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Abstract

This paper explores whether efficacy beliefs can alter the relationship between worry about

climate change and personal energy-saving behaviors, controlling for climate change beliefs

and socio-demographics. For this purpose, we used data from 23 countries that participated

in the European Social Survey Round 8 (N = 44 387). Worry about climate change, personal

efficacy, personal outcome expectancy, and collective outcome expectancy were each

associated with personal energy-saving behaviors concerning either energy curtailment or

energy efficiency. The results further show that outcome expectancies moderate the associ-

ation between worry about climate change and both types of energy behaviors. Worry was

more strongly related to energy curtailment behaviors among those with high levels of per-

sonal and collective outcome expectancy. A similar pattern was found for energy efficiency

behaviors, which were more strongly predicted by worry about climate change when com-

bined with high levels of collective outcome expectancy. These findings are relevant for cli-

mate change communication, especially informational campaigns aiming to lower overall

household energy use.

Introduction

In December 2019, the European Commission proposed the European Green Deal as part of a

long-term strategy to move towards a circular economy, and eventually reach the goal of net-

zero greenhouse gas (GHG) emissions no later than 2050 [1]. Actions outlined to reduce emis-

sions include decarbonizing the energy sector by focusing on low-carbon energy sources and

efficient energy use. When it comes to measures that individual households can implement to

save energy, the pertinent literature commonly distinguishes between curtailment and effi-

ciency [2, 3]. Energy curtailment refers to actions that save energy by reducing the frequency

or intensity of certain behaviors, such as turning off the lights when leaving a room. Energy

efficiency-related actions, in contrast, refer to investments in energy-efficient equipment
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which do not necessarily require behavioral change, such as replacing an old cooling unit in

the household. This conceptual distinction has been empirically supported for several house-

hold behaviors, including personal attempts to save water [4] and energy [5].

According to statistics provided by the International Energy Agency (IEA), the residential

sector accounts for a considerable share of the overall energy consumption in Europe, a pat-

tern that appears relatively stable over time [6]. It follows from this that promoting energy sav-

ings at the household level has the potential to significantly reduce GHG emissions and, in

turn, help reach the goal of net-zero emissions. Knowledge about individual-level factors that

may foster curtailment and/or efficiency behaviors can provide useful insights for targeted

communication strategies; and numerous studies have focused on the psychological determi-

nants of such behaviors, both within [e.g., 7–9] and outside [e.g., 10–13] the European context.

The investigation reported in this paper is premised on the assumption that people’s motiva-

tion to protect themselves against perceived threats, and by extension how they will eventually

react to the threatening situation, can be derived from an appraisal of the threat itself and an

appraisal of their coping capacity [14, 15]. An increasing volume of empirical studies suggests

that the outcomes of these appraisals are not only relevant for explaining coping with individ-

ual stressors such as health problems [16, 17], but also for predicting how individuals respond

in the face of environmental stressors [18–20].

Threat appraisals—often operationalized as ‘worry’, ‘concern’, or ‘perceived seriousness’—

have received considerable research attention with regards to the study of people’s perceptions

of climate change [21]. Research focusing specifically on the issue of climate change and self-

reported energy-saving behaviors has documented that people who are concerned about cli-

mate change report a higher willingness to reduce their energy use [22]. Pertinent literature

generally finds a positive relationship between the perceived seriousness of climate change and

both curtailment- and efficiency-related actions [23], for example showing that people who

rank ‘climate change’ as the most serious issue facing the world are more likely to engage in

household energy-saving behaviors, such as buying energy-efficient household appliances

[24]. Worry, characterized by the repeated experience of anxiousness or thoughts about a

potentially negative event, is considered more personal and experiential than perceived seri-

ousness and concern and thus more likely to motivate mitigative actions [21, 25].

In line with this, recent literature has identified worry about climate change as one individ-

ual-level factor that may motivate energy-saving behaviors. Umit, Poortinga, Jokinen and Poh-

jolainen [26] analyzed data from Round 8 of the European Social Survey (ESS) to explore the

role of income on such behaviors while controlling for worry about climate change, among

other variables. They reported that those more worried about climate change scored higher on

both curtailment-related (i.e., reducing the amount of energy consumed) and efficiency-

related (i.e., making financial investments in energy-efficient appliances) actions. Bouman

et al. [25] used the same dataset to consider worry as a predictor of energy-saving behaviors

and climate policy support. The more individuals expressed worry about climate change, the

more likely they were to report engaging in energy-saving behaviors; yet, the direct relation-

ship between the variables was relatively weak [25]. These findings imply that worry about cli-

mate change is arguably relevant, but maybe not sufficient, for people to engage in personal

energy-saving behaviors. As stated by Steg [27], “people often do not act in line with their con-

cerns, and total household energy use is still rising” (p. 4450). The current paper expands upon

the existing literature by exploring whether various forms of efficacy beliefs can explain parts

of this gap.

