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ARTICLE INFO ABSTRACT

Handling editor: Liuna Geng Climate change is often deemed a “wicked problem” due to complex interactions between many variables and the

resulting uncertainty for decision-making. While understanding complexity is useful for addressing climate

Keywords: change, complexity can also present a barrier to action. But how can individual perceptions of complexity in
(Sjomglex];t{ sustainability be operationalized, and how are these perceptions related to support for climate policy and sus-
ustainability

tainable behavioral intentions? Drawing on a theoretical framework of complex decision-making, we constructed
and validated a scale to measure the perceived complexity of sustainability (PCS) across three studies in the UK
(total N = 1176). Exploratory (Studies 1 and 2) and confirmatory (Study 3) factor analyses supported a three-
factor scale structure, comprising effectiveness uncertainty, trade-offs between different environmental ac-
tions, and conflicts between sustainability and other goals. We found the 12-item PCS scale to be a reliable and
valid measure that correlates positively with climate change skepticism and negatively with support for climate
policy and sustainable behavioral intentions. Understanding the perceived complexity of sustainability can help
in developing guidelines for scientists and governments to communicate about climate change responses to the
public.

Climate change mitigation
Scale validation
Policy support

1. Introduction In this research, we set out to create a conceptualization of

individual-level perceptions of complexity by developing and validating

Responding to climate change is one of the most critical issues in
today’s global political landscape. However, selecting the most effective
path to action contains many complexities for both policymakers and
laypeople alike. Consider the consumer-level example of an individual
selecting a grocery bag to use—the ostensibly sustainable option would
be to choose a reusable cotton bag instead of a single-use plastic one.
However, the reusable bag is not particularly sustainable unless it is used
multiple times: estimates range from 50 to 150 usage occasions required
(UNEP, 2020), with some estimates placing the number as high as 7,100
(The Danish Environmental Protection Agency, 2018). Furthermore,
while plastic bags can disintegrate into harmful microplastics, some
reusable bags such as cotton tote bags may have different negative
environmental consequences, such as a requirement for substantial
water consumption (UNEP, 2020). This raises an important question: is
awareness of complexities in climate change mitigation helpful in
directing people towards more efficient environmental behavior, or does
it hinder their intentions to behave sustainably?
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an instrument to measure perceived complexity in sustainability. Based
on earlier theoretical conceptualizations of complex problems, we
developed and tested a pool of items and constructed a novel scale to
assess the perceived complexity of sustainability (PCS; Study 1). We also
explored the convergent and divergent validity and the predictive val-
idity of the PCS scale to predict a host of attitudinal outcomes, such as
support for climate policy (Study 2). Finally, we replicated previous
results and confirmed the factor structure of the scale using confirma-
tory factor analysis in a preregistered study (Study 3). We found that the
final 12-item PCS scale is a reliable and valid measure that correlates
positively with climate change skepticism and negatively with policy
support and behavioral intentions, over and beyond demographic vari-
ables and political orientation and with moderate effect sizes.

1.1. Climate change mitigation as a “wicked” problem

Climate change mitigation is generally understood to be complex:
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the issue has been termed by scholars to be a “wicked problem”
(Lonngren & Van Poeck, 2021). This term refers to political and social
issues that are extremely difficult, if not impossible, to solve (Peters &
Tarpey, 2019). In one of the earliest formal conceptualizations
(Churchman, 1967), wicked problems were defined as “ill-formulated
problems” where: (1) information is confusing, (2) there are many
stakeholders holding conflicting goals, and (3) consequences to the
whole system are complex and unpredictable. Climate change mitigation,
specifically, is complex on several levels: most notably, on a scientific
level (the physical realities of the problem are difficult to understand)
but also on a political level—that is, what kinds of responses are
considered effective, feasible and fair (Moser, 2010; Peters & Tarpey,
2019).

Complexity has been defined in various ways in the literature,
ranging from statistical complexity, which refers to the minimal amount
of information required to predict an outcome (Mitchell, 2009) to task
complexity, which deals with the resources required to optimally solve a
problem (Oprea, 2024). In the context of societal problems, complexity
broadly refers to problems containing many variables that are inter-
connected in non-linear ways (Dorner, 1980). Funke (1991) and Funke
et al. (2018) define complex problems as problems that have a high
number of interconnected and mutually dependent variables, where the
contribution of each variable is unclear and uncertain, and where there
are many conflicting goals at play (see Table 1 for a systematic classi-
fication). Returning to the application of single-use bags, this might
mean that there are various factors contributing to the problem, making
it difficult to predict outcomes (the total impact), and changing one
variable might affect other variables in unpredictable ways (cotton is
easier to recycle, but might require a lot of water). Furthermore, the
goals of consumers (e.g., cheap price, convenience) might conflict with
each other or with the goals of other actors. Due to its comprehensive-
ness and focus on aspects of system complexity, we chose Funke

Table 1
Facets of complexity based on Funke (1991) and Peters and Tarpey (2019) with
example items.

Facet Definition Example item

“It is difficult to know which
actions are effective in
reducing our environmental
impact.”

Intransparency Refers to the presence of
multiple variables contributing
to the problem, and the
invisibility of the causes to the

problem solver.

Polytely Refers to the presence of various  “In order to address climate
goals that can sometimes be at change, compromises
odds with each other. Solutions  between different goals are
to the problem have to required.”
compromise between these
goals.

Situational Refers to the high number of “Changing parts of our

complexity variables involved. People need lifestyle to protect the

Connectivity of
variables

Dynamic
developments

Time-delayed
effects

to choose which ones to
prioritize (which of them are
most essential to the problem).
Refers to the multiple
connections and
interdependencies of one
variable with other variables.
This renders predicting the
consequences of even minor
changes difficult.

Refers to the unpredictable and
continuous changes over time.

Refers to the time delay and
associated lack of predictability
between an action and an effect.

environment can have
unforeseen side effects.”

“Sustainability is so linked to
other issues that it is difficult
to predict the effects of
specific actions.”

“Behaviors that are
considered pro-
environmental now may not
be considered pro-
environmental in the future.”
“There is a time delay
between our pro-
environmental behavior and
the consequence(s) to the
environment.”
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framework as the starting point for mapping complexity perceptions in
sustainability. This framework has also been used before in mapping
expert evaluations of the complexity of policy problems (Kirschke et al.,
2019; Peters & Tarpey, 2019).

Beyond defining complexity, the domain of complex problem solving
also offers some avenues for addressing climate change. This literature
has outlined individual traits that are helpful for solving complex
problems, such as creativity (Funke et al., 2018), but individual attitudes
toward complexity in applied contexts have been investigated less. Yet,
understanding these attitudes is crucial for encouraging people to
engage with sustainability: it is not enough to understand the skills that
are theoretically necessary for solving climate-related problems, but it is
also necessary to understand what makes the problem so complex in the
first place, and how attitudes around complexity shape engagement with
complex problems.

1.1.1. Relevance of individual perceptions of complexity

Perceptions of complexity and wickedness in climate change re-
sponses have so far mainly been studied on expert samples: a survey of
public policy scholars indicates that even policy experts perceive envi-
ronmental problems as complex and have some degree of uncertainty
about addressing climate change (Peters & Tarpey, 2019). However,
insights on how lay individuals perceive complexity in climate change
mitigation are lacking. The current study focuses on non-expert in-
dividuals as decision-makers: we aim to bridge the (policy-oriented)
theory of complex problems to lay people’s experiences and perceptions
of complexity.

In tandem with individual behavior changes, system-level change is
required to address climate change (Chater & Loewenstein, 2022).
However, individuals hold considerable power to shape the system they
are embedded in (Hampton & Whitmarsh, 2023). Individual citizens as
decision-makers have the potential to shape the status quo in various
ways: firstly, by “voting with their money”—that is, to decide whether
they as consumers spend their money on sustainable alternatives
(Kostadinova, 2016); secondly, by voting for politicians and decision
makers who prioritize sustainability and environmentally friendly pol-
icies (Venghaus et al., 2022); thirdly, through social influence, for
example by engaging in collective action—such as protests—to call for
governments and corporations to adopt sustainable goals (Hampton &
Whitmarsh, 2023), or by acting as a role model and, relatedly, shaping
social norms (Nielsen, Clayton, et al., 2021). Due to this multifaceted
role of individuals as decision-makers in the system they are embedded
in, it is important to empirically study how perceptions of complexity
affect other relevant attitudes surrounding climate change mitigation, as
well as support for climate policy and (individual) action.

