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Abstract: Climate change poses a serious existential threat to life on our planet. If we are to mitigate
the most damaging impacts of climate change, there is a need for citizens who are willing and able to
make changes to their individual behaviours, but who are also politically engaged and motivated
to participate in, and advocate for, systemic change; there is a need for citizens who are Climate
Capable. However, there is no scale currently available with which to measure the climate capability
of adults and adolescents. Through an iterative process across three studies with 849 UK adults,
we developed and validated a 24-item Climate Capability Scale. In a further study, with 458 UK
adolescent participants (aged 12-15), we validated the scale for use with adolescents. We demonstrate
that the scale is internally consistent, has good test-retest reliability, correlates with measures of
related constructs such as environmental worldview and scientific literacy, and predicts self-reported
pro-environmental behaviour. The Climate Capability Scale may have particular value in educational
and public engagement contexts for measuring the effectiveness of programs and interventions
designed to increase Climate Capability, as well as similar approaches to heighten engagement with
the climate crisis.

Keywords: climate change; climate capability; climate literacy; adolescents; climate change education;
scale; validation

1. Introduction

Climate change is one of the most imminent and serious threats to humans, plants,
and animal species on Earth [1,2]. We have limited time to reduce carbon emissions if we
are to slow down warming trends and prevent the worst potential outcomes from being
realized [3,4]. Achieving meaningful change requires citizens who are informed, motivated,
and empowered to make behavioural changes and to push for systemic transformation [5,6].
In the present study, we outline and develop the concept of “Climate Capability”, which
builds on and updates the earlier work of Seyfang et al. [5] and which is intended to capture
some of the key ways in which citizens are engaged in tackling the climate crisis. We
propose a novel instrument designed to measure Climate Capability and to report our
approach to its development and validation.

Seyfang et al. [5] outlined three dimensions of “Carbon Capability”: (i) decision-
making; (ii) individual behaviours and practices; and (iii) broader engagement with systems
of provision and governance. The decision-making dimension incorporates factual knowl-
edge and understanding, along with motivation, judgments, and skills. The individual
behaviour and practices dimension relates to private-sphere environmental behaviours [7],
such as energy conservation and individual decisions surrounding transportation, food,
and purchasing. The governance dimension relates to engagement with policy and govern-
ment via democratic participation. A “Carbon Capable” public is necessary if we are to
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meet carbon reduction targets; we need citizens who are willing and empowered to make
individual lifestyle changes, but who also engage with broader systems of governance to
influence environmental policies, infrastructure, and systems of provision. [5,8]

Whitmarsh et al. [8] argue that a “Carbon Capable” individual is one who understands
the limits of individual action and the need for systemic change, collective action and
governmental solutions. A Carbon Capable individual is also one with the skills to evaluate
the reliability of various sources of information about climate change and about carbon
emissions reduction.

In this paper, we broaden Seyfang et al.’s [5] Carbon Capability construct to Climate
Capability. We define Climate Capability as the degree to which individuals: (i) have the
skills, understanding, and motivation to make behavioural changes that will reduce their
individual contribution to climate change; and (ii) appreciate the need for collective action
and governance to limit the magnitude of climate change and mitigate its effects. This is
because the general public, despite being generally aware that carbon emissions contribute
to climate change, harbour significant misconceptions about carbon, its relationship with
private-sphere behaviour, and the mechanisms through which carbon dioxide affects the
climate. For example, in a postal survey of a representative sample of the UK general public,
participants tended to connect carbon emissions to unrelated issues such as ozone depletion,
and they tended to connect carbon emissions with industry rather than with domestic
behaviours; some respondents also noted uncertainty about the relationship between
carbon emissions and climate change [8]. Thus, rather than focusing on individuals’
understanding of carbon and carbon emissions (the antecedents of climate change), we
focus more directly on their understanding of climate change itself.

1.1. The Need for a Validated Scale of Climate Capability

A validated Climate Capability Scale has many potential applications, including
tracking changes in Climate Capability in the general public over time; exploring demo-
graphic and cultural associations with Climate Capability; measuring relationships between
Climate Capability and important real-world outcomes (e.g., adoption of lower-carbon
lifestyles, political engagement, and support for environmental policies); and evaluating
the effectiveness of interventions such as public messaging campaigns, public engagement
activities, and educational programs.

In the educational sphere, climate change is likely to become an increasingly important
focus within school and university curricula as nations attempt to meet their obligations
to cut carbon emissions [9]. This is already happening in Wales, UK, where the Welsh
Government has explicitly written climate change into its new curriculum, expecting
students to “show their commitment to the sustainability of the planet” [10]. This shift
presents opportunities for the development of innovative interventions to increase Climate
Capability amongst children and adolescents [11-13]. Indeed, adolescents are a pivotal
group to engage with climate change. Not only will they be living with the consequences of
climate change throughout their lives, but they also have less firmly established worldviews
and habits than adults, and are in a strong position to become agents of change [11]. As
interventions targeted at this age group proliferate, there will be an increasing need for
valid and reliable tools with which to measure attitudes, beliefs, and understanding of
climate change.

There are many existing scales of related constructs, such as environmental attitudes (e.g., the
Environmental Attitudes Inventory [14]; the New Ecological Paradigm Scale—Revised [15]) and
climate change literacy (e.g., the Climate Change Knowledge Scale [16]). However, these
scales tend to focus on the first dimension of Climate Capability—attitudes, understanding,
and judgment. Our goal was to develop a scale that covered all three dimensions—attitudes
and understanding, willingness to make behavioural changes, and appreciation of the need
for systemic change.

If such a scale is to be useful in educational and public engagement contexts, it also
needs to be brief and accessible. We developed potential scale items in collaboration with
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practising schoolteachers, including a dyslexia consultant, to ensure that the items were as
clear as possible. In addition, we avoided items that included negations, and we used a
yes/no response scale.

There is considerable debate concerning whether scales should include positively and
negatively worded items. Mixing item types can counteract acquiescence bias (the tendency
to agree with statements, regardless of their content) and facilitate screening of inattentive
responders (e.g., by removing participants who provide inconsistent responses across items
with opposing meanings). However, negatively worded items tend to decrease internal
reliability (e.g., Swain et al. [17]) and are less accessible to children, people with lower
reading ages, and adults with lower educational levels [18-20]. Assuming that there are
other methods in place to ensure that participants are responding attentively, many authors
argue that negatively worded items are best avoided (e.g., Barnette [21]). To maximise
accessibility, we therefore avoided items that included negations.

Mellor and Moore [22] demonstrated that children (aged 6-13) struggle to use Likert
scales to describe internal thoughts, feelings, and beliefs, although this varies with factors
such as age, item concreteness, and the type of Likert scale being used (e.g., numerical
vs. verbal). Children (aged 5-12) also tend to use the extreme endpoints on Likert scales,
which can undermine the reliability and validity of the measure [23]. Even among adults,
there are sub-populations of respondents who have difficulty using Likert scale items,
including individuals with low reading ages [20]. For maximal accessibility, we used a
“Yes/No/Don’t Know” response scale.

1.2. Aims of the Present Study

We aimed to develop and validate a reliable scale which captured the multi-faceted
construct of Climate Capability—understanding of climate change and its effects; the
motivation and willingness to reduce individual contributions to climate change; and an
appreciation of the role of governance and systemic change in tackling climate change.