A central aspect of understanding why people engage in or refrain from acting against cli-

mate change is their sense of efficacy [28, 29]. The notion of efficacy was originally introduced

by Bandura [30], who distinguished between beliefs about one’s ability to perform a specific
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behavior (personal efficacy) and expectations about whether this behavior will lead to certain

outcomes (outcome expectancy). This distinction has been widely used in the psychological lit-

erature, for instance in the assumption that perceived efficacy and outcome expectancy may

both feed into coping appraisals in the face of health threats [31] and environmental problems

[20]. With particular relevance for the present investigation are studies showing that higher

levels of personal efficacy are associated with attempts to conserve energy by specifically regu-

lating temperature or generally performing household curtailment behaviors [32] and with a

range of other individual pro-environmental [33–35] and adaptation [36] behaviors. Positive

relationships between efficacy beliefs and different forms of pro-environmental behaviors have

also been reported in empirical investigations with measures combining personal efficacy and

outcome expectancy [e.g., 37–40].

Recognizing that any successful mitigative response to climate change necessitates coopera-

tion from across society, there have been calls to investigate efficacy beliefs relating to collec-

tive action in addition to, and sometimes instead of, personal efficacy [41, 42]. Studies within

this area indicate that believing in a group’s collective ability to achieve desired outcomes

relates to public support for policies aimed at reducing carbon emissions [43], public-sphere

actions such as voting and protesting [44], household waste management [45], electric vehicle

acceptance [46], and intention to reduce plastic use [47]. Some findings indicate that collective

efficacy might be more important than personal efficacy in the context of pro-environmental

behaviors more generally [18, 19], even though this finding is not always consistent [48, 49].

While there are reasons to assume that being worried will function as a motivation for peo-

ple to act on climate change [21, 50, 51], believing that one’s actions are insignificant may in

the meantime restrain personal engagement, even among those who are aware of the threat cli-

mate change poses [52, 53]. Research on fear appeals suggests that perceived risk without a

sense of efficacy can lead to denial or disclaiming responsibility rather than taking action [54–

56]. Whereas the notion that high levels of perceived risk can hinder action when combined

with low levels of efficacy is not always supported [51, 57], it is generally assumed that high lev-

els of efficacy reduce doubts or avoidance in situations where people express a general willing-

ness to act [58–60]. Supporting evidence stems from research showing that informational

messages combining high threat with high efficacy are more effective in increasing personal

engagement with climate change than messages portraying only the possible negative impacts

[61]. One plausible interpretation of this literature is that even though a certain level of con-

cern (or worry) for climate change may facilitate preparedness to take mitigative actions,

believing that the proposed strategies are effective and that one has the capacity to implement

them, helps enable actual behavioral responses.

Research aims

Our research draws on cross-national studies supporting a positive relationship between

worry about climate change and personal energy-saving behaviors [25, 26]. Building upon

these findings, the goal of the current paper is twofold: (i) to establish the relative importance

of worry about climate change for explaining self-reported energy curtailment and energy effi-

ciency behaviors, controlling for efficacy beliefs, climate change beliefs, and socio-demograph-

ics; (ii) to test whether the relationship between worry about climate change and personal

energy-saving behaviors varies as a function of believing that one can perform the behavior

(personal efficacy), that it is likely that a large number of people will perform the behavior (col-

lective efficacy), and that this would mitigate climate change either through individual action

(personal outcome expectancy) and/or through group action (collective outcome expectancy).

We expect that worry will be more strongly related to energy efficiency and curtailment
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behaviors when combined with the belief that personal and collective behavior change is possi-

ble and/or effective for mitigating climate change. Because people living within the same coun-

try are likely to share certain characteristics and are thus expected to be somewhat similar in

their responses, multilevel models are used to control for possible group effects in energy cur-

tailment and energy efficiency [62].

