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Prior research has found that systems thinking, the tendency to
perceive phenomena as interconnected and dynamic, is associated
with a general proenvironmental orientation. However, less is
known about its relationship with public understanding of climate
change and/or whether this relationship varies across people with
different political views. Because climate change is a highly politi-
cized issue, it is also important to understand the extent to which
systems thinking can foster acceptance of climate science across
political lines. Using an online sample of US adults (n = 1,058), we
tested the degree to which systems thinking predicts global warm-
ing beliefs and attitudes (e.g., believing that global warming is hap-
pening, that it is human-caused, etc.), independent of an ecological
worldview (i.e., the New Ecological Paradigm). We found that al-
though systems thinking is positively related to global warming
beliefs and attitudes, the relationships are almost fully explained
by an ecological worldview. Indirect effects of systems thinking are
consistently strong across political ideologies and party affiliations,
although slightly stronger for conservatives and Republicans than for
liberals and Democrats, respectively. We did not find evidence of the
converse: Systems thinking does not seem to mediate the relation-
ship between an ecological worldview and global warming beliefs
and attitudes. Together, these findings suggest that systems think-
ing may support the adoption of global warming beliefs and atti-
tudes indirectly by helping to develop an ecological ethic that people
should take care of and not abuse the environment.

systems thinking | New Ecological Paradigm | climate change | attitudes |
climate change communication

The challenges associated with environmental protection today are
multifaceted and affected by many interacting factors. The challenges
operate on various, often large, spatial scales, unfold on long tem-
poral scales, and usually have global implications (for example, car-
bon dynamics, nutrient cycles, and ocean acidification). Dealing with
these problems will require systems thinking and integrated multi-
disciplinary science.

US National Research Council (ref. 1, p. 13)

ystems thinking refers to a “cognitive paradigm that involves

an implicit tendency to recognize various phenomena as a set
of interconnected components that interact with one another to
make a dynamic whole” (2). It involves the understanding that
the social, economic, and natural worlds are part of an inter-
connected system that is constantly changing, and that humans,
including oneself, are members of this dynamic system (3).

In the environmental domain, systems thinking is viewed as
fundamental to understanding and addressing environmental
problems such as climate change. In 2012, the US National
Research Council urged the Environmental Protection Agency
to apply a systems thinking approach, rather than a traditional
“siloed, disciplinary” approach (ref. 1, p. 36), to understanding
environmental issues. Systems thinking is also gaining attention
in educational settings. At this time, the US K-12 Next Gener-
ation Science Standards emphasizes “crosscutting concepts” as
one of the core dimensions of scientific learning including topics
on system models, patterns, and stability and change (4-6).

82148219 | PNAS | JApril 23,2019 | vol.|116 | no. 17

Although systems thinking is often emphasized as central to
learning about and understanding climate science and other
environmental issues (e.g., natural resource management) (7),
research on the effects of systems thinking as a cognitive frame-
work or ability is nascent. For example, prior research suggests that
systems thinking is associated with proenvironmental tendencies
including connectedness to the natural world, environmental be-
havior, perceptions that climate change is a serious threat, and
support for climate policies such as energy taxes (3, 8, 9). One
recent study found that systems thinking was more strongly linked
to an ecological worldview (i.e., the New Ecological Paradigm) (10)
than were other measures of environmental attitudes; specifically,
connectedness to nature and biospheric environmental concern
(3). It is perhaps not surprising the two are strongly correlated:
systems thinking is a cognitive paradigm of viewing the world as a
set of interconnected parts and processes (2), and the New Eco-
logical Paradigm refers to an ecological worldview or value system
that humans are part of the natural world, with strong re-
sponsibilities to protect it for both humans and nonhuman species
(10). Indeed, one of the central themes of the New Ecological
Paradigm emphasizes the interrelation between humans and the
environment; specifically, “beliefs about humanity’s ability to upset
the balance of nature” (ref. 10, p. 427).

Given that systems thinking is increasingly viewed as central to
understanding climate science, but empirical research on its ef-
fects is limited, it is important to assess the predictive strength of
systems thinking in explaining climate change beliefs and attitudes,
and to do so in relation to a conceptually similar construct, the New
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Ecological Paradigm, a widely used measure of a proenvironmental
orientation (11). Understanding the unique predictive strength
of systems thinking on views about climate change has practical
implications for climate change education and communication,
in addition to theory development. Thus, we hypothesize that
systems thinking predicts global warming beliefs and attitudes,
and uniquely predicts views independent of an ecological worldview
or value system. Specifically, we focus on the relation of systems
thinking and the New Ecological Paradigm to the following: belief
that global warming is happening and human-caused, worry about
global warming, perceptions that it is a serious threat, issue im-
portance, and knowledge of the scientific consensus about
human-caused global warming.