While understanding climate change as a complex problem can help
in addressing it (e.g., through developing the necessary skills for grap-
pling with complexity; Funke, 2022), complexity might also act as a
barrier to action. Perceived complexity has been associated with nega-
tive outcomes on the individual level: people are generally motivated to
minimize uncertainty and tend to avoid information about complex is-
sues due to the discomfort of their helplessness (Hogg, 2007; Shepherd &
Kay, 2012). Moreover, complexity is inherently linked to uncertainty,
which in turn may impede or delay decision-making in the context of
climate change (Gifford, 2011; Moser, 2010). The characteristics of
wicked and complex problems can make people feel unable to take ac-
tion: in wicked problems, efficacy might be low due to the required
degree of cooperation of multiple stakeholders (Gifford, 2011; Hornsey
et al., 2021). In addition, the complexity and associated uncertainty
around climate solutions provide fertile ground for motivated reasoning:
some evidence suggests people might be motivated to interpret ambig-
uous information in accordance with their prior beliefs (Dieckmann
et al., 2016). Thus, it seems that complexity (and subjective uncertainty
resulting from complexity) is inherent in sustainability and could
potentially impede action.

Uncertainty might also, intentionally or unintentionally, be
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amplified by powerful actors: “discourses of delay” (Lamb et al., 2020)
can foster uncertainty about the effectiveness of climate policies and
highlight the negative effects of mitigation actions. In fact, Savona et al.
(2021) concluded that the rhetoric of complexity in the field of public
health was used as way to justify policy inaction and attribute re-
sponsibility to individuals rather than changing the system. In a similar
vein, Hirschman (1991) laid out certain rhetorical directions—histori-
cally used mainly by conservatives—emphasizing the difficulty and
infeasibility of societal change. He discusses “perversity”, namely the
argument that any societal change will only exacerbate the problem it is
intended to fix, “futility”, referring to the notion that any changes
implemented will fail to ultimately change the situation, and “jeopardy”,
the claim that any changes might undo previously achieved progress.
Chater and Loewenstein (2023) apply this to the environmental domain:
possible reactions to electric vehicles might be that the production of
batteries will have negative environmental impacts (“perversity”), that
one country can’t make a difference as other countries will emit carbon
anyway (“futility”) or that there will be undue costs on the specific parts
of the population, such as the less wealthy (“jeopardy™). Building a
conceptual framework for complexity perceptions is thus crucial for
distinguishing between complexity that is helpful and complexity that is
associated with resistance towards environmentally sustainable change.

1.2. Present research

Complexity is often mentioned but rarely conceptualized in practice,
and a psychological perspective on individual perceptions of complexity
in sustainability is so far missing. Thus, the research question that guides
the present work is twofold: firstly, how can individual complexity
perceptions be conceptualized, and secondly, how does perceived
complexity correlate with attitudes towards climate change mitigation?

To adequately assess the consequences of perceived complexity, a
valid measure is necessary. To this end, we created a scale to measure
the perceived complexity of sustainability (PCS). The first study focused
on item generation using a theoretical framework and item reduction
using exploratory factor analysis (EFA). In a second study, we further
refined the scale using EFA and examined the convergent validity of the
scale with two other measures of self-reported complexity (which are
more limited in their scope) and divergent validity from collective
response efficacy, as well as predictive validity for policy support,
behavioral intentions, and climate change beliefs. In a third study
(preregistered), we replicated and extended the results of Study 2 and
confirmed the factor structure of the final scale using confirmatory
factor analysis (CFA).

At the absence of previous empirical work into lay perceptions of
complexity in sustainability, we relied on the theoretical framework by
Funke (1991) to address our research question (see Table 1 for defini-
tions and examples of items we generated). After reviewing how
complexity had been defined across literature, we selected this frame-
work as our starting point because it has shown utility in policy prob-
lems (Kirschke et al., 2019; Peters & Tarpey, 2019).

2. Method
2.1. Ethical aspects

All studies were approved by the ethical committee of the University
of Amsterdam (FMG-5355, FMG-8987, and FMG-9626). Each study took
approximately 6-8 min to complete, and participants were paid £9/h for
their participation. The analyses for Studies 1 and 2 were exploratory.
Study 3 was preregistered — this preregistration, along with the data, R
code, syntax, and codebooks for all studies, can be found at https://osf.
io/xzwtb/?view_only=f37c9d7fd2d84890b139bf46e28f19db. We
report all measures and exclusions in these studies. Note that we pre-
registered the regression analyses using dummy variables for income
and education. However, for ease of interpretation, we report the
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regressions in the main text treating these variables as continuous (for
the analyses including dummy variables, see Supplementary materials
S2-4 and S9-11).

2.2. Statistical analyses

Data analysis was conducted using both SPSS version 29 and RStu-
dio. We conducted an exploratory factor analysis using SPSS to inves-
tigate the factor structure of the initial scale (Studies 1 and 2). Principal
Axis Factoring (PAF) was chosen to account for possible violations of
normality in the data (Fabrigar et al., 1999). We used a Promax rotation,
which is an oblique rotation method that allows the factors to be
correlated. For factor extraction, we used the psych (Revelle, 2025) and
paran (Dinno, 2024) packages. For the CFA (Study 3), we used the lavaan
package in R (Rosseel, 2012).

3. Study 1
3.1. Materials

3.1.1. PCS scale

Initially, we constructed 33 face valid items based on the six sub-
scales of Funke (1991) and partially adapted from previous research
involving similar constructs of complexity (Peters & Tarpey, 2019). The
items were scored on a 5-point Likert scale from 1 (strongly disagree) to 5
(strongly agree), with six reverse scored items, one on each scale. Scores
from each item are summed to form a total score, wherein higher values
indicate higher perceived complexity. The full list of initial items can be
found in the Supplement.

3.1.2. Other measures

Participants were asked to report their gender, age, socioeconomic
status (yearly household income in GBP), highest completed education
level, and political ideology (1 = left-wing, 7 = right-wing), which we
used as control variables as these are the sociodemographic variables
that are commonly correlated with environmental attitudes (Van Liere &
Dunlap, 1981; Weigel, 1977). We measured worry about climate change
using a single-item measure: “In general, how worried are you about
climate change?”, rated on a Likert scale ranging from 1 (not at all
worried) to 4 (very worried); adapted from Leiserowitz et al. (2023). In
Study 1, we also asked questions about engagement with climate change
information to map familiarity with the topic, which we report in the
Supplement.”

3.2. Procedure

After providing consent, participants were introduced to the
construct of pro-environmental behavior as “actions by individuals or
groups that aim to reduce their negative impact on the environment (for
example, by reducing flying) and/or to promote their positive impact on
the environment (for example, by recycling)”, adapted from the defi-
nition used by Lange and Dewitte (2019), to ensure participants had
equal understanding of the concept. Participants then responded to the
33 items and an attention check (“Please select ‘strongly agree’ on this
question to indicate you are paying attention”), in a randomized order.
The participants then responded to the demographic questions outlined
above. After this, participants were debriefed and thanked for their
participation.

3.3. Participants
A total of 414 participants from the United Kingdom were recruited

through Prolific, based on guidelines for Exploratory Factor Analysis

2 This was not included in further studies to minimize participant burden.
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(Guadagnoli & Velicer, 1988) which recommend a minimum sample
size of 300-400 when factor loadings are not known. Inclusion criteria
for participation included being over the age of 18 and being fluent in
English. We excluded the participants who failed the attention check (n
= 8), those who declined to use their data afterwards (n = 2), and those
who failed the bot detection (CAPTCHA score <.50, n = 7). After ex-
clusions, 397 responses were retained (see Table 2).