We generated an initial pool of 70 items. The aim of Study 1 was to pilot test and
reduce our 70-item pool in a sample of 300 adult participants, thus creating a CCS. In
Study 2, with 300 participants, we aimed to examine the internal reliability, test-retest
reliability, and convergent and divergent validity of the CCS using an independent sample.
In Study 3, we aimed to examine the predictive validity of the CCS using an independent
sample of participants. Overall, in Studies 1-3, we developed and validated the Climate
Capability Scale (CCS) in adult participants, investigating its internal consistency, test-retest
reliability, factor structure, convergent and divergent validity, and external validity. In
Study 4, we examined the suitability of the Climate Capability Scale for use with adolescents
(12-15 years old) and explored the differences between adults” and adolescents’ responses.

2. Materials and Methods

Data availability statement: Anonymised data are available at the following link
(blinded for peer review): https://osf.io/8y6s5/?view_only=00665152c9ec4e7fa74f5bal9b3
73cda, accessed on 1 December 2022.

All studies reported in this manuscript received ethical approval from the Department
of Psychology Ethics Committee at Swansea University.

2.1. Study 1
2.1.1. Study 1: Item Development and Refinement

First, we generated potential scale items. We looked to existing scales of climate change
knowledge and attitudes (e.g., Cordero et al. [9]; Field et al. [24]) to compile a database of
potential items, grouped by theme. This allowed us to identify gaps in coverage in existing
scales (e.g., ability to seek out and evaluate reliable sources of information, appreciation of
the need for governmental and societal action). Where gaps were identified, we drafted
new potential items.
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We next reduced the initial item pool to minimise redundancies, reduce biased lan-
guage, and increase accessibility by simplifying the vocabulary and syntax. Because our
goal was to develop a scale that could be used with adolescents as well as with adults,
we worked closely with two experienced secondary school teachers, one of whom was a
specialist in science teaching, and the other of whom was a specialist in special educational
needs, including dyslexia. After this process, 70 items remained. These were organised
along the three dimensions of Seyfang et al.’s Carbon Capability model [5], each of which
was divided into further subthemes. The full item pool can be seen in Table S1 in the
Supplementary Materials.

Dimension 1 (knowledge and attitudes) included four subthemes: acceptance and
understanding of anthropogenic climate change (9 items; e.g., “Most scientists agree that
humans are causing climate change”); knowledge of warming trends (7 items, e.g., “In the
next 50 years, Earth is going to get hotter”); understanding the consequences of climate
change (9 items, e.g., “Climate change will cause some animals and plant species to go
extinct”); and climate change scepticism (4 items, e.g., “Scientists exaggerate how much the
climate will change”).

Dimension 2 (individual behaviours) included three subthemes: private-sphere be-
havioural change (10 items, e.g., “I have made changes to how I live to reduce my effect
on the planet”); information seeking (10 items, e.g., “I have watched documentary pro-
grammes about climate change”); and self-efficacy (10 items, e.g., “I know how to reduce
my effect on the planet”).

Dimension 3 (governance) included two subthemes: role of governance (3 items,
e.g., “Government action is needed to tackle climate change”); and engagement with
governance (6 items, e.g., “I have chosen to write to my MP about climate change”).

We also included an optimism theme (3 items, e.g., “I am hopeful that we can reduce
the effects of climate change”). Though this theme did not fit neatly within any of the
three Carbon Capability dimensions, optimism and hope have been incorporated into some
models of environmental behaviour change (e.g., Cantell et al. [25], Ross et al. [26]), so we
sought to capture those factors here.

Our aims for Study 1 were to:

Pilot test the 70-item pool in a sample of adult participants;

Identify problematic items;

Identify the best items to create a short, yet comprehensive, Climate Capability Scale;
Explore the internal reliability of the items left at the end of this process;

Explore the factor structure of the items at the end of this process.

SAE I

2.1.2. Study 1: Participants

We planned to recruit 300 participants through the participation platform Prolific
(www.prolific.co, accessed on 15 July 2021). This target sample size was selected to be
large enough to provide meaningful parameter estimates while also balancing resource
constraints. To be eligible, participants had to be currently residing in the UK and have a
minimum approval rate of 90% (i.e., at least 90% of their previous Prolific submissions had
to have been approved).

In total, 301 participants completed the study. We excluded participants who re-
sponded incorrectly to any of three attention check questions (1 = 2; ~0.6%) and participants
who provided nonsensical, irrelevant, or incomprehensible responses to the open-ended
prompt “in your own words, what was this study about?” (n = 9). The final study, therefore,
consisted of 290 participants. Demographic characteristics are shown in Table 1.
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Table 1. Demographic characteristics of the samples tested in Studies 1, 2, and 3. Study 1 had
290 participants, Study 2 had 272 participants, and Study 3 had 287 participants.

Demographic Response Study 1 Study 2 Study 3
Gender Female 72.76% 57.35% 67.94%
Male 27.24% 41.18% 31.01%
Other gender identity 0.00% 1.47% 1.05%
Age Range 18-65 18-73 18-72
Median 32.00 26.00 33.00
Mean (SD) 33.84 (10.77) 29.13 (10.39) 35.22 (11.54)
No formal qualifications 0.00% 0.74% 0.35%
Highest level of education Secondary school qualifications 11.03% 19.48% 6.97%
College/sixth form qualifications 27.24% 23.90% 30.31%
Undergraduate degree 27.24% 36.40% 45.30%
Master’s degree 14.73% 16.91% 13.24%
Doctoral degree 2.76% 1.83% 3.83%
Employment status Unemployed and seeking work 10.69% 10.29% 3.14%
Unemployed and not seeking work 3.45% 3.31% 1.39%
Homemaker 5.52% 2.21% 3.48%
In part-time employment 17.59% 13.97% 12.89%
In full-time employment 39.66% 38.60% 55.05%
Self-employed 7.59% 6.99% 6.62%
In education or training 10.35% 17.65% 10.11%
Retired 1.03% 1.50% 3.48%
Other/Missing 4.14% 4.78% 1.05%

2.1.3. Study 1: Materials

Study 1 consisted of a single, 70-item survey, which is reproduced in full in the
Supplementary Materials (Table S1).

2.1.4. Study 1: Procedure

Participants were invited to participate in a study on attitudes towards climate change
via their Prolific dashboards. Upon selecting the survey, participants were presented with
an information screen and provided their informed consent.

Participants were then presented with the 70 items in a random order. For each item,
participants were required to make a “Yes”, “No”, or “Don’t Know” response. Three
attention check questions were embedded in the survey, which directed participants to
make a specific response (e.g., “Please select Don’t Know”).

After completing the survey, participants were asked about their age, gender, edu-
cation, and employment status. Finally, participants were required to type a response
to the prompt “In your own words, what do you think this questionnaire was about?”
Participants were then debriefed.

2.2. Studies 2 and 3: Internal Reliability, Test—Retest Reliability, Convergent and Divergent
Validity, and Predictive Validity

2.2.1. Studies 2 and 3: Overview

In Study 2, we aimed to examine the internal reliability, test-retest reliability, and
convergent and divergent validity of the CCS in an independent sample. To test convergent
validity, participants completed two scales of constructs that we would expect to be strongly
related to Climate Capability. First, we measured ecological worldview using the New Eco-
logical Paradigm Scale—Revised (NEP-R) [15]. This scale was selected in part because of its
very wide usage in the environmental psychology literature, but also because of its brevity
(15 items). Second, we measured knowledge of climate change using the Climate Change
Knowledge Scale (CCK) [16]. The CCK was chosen again because of its relative brevity, but
also because it is restricted very narrowly to the understanding of facts relating to climate
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change, without incorporating any moral or attitudinal items. To test divergent validity, we
measured basic scientific literacy using the National Science Foundation Scientific Literacy
Indicator Items (NSF Indicators) [27]. The NSF Indicator items were chosen because they
were developed to be understandable for a general population with varying levels of liter-
acy and education. Divergent validity would be demonstrated if the relationship between
the NSF Indicators and the CCS were weaker than the relationships between the CCS, the
NEP-R, and the CCK. We predicted that CCS scores would be positively correlated to all
other measures, but that the correlations would be stronger for the NEP-R and CCK than
for the NSF Indicator items.

