1.

13
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respondents at T2. Additionally, each dependent measure from T1 exerts a sizeable impact on the
same measure at T2.

Table 4 shows that treated (prompt) respondents show no signs of the local warming
effect at T2 — even though the treatment prompt was not re-administered. The corrective prompt
eliminates the local warming effect at least as much as seven days after the fact, as was predicted
with hypothesis 3.1"18 This suggests that even though global warming attitudes may be subject to
the influence of such fleeting and arbitrary factors as the present day’s weather, it may be
relatively easy to apply an enduring correction to these influences.

As previously intimated, each of the substantive findings described here, as well as the
conclusions drawn from them, hold up when accounting for objective temperatures and objective
temperature deviations in the models. For a detailed discussion of this, see Appendix B.

4. Conclusion

Recent research has shown that perceived short-term local temperature fluctuations can
exert undue influence on global warming beliefs. However, one recent study (Druckman 2015)
shows a way to successfully counteract it. This paper built on this prior work by demonstrating
that the correction is robust in a broader and more diverse sample: the prompt not only
neutralizes the local warming effect for students drawn from a single location, but also for adults
sampled from across the country. The results also reveal that the prompt’s corrective impact
extends to an additional global warming attitude: along with belief in and concern about global

warming, the prompt also eliminates the local warming effect with respect to the belief that

17 Substantively, identical effects are obtained via ordered logit: today’s temperature at T2 remains statistically
insignificant among those who received the prompt at T1.

18 While similar in some respects, the consideration of over-time effects here differs from that of Egan and Mullin
(2012) who find fleeting local warming effects. Egan and Mullin investigate the influence of temperature at T1 on
attitudes at T2; in contrast, here the focus is on the effects of a prompt given at T1 and temperature at T2 on attitudes
atT2.
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global warming is human-induced. Moreover, the results indicate that cognitive ability is a
possible moderator of the local warming effect. Local daily temperature fluctuations seem to
have a significantly greater impact among the less cognitively able. Finally, the results show that
the correction can persist for at least one week afterwards.

While the findings illuminate the conditions and extent of both the local warming effect
and a correction to it, future work might continue to explore other aspects of these phenomena.
For instance, in addition to further replication studies across populations and time, scholars
might consider whether the correction persists longer than one week, and whether colder-than-
normal and warmer-than-normal temperatures are equally “correctable.” Furthermore,
researchers have explored the impact of other weather events besides temperature on global
warming attitudes and beliefs — for instance, rainfall, coastal erosion, and tropical storms (e.g.,
Goebbert et al. 2012, Taylor et al. 2014). When other kinds of short-term local weather
fluctuations influence global warming beliefs, scholars might ask whether these effects can also
be corrected in a similar fashion. Additionally, others might use more general measures of
intelligence or ability, rather than the domain-specific political knowledge proxy used here, to
assess the role played by cognitive ability in producing the local warming effect.

What are the normative implications? On the one hand, those who are concerned by the
local warming effect may be heartened by the finding that a simple admonition to keep in mind
less immediate considerations can eliminate the effect. From this perspective, science
communicators may want to add the prompt to their rhetorical toolbox when communicating
with the public about global warming. Moreover, the prompt may steer people to more of a
reliance on PDW, and some suggest that PDW is fairly accurate objectively: “individuals who

live in places with rising average temperatures are more likely than others to [correctly] perceive
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local warming” (Howe et al. 2013, p. 352). On the other hand, priming people to rely on their
perceptions of annual weather trends may not be ideal. Such perceptions are rarely entirely
accurate and can be skewed by one’s ideology or world-view (Goebbert et al. 2012); moreover,
any given year can have unusual and unrepresentative weather that could bias opinions. The
solution may be to prime people to think about feelings over even longer periods of time, but
whether such an approach would work remains unclear. The findings here represent a step
forward in understanding the conditionality of the local warming effect. Yet, much remains to be
done to further isolate how weather events affect global warming attitudes and to explore the

normative significance of such effects.
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Appendix A: Wording and Scales for Survey Questions

LocTemp Is the local temperature today colder or warmer than usual for this time of year?

Much Somewhat About the Somewhat Much
colder colder same warmer warmer
1 2 3 4 5

WarmPercent Over the past year, what percentage of days seemed to be warmer than
usual for that time of year, compared to historical average? [100
POINT SCALE ANCHORED BY 050 AND 100%]

GWHappen How convinced are you that global warming is happening?

Not at all A little Somewhat Completely
convinced convinced convinced convinced
1 2 3 4

GWWorry How personally worried are you about global warming?

Not at all A little Somewhat A great deal
worried worried worried worried
1 2 3 4

GWHuman If global warming is happening, to what extent do you think it is caused by human
activities, as opposed to natural changes in the environment? (If you believe that
global warming is clearly not happening, you can leave this answer blank.) (We
flipped this variable so higher values move towards “definitely human

induced.”)
Definitely Very likely Probably Neither human Probably Very likely Definitely
human human human nor naturally naturally naturally naturally
induced induced induced induced induced induced induced
1 2 3 4 5 6 7

Ideo  Which point on this scale best describes your political views?