It is also plausible that an ecological worldview mediates, at
least in part, the relationship between systems thinking and global
warming beliefs and attitudes. Several theoretical perspectives on
systems thinking support this process; for example, “that an eco-
logical worldview emerges from an awareness of the interdepen-
dencies all biological life forms share” (ref. 3, p. 578). More recent
research also suggests that systems thinking may activate a ten-
dency to “value, care for and feel connected to entities that extend
distally beyond the self” (ref. 12, p. 224), supporting other per-
spectives and previous research (8, 9, 13). Further, by definition,
systems thinking refers to a general cognitive paradigm of viewing
phenomena as interconnected and dynamic; it is not limited to the
environmental domain, but includes other systems such as society
and the economy (2, 3). On the basis of these theoretical per-
spectives, systems thinking may facilitate proenvironmental values
that then shape more specific beliefs and attitudes about climate
change. However, given the limited research on the effects of sys-
tems thinking, we also test the alternative explanation that a gen-
eral proenvironmental orientation activates systems thinking, which
then influences views about climate change. Understanding this
distinction can help educators and science communicators develop
strategies targeting systems thinking and help researchers and
scholars better understand the psychological processes involved in
systems thinking and public understanding of climate change.

We also explore whether relationships between systems thinking,
worldview, and beliefs and attitudes vary by political ideology and/
or party affiliation. Because climate change is a deeply politicized
issue (14, 15), approaches are needed that encourage the adoption
of views aligned with climate science across political lines. Prior
research has found that compared with conservatives, liberals have
more openness to complexity and more tolerance for ambiguity
and uncertainty (16, 17). Systems thinking has also been found to
correlate with a liberal political ideology (8). Although we expect
that systems thinking positively correlates with proclimate views
across the political spectrum, we also predict that there will be
stronger relationships between systems thinking and an ecological
worldview, as well as global warming beliefs and attitudes, for lib-
erals and Democrats relative to conservatives and Republicans,

respectively. Understanding these relationships will provide insight
on the extent to which promoting systems thinking in education
and communication can help close political gaps in climate opinion.

Study Overview

Using an online sample of US adults (TurkPrime’s Prime Panels;
n = 1,058), the present research examines the extent to which
systems thinking predicts global warming beliefs and attitudes,
the degree to which ecological worldview (i.e., the New Eco-
logical Paradigm) (7) explains (mediates) relationships between
systems thinking and global warming beliefs and attitudes (or
vice versa), and whether these relationships differ by political
ideology and/or party affiliation.

To measure systems thinking, respondents completed the 15-item
Systems Thinking Scale Revised (3). As a measure of ecological
worldview, respondents also completed the 15-item New Ecological
Paradigm Revised (10). To measure global warming beliefs and
attitudes, toward the end of the survey, respondents answered
several questions adapted from survey instruments used in Climate
Change in the American Mind, a semiannual nationally represen-
tative survey of US public opinion about climate change (18).

Respondents also completed measures of political ideology
and party affiliation. For political group comparisons, political
ideology was recoded into a binary variable to refer to liberals
(coded as 0) versus conservatives (coded as 1), and political party
affiliation was recoded into Democrats (coded as 0) versus Re-
publicans (coded as 1). For simplicity, respondents identifying as
ideologically moderate or Independent were not considered in
the present analyses used for political group comparisons (al-
though results were essentially the same when considering them
in the models; SI Appendix).

Respondents also completed several sociodemographic ques-
tions (i.e., gender, age, education level, annual income, race/
ethnicity). Because previous research documents variation in
global warming beliefs and attitudes across gender, race, edu-
cation, and income (19), as well as age (20, 21), we reproduced
the present analyses while statistically controlling for these var-
iables to test the robustness of effects (SI Appendix).