In Study 3, we aimed to examine the predictive validity of the CCS in an independent
sample of participants. Specifically, we aimed to examine how strongly the CCS predicted
self-reported regular private sphere environmental behaviours, as well as less frequent
environmental behaviours (e.g., engagement with government, charitable volunteering,
and larger lifestyle changes). To this end, participants completed the CCS along with
two indices of their pro-environmental behaviours, both of which were created for the
current research.

2.2.2. Studies 2 and 3: Participants

We planned to recruit 300 participants for each study through the participation plat-
form Prolific (www.prolific.co, accessed on 20 July 2021). As in Study 1, participants had to
be current residents of the UK, have a minimum Prolific approval rate of 90%, and have
not participated in any previous Climate Capability Scale study.

In total, 300 participants completed Study 2. We excluded participants who responded
incorrectly to any of the attention check items (1 = 4; ~1.3%) and participants who provided
nonsensical, irrelevant, or incomprehensible responses to the open-ended prompt “In your
own words, what was this survey about?” (n = 24; ~8%). Therefore, the final sample
for Study 2 consisted of 272 participants. To assess test-retest reliability, 100 participants
were invited to complete the CCS again one week later. In total, 87 participants provided
complete, usable data for both sessions.

In total, 301 participants completed Study 3. We excluded participants who responded
incorrectly to any of the attention check items (1 = 4; ~1.4%) and participants who provided
nonsensical, irrelevant, or incomprehensible responses to the open-ended prompt “In your
own words, what was this survey about?” (n = 10; ~3.3%). Therefore, the final sample
consisted of 287 participants. The demographics for Studies 2 and 3 are shown in Table 1.

2.2.3. Studies 2 and 3: Materials
The Climate Capability Scale (CCS)

The CCS consisted of 24 items. The item “I know how much different activities
affect the planet” was added to the 23 items retained from Study 1. This item was added
because it captured an important aspect of Climate Capability which was missing from our
original item pool. We expected it to load heavily with the “Self-Efficacy” factor, as it was
conceptually rated to the other items within that factor.

For each item, participants responded either Yes, No, or Don’t Know. For most items,
Yes responses were scored as 2 points, Don’t Know responses were scored as 1 point, and
No responses were scored as 0 points. Items marked with an asterisk were reverse-scored.
Total CCS scores were obtained by summing the item points. Thus, scores could range from
0to 48.

The New Ecological Paradigm Scale—Revised (NEP-R)

The NEP-R [15] consists of 15 items answered on a five-point scale (strongly agree,
mildly agree, unsure, mildly disagree, strongly disagree). Positive items (e.g., “The balance
of nature is very delicate and easily upset”) were scored from 0 (strongly disagree) to
4 (strongly agree). Negative items (e.g., “Humans were meant to rule over the rest of
nature”) were scored from 0 (strongly agree) to 4 (strongly disagree). The scores were
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summed such that total scores could range from 0 to 60. Higher scores on this scale indicate
a stronger ecological worldview.

The items were presented in a random order, and participants were required to
respond to every item. Internal reliability was acceptable; McDonald’s w = 0.81, Cronbach’s
o = 0.80.

The Climate Change Knowledge Scale (CCK)

The CCK [16] consists of 19 statements to which participants respond either Correct,
Wrong, or Don’t Know. Correct items (e.g., “Greenhouse gases partly retain the Earth’s
heat radiation”), were scored such that a “Correct” response was assigned 2 points, a Don’t
Know response was assigned 1 point, and a Wrong response was assigned 0 points. For
incorrect items (e.g., “CO; is harmful to plants”), reverse coding was used. The scores were
summed such that the total scores could range from 0 to 38.

The items were presented in a random order, and participants were required to respond
to every item. The internal reliability for our sample was below the conventionally accepted
0.80 threshold (McDonald’s w = 0.68, Cronbach’s « = 0.69).

The National Science Foundation’s Scientific Literacy Indicator Items (NSF Indicators)

The NSF indicators [27] consist of nine scientific statements, some true and some false.
For each item, participants responded True, False, or Don’t Know. For true statements
(e.g., “Electrons are smaller than atoms”), “True” responses were assigned 2 points, “Don’t
Know” responses were assigned 1 point, and “False” responses were assigned 0 points. For
false statements (e.g., “Antibiotics kills viruses as well as bacteria”), reverse coding was
used. The scores were summed; total scores could range from 0 to 18.

Because the NSF indicator items were not designed to measure a single underlying
construct, a reliability analysis was not conducted.

Regular Private Sphere Environmental Behaviour Index

This index was created to capture self-reported engagement in everyday private sphere
behaviours that contribute towards the minimisation of one’s individual carbon footprint.
In total, there were 15 items, many of which were adapted from Whitmarsh et al. [8].
Participants indicated how frequently they engaged in each behaviour on a five-point scale
(Never, Rarely, Sometimes, Often, Always). For all items, Never responses were scored
as 0, Rarely as 1, Sometimes as 2, Often as 3, and Always as 4. The scores were summed;
therefore, the total index scores could vary between 0 and 60.

Infrequent Environmental Behaviour Index

This index was created to capture pro-environmental behaviours that people might
engage in less frequently. The index consisted of eight items, which covered political
engagement (three items), charitable engagement (three items), and behaviours related to
flying and carbon offsetting (two items).

Participants were asked whether they had ever engaged in each of these actions. Their
response options were “No—never” (scored as a 0), “Yes—once or twice” (scored as a 1), or
“Yes—several times” (scored as a 2). The scores were totalled across all items such that the
total scores could vary from 0 to 16.

2.2.4. Studies 2 and 3: Procedure

The participants for Studies 2 and 3 were invited to participate in a study on attitudes
towards climate change via their Prolific dashboards. Participants were presented with an
information screen and were asked to provide their informed consent.

In both studies, participants first completed the CCS. Items were presented in a
random order, and were interspersed with three attention check questions which directed
participants to make a specific response (e.g., “Please select No”). Participants were required
to provide a response for each item.
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In Study 2, following completion of the CCS, participants completed the NEP-R, the
CCK, and the NSF Indicators. The order of these three scales was randomised for each
participant, as was the order of the items within each scale. Participants were required to
respond to each item.

In Study 3, following completion of the CCS, the participants completed the Reg-
ular Private Sphere Environmental Behaviour Index and the Infrequent Environmental
Behaviour Index. The order of these two indices was randomly determined for each par-
ticipant. The order of items within each measure was randomised for each participant.
Three attention checks were embedded in the CCS and one was embedded in each of the
behaviour indices. These attention checks directed participants to make a specific response
(e.g., “Please select No—Never”).

Finally, participants provided demographic information and were asked to write,
in their own words, what they thought the questionnaires had been measuring. All
participants were then debriefed.

In Study 2, the test-retest sample of participants were invited to participate in Session
2 exactly 7 days after they completed Session 1; the survey was kept open for one week.
The majority of participants who returned (~75%) did so on the first day.

2.3. Study 4: Adolescents” Scale Responses
2.3.1. Study 4: Overview

Our final aim was to explore adolescents’ responses to the CCS. Specifically, we aimed
to: (1) establish whether the scale and its subscales had acceptable internal reliability in
adolescents; (2) assess the factor structure in a sample of adolescents; and (3) explore
differences between adolescent and adult responses to the CCS.