Very Moderately Somewhat Moderate Somewhat Moderately Very
liberal liberal liberal conservative conservative conservative
1 2 3 4 5 6 7

EconEnviron In general, what do you think is more important: protecting the
environment, even at the risk of curbing economic growth, OR
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maintaining a prosperous economy, even if the environment suffers to
some extent?

Definitely Very likely Probably Equally Probably Very likely Definitely
protect protect protect important maintain maintain maintain
environment environment environment prosperous prosperous prosperous

economy economy economy
1 2 3 4 5 6 7

Gender Are you male or female?

Male Female
0 1

Educate What is your highest level of education?

Less than High school Some college 4 year Advanced
high school college degree degree
1 2 3 4 5

Age What is your age?

under 18 18-24 25-34 35-50 51-65 over 65
1 2 3 4 5 6

Income What is your estimate of your family’s annual household income (before taxes)?

< $30,000 $30,000 - $69,999 $70,000-$99,999 $100,000-$200,000 >$200,000
1 2 3 4 5

Cognitive Ability (Political Knowledge) battery:

Many people don’t know the answers to the next set of questions, so if you don’t know the
answer, just leave it blank or check “don’t know.”

Veto How much of a majority is required for the U.S. Senate and House to override a
Presidential veto?

Cannot 1/3 1/2 2/3 3/4 Don’t know
override
1 2 3 4 5 9

CorrectVeto (1=2/3, 0=anything else)

House Do you happen to know which party currently has the most members in the House
of Representatives in Washington D.C.?
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Democrats Republicans Tie Don’t know
1 2 3 9

CorrectHouse (1=Republicans, O=anything else)

Constitution Whose responsibility is it to determine if a law is constitutional?

President Congress Supreme Court Don’t know
1 2 3 9

CorrectConstitution (1=Supreme Court, 0=anything else)

SecState Who is the current U.S. Secretary of State? Enter your response or write “don’t
know” in the space below.

CorrectSecState (1=John Kerry, 0=anything else)
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Appendix B: Objective temperature data

Data on objective daily temperatures and objective temperature deviations were collected
from the Automated Surface Observing System (ASOS), a climatological observing network
maintained by the National Weather Service (NWS), the Federal Aviation Administration, and
the Department of Defense. This system consists of hundreds of automated weather stations
located primarily at airports around the country. The historical weather archive maintained by

Weather Underground, Inc., (https://www.wunderground.com/history/) was used to collect

objective temperature data for each respondent. Specifically, participants’ zip codes were used to
query historical temperature data for their locations. The Weather Underground system returned
temperature data from the NWS ASOS weather station closest to each zip code. Data on the
daily high and low temperatures from each zip code for the day that each respondent completed
the survey were collected. The historical average high and low temperatures were also collected.
All time 1 (T1) surveys were completed on 15 December 2014; the majority of time 2 (T2)
surveys were completed one week later on 22 December 2014 (81 percent of T2 respondents
completed the second wave of the survey on 22 December; remaining respondents completed the
survey no later than 28 December).

The average temperature during the first wave of the survey (T1) was 47.7 degrees
Fahrenheit (standard deviation = 10.2); the mean deviation from the historical average was 5.3
degrees Fahrenheit (standard deviation = 6.8). The average temperature during the second wave
of the survey (T2) was 47.3 degrees Fahrenheit (standard deviation = 13.1); the mean deviation
from the historical average was 6.5 degrees Fahrenheit (standard deviation = 5.8).

Altogether, the substantive results of the analyses are unchanged when including

objective measures of temperature and temperature deviations, and accord with previous findings

21


https://www.wunderground.com/history/

508

509

510

o011

512

513

514

515

516

o17

518

519

520

521

522

523

524

525

526

527

528

529

530

(e.g., Zaval et al. 2014). These data were used in three ways. First, the correlations among the
present day’s objective temperature, objective temperature deviation, perceived temperature
deviation (which is referred to in-text as TT), and the perceived number of warmer-than-average
days over the past year (PDW) were examined. Both PDW and TT are uncorrelated with
objective measures of the temperature at T1 and T2. However, TT is significantly correlated with
objective measures of temperature deviations at T1 (r = 0.431, p < 0.001, two-tailed test), and TT
measured at T2 (TT2) is significantly correlated with objective temperature deviations at T2 (r =
0.2089, p < 0.01, two-tailed test). The relationship between TT (which asks, “Is the local
temperature today colder or warmer than usual for this time of year?”) and objective temperature
deviations suggests that respondents did indeed attend to actual weather patterns in formulating
their assessments.