3.4. Results and discussion

First, we checked whether the data are suitable for EFA based on the
Kaiser-Meyer-Olkin measure of sampling adequacy (KMO = .92) with
individual items ranging between .52 and .96 (values closer to 1 are
considered good), and the Bartlett’s test of sphericity (2 = 4456.52, p <
.001), both of which indicated suitability of the data for factor analysis.

Upon running the initial EFA, the scree plot suggested five or six
factors. Due to the subjectivity associated with scree plot interpretation
(O’connor, 2000), we also used parallel analysis (Horn, 1965), which
likewise suggested five factors (three based on the 95 % criterion). The
Very Simple Structure (Revelle & Rocklin, 1979) indicated three factors.
In order to clarify the factor structure, items were deleted stepwise,
firstly based on lowest communalities using a cutoff of .4 (based on
Guadagnoli & Velicer, 1988) and secondly eliminating crossloadings
over .30 (Boateng et al., 2018). We also checked item-total correlations
to ensure these were sufficient (DeVellis & Thorpe, 2021). This process
finally resulted in 15 items with three distinct factors according to the
scree test, PA, and the VSS, explaining 58.7 % of the overall variance.

We then inspected factors conceptually. The first factor contained
items related to uncertainty about the effectiveness of climate change
mitigation actions, as well as uncertainty over the effectiveness of these
actions. Items loading on the second factor mostly pertained to the
perceived unintended consequences of mitigation actions. The third
factor contained miscellaneous items pertaining to positive impacts of
mitigation (positively worded, reverse coded items), but the loadings of
these items were generally weak and unclear and could therefore
represent a feature of the question format itself. Therefore, we decided
to focus on the first two factors in further studies, as these were theo-
retically most in line with our working definition of complexity (Funke,
1991). We refrained from using reverse scored items in the next study, in
line with recommendations suggesting that reverse scored items can bias
results (Sudrez-Alvarez et al., 2018) and that reverse coding is not al-
ways effective in mitigating the acquiescence bias (Sonderen et al.,
2013). We selected the four best-loading items for each factor, based on
the pattern matrix (each item having a loading of > .5 on its respective
factor as per Costello and Osborne (2005) to include for the next study.
Furthermore, we opted to further refine one of the initial subscales
(polytely, see Table 1) that was theoretically relevant and include four
refined items for the next study (see the Appendix). One item was added
to the “uncertainty” factor to cover uncertainty over time and context,
resulting in a total of 13 items for Study 2.

4. Study 2

The goal of Study 2 was to explore the factor structure of the revised
scale, as well as to test the construct validity of the scale by inspecting
convergent validity with other complexity measures, and divergent
validity from related attitudinal constructs. We also investigated
whether the scale predicted relevant attitudinal outcomes (climate
change skepticism, policy support, sustainable behavioral intentions)
over and beyond demographic variables and other, briefer complexity
measures.

4.1. Procedure

After providing consent, participants responded to the 13 PCS scale
items in randomized order. The participants then responded to the
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complexity slider and difficulty of understanding measures outlined
below, followed by the other scales, and finally the demographic ques-
tions. After this, participants were debriefed and thanked for their
participation.

4.2. Materials

As in Study 1, we measured age, gender, education level, income,
political orientation, and worry about climate change. Furthermore, we
added measures of convergent and discriminant validity, as well as three
relevant attitudinal outcome variables.

4.2.1. Semantic rating of complexity

To assess the extent to which the PCS scale converges with what
people understand to be complexity, we added a one-item slider mea-
sure asking: “Many societal challenges are complex, involving multiple
interacting variables. On a scale of 1 (not complex at all) to 7 (very
complex), how complex do you find the issue of climate change
mitigation?”

4.2.2. Difficulty of understanding

For further exploring convergent validity, we use three items
adapted from Shepherd & Kay (2012) to assess perceived difficulty of
understanding, which they used as a proxy for perceived complexity in a
previous study. This three-item measure included items such as “When I
really think about it, the sheer number of things to take into consider-
ation when deciding how to reduce my impact on the environment is
overwhelming”, rated on a Likert scale ranging from 1 (strongly disagree)
to 7 (strongly agree). The reliability of this measure was a = .85 in Study
2 and a = .87 in Study 3.

4.2.3. Collective response efficacy

Due to the connection between efficacy and complex problems, we
want to ensure that PCS measures a distinct set of beliefs from collective
response efficacy (CRE). We used eight items from the CRE scale by
Meijers et al. (2023) which includes items such as “I think that by
working together we can solve environmental problems”, rated on a
Likert scale ranging from 1 (strongly disagree) to 7 (strongly agree). The
reliability of this measure was a = .93 in both studies.

4.2.4. Climate change skepticism

We investigated whether complexity perceptions are associated with
climate change skepticism, including doubts about the reality of climate
change, its impacts, and the extent of human contributions (Poortinga
et al., 2011), and about responding to climate change (Capstick &
Pidgeon, 2014). To assess climate change skepticism, we use the items
from the 12-item Climate Change Skepticism Questionnaire (CSS; De
Graaf et al., 2023), which contains items such as “Trying to solve
environmental problems is a waste of time” (response scale ranging from
1 (strongly disagree) to 7 (strongly agree)). The reliability of this measure
was a = .95 in both studies.

4.2.5. Policy support

We also investigated whether PCS scores predict support for different
pro-environmental policies, beyond demographic variables. We used a
policy instrument adapted from Kukowski et al., 2023.The policies were
matched in terms of “push” (e.g. “adopting a tax on air travel”) and
“pull” (“subsidizing long-distance train and bus travel”) type of policies.
Participants were asked to indicate their support for the policy (1 =
strongly oppose, 7 = strongly support). The reliability of this measure was
a = .88 (a¢ =.89 in Study 2). Following Akter and Bennett (2011) we also
included a measure of perceived policy effectiveness in Study 2, but this
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Table 2
Demographic information by study.
Study 1 Study 2 Study 3
N M (SD) N M(SD) N M (SD)
Gender 397 388 392
Female 198 218 236
Male 196 166 147
Other/prefer not to say 3 4 10
Age 396" 43.44 (14.80) 388 41.99 (13.15) 392 39.33(14.04)
Education 397 388 392
Secondary or lower 167 131 118
BSc 162 175 175
MSc or higher 68 82 100
Household income GBP 395 388 392
< 20 000 73 59 56
20 000-39 999 156 135 120
40 000-59 999 91 88 124
60 000-99 999 62 79 65
> 100 000 13 27 27
Political orientation 377 3.57 (1.36) 378 3.45(1.40) 391 3.25(1.40)
Note.
# One person excluded due to reporting an impossible age.
was excluded in the following study as this measure did not add infor- 4.4. Results

mation beyond policy support, and the two constructs were highly
correlated.’

4.2.6. Sustainable behavioral intentions

We investigated the relationship of the PCS with sustainable in-
tentions using a seven-item measure on pro-environmental intentions
from Sacchi et al. (2016). Participants were asked to indicate their
agreement with each of the statements (e.g. “We should make a special
effort to buy paper and plastic products that that are made from recycled
materials”) on a 7-point scale (1 = totally disagree, 7 = totally agree).
Similar to the policy support items, perceived effectiveness of behaviors
was also measured. The reliability of the behavioral intentions measure
was a = .85 in both studies (o = .89 for the effectiveness measure).

4.2.7. Climate change action

For exploratory purposes, we recorded the extent to which people
had engaged in different climate change mitigation actions using four
items (Syropoulos & Markowitz, 2024, from a large-scale survey). The
items included statements such as “Attended a protest or rally to show
support for addressing climate change”, and participants were asked to
report whether they had engaged in the behavior in the past year or not.
The number of “yes” answers was summed up, resulting in a total score
of 0-4.

4.3. Participants

Participants (N = 410) were recruited from the United Kingdom
using Prolific, based on guidelines for Exploratory Factor Analysis
(Guadagnoli & Velicer, 1988; see Study 1). The final sample, after
excluding those who failed the attention check (n = 5) and those who
failed the bot check (n = 17), consisted of 388 participants (see Table 2
for the demographic information). Participants who reported “other” or
“prefer not to say” on their gender (n = 4) were excluded from the
regression analyses for ease of interpretation of the coefficients.”