2.3.2. Study 4: Participants

Teachers from five secondary schools were recruited through academic networks
and through Twitter. A total of 615 adolescents from 5 secondary schools completed
the CCS as part of a classroom activity. The data from 76 participants were removed
because they did not fully complete the survey. A further 58 participants were removed
because they did not consent for their data to be used for research purposes, and data
from 23 participants were removed because the responses indicated inattentive responding
(i.e., “straight-lining”, implausibly fast completion times). The final adolescent sample
therefore included 458 participants.

Thirty participants (6.6%) did not provide their school year groups. Of the remaining
428 participants, 77 (18.0%) were in Year 8 (12-13 years old), 145 (33.9%) were in Year 9
(13-14 years old), and 206 (45.0%) were in Year 10 (14-15 years old). Due to an oversight,
data on gender were not recorded at one school (1 = 28). Of the remaining 430 participants,
85 (19.8%) were female, 302 (70.2%) were male, and 17 (4.0%) indicated that they were
non-binary; 26 participants (6.0%) chose not to report their gender.

Note that the gender imbalance in this sample occurred because the school that
contributed the most participants (n = 244) was a boys’ school. To address this imbalance,
all analyses were repeated with this school removed. These analyses are reported in full in
the Supplementary Materials, but there were no notable discrepancies compared to the full
sample’s results.

2.3.3. Study 4: Materials
The 24-item Climate Capability Survey (CCS) was used.

2.3.4. Study 4: Procedure

Participants were invited to complete the CCS as part of a classroom activity by their
teachers. Students were instructed that they did not have to participate if they did not want
to, and that they could withdraw at any point by closing their internet browser.



Sustainability 2023, 15, 11933

9 of 22

Upon opening the survey, the participants read a brief information screen which in-
formed them of the purposes of the study. Before proceeding to the survey, the participants
were presented with two options: they could allow their survey responses to be used for
research purposes, or they could opt out. They were also reminded that they could close
their browser at any time if they did not wish to take part.

Participants then completed the CCS independently. Items were presented in a random
order. Participants were required to provide a response to each question.

Following the CCS, the participants were asked to indicate their school year group
and their gender identity. They were also asked to provide a memorable word which they
could use to request withdrawal of their data at a later date. Finally, the participants were
thanked for their participation and debriefed.

3. Results
3.1. Study 1: Results

The aim of Study 1 was to pilot test and narrow down our item pool. We first examined
the distribution of responses across each item (see Table S2 in the Supplementary Materials)
to identify items with low response variability (>85% “Yes” or “No” responses), which
lack the ability to discriminate between respondents. Sixteen such items were identified as
candidates for removal. Next, we examined the item-rest correlation for each item. Three
items were identified which correlated poorly with the rest; all of these items were part of
the optimism theme.

We removed 17 of the 19 candidates for removal before proceeding to an Exploratory
Factor Analysis (EFA). We retained two of the low-variability items, both of which were
under the role of governance subtheme (“Government action is needed to tackle climate
change” and “The whole system we live in needs to change to tackle climate change”)
because of their theoretical importance within the Carbon Capability framework (Seyfang
et al., 2007) [5]. The EFA was conducted on the remaining 53 items using JASP 0.13.1
(www.jasp-stats.org, accessed on 13 February 2022). Factors were extracted using parallel
analysis with oblique promax rotation.

The EFA revealed a five-factor structure, with factors that could be interpreted as
scepticism (e.g., “Scientists exaggerate how much the climate will change”); behaviour
change (e.g., “I have made changes to the way I live to reduce my effect on the planet”);
self-efficacy (e.g., “I know how to find out how much different activities affect the planet”);
information seeking (e.g., “I look for news articles about climate change”); and knowledge
of warming trends (e.g., “The Earth is hotter now than it was 100 years ago”).

We used this EFA to identify further candidates for removal. First, we identified items
with factor loadings below 0.40. For larger factors, we also identified items that were
redundant. However, our decisions were not purely data-driven; we retained the three
items relating to role of governance even though they did not form a distinct cluster in this
analysis because of their theoretical importance.

We retained the 23 items shown in Table 2, which we submitted to a second EFA. We
first examined a scree plot, which suggested a possible six-factor solution. We determined
the number of allowable factors by allowing all factors with eigenvalues over 0. In accor-
dance with the scree plot, six factors emerged which were readily interpretable. In addition
to the five factors that emerged from the larger item set, the three role of governance items
formed their own distinct factor.

We assessed the fit of the model to the data by examining the root mean square error of
approximation (RMSEA). The RMSEA can vary from 0 to 1, with smaller numbers indicating
better fit; the conventional cut-off for acceptable fit is <0.08. We also examined the Tucker—
Lewis Index (TLI), which adjusts model fit estimates for parsimony; the conventional
cut-off for this index is >0.90. The RMSEA was acceptable at 0.07, though the TLI was just
below the 0.90 threshold (0.89).

Finally, we examined the internal consistency of the scale. We provided the commonly
reported index Cronbach’s «, but will focus on McDonald’s w, which has been recom-
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mended as a superior metric because it does not assume that all items have equal covariance
with the true score (Deng and Chan, 2017; Hayes & Coutts, 2020) [28,29]. McDonald’s w
can be interpreted in a similar way to Cronbach’s «; that is, an internally consistent scale
will have w > 0.80. Both Cronbach’s «; (0.87) and McDonald’s w (0.83) indicated acceptable
internal reliability.

Table 2. Factor loadings for the 23-item CCS in Study 1.

Factor
& £
- ¢ y
> gk g
E 2 & g = E
2 o » S = g
Item = =) g & © c o
[ S = 0 g & O
] = < = oE o«
> 2 E & 1 3
4 - ©
= E g o
N1
Earth is hotter now than it was 100 years ago 0.591
In the next 50 years, Earth is going to get hotter 0.777
In the next 50 years, sea levels will rise 0.505
Scientists exaggerate how much the climate will change 0.748
Scientists exaggerate the effects of climate change 0.723
The media exaggerate how much the climate will change 0.935
The media exaggerate the effects of climate change 0.916
I'have made changes to how I live to reduce my effect on the planet 0.821
I am going to make changes to how I live to reduce my effect on the planet 0.740
I'have made changes to the food I eat to reduce my effect on the planet 0.615
I'have made changes to what I buy to reduce my effect on the planet 0.655
I have talked to my family about ways we can reduce our effect on the planet 0.730
Government action is needed to tackle climate change 0.619
We need new laws to tackle climate change 0.830
The whole system we live in needs to change to tackle climate change 0.585
I'look for news articles about climate change 0.732
I'look for documentary programmes about climate change 0.721
I'look for videos on social media about climate change 0.846
I'look for blogs and websites about climate change 0.719
I'know a lot about climate change 0.461
I know where to find good information about climate change 0.869
I know what sources of information I can trust to learn more about climate change 0.888
I know how to find more about how much different activities affect the planet 0.702

In Study 1, we tested an initial pool of 70 items in an online adult sample. After
eliminating items with low variability and low item—total correlations, we were left with
53 items, which were submitted to an Exploratory Factor Analysis. Items with low factor
loadings and/or high redundancy were removed, leaving a 23-item scale with a six-factor
structure and good internal consistency.

3.2. Study 2 and 3: Results

Our first analyses were conducted on the pooled CCS data from Studies 2 and 3
(n =559), as they followed identical procedures up until completion of the CCS. Pooling
the data therefore allowed us to increase the reliability of our parameter estimates.