Results

Correlation analyses found that, as predicted, systems thinking
was positively related to beliefs that global warming is happening
and human-caused, worry about and perception of risk from
global warming, issue importance, and knowledge of scientific
consensus (rs ranged from 0.169 to 0.311; P < 0.001); Table 1).
Systems thinking was also strongly related to an ecological
worldview (r = 0.545; P < 0.001), consistent with previous re-
search (3). The relationships between ecological worldview and
global warming beliefs and attitudes were also generally strong
(rs ranged from 0.378 to 0.539; P < 0.001). Next, multiple re-
gression models assessed the extent to which systems thinking

Table 1. Correlation matrix (n = 1,058)

Variable 1 2 3 4 5 6 7 8 9
1. Systems thinking

2. Ecological worldview  0.545

3. GW is happening 0.311 0.525

4. GW is human-caused  0.169 0.394  0.607

5. Worry about GW 0.280 0.539 0.695 0.553

6. Risk perceptions 0.262 0502 0.670 0.558 0.757

7. Issue importance 0.259 0.508 0.693 0.539 0.802 0.747

8. Scientific consensus 0.276 0378 0.539 0483 0503 0.506 0.488

9. Political ideology -0.234 -0.316 -0.429 -0.400 -0.400 -0.353 -0.373 -0.392

10. Party affiliation -0.159 -0.284 -0.359 -0.312 -0.328 -0.272 -0.299 -0.319 0.559

All P values < 0.001. Sample size of risk perceptions was n = 917 as a result of omitting “Don’t know"
responses. Political ideology is measured on a 5-point scale from 1 (“Very liberal”) to 5 (“Very conservative”)
and party affiliation is coded as 0 = “Democrat,” 1 = “Independent,” and 2 = “Republican.”

GW, global warming.
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predicted beliefs independent of ecological worldview. Once
worldview was included in the model, however, the relationships
between systems thinking and global warming beliefs and atti-
tudes became nonsignificant across almost every outcome, with
the exception of scientific consensus (Table 2, Model 2). Results
were similar across all models when statistically controlling for
gender, age, education, income, and race (SI Appendix, Table S3).
Contrary to our prediction, these results indicate that systems
thinking does not uniquely or directly predict beliefs and attitudes
independent of ecological worldview. Rather, these findings sug-
gest that systems thinking may have an indirect effect: ecological
worldview may fully mediate the relationship between systems
thinking and global warming beliefs and attitudes.

Using Hayes’s PROCESS modeling software to test for me-
diation, we found, as posited, that ecological worldview signifi-
cantly explains the relationship between systems thinking and
global warming beliefs and attitudes (22). The direct effects of
systems thinking dropped to nonsignificance with worldview in the
models for most outcomes, and the 95% confidence intervals of
indirect effects did not contain zero. There were significant stan-
dardized indirect effects (95% CIs) for belief that global warming is
happening (0.275; 0.263-0.318), belief that global warming is
human-caused (0.234; 0.193-0.275]), worry (0.299; 0.261-0.336),
perceived risk (0.289; 0.247-0.331), issue importance (0.284; 0.246—
0.323), and scientific consensus (0.176; 0.133-0.220). Indirect effects
were similar in strength when controlling for sociodemographic
variables, including political ideology (SI Appendix).

To express these relationships in practical terms, we used
unstandardized regression coefficients to estimate the percentage
change in global warming beliefs and attitudes associated with a
change of 1 point on the systems thinking and ecological worldview
measures (23). On average, for every 1-point increase on the sys-
tems thinking scale, global warming beliefs and attitudes increased
about 5-11%, and ecological worldview increased about 10% (SI
Appendix, Table S2). For every 1-point increase in the ecological
worldview measure, global warming beliefs and attitudes increased
about 12-20%.

We also tested the alternative model using Hayes’s PROCESS,
that systems thinking mediates the relationship between ecological
worldview and global warming beliefs and attitudes. However, we
found a lack of support for this model. This is evidenced by
nonsignificant indirect effects for almost all outcomes (standardized
indirect effects ranged from —0.035 to 0.020). The one exception is
scientific consensus (standardized indirect effect, 0.055; 95% CI,
0.016-0.094). Using a procedure to test for differences in effect
sizes, we conducted Z-tests to determine whether indirect effect
coefficients for systems thinking were significantly stronger than
those for ecological worldview (24). Results show that the indirect
effects of systems thinking through an ecological worldview are
significantly stronger than the indirect effects of the converse across
all outcomes (belief that global warming is happening, Z = 8.668
[P < 0.001]; belief it is human-caused, Z = 9.397 [P < 0.001]; worry,

Z = 11.685 [P < 0.001]; risk perceptions, Z = 10.068 [P < 0.001];
issue importance, Z = 11.139 [P < 0.001]; and scientific consensus,
Z =4.038 [P < 0.001]).