3 For transparency, the perceived effectiveness results are reported in the
Supplement (Tables S5 and S6).

4 As a robustness check, we ran all analyses for the main hypotheses both on
the full sample and with the exclusion criteria applied, which did not signifi-
cantly change the results.

The KMO statistic was .91 which is considered ‘very good’ (Kaiser,
1974; values for each individual item ranging between .87 and .95). The
Bartlett’s test of sampling adequacy was significant at y2 = 2265.493 p
< .001, indicating suitability of the data for factor analysis.

By looking at the scree plot, we could argue for extracting either two
or three factors, so we ran a parallel analysis (PA; Horn, 1965) in R. The
PA scree plot suggested retaining three factors (Fig. 1), while the 95 %
criterion suggested two (though, in the case of highly correlated factors,
as was the case here, PA tends to underestimate the number of factors;
Braeken & Van Assen, 2017). The three-factor solution was also sup-
ported by the Very Simple Structure test (VSS; Revelle & Rocklin, 1979),
which indicated optimal fit for the three-factor solution.

This way, we settled on a three-factor solution, which explains 53.2
% of the total variance (42 %, 7.3 %, and 3.9 % respectively for each
factor). The items and factor loadings are attached in the Appendix.

4.4.1. Factor content

The content of the first two factors was similar to Study 1: items
pertaining to prediction uncertainty loaded on the first factor and items
about potential unintended side effects loaded on the second factor.
Three items loaded on the third (new) factor—all of these had to do with
prioritizing things other than the environment (goal conflict). One item,

Parallel Analysis Scree Plots

—>—  FA Actual Data
FA Simulated Data
--- FA Resampled Data

eigen values of principal factors

A
S
T T T T A=A p

AT A== m=—=A===-jx=--- B==—=7n

T T T T T T
2 4 6 8 10 12

Factor Number

Fig. 1. Parallel analysis results.
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concerning uncertainty about effects on things other than the environ-
ment, loaded on the first factor. Due to its conceptual divergence and
relatively low correlations with the rest of the items, this item was
removed, resulting in a 12-item scale (for the factor loadings, see
Appendix).

4.4.2. Internal consistency

The Cronbach’s alpha of the full 12-item scale was @ = .90 (’excel-
lent’; Kaiser, 1974). To account for potential issues with Cronbach’s
alpha (Deng & Chan, 2017), we also checked McDonald’s omega (w),
which was similarly .90. The reliabilities of the subscales were good: a =
.86 for the uncertainty subscale, a = .80 for the environmental side ef-
fects subscale, and a = .78 for the goal conflict subscale. Right-wing
political orientation was the most consistent positive demographic
correlate of perceived complexity (Table 3).

4.4.3. Convergent validity

To establish convergent validity with other measures of complexity,
we compared the complexity scale to another face valid (but not
formally validated) measure of difficulty of understanding, adapted
from Shepherd and Kay (2012). At the absence of validated measures of
perceived complexity, we also relied on a 7-point slider measure asking
people directly how complex they find the issue of climate change
mitigation. The total scale, as well as all the subscales, were strongly
positively correlated with each other and moderately-to-highly with the
difficulty of understanding measure from Shepherd and Kay (2012) as
well as the complexity slider, indicating good convergent validity.
Table 4 shows all correlations.

4.4.4. Discriminant validity

We examined discriminant validity with collective response efficacy
(CRE), which was moderately negatively correlated with perceived
complexity (both in total and with the subscales), indicating conceptual
distinctiveness of perceived complexity from (lack of) efficacy (Table 4).

4.4.5. Predictive validity

Besides the construct validity, we were also interested in the pre-
dictive validity of perceived complexity for environmental attitudes and
beliefs. We investigated the incremental predictive validity of the final
scale for three outcome variables: climate change skepticism, policy
support, and behavioral intentions. We tested whether the 12-item PCS
scale predicts the outcome variables over the one-item complexity slider
and the three-item difficulty of understanding measure.

To examine the incremental predictive validity of the PCS scale for
each outcome, we conducted a hierarchical regression in three steps,
where we entered age, gender, education, income, and political orien-
tation at Step 1, the slider and the three-item measure at Step 2, and the
PCS scale at Step 3. We also checked for multicollinearity, and no sig-
nificant issues were found. We found that the PCS scale significantly
predicted climate change skepticism, policy support, and sustainable
behavioral intentions (Tables 5-7) above and beyond demographic
variables, with medium effect sizes. We also found the PCS scale to

Table 3
Zero-order correlation of PCS and subscales with demographics.
Total PCS Effectiveness PCS Side PCS Goal
PCS uncertainty effects conflict
Age .10 .07 .10 .09
Female gender —-.06 —.03 —-.09 —-.03
Education —.14x* —.19%** —.06 —.06
Income —.06 —.05 -.01 —.11*
Political 9% 19%*x 16%%* 1%

orientation

Note: N = 379 (listwise exclusion of incomplete cases), *p < .05, **p < .01, ***p
< .001, higher values on political orientation indicate more right-wing
orientation.
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predict these outcome variables more strongly than the single-item
slider and the difficulty of understanding measures.

4.5. Discussion

The second study was aimed at finalizing the scale items and
exploring the factor structure of the scale. The results indicate good
construct validity (convergent and discriminant) of the scale, as well as
high reliability. We also found that the scale correlates positively with
climate change skepticism and negatively with policy support and
behavioral intentions.

5. Study 3

The goal of Study 3 was to confirm the three-factor structure of the
finalized 12-item scale using Confirmatory Factor Analysis (CFA), as
well as to replicate the results on convergent, discriminant, and pre-
dictive validity. The analysis plan of this study was preregistered (htt
ps://osf.io/xzwtb/?view_only=f37c¢9d7fd2d84890b139bf46e28f19db).

5.1. Materials

The materials were the same as in Study 2, except for the effective-
ness measure.” In order to tease apart complexity perceptions specific to
climate change mitigation from a general propensity to (not) enjoy
thinking about complex problems, we added the six-item Need for
Cognition scale (NFC-6; Lins De Holanda Coelho et al., 2020) which was
used to exploratorily assess discriminant validity. This scale includes
statements such as “Thinking is not my idea of fun”, with a five-point
response scale ranging from “extremely uncharacteristic [of me]” to
“extremely characteristic [of me]”. The reliability of this measure was a =
.82. In addition, we rephrased the PCS items from the third factor
slightly to ensure clarity (see Table 11 for the final items).

5.2. Participants

The sample size for Study 3 was determined with an a priori power
analysis, using the “pwr” package in R (Champely, 2020) for the re-
gressions and WebPower (Zhang & Yuan, 2018) for the CFA. Following
MacCallum et al. (1996) and Rigdon (1994), a required sample size was
calculated for a test of close fit (an estimated required N of 283 partic-
ipants) and not-close fit (331 participants). We opted for the higher one
of these estimations and rounded it up to 400 to account for exclusions.’
The full sample consisted of 401 Prolific participants. After exclusions of
participants who failed the attention check (n = 8) and those who failed
the bot check (n = 1), we retained 392 responses.

5.3. Results

Using the “lavaan” package on R (Rosseel, 2012), we ran the CFA
with factors set to three, based on the results from the previous study.
The results supported the three-factor model with a CFI = .96, TLI = .95,
RMSEA = .06 (90 % CI ranging from .05 to .07), and SRMR = .04, all
indicating good fit according to the preregistered cutoffs. Reliability
remained good, with @ = 0.90 and w = .90 for the 12-item scale (o = .87,
.82 and .75 respectively for each of the subscales).

The validity elements from Study 2 were replicated (see Supple-
mentary Table S8 for bootstrapped correlations): as expected, the
complexity scale had a moderate positive correlation with the one-item
slider, r(390) = .42 (p < .001) and the difficulty of understanding
measure, r(390) = .52 (p < .001), indicating convergent validity, and
moderate negative correlation with the CRE scale, r(390) = —.30 (p <

5 Required N for the regression analyses was lower than the required N for
the CFA.
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Table 4
Total and subscale correlations,Study 2.