3.2.1. CCS—Descriptive Statistics

Table 3 shows the frequencies of “Yes”, “No” and “Don’t know” responses for each
item. We successfully avoided ceiling and floor effects for most items. However, the
variability was relatively low for Items 1 to 3, which assessed factual knowledge about
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warming trends; more than 80% of people correctly responded that the Earth is warming,
that it will continue to warm, and that sea levels will rise. Variability was also low for Items
13 to 15, which all concern the need for societal and political action. More than 90% of
respondents stated that government action and systemic change are needed, and more than
85% of respondents indicated that new laws were needed in order to tackle climate change.

Table 3. Item frequencies (%) across all CCS items in the combined data from Study 2 (Session 1) and
Study 3. The * denotes reverse scored items.

Item Yes No Don’t Know

1. Earth is hotter now than it was 100 years ago 82.83 1.25 15.92

2. In the next 50 years, Earth is going to get hotter 86.23 1.79 11.99
3. In the next 50 years, sea levels will rise 85.33 2.50 12.17

4. Scientists exaggerate how much the climate will change * 6.62 79.79 13.60

5. Scientists exaggerate the effects of climate change * 6.08 81.93 11.99

6. The media exaggerate how much the climate will change * 13.95 69.41 13.95

7. The media exaggerate the effects of climate change * 14.67 69.41 15.92

8. I have made changes to how I live to reduce my effect on the planet 79.43 17.71 2.86
9. I am going to make changes to how I live to reduce my effect on the planet 81.40 7.69 10.91
10. I have made changes to what I eat to reduce my effect on the planet 49.91 45.44 4.65
11. I have made changes to what I buy to reduce my effect on the planet 74.42 21.29 4.29
12. I have talked to my family about reducing our effect on the planet 64.04 34.35 1.61
13. Government action is needed to tackle climate change 93.92 2.86 3.22

14. We need new laws to tackle climate change 87.12 4.65 8.23

15. The whole system we live in needs to change to tackle climate change 90.16 4.29 5.55
16. I'look for news articles about climate change 37.57 59.21 3.22

17. I'look for documentary programmes about climate change 45.08 52.24 2.68

18. I'look for videos on social media about climate change 25.58 73.70 0.72

19. I'look for blogs and websites about climate change 17.53 80.86 1.61

20. I know a lot about climate change 31.66 50.98 17.35
21. I know where to find good information about climate change 52.59 28.27 19.14
22. T know what sources of information I can trust to learn more about climate change 53.67 24.87 21.47
23. T know how to find out how much different activities affect the planet 60.11 26.12 13.78
24. T know how much different activities affect the planet 60.29 23.61 16.10

Variability was generally higher for behaviour change items. While most people
indicated that they had made (~79%) or were going to make (~81%) some changes to their
behaviour, fewer were able to endorse that they had made changes in any specific areas of
their lives, such as their eating habits (~50%) or their purchasing habits (~74%).

Items related to information seeking also showed considerable variability. Relatively
low numbers of participants indicated that they seek out information about climate change,
whether through news articles (~38%), documentary programmes (~45%), social media
(~26%), or websites/blogs (~18%).

Responses were also highly variable across the self-efficacy items 20 to 24. Only ~32%
of participants responded that they knew a lot about climate change. Just over half indicated
that they knew where to find good sources of information; a similar figure indicated that
they knew how to find credible information about how much different activities affect
the planet.

Total scores on the CCS ranged from 2 to 48, with a median score of 34.0. The mean
CCS score was 33.54 (SD = 8.81). The scores were negatively skewed (see Figure 1), with
very few scores at the low end of the scale. However, the responses were not at the ceiling,
as there was a positive tail of scores of 40 or higher.
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Figure 1. Distribution of CCS scores in the pooled data from Studies 2 and 3.

3.2.2. CCS—Confirming the Factor Structure of the CCS

We attempted to replicate the factor structure that had emerged from the Exploratory
Factor Analysis in Study 1 using the pooled sample from Studies 2 and 3 (1 = 559). The
24 CCS items were entered into a Confirmatory Factor Analysis, with the factor structure
specified in Table 2. Because we expected factors to be correlated, we used Maximum
Likelihood estimation with robust standard errors.

We assessed the fit of the model to the data by examining the RMSEA, which assesses
absolute model fit, and the Comparative Fit Index (CFI) and the Tucker-Lewis Index (TLI),
which adjust model fit estimates, for parsimony. The RMSEA was acceptable at 0.067, 90%
CI[0.062, 0.072], suggesting an adequate absolute fit. However, both the CFI (0.889) and
the TLI (0.871) were slightly below the conventional cut-offs of 0.90, suggesting that a more
parsimonious model might be preferred.

To explore this possibility, we conducted an Exploratory Factor Analysis using par-
allel analysis to identify factors. This analysis returned five factors. Notably, the three
governance items did not cluster together to form a single factor. Indeed, they did not
significantly load on any factor. However, we did not want to discard these items because
the understanding that there is a need for broader system change is an important aspect of
Climate Capability [5]. We, therefore, retained the 24-item scale with a six-factor structure.

Finally, we assessed the internal reliability of each of the six subscales (see Table 4).
Despite each subscale consisting of between just three and five items, the reliability was
generally acceptable. The lowest reliability found was for the knowledge subscale, while
the highest was found for the scepticism subscale. These results are encouraging, and
suggest that it would be reasonable to examine subscales within the CCS rather than using
only the global measure.

Table 4. Reliability of the six CCS subscales in the pooled sample from study 2 and study 3.

McDonald’s w

Subscale (with 95% CIs) Cronbach’s «
Knowledge of warming trends 0.70 [0.64, 0.73] 0.68
Scepticism 0.90 [0.87, 0.90] 0.89
Behaviour change 0.80 [0.77, 0.82] 0.80
Role of governance 0.79 [0.75, 0.81] 0.78
Information seeking 0.76 [0.71, 0.78] 0.75
Self-efficacy 0.79 [0.76, 0.81] 0.79
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3.2.3. Internal Consistency and Test-Retest Reliability

In both Study 2 and Study 3, the internal consistency of the CCS was acceptable:
Study 2, & =0.85; w = 0.84, 95% CI[0.82, 0.87]; Study 3, ot = 0.88; w = 0.85, 95% CI [0.86, 0.90].
All items correlated positively with the total score of the remaining items, and the no
removal of individual items would have meaningfully increased either « or w.

To examine test-retest reliability, we correlated the Session 1 scores with the Session 2
scores for the retest sub-sample (1 = 87) in Study 2. The correlation was positive and very
large—r = 0.90, 95% CI [0.85, 0.93]—indicating high test-retest reliability.

3.2.4. Convergent and Divergent Validity

In Study 2, we examined the convergent and divergent validity of the CCS by corre-
lating scores with two other scales of related constructs: environmental worldview (the
NEP-R) and climate change literacy (the CCK). We also correlated the CCS scores with the
NSF Indicators, which assess general scientific literacy. We expected the CCS to correlate
positively with each of these three measures. However, because of the more substantive
conceptual overlap, we expected that the CCS would correlate more strongly with the
NEP-R and the CCK than with the NSF Indicators. Thus, convergent validity would be
indicated by strong, positive correlations with the NEP-R and CCK, and divergent validity
would be indicated by a significantly weaker positive correlation with the NSF Indicators.