We also tested whether the mediation models varied depending
on political ideology and party affiliation; that is, the degree to
which political views moderate the relationships in the mediation
models. Because we found that worldview consistently mediated
relationships between systems thinking and global warming beliefs
and attitudes, for parsimony, we formed a single composite of the
six dependent measures by standardizing the distributions and av-
eraging the measures together. A principal components analysis
supported this decision (S Appendix, Fig. S2 and Table S8). For
simplicity, we limited the analyses to dichotomous moderators:
conservatives versus liberals, and Republicans versus Democrats.
The results were similar when testing each dependent variable
separately, and also remained similar when we included political
moderates and/or Independents in the models (SI Appendix, Figs.
S3 and S4 and Tables S9 and S10).

Overall, the findings were comparable to the results from the
simple mediation models (Fig. 1). There were strong standard-
ized indirect effects (95% Cls) of ecological worldview for both
conservatives (0.373; 0.261-0.490) and liberals (0.212; 0.117-
0.273), as well as Republicans (0.347; 0.241-0.454) and Demo-
crats (0.245; 0.185-0.307). The indices of moderated mediation
suggested that the indirect effect of worldview was stronger for
conservatives compared with liberals (index, 0.161; 95% CI, 0.037—
0.287); however, the difference between Republicans and Dem-
ocrats was marginal (index, 0.102; 95% CI, —0.021 to 0.220]).
Further, systems thinking and ecological worldview together
explained more variance in overall global warming beliefs and
attitudes for conservatives (37.11%) and Republicans (34.41%)
than for liberals (20.41%) and Democrats (24.41%). Results were
similar when controlling for sociodemographic variables, except
the difference in indirect effects between conservatives and lib-
erals became marginal (SI Appendix, Fig. S1).

Differences in indirect effects are explained, at least in part,
by the (unexpected) stronger relationship between ecological
worldview and global warming beliefs and attitudes for conser-
vatives and Republicans compared with liberals and Democrats,
as indicated by the significant interactions (respectively, b =
0.463 [P < 0.001] and b = 0.359 [P < 0.001]; see Table 3). In
other words, ecological worldview more strongly explains dif-
ferences in beliefs and attitudes among the political Right (bs
ranged from 0.904 to 0.946) than the political Left (bs ranged
from 0.343 to 0.411), as shown in Fig. 1. Results were similar
when controlling for sociodemographic variables (SI Appendix,
Table S4). Further, contrary to our predictions, political views
did not consistently moderate the relationships between systems
thinking and either worldview or overall global warming beliefs
and attitudes (SI Appendix, Tables S11 and S12). Collectively,
these results indicate that the relationships between systems
thinking and both ecological worldview and global warming

Table 2. Systems thinking and ecological worldview predicting global warming beliefs and attitudes

Predictor Happening Human-Caused Worry Risk Perceptions Issue Importance Scientific Consensus
Model 1
Systems thinking 0.752*** (0.071)  0.370*** (0.066)  0.365*** (0.039) 0.314*** (0.038)  0.422*** (0.048) 8.780*** (0.941)
F 113.382%** 31.184%** 89.925%** 67.240%** 76.082%** 87.158***
R? 0.097 0.029 0.079 0.069 0.067 0.076
Model 2

Systems thinking 0.087 (0.075)
Ecological worldview  1.387*** (0.086)
F 202.066***

R? 0.277

—0.141 (0.074)
1.066*** (0.084)
99.348***

0.159

—0.024 (0.040)
0.812*** (0.046)
215.734%**
0.290

—0.033 (0.041)
0.712*** (0.047)
154.749***
0.253

—0.041 (0.051)
0.965*** (0.058)
184.217***

0.259

3.182** (1.076)
11.677%** (1.222)
92.930%**

0.150

Unstandardized b-values of predictors are presented with SEs in parentheses. Model 2 P values of systems thinking ranged from 0.056 to 0.547, except for
scientific consensus (P = 0.003). Sample size of risk perceptions analysis was 917 as a result of omitting “Don’t know” responses.