Journal of Environmental Psychology 108 (2025) 102812

M(SD) Total PCS PCS effectiveness PCS side effects PCS goal conflict Complexity slider Difficulty of
uncertainty underst.
Total PCS 3.31(.75) 1
PCS effectiveness 3.36(.89)  .90*** [.88,.92] 1
uncertainty
PCS side effects 3.00 (.85) .91] *x% .63, .74] 1
PCS goal conflict 3.66 (.85) .781 [.37, .55] [.47, .62] 1
Complexity slider 5.29 .53] * [.31, .50] .32%*% [[21, .42] .39%** [.29, .50] 1
(1.26)
Difficulty of underst. 4.55 .54%** [ .45, .61] .54%%* [.46, .61] .40%** [.31, .49] .39%%* [.28, .48] .52%%% [ .44, .59] 1
(1.36)
Collective response 5.46 —.44*** [-.52, —.38%** [-.46, —.29] —.417%%* [-.49, —.32%%*% [-41, —.15%* [-.27, —.20%** [-.30,
efficacy (1.03) —.35] —.31] —.22] —.02] —.08]
CC skepticism 2.44 .49*** [ .41, .55] .45%** [.37, .51] 47+%* [.38, .54] .30%** [.21, .38] .13* [.01, .23] 23%*% [[11, .34]
(1.22)
Policy support 4.75 —.49%** [-.56, —.45%** [~ 52, —.37] —.40%** [-.49, —.37%*%*% [~ 45, —.19*** [-.30, —.24%** [-.35,
(1.26) —.40] —.30] —.27] -.07] —-.12]
Behavioral intentions 4.84 —.51%** [-.58, —.44*** [-.51, —.35] —.45%** [-53, —.42%%% [-.49, —.16%* [-.28, —.27%%* [-.38,
(1.13) —.43] —.35] —.34] —.04] —.14]

Note: N for all = 378, ***p < .001, **p < .01, *p < .05. PCS = perceived complexity of sustainability, Underst. = understanding, CC = climate change.

Table 5
Stepwise regression: Climate change skepticism, Study 2.
Step 1 Step 2 Step 3
B (SE) 95 %CI Beta P Partial B (SE) 95 %CI Beta P Partial B (SE) 95 %CI Beta P Partial
(Constant) 2.27 [1.58, <.001 1.47 [.67, <.001 .52 [.22, 196
(.33) 2.99] (.42) 2.25] (.40) 1.23]
Age .00 [-.01, .02 .616 .03 .00 [-.01, .04 450 .04 .00 [-.01, —.01 794 —-.01
(.00) .01] (.00) .01] (.00) .01]
Gender” -.25 [-.49, -.10 .030 -.11 —.28 [-.52, -.12 .012 -.13 -.18 [-.40, -.07 .086 -.09
(11) —.00] (.11) —.02] (.10) .06]
Political .33 [.24, .39 <.001 .39 .32 [.22, .36 <.001 .37 .27 [.19, .32 <.001 .36
orientation. (.04 .43] 04 41] 04 .36]
Income -.12 [-.22, -.11 .017 -.12 -.12 [-.22, -.11 .019 -.12 -.10 [-.19, -.09 .033 -.11
(.05) —.02] (.05) —.01] (.05) —.00]
Education -.21 [-.36, —.14 .003 -.15 -.16 [-.30, -.11 .027 -.11 -.15 [-.27, -.10 .021 —.12
.07) —.08] .07) —.03] (.07) -.05]
Complexity - - - - - .02 [-.12, .02 .664 .02 —.08 [-.21, —.09 .098 —.09
slider (.05) 171 (.05) .06]
Difficulty of - - - - - 12 [.01, .14 .015 .13 —-.03 [-.16, —.04 .503 —.04
underst. (.05) .24] (.05) .08]
PCS - - - - - - - - - - 73 [.53, .45 <.001 41
(.09) 93]
Adj. R? .20 .22 .34
R? change - .02+ 13%#x

Note. N = 379 due to omission of incomplete responses.
Y Higher values indicate more right-wing orientation; underst. = understanding.
**p < .01, ***p < .001.

# Gender coded as binary; change from gender = male.

.001). Exploratory analyses revealed no significant correlation with
need for cognition, indicating that the scale measures a distinct set of
context-specific complexity perceptions rather than an individual dif-
ference in thinking preference, r(390) = .04 (p = .384), which further
supports the discriminant validity. As expected, predictive validity was
also supported in Study 3: the complexity scale significantly positively
predicted climate change skepticism and negatively predicted policy
support and sustainable behavioral intentions, over other predictors
(Tables 8-10).

We also explored the association of PCS with frequency of (previous)
behaviors, which showed that PCS explained variance in behaviors over
the other predictors in Study 2 but not in Study 3. However, there was a
strong floor effect (over 70% of participants reported engaging in zero
behaviors in both studies). These analyses are reported in the Supple-
ment (Tables S7 and S12).

5.4. Discussion

Study 3 replicated the results of Study 2 regarding the construct
validity of the scale. We also found that complexity perceptions of
climate change mitigation are a distinct construct from need for
cognition.

Taken together, the results from Studies 2 and 3 support the pro-
posed three-pronged conceptualization of complexity. The results point
to the scale being internally consistent and reliable, as well as a valid
measure for predicting climate change skepticism, policy support and
behavioral intentions over and beyond demographic variables and other
measures of complexity perceptions, which are more limited in their
scope. The final items are displayed in Table 11.

6. General discussion

The aim of this research was to develop and validate a novel measure



S.H. Taavila et al.

Journal of Environmental Psychology 108 (2025) 102812

Table 6
Stepwise regression: Policy support, Study 2.
Step 1 Step 2 Step 3
B (SE) 95 %CI Beta P Partial B (SE) 95 %CI Beta P Partial B (SE) 95 %CI Beta P Partial
(Constant) 4.60 [3.91, <.001 5.63 [4.80, <.001 6.56 [5.76, <.001
(.35) 5.31] (.44) 6.54] (.42) 7.41]
Age .01 [-.00, .06 181 .07 .01 [-.00, .06 241 .06 .01 [.00, A1 .015 13
(.01) .02] (.00) .01] (.00) .02]
Gender” .20 [-.02, .08 .088 .09 .24 [.01, .10 .042 A1 .13 [-.06, .05 .219 .07
(.12) .44] (.12) .46] (11) .32]
Political -.35 [-.44, -.39 <.001 -.39 -.33 [-.41, -.37 <.001 —.38 —.28 [-.36, —-.32 <.001 —.36
orientation” (.04) —.26] (.04) —.24] (.04) —.21]
Income .09 [-.03, .08 .104 .09 .09 [-.02, .08 .082 .09 .07 [-.03, .06 172 .07
(.05) .20] (.05) .20] (.05) .16]
Education .25 [.11, 17 <.001 .18 .22 [.07, .14 .004 .15 .22 [.10, .14 .002 17
(.07) 41] (.08) .38] .07) .36]
Complexity - - - - - —-.12 [-.26, —-.12 .031 —-.11 —.02 [-.14, —.02 711 —.02
slider (.06) .02] (.05) .09]
Difficulty of - - - - - —-.08 [-.21, —-.08 147 —.08 .09 [-.03, .10 .095 .09
underst. (.05) .04] (.05) —.21]
PCS - - - - - - - - - —.74 [-.96, —.44 <.001 —.40
(.09) —.42]
Adj. R? .19 22 .34
R? change - .02 2%
Note. N = 369 due to omission of incomplete responses.
Underst. = understanding; **p < .01, ***p < .001.
# Gender coded as binary; change from gender = male.
b Higher values indicate more right-wing orientation.
Table 7
Stepwise regression: Sustainable behavioral intentions, Study 2.
Step 1 Step 2 Step 3
B (SE) 95 %CI Beta P Partial B (SE) 95 %CI Beta P Partial B (SE) 95 %CI Beta P Partial
(Constant) 4.80 [4.08, <.001 5.85 [5.03, <.001 6.82 [6.02, <.001
(.32) 5.41] (.41) 6.65] (.38) 7.54]
Age .01 [-.00, .08 .089 .09 .01 [-.00, .07 159 .07 .01 [.00, 12 .007 .14
(.00) .02] (.00) .01] (.00) .02]
Gender"” .21 [-.02, .10 .057 .10 .25 [.05, a1 .018 12 .15 [-.04, .07 132 .08
(.11) .42] (.11) .46] (.10) .33]
Political —.26 [-.35, -.33 <.001 -.33 —.24 [-.33, -.30 <.001 —-.30 —.20 [-.27, —.24 <.001 —.28
orientation” (.04) —.17] (.04) —.15] (.04) —.12]
Income .07 [-.03, .07 139 .08 .07 [-.03, .07 .140 .08 .05 [-.03, .05 .246 .06
(.05) 171 (.05) 171 (.04) .13]
Education 12 [-.03, .09 .087 .09 .06 [-.08, .04 422 .04 .05 [-.07, .04 439 .04
(.07) .27] (.07) .20] (.06) 17]
Complexity - - - - - —.05 [-.16, —.06 316 —.05 .06 [-.04, .06 223 .06
slider (.05) .06] (.05) .15]
Difficulty of - - - - - —.15 [-.27, —-.17 .003 -.15 .02 [-.09, .02 724 .02
underst. (.05) —.03] (.05) .13]
PCS - - - - - - - - -.75 [-.92, —.49 <.001 —.44
(.08) —.58]
Adj. R? 12 .16 .32
R? change - .04kx* 16%**