Second, all of the models were re-run using today’s actual temperature and then today’s
actual temperature deviation instead of perceived temperature deviation. When used in this way,
neither actual temperature nor actual temperature deviations consistently influence global
warming beliefs either at the time of the initial survey or the follow-up wave — a result that
comports with Zaval et al.’s (2014, 145-146) analysis showing that it is “attention to and
perception of today’s temperature, and not actual temperature deviation,” which affects recall of
past temperature events such as weather patterns over the past year. Note, however, that
objective temperature deviations do produce the local warming effect in a single instance —
specifically, with respect to worry about global warming (GWW) at time 1 among control (no
prompt) respondents — and that the prompt serves to correct this effect, as well.

Third, both variables were added as controls to the regressions. Even when controlling

for the objective temperatures and objective deviations: A) the local warming effect still appears
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among control (no prompt) respondents, with perceived temperature deviations still significantly
influencing global warming beliefs; B) the same interaction effect between cognitive ability and
today’s perceived temperature deviation appears; and C) the local warming effect still disappears
among respondents who received the prompt at both T1 and T2.

Detailed results for each of the analyses described above are available from the authors

upon request.
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Table 1 | The Impact of the Corrective Prompt

| No prompt (n = 153)

| Prompt (n = 154)

Average Scores

e Today’s 3.22 3.27
Temperature (TT) (s.d. = .97) (s.d. = .86)
e Percentage Days 28.84% 24.88%*

Warmer (PDW)

(s.d. = 27.00)

(s.d. = 21.88)

Correlations

e PDWandTT 0.15%* -0.04
¢ Global warming 0.20** 0.04
belief (GWB) and
T
e Global warming 0.17** -0.005
worry (GWW) and
1T
e Global warming 0.17** -0.07

caused by humans
(GWH)and TT

**%p < 0.01; **p < 0.05; *p <0.10. Given the directional nature of the hypotheses, all tests of statistical

significance are one-tailed. Correlational tests are Pearson’s R. Comparison tests (i.e., in the first two rows) are t-

tests.
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Table 2 | Cognitive Ability * Temperature Interactions Among No Prompt Respondents
Variable DV =GWB DV = GWW DV = GWH
(n=144) (n =143) (n =140)
Age -.11 (0.10) .03 (.08) -.48 (.15) ***
Education .12 (.10) .08 (.08) -.05 (.14)
Gender .23 (.16) .05 (.13) -.03 (.23)
Income .03 (.09) -.01 (.08) 17 (.14)
Ideology -.21 (.05)*** —-.26 (.05)*** —-.24 (.08)**~*
Environmental/economic -.13 (.05)*** —.19 (.04)*** —_48 (.07)***
attitudes
Today’s temperature .34 (.17)** .39 (.14)x*x~* .78 (.25)x**
(TT)
Percent days warmer .004 (.003)~* .004 (.002)* .0002 (.004)
(PDW)
Cognitive ability .29 (.19)~* .39 (.16)** .87 (.28)*x*
Cognitive ability* TT -.09 (.06)* -.11 (.05)*~* —-.23 (.09) **x*
constant 2.56 (.70)*** 2,14 (.59)*** 6.12 (1.03)***
Adjusted R-squared .30 .47 .45
***p <0.01; **p <0.05; *p <0.10. These models were estimated via OLS regression with the entries being
unstandardized coefficients along with standard errors in parentheses. Given the directional nature of the hypotheses,
tests of statistical significance are one-tailed for all variables other than age, education, gender, and income where
two-tailed tests are employed.
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Table 3| Persistence of the Prompt’s Effects Over Time Among No Prompt Respondents

Variable DV=GWB T2 DV =GWW T2 DV=GWH T2
(n=80) (n=79) (n=75)
DVatT1l .65 (.08)*** .50 (.08)*** .75 (.06) ***

Today’s temperature .24 (.09)*** 31 (.10)*** .18 (.12)*
atT?

Percent days warmer  .0003 (.002) .003 (.003) .0001 (.003)
(PDW) at T2

constant .31 (.31) .46 (.31) % .94 (.45) **
Adjusted R-squared .56 .49 .70

**%p < 0.01; **p < 0.05; *p < 0.10. These models were estimated via OLS regression with the entries being
unstandardized coefficients along with standard errors in parentheses. Given the directional nature of the
hypotheses, all tests of statistical significance are one-tailed.

Table 4| Persistence of the Prompt’s Effects Over Time Among Prompted Respondents

Variable DV=GWB T2 DV =GWW T2 DV=GWH T2
(n=81) (n=81) (n=80)

DVatT1l .58 (.09)**x* .59 (.09) **x* .90  (.05) **x*

Today’s temperature .04 (.11) -.11  (.11) -.09 (.10)

atT2

Percent days warmer .001(.004) .006 (.004)~* .001 (.004)

(PDW) at T2

constant 1.22 (.45)*** 1.32 (.38)*** .85 (.43)*

Adjusted R-squared .35 .42 .81

**%p <0.01; **p < 0.05; *p < 0.10. These models were estimated via OLS regression with the entries being
unstandardized coefficients along with standard errors in parentheses. Given the directional nature of the
hypotheses, all tests of statistical significance are one-tailed.
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