Figure 2 visualises the relationships between the CCS and each of the other three
measures. As predicted, the CCS correlated positively with all three measures: NEP-R,
r=0.52,95% CI [0.43, 0.60]; CCK, r = 0.49, 95% CI [0.39, 0.58]; and NSF Indicators, r = 0.27,
95% CI[0.16, 0.38]. Thus, higher CCS was associated with ecological worldview, climate
change literacy, and general scientific literacy.
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Figure 2. Scatterplots depicting the relationships between CCS scores and (a) NEP-R scores; (b) CCK
scores; (¢) NSF indicator scores.
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To test the hypothesis that the CCS would correlate more strongly with the NEP-R and
CCK than with the NSF indicator items, we used Steiger’s (1980) method for comparing
related correlation coefficients, which we implemented using Lee and Preacher’s (2013)
online calculator (http://quantpsy.org/corrtest/corrtest2.htm, accessed on 20 March 2022).
As predicted, the CCS correlated more strongly with the NEP-R than with the NSF indicator
items (z = 3.90, p < 0.001), and the CCS correlated more strongly with the CCK than with
the NSF indicator items (z = 4.21, p < 0.001). This pattern of results confirms that the CCS
has good convergent and divergent validity.

3.2.5. External Validity

In Study 3, we examined the external validity of the CCS by correlating CCS scores
with self-reported pro-environmental behaviours. Breakdowns of responses to the be-
havioural indices can be seen in Table 5 (Regular Environmental Behaviour Index) and
Table 6 (Infrequent Environmental Behaviour Index). The mean score on the Regular
Environmental Behaviour Index was 40.49 (SD = 7.53), with scores ranging from 15 to 59.
The distribution exhibited slight negative skew, as shown in Figure 3a. In contrast, the
distribution of scores on the Infrequent Environmental Behaviour Index showed extreme
positive skew, with the majority of scores bunched at the bottom of the scale (Figure 3b).
The median score was 2.00, with an interquartile range of 3.00. Scores ranged from 0 to 14.

Table 5. Distribution of responses to items on the Regular Environmental Behaviour Index.

Item Never Rarely Sometimes Often Always
Reuse or repair items instead of throwing them away 0.7% 5.9% 34.8% 43.2% 15.3%
Recycle 0.7% 0.3% 3.5% 32.1% 63.4%
Choose products that are more environmentally friendly 1.4% 7.7% 36.6% 40.4% 13.9%
Choose items with less packaging 2.4% 6.6% 35.5% 45.3% 10.1%
Buy second hand clothing and other items 9.4% 21.3% 31.0% 30.7% 7.7%
Donate, swap, or hand down items to be reused 2.8% 5.2% 22.3% 39.0% 30.7%
Reduce the amount you buy 2.1% 12.9% 36.6% 38.7% 9.8%
Compost or separate your kitchen waste 17.8% 16.4% 13.9% 16.7% 35.2%
Avoid eating meat 17.8% 22.6% 28.2% 13.6% 17.8%
Eat food which is locally grown or in season 1.7% 13.6% 41.1% 38.7% 4.9%
Turn off lights you are not using 0.0% 0.0% 7.0% 34.8% 58.2%
Turn off the tap while you brush your teeth 2.8% 3.8% 10.5% 22.0% 61.0%
Line dry washing instead of using a dryer (when weather conditions are appropriate) 3.8% 4.9% 13.2% 26.5% 51.6%
Walk, cycle, or take public transport for short journeys (i.e., less than three miles) 2.8% 7.7% 22.6% 42.2% 24.7%
Save water by taking fewer or shorter showers or baths 7.0% 14.6% 28.6% 32.8% 17.1%

Table 6. Distribution of items on the Infrequent Environmental Behaviour Index.

Item No—Never Yes—Once or Twice Yes—Several Times
Signed petitions about environmental issues 36.2% 38.3% 25.4%
Written to your MP about an environmental issue 89.2% 8.7% 2.1%
Joined a protest or march about an environmental issue 90.6% 8.0% 1.4%
Donated money to an environmental cause 47.7% 39.7% 12.5%
Volunteered for an environmental charity or cause 78.7% 15.3% 5.9%
Engaged in tree planting activities 62.4% 27.9% 9.8%
Used “carbon offsetting” 74.9% 18.8% 6.3%
Pledged not to fly for a period of time (e.g., 1 year, 2 years, ever again) 81.9% 10.5% 7.7%

Item No—never Yes—once or twice Yes—several times
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Figure 3. Relationships between CCS scores and environmental behaviour. (a) Histogram of Reg-
ular Environmental Behaviour Index scores. (b) Histogram of Infrequent Behaviour Index scores.
(c) Scatterplot of the relationship between CCS scores and Regular Environmental Behaviour In-
dex scores. (d) Scatterplot of the relationship between CCS scores and Infrequent Environmental
Behaviour Index.

The reliability of the Regular Private Sphere Environmental Behaviour Index was
acceptable: o = 0.78; w = 0.79, 95% CI [0.74, 0.82]. An inspection of individual item statistics
did not reveal any problematic items. The reliability of the Infrequent Environmental
Behaviour Index was similar: « = 0.75; w = 0.76, 95% CI [0.70, 0.79]. Again, no problem-
atic items were identified by our inspection of individual item statistics. All items were
therefore retained.

We examined the predictive validity of the CCS by examining correlations with the be-
havioural indices. Because of the extreme skew in the Infrequent Environmental Behaviour
Index, we used the more conservative Spearman’s rho coefficient. The scores on the CCS
were strongly correlated with the scores on the Regular Environmental Behaviour Index:
rs = 0.62, 95% CI [0.54, 0.68], p < 0.001. The scores on the CCS were also strongly positively
correlated with the scores on the Infrequent Environmental Behaviour Index: rs = 0.54, 95%
CI[0.45, 0.62], p < 0.001. These correlations are visualised in Figure 3 (Panels c and d).

In summary, Study 3 established that scores on the CCS are strongly predictive of
self-reported pro-environmental behaviours. Participants who score highly on the CCS are
likely to engage in more regular private-sphere environmental behaviours (e.g., conserving
water and energy, walking instead of driving). They are also more likely to report engaging
in more infrequent behaviours, including political engagement and collective activism.
Taken together, these findings suggest that the CCS has good predictive validity.
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3.3. Study 4: Adolescents’ Scale Responses
3.3.1. Internal Reliability

The internal reliability was good, as assessed by Cronbach’s « (0.82) and McDonald’s
w (0.82; 95% CI [0.80, 0.85]). These values were slightly lower than those for the pooled
adult sample (o = 0.87, w = 0.84), though still above the conventional cut-off of 0.80. An
inspection of item statistics revealed that all items were positively correlated with the total
score; the lowest item-rest correlation was 0.224 (Item 3: “In the next 50 years, sea levels
will rise”). The reliability would not have been meaningfully improved by dropping any
individual items; therefore, all items were retained.

3.3.2. Confirming the Factor Structure in Adolescent Responses

A Confirmatory Factor Analysis was conducted by applying the six-factor structure
from the adult data, using Maximum Likelihood estimation with robust standard errors.
The fit indices were very similar to those found for the adult participants. The RMSEA was
0.053, 90% CI [0.047, 0.058], indicating an acceptable model fit. Both the CFI (0.898) and
the TLI (0.882) were slightly below the conventional 0.90 threshold. Reliability coefficients
for each of the six subscales are shown in Table 7. They ranged from 0.66 to 0.81, and were
generally slightly lower than the corresponding reliabilities of the adult samples.

Table 7. Reliability of the six CCS subscales in the adolescent sample.