Note. N = 379 due to omission of incomplete responses.
**p < .01, ***p < .001.
# Gender coded as binary; change from gender = male.

b Higher values indicate more right-wing orientation; underst. = understanding.

of perceptions of complexity in climate change mitigation. The final PCS
scale comprises three empirically informed facets of complexity: effec-
tiveness uncertainty (that is, whether actions will be effective and in
which contexts), unintended side effects (changing one’s behavior in
one way but inadvertently making it less sustainable in other ways), and
goal conflict (between sustainability and other goals, such as monetary
costs).

The PCS scale is a short, easy to administer instrument that we found
to correlate positively with climate change skepticism, and negatively
with support for sustainable policies and sustainable behavior in-
tentions, all with medium effect sizes and over and beyond demographic

predictors. PCS scores predicted these outcomes above other, more
limited measures of complexity perceptions. We found that complexity
perceptions are distinct from a lack of collective response efficacy. We
also show that complexity perceptions in sustainability are distinct from
a general propensity for (dis)enjoyment of complex problems, as man-
ifested in the nonsignificant correlation with need for cognition. The
current findings provide key empirical evidence for the relevance of
complexity perceptions as a unique predictor of people’s attitudes to-
wards climate change and sustainability.

The final three-factor scale differs from the initial six-facet concep-
tualization we started from, the main difference being that prediction
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Table 8
Stepwise regression: Climate change skepticism, Study 3.
Step 1 Step 2 Step 3
B (SE) 95 % CI Beta P Partial B (SE) 95 % CI Beta P Partial B (SE) 95 % CI Beta P Partial
(Constant) 1.67 [1.02, <.001 1.32 [.57, <.001 .23 [-.48, .544
(.34 2.32] (.40) 2.11] (.39) 1.05]
Age .00 [-.01, —.02 704 —.02 .00 [-.01, —.02 .685 —.02 .00 [-.01, -.01 .785 -.01
(.00) .01] (.00) .01] (.00) .01]
Gender” —.02 [-.28, .01 901 —-.01 —-.01 [-.27, —-.00 951 —.00 —-.05 [-.29, —.02 .678 —.02
(.12) .25] (.12) .26] (11) .21]
Political .39 [.31, .45 <.001 44 .37 [.28, 43 <.001 42 .30 [.23, .35 <.001 .37
orientation (.04) .46] (.04) .46] (.04) .38]
Income —.01 [-.11, —-.01 .788 —.01 -.01 [-11, —.01 .848 -.01 —.03 [-12, —.03 .529 —.03
(.05) .83] (.05) .09] (.05) .06]
Education -.14 [-.30, —.08 .078 —.09 -.13 [-.29, —.08 .094 -.09 -.13 [-.28, —.08 .076 —-.09
(.08) —.01] (.08) .01] (.07) .01]
Complexity - - - - - .02 [-.08, .03 .659 .02 —.03 [-12, —.04 512 —.03
slider (.05) .14] (.05) .06]
Difficulty of - - - - - .05 [-.06, .06 341 .05 -.12 [-.23, -.13 .021 -.12
underst. (.05) .15] (.05) —.01]
PCS - - - - - - - - 71 [.51, 44 <.001 .40
(.08) .91]
Adj. R? .20 .20 .33
R? change - .01 2%
Note. N = 379.
Y Higher values indicate more right-wing orientation.
Underst. = understanding; ***p < .001.
# Gender coded as binary; change from gender = male.
Table 9
Stepwise regression: Policy support, Study 3.
Step 1 Step 2 Step 3
B (SE) 95 % CI Beta P Partial B (SE) 95 % CI Beta P Partial B (SE) 95 %CI Beta P Partial
(Constant) 5.76 [5.12, <.001 6.22 [.5.43, <.001 7.12 [6.29, <.001
(.34) 6.46] (.41) 7.02] (.41) 7.96]
Age .00 [-.00, .04 .396 .04 .00 [-.01, .05 259 06 .00 [-.00, .05 .290 .06
(.00) .01] (.00) .01] (.00) .01]
Gender"” .10 [-.12, .04 .382 .05 .07 [-.15, .03 543 .03 .10 [-.11, .04 .350 .05
(.12) .30] (12) .28] (.11) .31]
Political —.41 [-.49, —.46 <.001 —.45 -.39 [-.48, —.45 <.001 —.44 -.39 [-.42, —.38 <.001 —.40
orientation” (.04) -.32] (.04) —.30] (.04) —.25]
Income -.07 [-17, —.06 .189 -.07 -.07 [-17, —.06 164 -.07 —.06 [-.15, —.05 .260 —.06
(.05) .04] (.05) .03] (.05) .04]
Education .18 [.04, 11 .022 12 .18 [.04,.33] 11 .021 12 .18 [.04, 11 .016 13
(.08) .33] (.08) (.07) .32]
Complexity - - - - - —-.11 [-.21, -.12 .041 -.11 —.06 [-.15, -.07 227 —.06
slider (.05) .00] (.05) .04]
Difficulty of - - - - - .01 [-.10, .01 .821 .01 .16 [.05, 17 .003 .15
underst. (.05) .12] (.05) .26]
PCS - - - - - - - - —.61 [-.78, -.37 <.001 —-.34
(.09) —.42]
Adj. R? .23 .23 .32
R? change - .01 .09 **
Note. N = 379.

Underst. = understanding; ***p < .001.

# Gender coded as binary; change from gender = male.
b Higher values indicate more right-wing orientation.

uncertainty emerged as one general factor, instead of distinct factors (e.
g. time delay resulting in uncertainty) as proposed in the theoretical
framework (Funke, 1991). However, the pattern of results suggests that
for the participants in our studies, effectiveness uncertainty in climate
change mitigation is perceived as one general construct, and the “object”
of uncertainty seems less important; for example, the same factor con-
tains items pertaining to uncertainty about general effectiveness of ac-
tions but also about the context and time at which certain actions are
effective. The goal conflict and side effects dimensions roughly map on
to the dimensions of ‘polytely’ and ‘connectivity of variables’ introduced
by Funke (1991), respectively. Overall, we are somewhat agnostic to the

specific distinctions between the subscales and make no formal pre-
dictions about these, as the scale is validated to be used in its entire-
ty—however, future research could further investigate the specific
subdomains and whether different predictors contribute to different
types of complexity perceptions.