**P < 0.01.
***%P < 0.001.
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Liberals: 0.493***
Conservatives: 0.418**%

Ecological
Worldview

Liberals: 0.343***
Conservatives: 0.946***

Liberals: 0.042
Conservatives: -0.194*

Global Warming

Systems Thinking

Liberals: 0.214***
Conservatives: 0.201*

Beliefs &
) Attitudes

Democrats: 0.503***

Ecological
Worldview

Democrats: 0.411***
Republicans: 0.904***

Republicans: 0.410**%

Democrats: 0.085
Republicans: -0.139

Global Warming

Systems Thinking

( Democrats: 0.292*** )
Republicans: 0.232*

Beliefs &
Attitudes

Fig. 1. Systems thinking predicts overall global warming beliefs and attitudes through an ecological worldview across political groups. Path coefficients refer
to unstandardized b-values from separate mediation model tests with each political group: conservatives (n = 269), liberals (n = 316), Republicans (n = 235),
and Democrats (n = 343). Coefficients in parentheses refer to direct effects of systems thinking on beliefs and attitudes without ecological worldview in the

model. ***P < 0.001; **P < 0.01; *P < 0.05.

beliefs and attitudes are relatively similar across people with
different political views and party affiliations.

Discussion

Systems thinking, a cognitive framework in which individuals
perceive phenomena as interconnected and dynamic (e.g., un-
derstanding that changes in one system, such as the environment,
can permanently alter other systems, such as the economy; rec-
ognizing that systems fluctuate but in patterned and cyclical
ways) (3, 8) is consistently associated with global warming beliefs
and attitudes in the present research. In a large sample of US
adults, higher-scoring systems thinkers are more likely than those
who score lower to think global warming is happening, to think it
is human-caused, and to worry about it, perceive it as a serious
risk, value it as a personally important issue, and understand that
most climate scientists are convinced that human-caused global
warming is happening.

Systems thinking, however, may have a distal and indirect in-
fluence, rather than a proximate and direct influence, on climate
change beliefs and attitudes. Our analyses suggest that having an
ecological worldview (as characterized by the New Ecological

Paradigm; e.g., believing people should take care of and not abuse
the environment) (10) consistently explains the positive relationship
between systems thinking and global warming beliefs and attitudes,
as indicated by strong indirect effects across mediation models. The
predictive strength of systems thinking drops to nonsignificance
across almost all outcomes, except knowledge of the scientific
consensus, when ecological worldview is included as a mediator.
Thus, systems thinking seems to be an important stepping stone: it
may lead people to adopt a general proenvironmental value system,
which then influences more specific beliefs and attitudes about cli-
mate change. Although this study is correlational, we did not find
evidence that systems thinking, alternatively, mediates the relation-
ship between worldview and beliefs and attitudes. In other words,
our data suggest it is less likely that a general proenvironmental
orientation shapes climate change beliefs and attitudes via systems
thinking. Rather, it is more likely that the tendency to see the world
as interconnected activates an ecological worldview, which in turn
promotes the acceptance of basic conclusions of climate science.
These findings support theoretical perspectives and the basic con-
ceptualization of systems thinking as a general cognitive paradigm of
viewing phenomena as interconnected and dynamic, serving as a
foundation to a proenvironmental orientation (2, 3, 8, 9).

Table 3. Systems thinking, ecological worldview, and political ideology/party predicting overall

global warming beliefs and attitudes

Predictor

Political ideology (n = 585)

Party affiliation (n = 578)

Systems thinking
Ecological worldview
Political group
Worldview x political

—0.062 (0.043)
0.643*** (0.049)
—0.579*** (0.054)
0.463*** (0.083)
F 145.581*%*
R? 0.501

—0.007 (0.044)
0.633*** (0.052)
—0.434*** (0.055)
0.359*** (0.087)
115.480***
0.446

The six measures of global warming beliefs and attitudes were standardized and averaged to form a
composite. Unstandardized b-values of mean-centered predictors are presented with SEs in parentheses. Political
group refers to liberals (coded as 0; n = 316) versus conservatives (coded as 1; n = 269) in the political ideology
model, and Democrats (coded as 0; n = 343) versus Republicans (coded as 1; n = 235) in the political party model.

***P < 0.001.
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Further, we find that the pathway from systems thinking to
global warming beliefs and attitudes through an ecological world-
view applies to people across political ideologies and party affilia-
tions. There is also evidence that the pathway may be stronger for
conservatives compared with liberals, and to a lesser extent, Re-
publicans compared with Democrats. For instance, systems thinking
and ecological worldview explained differences in overall beliefs and
attitudes about global warming for conservatives (about 37% of
variance explained) and Republicans (34%) more strongly than for
liberals (20%) and Democrats (24%). According to statistical
standards, these are considered medium to large effect sizes, and are
particularly large for the political Right (25). Further, the indirect
effects of systems thinking on understanding climate change are also
considered medium to large (26, 27). We find these effects to be
similar in strength even when statistically controlling for socio-
demographics, including political ideology (SI Appendix). These
predictive effects across the political spectrum suggest that systems
thinking may be an effective mechanism to help the public engage
with the issue of climate change, given that climate change is highly
politicized in the United States, and political views play a strong role
in shaping climate change opinions (15, 28). Thus, strengthening
systems thinking may be a useful strategy to help narrow gaps in
global warming beliefs and attitudes via an ecological ethic that the
natural world should be valued, preserved, and protected.