Subscale McDonald’s w (with 95% Cls) Cronbach’s «
Knowledge of warming trends 0.70 [0.66, 0.75] 0.70
Scepticism 0.78 [0.75, 0.81] 0.75
Behaviour change 0.81 [0.78, 0.84] 0.80
Role of governance 0.66 [0.61, 0.72] 0.66
Information seeking 0.73 [0.69, 0.77] 0.76
Self-efficacy 0.69 [0.64, 0.73] 0.68

To investigate the possibility that there may be a more parsimonious factor structure,
we conducted an Exploratory Factor Analysis on the adolescent data, with Oblique promax
rotation and Parallel analysis. This analysis revealed a five-factor structure. In contrast
to the adult data, the three “Knowledge of Warming Trends” items clustered with the
three “Role of Governance” items in a distinct “Knowledge and Governance” factor. These
findings suggest that basic climate literacy may be closely intertwined with an appreciation
of the role of and need for governance within this age group. The internal reliability of
this “Knowledge and Governance” factor was w = 0.709, 90% CI [0.667, 0.750], o; = 0.712.
However, our re-analysis of the data with the boys’ school excluded returned a six-factor
structure which mirrored the factor structure found in the adult data. Specifically, the
knowledge of warming trends and role of governance items clustered into two distinct
factors, as in the adult data. Further research in adolescents will be needed in order to
confirm the factor structure; for now, we recommend retaining the six-factor structure with
separate knowledge of warming trends and role of governance factors.

Finally, item 24 (“I know how much different activities affect the planet”) did not
significantly load on any factor. However, the overall scale reliability was not substantially
improved by its removal. Furthermore, the reliability of the self-efficacy subscale would
have been adversely affected by its removal, indicating that the item should be retained in
the CCS when used with adolescents.

3.3.3. Comparing Adult and Adolescent Responses to the CCS
The mean CCS score for adolescents was 29.98 (SD = 7.92). We compared adoles-
cents’ total CCS scores with adults’ total CCS scores from the pooled Study 2 and 3 sam-

ple (M =33.54, SD = 8.81). A Levene’s test indicated that the variances were unequal:
F(1) = 6.47, p = 0.013. In addition, Shapiro-Wilk tests indicated that both the adult data
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(W =0.971, p < 0.001) and the adolescent data (W = 0.992, p = 0.018) were not normally dis-
tributed. Consequently, we compared the adult and adolescent data using a Mann-Whitney
U test, which makes no assumptions about the shapes of the underlying distributions. This
test indicated that total CCS scores were significantly lower for adolescents than for adults:
U =95,377, p <0.001, r = 0.255.

To answer the question of whether adolescents’ scores were systematically lower than
adults’ scores across the entire scale or whether there were specific areas of divergence, we
compared the adolescents” and adults” subscale scores. We used a Bonferroni-corrected
alpha level of 0.008 (0.05/6) for these comparisons. The subscale totals are shown in
Table 8, along with the inferential comparisons. The adolescents’” scores were significantly
lower than the adults” on the scepticism, behaviour change, role of governance, and
information seeking subscales. The largest effect was found for the behaviour change
subscale (r = 0.344).

Table 8. Comparisons between adults and adolescents” CCS subscale scores.

Adolescents Adults

Subscale M (SD) M (SD) Comparison
Knowledge of warming trends 5.48 (1.09) 5.49 (0.99) W =129,513.5, p = 0.67, r = 0.012
Scepticism 5.69 (2.32) 6.59 (2.25) W =96,137.0, p < 0.001, r = 0.249
Behaviour change 5.25 (3.33) 7.23 (3.09) W =83,991.5, p <0.001, r = 0.344
Role of governance 5.18 (1.31) 5.59 (1.10) W =108,895.5, p < 0.001, r = 0.149
Information seeking 1.60 (2.23) 2.60 (2.72) W =101,961.5, p < 0.001, r = 0.203
Self-efficacy 6.68 (2.74) 6.05 (3.16) W =141,068.0, p = 0.005, r = 0.102

Interestingly, adolescents’ self-efficacy scores were significantly higher than adults’,
although the effect size was small (r = 0.102). Adults and adolescents did not significantly
differ in their scores on the knowledge of warming trends subscale, with an effect size close
to zero (r = 0.012).

Table S2, in the Supplementary Materials, shows comparisons between adolescents
and adults for each individual item. Briefly, in keeping with the subscale analysis, ado-
lescents tended to make fewer “yes” responses than adults across most items, and this
was particularly evident in the behaviour change and information seeking items. Adults
and adolescents’ responses were quite similar across most of the knowledge of warming
trends and self-efficacy items, though there were some exceptions to this. Notably, ado-
lescents were more likely than adults to respond “yes” to the item “I know a lot about
climate change”.

In summary, Study 4 showed that the CCS can be used with 12-15 year olds. Within
this age group, the CCS retained acceptable internal consistency and a readily interpretable
factor structure. Differences between adults’ and adolescents’ responses shed light on some
potentially fruitful targets for intervention. For example, increasing media literacy and
knowledge of the scientific process might ameliorate scepticism within this age group,
and identifying where adolescents see opportunities for behavioural change may also be
important in helping adults become effective agents of change.

4. Discussion

Reducing carbon emissions to mitigate the worst impacts of climate change will require
a Climate Capable populous—a general public who are able and motivated to reduce their
individual contributions to climate change, but who are also politically engaged and
willing to push for change at the societal level [5,8]. A reliable and valid measure of Climate
Capability has many applications, including tracking population-level changes in Climate
Capability over time and evaluating the effectiveness of educational programmes, public
engagement activities, and public messaging campaigns. Across four studies with a total
of 849 adult and 458 adolescent participants, we demonstrated that the 24-item CCS is
internally consistent and reliable, has good convergent and divergent validity, and predicts
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self-reported pro-environmental behaviours. Below, we consider each of these properties in
more depth before considering the insights that can be gleaned from comparisons between
adults’ and adolescents’ responses to the CCS.

4.1. Reliability and Validity of the CCS

In every sample of participants, the internal consistency of the CCS was good (w > 0.80).
Analyses of individual item statistics showed that all items correlated positively with the
total score, and there were no individual items that had a substantial adverse effect on scale
consistency. In Study 2, we examined test-retest reliability after a seven-to-nine-day delay.
The responses were very consistent across time points, indicating excellent reliability. Taken
together, these findings give us confidence that the CCS reliably captures stable individual
differences in Climate Capability.

In Study 2, we examined the convergent and divergent validity of the CCS. The CCS
correlated strongly with related constructs, namely, ecological worldview (measured by
the NEP-R; [15]) and climate change literacy (measured by the Climate Change Knowledge
Scale; [16]). In other words, participants with high CCS scores were also likely to have more
ecological worldview, and to be more knowledgeable about the causes and consequences of
climate change. These correlation coefficients were around 0.5, indicating that around 25%
of the variance was shared between the CCS and each of the other two scales. Thus, while
there was substantial overlap in these constructs, they were also clearly distinct; the overlap
was not sufficiently high to suggest that we were simply measuring the same construct
using a different name (the “jangle fallacy”; [30]).

The CCS scores correlated positively with broader scientific literacy (as assessed by
the NSF indicator items), but this correlation was substantially weaker than for the more
closely aligned constructs of environmental attitudes and climate change literacy. This
finding indicates good levels of divergent validity; the CCS is clearly distinct from—though
weakly related to—general scientific literacy.