The aspects of complexity we identified also line up with earlier
findings: Kirschke et al. (2019) found goal conflict, uncertainty and
system complexity to be the main aspects of “wickedness” in water
management problems in an expert sample. Though a different context,
it seems that there is some conceptual convergence, indicating potential
wider applicability of complexity to specific domains of environmental
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Table 10
Stepwise regression: Sustainable behavioral intentions, Study 3.
Step 1 Step 2 Step 3
B (SE) 95 % CI Beta P Partial B (SE) 95 % CI Beta P Partial B (SE) 95 % CI Beta P Partial
(Constant) 5.12 [4.52, <.001 5.62 [4.88, <.001 6.46 [5.72, <.001
(.32) 5.71] (.38) 6.37] (.38) 7.20]
Age .01 [.00, .14 .003 .15 .01 [.00, .15 .002 .16 .01 [.01, .15 .002 .16
(.00) .02] (.00) .02] (.00) .02]
Gender” .09 [-.13, .04 433 .04 —.06 [-.15, .03 .556 .03 -.10 [-.10, .04 .359 .05
(11) .29] (.11) 271 (.10) .29]
Political -.31 [-.39, -.39 <.001 -.38 -.29 [-.38, -.37 <.001 -.36 —.24 [-.32, -.30 <.001 -.31
orientation” (.04) -.23] (.04) —.21] (.04) —.16]
Income —.03 [-.14, —-.03 .500 —.03 —.04 [-.14, —.04 433 —.04 —.02 [-.12, —.02 .632 —.02
(.05) .07]1 (.05) .06] (.05) .06]
Education .14 [.02, .09 .055 .10 .14 [.01, .09 .063 .10 13 [.01, .09 .053 .10
(.07) .28] (.07) .27] .07) 271
Complexity - - - - —-.07 [-17, -.09 .143 —.08 —-.03 [-.11, —.03 .552 —.03
slider (.05) .04] (.05) .071
Difficulty of - - - - —.03 [-.13, —.04 479 —.04 .10 [.01, 12 .040 11
underst. (.05) .06] (.05) .19]
PCS - - - - - - - - - -.57 [-.73, —.38 <.001 —.34
(.08) —.39]
Adj. R? .16 17 .27
R? change - .01 10%¥x
Note. N = 379.

Underst. = understanding; ***p < .001.
# Gender coded as binary; change from gender = male.
b Higher values indicate more right-wing orientation.

Table 11

Final items of the PCS scale.

Factor

Item

Effectiveness
uncertainty

Unintended side
effects

Goal conflict

1.

It is difficult to know which actions are effective in
reducing our environmental impact.

. It is uncertain when and under which circumstances pro-

environmental behaviors will be effective.

. It is hard to predict what impact(s) certain pro-

environmental behaviors will actually have on the
environment.

. Choosing the most effective pro-environmental behaviors

is difficult.

. It is difficult to predict whether the changes we make in

our behavior will have the intended consequences on the
environment.

. Changing parts of our lifestyle to protect the environment

can actually have negative effects on the environment.

. Changing parts of our behavior to protect the environment

can have unforeseen side effects.

. If people change their behavior to be more

environmentally friendly in one way, they might
inadvertently make it less environmentally friendly in
other ways.

. Changing our lifestyle to protect the environment may

seem to have positive effects at the moment, but
eventually turn out to be ineffective.

10. Pro-environmental behavior changes are constrained by

11.

12.

the fact that they might cost people money or limit their
personal freedom.

Changing our behavior to protect the environment is
complicated because it can introduce practical
limitations to our everyday life (for example on people’s
comfort level or financial resources).

The decision to reduce our environmental impact is
difficult because it might make our lives less comfortable
or curb our personal freedom.

issues. Future research should aim to identify specific domains in which
complexity perceptions might be particularly relevant, as well as
compare perceptions of the public directly to that of experts routinely
working with complex problems. The PCS scale provides a useful
starting point for this line of research.

We extend previous theoretical work on complex problems (Funke,

10

1991; Funke et al., 2018) to the environmental domain, bridging the
literature on complex problem-solving with insights on climate change
attitudes. Starting from the literature on complex problem solving,
which mostly deals with processes (i.e., the steps from knowledge
acquisition to applying expertise or intelligence to solve a problem;
Dorner & Funke, 2017), we extend this line of research to attitudes to-
wards complex problems. In contrast to the traditional complex problem
solving literature, which studies skills and traits that are helpful for
addressing complex problems, the PCS scale can be used to capture
subjective perceptions about the problems. The scope of the PCS
conceptualization thus encompasses complexity as a perceived barrier to
action, rather than measuring a skill- or trait-based appraisal of
complexity (as paradigms for this already exist). This new conceptuali-
zation, while departing from the complex problem solving research
tradition, can be helpful for identifying situational effects of complexity
on attitudes, which can, in turn, be helpful for message framing. Future
research could explore where these complexity perceptions stem from
(e.g., difficulty of understanding or lack of motivation) and discover
remediating techniques based on this—for example, Shepherd and Kay
(2012) found that when people feel unable to grapple with complexity,
this might result in increased trust in authorities. Future research could
also combine insights from the traditional complex problem solving
literature with literature on attitudes and persuasion to build a more
comprehensive picture of how complexity perceptions are developed (e.
g., along with media exposure to complexity narratives) and how this is
related to the propensity to engage with (or avoid) complexity.
Importantly, the negative correlations between complexity percep-
tions and policy support and behavioral intentions do not imply that
complexity thinking cannot be useful or that complexity provides an
inherent barrier to action. Rather, these insights provide a starting point
to understanding when and how complexity might act as a barrier rather
than a helpful appraisal of the problem. Our results show that
complexity is associated with disengagement—at least when people
perceive the effects of environmental actions to be uncertain, when they
perceive their actions to have possible unintended side effects, or when
they appear to conflict other goals. Whereas previous approaches to
complexity have mainly treated engaging with complexity as a skill that
can be developed (Dorner, 1990; Funke, 2022), focused on identifying
the key aspects of complex systems (Funke, 1991), or developed
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experimental paradigms to measure variables related to the
problem-solving process (Rohe et al., 2016), the PCS approach aims to
explain not the failure to solve a complex problem, but the lack of
engagement with the problem in the first place. Future work could build
on this on this to investigate the process of complexity perception for-
mation or possible moderators.

How, then, can disengagement related to complexity be addressed or
attenuated? To return to the propositions of Hirschman (1991), the final
PCS scale items could be seen to mirror the “jeopardy” argument
(environmental actions might have negative side effects on other
spheres of life), and, to some extent, the “perversity” argument (by
changing one thing, the problem might be exacerbated in other ways).
Hirschman outlines ways of engaging with these arguments: for “jeop-
ardy”, he suggests reappraising the argument to suggest that new social
structures will mutually reinforce old ones. A similar approach could be
applied to the “goal conflict” dimension of perceived complexity:
emphasizing the co-benefits of environmental policies (which appears to
increase policy acceptance; Abildtrup et al., 2024) and correcting
common misperceptions about goal conflict, where applicable, could be
a way to alleviate goal conflict concerns (see also the work of Geiger and
Swim (2021) on the compatibility of environmental, societal, and eco-
nomic goals). For the argument of “perversity”, Hirschman suggests,
instead of the possible consequences of countering the problem,
emphasizing the even more detrimental consequences of not countering
the problem (in the environmental domain, this response is identified by
Moser, 2010). Thus, a possible way to remediate the “effectiveness un-
certainty” dimension of PCS could be to emphasize the well-known
consequences of climate change if nothing is done.

Our finding that right-wing political ideology was the most consis-
tent demographic correlate of perceived complexity is in line with prior
research on climate change skepticism (e.g. Lewandowsky et al., 2013;
Rutjens et al., 2022). This finding could also point towards a relationship
between complexity perceptions and solution aversion—the notion that
solutions to climate change are often perceived to threaten conservative
values (e.g. minimal government interference with markets) and are
therefore commonly opposed by individuals endorsing conservative
ideologies (Campbell & Kay, 2014). Though our current sample is not
US-based, and these political ideology findings might not be fully
generalizable to a UK context, people who feel threatened by solutions to
climate change might be more likely to endorse complexity narratives as
a justification for delaying action. There might be a motivated reasoning
aspect to complexity perceptions, where complexity provides an excuse
for inaction (and narratives emphasizing complexity might play into this
belief; see Roper et al., 2016 for a discussion on the bidirectional rela-
tionship between the public and political discourse). Skeptical narra-
tives, such as the “discourses of delay” discussed by Lamb et al. (2020)
may exacerbate these beliefs by fostering uncertainty about the effec-
tiveness of climate policies and highlighting the negative effects of
mitigation actions—aspects which our scale also touches upon. Future
research could investigate the role of these narratives in shaping
complexity perceptions when it comes to climate change, as well as to
further entangle the (causal) role of political ideology therein. It is also
possible that motivated reasoning affects how people respond to
complexity: depending on their prior stances on climate change, some
might see the uncertainty as a reason to forgo action, others might see
the unpredictability as proof that fast action is needed to prevent
disaster (see Hart and Nisbet (2012) for a discussion of “boomerang
effects” in climate communication).