In the context of theory and research on differences in parti-
san value systems, engaging the values and worldviews of the
political Right (e.g., moral values of purity and sanctity) may be a
particularly effective strategy in facilitating proclimate views (29,
30). For instance, one study found that communicating climate
change with terms such as “contamination” and “purity” were
more effective than terms like “harm” and “care” in promoting
proenvironmental attitudes among conservatives (29). It is, thus,
plausible that there is some overlap between the political Right’s
value orientations (e.g., sensitivity to purity and sanctity) and an
ecological ethic that could partially explain the differences we
found between partisan groups. The findings of this study are
encouraging, given that factors that facilitate proclimate views in
the general population can, conversely, negatively influence cli-
mate attitudes for conservatives and Republicans in the United
States (e.g., higher education; refs. 31-33). Adding to research in
this area (29, 30, 34, 35), our data suggest that systems thinking
may be one pathway to encourage conservatives and Republicans
to adopt a more ecological worldview, which may then bolster
acceptance and understanding of climate change.

Taken together, the evidence from this study supports theo-
retical perspectives and scientific and educational efforts to
foster systems thinking as a means to promote climate change
beliefs, attitudes, and behaviors. There are some important
limitations of this research, however. First, this study focused on
the general US population, in which climate change is highly
politicized, and thus, the results may not generalize to other
populations. Second, this study is correlational. Although we
found our results to be generally consistent, robust, and aligned
with current theory on the effects of systems thinking in the
environmental domain (3, 8, 9, 12), we cannot establish causa-
tion. Future research should design and evaluate interventions to
experimentally (and longitudinally) test the extent to which they
enhance systems thinking and affect downstream outcomes such
as climate change beliefs, attitudes, and behaviors across dif-
ferent populations. Future experimental work should also spe-
cifically test the mediation model identified in this study to assess
causality, as well as the strength of effects across the political
spectrum and relative to other drivers of climate change atti-
tudes. Because the political differences we found were un-
expected, future empirical work should assess whether these
findings replicate in other contexts and with other methods.
Rigorous empirical assessment of current interventions is also
important, given that some scientific and educational settings
include systems thinking as a core component to climate science
and learning (1, 2, 4-6, 36). Scholars argue that “a systems
thinking mindset is malleable and can be ‘enhanced by a variety
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of kinds of interventions: both intensive educational training and
more subtle framing manipulations” (ref. 8, p. 754). Despite this,
however, calls for empirical research on the effects of systems
thinking in applied settings have not been adequately answered
(3, 37, 38). Further, more research is needed on which core
systems thinking skills should be acquired and how they can be
enhanced through learning and teaching strategies (39).

More research is also needed on how to encourage systems
thinking in climate change communication and to assess the
extent to which these approaches can support the adoption of
beliefs aligned with the conclusions of climate science. For ex-
ample, the public is generally unaware of the complex and mul-
tifaceted process by which natural resources are used (e.g.,
energy use) because these systems are typically invisible to
people (40). Similarly, basic misconceptions of global climate
change and its causes (e.g., greenhouse gas emissions, energy
consumption, deforestation) are also common (41). This lack of
awareness and knowledge poses barriers to public engagement
because many people do not understand how resource con-
sumption influences the sustainability of natural systems (9, 42,
43). Communication that makes invisible systems visible and
describes the interrelation between human action, the natural
environment, and other domains such as public health and the
economy (including the cobenefits of a sustainable natural en-
vironment) may help to promote systems thinking and an eco-
logical worldview, and thus, proclimate views and behavior (44).

To address environmental issues such as climate change, “we
need populations equipped to conceptualize dynamic and complex
problems, to work with transformational change, and to innovate
solutions to emerging threats and disturbances” (ref. 2, p. 1).
Climate change is a serious threat to ecosystems and human
populations and represents one of the most complex systems
problems society faces (36, 45). This study finds that systems
thinking can encourage the adoption of an ecological worldview,
which in turn can foster acceptance and understanding of climate
change across people with different political views.