4.2. Insights from the CCS

Whitmarsh et al. [8] argued that, while some basic level of scientific literacy may be
necessary for Climate Capability, it is not sufficient. Indeed, people’s attitudes toward
climate change and their support for environmental policies are influenced by many factors,
including political ideology [31], religiosity [32], and worldview (e.g., Poortinga et al. [33]).
Our own data underscore the complexity of the relationship between knowledge and
Climate Capability, as the shared variance between Climate Capability and climate change
knowledge was modest (around 24%). Indeed, Figure 2 makes it clear that knowledge and
Climate Capability are separable—there are individuals who score very highly on measures
of climate change knowledge but who have low Climate Capability, and vice versa.

Examining individual item responses within the CCS also illuminates the disconnect
between an understanding of climate change and the motivation to act. Most participants
(approximately 80-90%) correctly identified that the Earth is warmer now than it was a
century ago, that it will continue to warm, and that the sea levels will rise as a result of this
warming. Encouragingly, scepticism was low; less than 10% of participants indicated that
they believed that scientists are exaggerating the extent to which the climate will change
and the consequences of climate change. These results are broadly in line with previous
research which has documented that climate change scepticism is a minority view among
the British public (Poortinga et al. [33]).

However, despite high levels of understanding of basic warming trends and low
levels of scepticism, fewer than half of our participants reported that they actively sought
out information about climate change. A minority of our adult participants felt that
they knew a lot about climate change. Many indicated that they did not know what
sources of information they could trust to learn more about climate change and about
the contributions of different activities to climate change. Whitmarsh et al. [8] argued
that Carbon Capable individuals should have the ability to evaluate the reliability of
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different sources of information for their reliability. Our findings underscore this point and
suggest that increasing media literacy and equipping individuals with the skills to evaluate
information will be an important target for Climate Capability interventions.

4.3. Adolescents” Responses to the CCS

The CCS was designed to be accessible to adolescents, as well as to adults. Our
initial investigation here, with 458 adolescents aged 12 to 15, indicates that the CCS is
internally consistent with respondents in this age group, and that it returns an interpretable
factor structure. These properties make the CCS a potentially valuable tool for measuring
the effectiveness of educational programs on Climate Capability. We note, however, that
further work needs to be carried out to establish validity and test-retest reliability within
the adolescent population (e.g., by validating scores against other related scales that are
appropriate for use with adolescents).

Adolescents tended to have lower CCS scores than adults. However, this difference
was not found across all subscales. Adolescents scored similarly to adults on the knowledge
of warming trends subscale, and they actually had higher scores than adults on the self-
efficacy subscale. This is perhaps not surprising, as British adolescents have grown up in a
society in which climate change is widely accepted and is increasingly being incorporated
into school science curricula. In contrast, the wide range of ages in our adult sample
will translate into quite wide differences in educational experiences with climate change.
Many adults within our sample would have received no formal education on climate
change, or very limited education. Furthermore, scientific understanding of climate change
has evolved over the past few decades, which also will have been reflected in our adult
participants” educational experiences.

The subscale in which adolescents and adults diverged most strongly was the Be-
haviour Change subscale. This discrepancy is not surprising. Adolescents have less
autonomy than adults; decisions about food, purchasing, transport, etc., will likely fall to
caregivers. An important direction for future research will be identifying where adolescents
perceive that they have the agency and opportunity to make pro-environmental changes to
their own behaviours, and where they perceive opportunities to influence the behaviours
of their families, peers, and local communities.

Adolescents were also less likely than adults to report that they had spoken to their
families about how they could reduce their contributions to climate change. For many
adolescents, starting these conversations at home may be one of the most powerful tools that
they have at their disposal. There are likely many reasons why adolescents are not having
these conversations at home, and further research will likely be needed to understand
what these reasons might be and how they might be overcome. We suggest that Climate
Capability interventions with adolescents may wish to focus on increasing the motivation
and willingness to begin conversations in the home about reducing environmental impact.

4.4. Limitations and Future Directions

While we hope that the CCS will be a useful tool for researchers and practitioners
alike, we acknowledge that there is scope for further refinement and adaptation. For
instance, the responses to the role of governance items tended to cluster near the ceiling,
with approximately 90% agreement to each item. Future refinements of the scale may focus
on generating new items that discriminate more finely between participants with different
views on the roles of government in climate change mitigation and adaptation.

Through the online platform Prolific (www.prolific.co, accessed on 15 July 2021), we
were able to recruit adult participants who were diverse in terms of their age, educational
background, and employment status. However, an important limitation of our study was
that women were persistently over-represented in our adult samples, comprising around
two-thirds of the total adult sample. The opposite was true for our adolescent data, with
over-representation of boys. A re-analysis of the data from Study 4 with the removal of a
large all-boys’ school is reported in the Supplementary Materials; there were no substantive
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differences in the results between the two samples. Nonetheless, we would encourage
future researchers to strive for more gender-balanced samples in future research to improve
the generalisability of the results.

Climate Capability is shaped by educational, social, and cultural forces. We focused
here on participants currently residing in the UK. It seems quite probable that participants
in other countries and regions would respond quite differently to many of the items in
the CCS; it is possible that the psychometric properties of the scale, including the factor
structure and reliability indices, would differ across regions. An important goal for future
research will be to adapt and validate the CCS for different countries, allowing for the
exploration and examination of cross-cultural differences in Climate Capability.

The CCS was designed to be short enough to be used in a variety of settings including
classrooms and public outreach, while also providing sufficient coverage of the Climate
Capability construct. We recommend that the CCS be used as a whole scale rather than
using individual factor scores, for which reliability tended to be lower. However, the
development of a long-form CCS scale, with 10-15 items per factor, might allow for a more
fine-grained assessment of Climate Capability, including evaluating the effectiveness of
interventions designed to increase specific facets of Climate Capability (e.g., behaviour
change, appreciation of the need for governance, self-efficacy).

We demonstrated that the CCS predicts self-reported environmental behaviour. How-
ever, participants may inflate the frequency of their self-reported environmental behaviour
to appear more positively. We are encouraged that responses to our behavioural indices
were quite similar to those reported by Whitmarsh et al. [8]. In addition, there were many
items that received low levels of endorsement, suggesting that participants did not system-
atically inflate their responses across all behavioural indices. Nonetheless, correlating CCS
scores with objective data on specific environmental behaviours (e.g., purchasing behaviour,
food consumption, and transportation) would allow for a more rigorous assessment of
predictive validity.

5. Conclusions

If we are to minimise the extent of climate change, we need Climate Capable citizens
who are motivated and empowered to make changes within their own lives, but who
are also politically engaged and willing to push for systemic change [5,8]. A valid and
reliable tool for measuring Climate Capability has many potential applications, including
measuring the effectiveness of educational programs and public engagement activities,
tracking trends in Climate Capability in the general public over time, and exploring a
wide range of demographic, attitudinal, and personality-related correlates of Climate
Capability. Across four studies with more than 1300 adult and adolescent participants, we
developed and validated the 24-item Climate Capability Scale (CCS). The CCS is internally
consistent and reliable; it positively correlates with existing measures of environmental
worldview, climate literacy, and general scientific literacy; and it predicts self-reported
pro-environmental behaviours. The CCS also points to particular areas that should become
of Climate Capability interventions, including increasing media literacy and political
engagement, as well as supporting adolescents in order to identify opportunities for
behaviour change.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/su151511933 /51, Table S1. Response frequencies to the 70 items
tested in Study 1. Table S2. Item-level comparisons between adolescent and adult responses to the
CCS. Table S3. McDonald’s w (with 95% Confidence Intervals) for the CCS subscales in the reduced
and full adolescent samples. Table S4. Comparisons between adults and adolescents” CCS subscale
scores. Table S5. Item-level comparisons between the reduced adolescent and adult responses to
the CCS.
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