In the context of partisan differences in attitudes toward climate
change and climate change mitigation, one benefit of the PCS scale is
that it mostly utilizes politically and morally neutral language; it asks
about the complexity and subjective difficulty of choosing effective ac-
tions, instead of agreement with normative statements (e.g. “we should
do something™). As a result, the scale might tap into subtle aspects of
skepticism toward climate change mitigation without directly con-
fronting people about this. We believe that the scale is particularly
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suitable for assessing attitudes in contexts where (partisan) bias can
potentially affect responding.

Studying complexity perceptions offers a valuable contribution to
the existing research on climate inaction. In fact, recently, increased
attention has been directed towards forms of inaction that do not result
from outright skepticism—for example, Ekberg et al. (2022) argue that
the distinction between “deniers” and “non-deniers” is too simplistic and
fails to explain the multidimensionality of climate inaction. The
perceived complexity approach provides a more nuanced approach to
studying barriers to action: climate actions might be perceived as too
difficult, too costly, or the payoff is too uncertain. People might even be
initially “well-intentioned” but struggle to navigate the complicated
landscape of climate change mitigation: when there are many possible
options for action, this can undermine efficacy (Andrews et al., 2022).

6.1. Limitations and future directions

Due to the correlational nature of the current research, we cannot
make claims about causal relationships between any of the variables
involved. Future research could explore the mechanism through which
complexity perceptions are formed and shaped through learning pro-
cesses and experiences over time. Empirical investigations into temporal
precedence and causality between complexity perceptions and resulting
attitudes towards solutions, as well as actual behavior would also be
informative: in the current work we mainly focused on attitudes and
behavioral intentions, which might not always be in line with behaviors
(Lange & Dewitte, 2019). Studying longitudinal processes of how
complexity perceptions form would help in understanding individuals as
agentic learners, as part of a system that they both shape and are shaped
by (Reicher et al., 2012). For example, one way in which complexity
might affect support for policy is through change aversion resulting (in
part) from perceived uncertainty and goal conflict. After all, since
changing one’s ways is effortful and sometimes costly, uncertainty about
the effectiveness of one’s behaviors could make people disengage—this
might be particularly true for those who are not involved with or
interested in climate change action to begin with. Furthermore, some
evidence, though not specific to environmental psychology, indicates
that in the face of uncertainty, people tend to delay their decisions
(Tversky & Shafir, 1992) or behave in self-serving ways (Hine & Gifford,
1996). The same could be true for complexity; this would imply that
reducing uncertainty and helping people make sense of complexity,
where applicable, could be one way of tackling climate inaction.

Another limitation of our scale is that it focuses thus far mostly on
individual pro-environmental behaviors. While individual actions can
be helpful, especially in Western contexts where high-carbon lifestyles
are prevalent (Nielsen, Nicholas, et al., 2021), it has been noted that in
order to tackle climate change, individual changes need to, at the min-
imum, occur in tandem with structural changes, such as decreased
reliance on fossil fuels (Chater & Loewenstein, 2022). However, the PCS
scale theoretically lends itself to applications on the system level as well,
as well as potentially to other societal issues, such as economic
inequality or the food crisis. Future research should also extend the re-
sults into non-Western contexts.

The negative correlation between complexity perceptions and both
policy support and sustainable behavioral intentions raises the impor-
tant question of how narratives emphasizing the complexity of climate
change mitigation (such as the “discourses of delay” outlined by Lamb
et al. (2020) affect people’s endorsement of policies, and whether
negative consequences can be prevented. Inoculation theory could be
one promising avenue for this, having shown positive results in devel-
oping individual resistance towards misinformation (Roozenbeek et al.,
2022; Traberg et al., 2022), but also in building trust, for example to-
wards energy authorities (Spampatti et al., 2024). While complexity
narratives are of course not necessarily inaccurate—as sustainability is
inherently objectively complex—it might be that certain narratives
cause people to overestimate this complexity or to misperceive which



S.H. Taavila et al.

aspects are complex. Considering that people tend to misperceive the
effectiveness of mitigation actions (e.g. underestimate the effectiveness
of diet changes; Cologna et al., 2022; Wynes et al., 2020), it is possible
that there are misperceptions of complexity as well (e.g. people
mistakenly believing that replacing meat with soy products has a “side
effect” of deforestation, while most soy is still used for animal feed;
Fraanje et al., 2020). A relevant empirical question would be whether
inoculation can also protect people against misleading complexity nar-
ratives aimed at exploiting subjective uncertainty, sowing doubt, or
emphasizing the negatives of certain climate change mitigation actions.

Another route to address complexity follows from Noordegraaf et al.
(2019) who discussed “social mechanisms” to deal with complex-
ity—that is, bringing people together in discussions. Interactive ways of
engaging with climate change mitigation, as well as dialogical (instead
of top-down) ways of communication can be useful avenues for
constructively engaging with complexity. This approach of social
connection goes hand in hand with literature proposing that
community-driven responses to climate change should be at the fore-
front (Cherry et al., 2024; Whitmarsh et al., 2011).

7. Conclusion

Responding to climate change, while being one of the priority issues
of the current global political landscape, contains certain complexities
for both policymakers and the public. Understanding the factors shaping
public opinion, including how individuals perceive these complexities,
is crucial for finding appropriate solutions. To this end, we developed
and validated the 12-item PCS scale to measure the perceived
complexity of climate change mitigation. The domains of complexity
covered by the PCS scale are 1) uncertainty of predictions, 2) perceived
trade-offs between different sustainability actions, and 3) perceived goal
conflict. Higher PCS scores predict higher climate change skepticism and
lower climate policy support and sustainable behavioral intentions, with
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moderate effect sizes, even when controlling for common covariates.
This research lays the groundwork for testing the causal role of
complexity as a barrier to climate action. Understanding individual
perceptions of complexity in sustainability is also useful for developing
guidelines on how scientists and governments can communicate about
sustainability to the public.
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Appendix: Study 2 items and factor loadings

Factor
1 2 3 h?
It is difficult to know which actions are effective in reducing our environmental impact. .82 .63
It is uncertain when and under which circumstances pro-environmental behaviors will be effective. 74 .65
It is hard to predict what impact(s) certain pro-environmental behaviors will actually have on the environment. 74 .65
It is hard to predict how pro-environmental actions will affect people’s comfort level, financial resources, or personal freedom.! .57 .35
Choosing the most effective pro-environmental behaviors is difficult. .55 .40
It is difficult to predict whether the changes we make in our behavior will have the intended consequences on the environment. .51 .55
Changing parts of our lifestyle to protect the environment can actually have negative effects on the environment. .80 .59
Changing parts of our behavior to protect the environment can have unforeseen side effects. .64 .56
If people change their behavior to be more environmentally friendly in one way, they might inadvertently make it less environmentally friendly in other .57 .46
ways.
Changing our lifestyle to protect the environment may seem to have positive effects at the moment, but eventually turn out to be ineffective. .50 .48
Pro-environmental behavior changes are complicated by the fact that they might cost people money and limit their personal freedom. 75 .62
Changing our behavior to protect the environment is complicated because it can have consequences beyond the environment (for example on people’s .74 .63
comfort level, financial resources, or personal freedom).
The decision to reduce our environmental impact is difficult because it might make our lives less comfortable, less prosperous, and curb our personal .65 .47

freedom.

Note. Extraction method: Principal Axis Factoring, rotation method: Promax with Kaiser Normalization. N = 387, litem deleted due to low communality.
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