Materials and Methods

Participants. Respondents were recruited via Prime Panels, an online sampling
platform consisting of a diverse panel of about 20 million workers in the
United States. The study fell under an exemption granted by the Yale Uni-
versity Institutional Review Board. The final sample consisted of 1,058 adults
living in the United States. The final sample is disproportionately female (n =
707, 66.8%) and ages ranged from 18 to 86 y old (Mean = 46.3, SD = 17). The
majority of respondents identified as White, non-Hispanic (n = 791, 74.8%)
followed by Hispanic (n = 101, 9.5%); Black, non-Hispanic (n = 97, 9.2%); and
other or multiracial (n = 69, 6.5%). Most respondents had some college (n =
405, 38.3%) or a Bachelor’s degree or higher (n = 327, 30.9%). Also, the
majority earned an annual household income of less than $50,000 (n = 652,
61.7%; two respondents skipped this question). For more information, see S/
Appendix, Table S1 for demographic information. Data are available on the
Open Science Framework (46).

Procedure and Materials. Respondents completed the Systems Thinking Scale
Revised (3) by rating 15 statements such as “All the Earth’s systems, from the
climate to the economy, are interconnected”; “Adding just one more, small
farm upstream from a lake can permanently alter that lake”; and “Social
problems, environmental problems, and economic problems are all separate
issues” (reverse coded) on a 7-point scale ranging from 1 (“Strongly dis-
agree”) to 7 (“Strongly agree”) in a randomized order (x = 0.71; Mean =
4.90; SD = 0.70). After this, respondents completed the 15-item New Eco-
logical Paradigm Revised (10) (e.g., “Plants and animals have as much right
as humans to exist”; “We are approaching the limit of the number of people
the Earth can support”; “Humans have the right to modify the natural en-
vironment to suit their needs” [reverse coded]) on a 5-point scale ranging
from 1 (“Strongly disagree”) to 5 (“Strongly agree”) also in a randomized
order (a = 0.82; Mean = 3.58; SD = 0.62).

Respondents then completed the six measures of global warming beliefs
and attitudes in the following order: (i) “How strongly do you believe that
global warming is or is not happening?” rated on a scale from 1 ("I strongly
believe global warming is NOT happening”) to 7 (“I strongly believe global
warming IS happening”; Mean = 5.50; SD = 1.70); (i) “Assuming global
warming IS happening: How much of it do you believe is caused by human
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activities, natural changes in the environment, or some combination of both?”
rated on a 7-point scale ranging from 1 ("I believe global warming is caused
entirely by natural changes in the environment”) to 7 ("I believe global
warming is caused entirely by human activities”; Mean = 4.92; SD = 1.54); (iii)
“"How worried are you about global warming?” rated on a 4-point scale from
1 (“Not all worried) to 4 (“Very worried”; Mean = 2.96; SD = 0.92); (iv) two risk
perception questions, “How much do you think global warming will harm you
personally?” and “How much do you think global warming will harm future
generations of people?” rated on a 4-point scale from 1 (“Not at all) to 4 ("A
great deal”), as well as a “Don’t know" option (“Don’t know” responses were
considered missing and not included in the mean composite of the two items,
n =141, 13.3%; r = 0.66; Mean = 3.01; SD = 0.86); (v) “How important is the
issue of global warming to you personally” rated on a 5-point scale 1 (“Not at
all important) to 5 (“Extremely important”; Mean = 3.57; SD = 1.44); and (vi)
“To the best of your knowledge, what percentage of climate scientists have
concluded that human-caused global warming is happening?” with a 0-100%
slider scale to measure knowledge of the scientific consensus about human-
caused global warming. In our sample, about one in five of respondents (20%)
understood that more than 90% of climate scientists are convinced that
human-caused global warming is happening (Mean = 69.95%; SD = 22.36%),
which is equivalent to the proportion that understand this in the general US
population (20%) (18).

After these questions, respondents completed demographic questions on
age, gender, race, education, income, political ideology, and party affiliation.
Political ideology was measured on a 5-point scale (1 = “Very liberal,” 2 =

. National Research Council (2012) Science for Environmental Protection: The Road
Ahead (National Academies Press, Washington, DC).

2. Randle JM, Stroink ML (2018) The development and initial validation of the paradigm

of systems thinking. Syst Res Behav Sci 35:645-657.
3. Davis AC, Stroink ML (2016) The relationship between systems thinking and the New
Ecological Paradigm. Syst Res Behav Sci 33:575-586.

4. Next Generation Science Standards (2018) The three dimensions of science learning.
Available at https://www.nextgenscience.org/. Accessed January 24, 2019.

. National Research Council (2012) A Framework for K-12 Science Education: Practices,
Crosscutting Concepts, and Core Ideas (National Academies Press, Washington, DC),
10.17226/13165.

6. Next Generation Science Standards Lead States (2013) Next Generation Science Stan-
dards: For States, by States (National Academies Press, Washington, DC), 10.17226/18290.

7. Bosch OJH, King CA, Herbohn JL, Russell IW, Smith CS (2007) Getting the big picture in
natural resource management—Systems thinking as ‘method’ for scientists, policy
makers and other stakeholders. Syst Res Behav Sci 24:217-232.

8. Thibodeau PH, Frantz CM, Stroink ML (2016) Situating a measure of systems thinking
in a landscape of psychological constructs. Syst Res Behav Sci 33:753-769.

9. Lezak SB, Thibodeau PH (2016) Systems thinking and environmental concern.
J Environ Psychol 46:143-153.

10. Dunlap RE, Van Liere KD, Mertig AG, Jones RE (2000) New trends in measuring en-
vironmental attitudes: Measuring endorsement of the New Ecological Paradigm: A
revised NEP scale. J Soc Issues 56:425-442.

11. Dunlap RE (2008) The New Environmental Paradigm Scale: From marginality to
worldwide use. J Environ Educ 40:3-18.

12. Davis AC, Leppanen W, Mularczyk KP, Bedard T, Stroink ML (2018) Systems thinkers
express an elevated capacity for the allocentric components of cognitive and affective
empathy. Syst Res Behav Sci 35:216-229.

13. Luckett S (2004) Environmental paradigms, biodiversity conservation, and critical
systems thinking. Syst Pract Action Res 17:511-534.

14. Dunlap RE, McCright AM, Yarosh JH (2016) The political divide on climate change:
Partisan polarization widens in the US. Environ Sci Policy Sustainable Dev 58:4-23.

15. Leiserowitz A, et al. (2019) . Politics & global warming: December 2018 (Yale Program on
Climate Change Communication, New Haven, CT).

16. Jost JT, Glaser J, Kruglanski AW, Sulloway FJ (2003) Political conservatism as moti-
vated social cognition. Psychol Bull 129:339-375.

17. Van Hiel A, Onraet E, De Pauw S (2010) The relationship between social-cultural at-
titudes and behavioral measures of cognitive style: A meta-analytic integration of
studies. J Pers 78:1765-1799.

18. Leiserowitz A, et al. (2018) . Climate change in the American mind: December 2018 (Yale
Program on Climate Change Communication, New Haven, CT).

19. Pearson AR, Ballew MT, Naiman S, Schuldt JP (2017) Race, class, gender and climate
change communication. Oxford Research Encyclopedia of Climate Science, ed Von
Storch H (Oxford Univ Press, New York), pp 349-374.

20. Pew Research Center (2018) Many Republican Millennials differ with older party
members on climate change and energy issue. Available at www.pewresearch.org/
fact-tank/2018/05/14/many-republican-millennials-differ-with-older-party-members-
on-climate-change-and-energy-issues/. Accessed January 23, 2019.

. Gallup (2018) Global warming age gap: Younger Americans most worried. Available
at https://news.gallup.com/poll/234314/global-warming-age-gap-younger-americans-
worried.aspx. Accessed January 23, 2019.

22. Hayes AF (2013) Introduction to Mediation, Moderation, and Conditional Process

Analysis: A Regression-Based Approach (Guilford Publications, New York).

v

2

Ballew et al.

“Somewhat liberal,” 3 = “Moderate, middle of the road,” 4 = “Somewhat
conservative,” 5 = “Very conservative”; Mean = 2.96; SD = 1.18), and po-
litical party affiliation was measured with five response options (25.0%
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We used Hayes’'s PROCESS macro (22) Model 4 with 10,000 bootstrapped
resamples and bias-corrected estimates to test the simple mediation models. To
test whether the relationships among systems thinking, ecological worldview,
and global warming beliefs and attitudes were moderated by political ideology
and/or party affiliation, we used the following PROCESS models: (i) Model 58 to
test whether paths (a) from systems thinking to ecological worldview and/or (b)
from ecological worldview to global warming beliefs and attitudes were
moderated by political ideology and/or party affiliation, and whether indirect
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party affiliation; and (iii) Model 4 to test the simple mediation model for each
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using PROCESS for the moderation tests. The standardized mean composite of
global warming beliefs and attitudes was tested for parsimony; however, each
outcome was also examined separately (S/ Appendix, Figs. S3 and S4).
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