Materials andmethods

Data collection

The findings reported in this paper are based on self-report data obtained from N = 44 387

respondents from 23 mostly European countries. The data were collected through face-to-face

interviews in 2016–2017 as part of the ESS Round 8 [63], which was the first round to include

questions on climate change and energy behaviors. Strict random probability sampling was

used to draw samples from each country, with participants aged 15 and over. The total sample

consists of 48% males and 52% females with a combined mean age of 46.97 years (SD = 18.85)

when adjusted for post-stratification and population size weights. The study was reviewed and

approved by ESS ERIC Research Ethics Committee (REC). In accordance with the ESS ERIC

Statutes (Article 23.3), the ESS ERIC subscribes to the Declaration on Professional Ethics of

the International Statistical Institute. Written informed consent to participate in the study was

given by all participants and was provided by the participant’s legal guardian/next of kin if the

respondent was under 16 years of age at the time of the interview. More detailed information

about the data is available in the documentation report [64].

Measurements

Two types of energy behaviors were included as dependent variables in the analyses, energy

curtailment behaviors, and energy efficiency behaviors [2, 3]. Energy curtailment behaviors

were measured by asking “There are some things that can be done to reduce energy use, such

as switching off appliances that are not being used, walking for short journeys, or only using

the heating or air conditioning when really needed. In your daily life, how often do you do

things to reduce your energy use?”, with response categories 1 (Never), 2 (Hardly ever), 3

(Sometimes), 4 (Often), 5 (Very often), and 6 (Always). Energy efficiency behaviors were

assessed with the question “If you were to buy a large electrical appliance for your home, how

likely is it that you would buy one of the most energy efficient ones?”, measured on a scale

from 0 (Not likely at all) to 10 (Extremely likely). There were n = 551 (for curtailment) and

n = 1 111 (for efficiency) missing values.

The independent variables consisted of worry about climate change and four efficacy

beliefs. Worry about climate change was measured by asking respondents to answer the ques-

tion “How worried are you about climate change?” from 1 (Not at all worried), 2 (Not very wor-

ried), 3 (Somewhat worried), 4 (Very worried) to 5 (Extremely worried). The item had n = 1 733

missing values.

The four efficacy beliefs referred to (a) personal efficacy, (b) personal outcome expectancy,

(c) collective efficacy, and (d) collective outcome expectancy. Personal efficacy was measured

with the question “Overall, how confident are you that you could use less energy than you do

now?” with a response scale ranging from 0 (Not at all confident) to 10 (Completely confident)

and n = 952 missing observations. The question “How likely do you think it is that limiting

your own energy use would help reduce climate change?” was used as an indicator of personal

outcome expectancy. Collective efficacy was assessed with the question “How likely do you

think it is that large numbers of people will actually limit their energy use to try to reduce cli-

mate change?”. Finally, the following question captured the level of collective outcome
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expectancy: “Now imagine that large numbers of people limited their energy use. How likely

do you think it is that this would reduce climate change?”. The last three questions were

answered on a scale from 0 (Not at all likely) to 10 (Extremely likely), with n = 2 733 (for per-

sonal outcome expectancy), n = 2 977 (for collective efficacy), and n = 3 255 (for collective out-

come expectancy) missing values.

Covariates in the analyses included climate change beliefs and a number of socio-demo-

graphic variables. Climate change beliefs, previously shown to be related to worry about cli-

mate change in the ESS [65], were captured with two questions. The question “Do you think

that climate change is caused by natural processes, human activity, or both?”, with answer cate-

gories 1 (Entirely by natural processes), 2 (Mainly by natural processes), 3 (About equally by nat-

ural processes and human activity), 4 (Mainly by human activity), or 5 (Entirely by human

activity), was asked to assess respondents’ beliefs about the anthropogenic causation of climate

change. There was a total of n = 2 502 missing values to this question, including the response

option labeled “I don´t think the climate is changing”. Evaluation of the seriousness of climate

change consequences was assessed with the question “How good or bad do you think the

impact of climate change will be on people across the world?”. The question was originally

answered on an 11-point scale ranging from 0 (Extremely bad) to 10 (Extremely good), which

was later reversed and dichotomized to 0 (Belief that the impacts will be good or neutral),

including answers from 5 to 10, and 1 (Belief in mostly bad impacts), including answers from 0

to 4. The variable was dichotomized in order to distinguish those who believe in mostly nega-

tive impacts of climate change from those who do not, following similar procedures as in Gre-

gersen et al. [65].

Household income was categorized from the 1st to 10th decile. It should be noted that this

variable had quite a lot of missing observations (n = 7 942). Of these, n = 4 990 missing obser-

vations were due to refusal to answer the question, while the rest compromised “don’t know”

(n = 2902) and missing data without an assigned explanation (n = 50). Political orientation

was assessed by asking respondents “In politics people sometimes talk of ‘left’ and ‘right’.

Using this card, where would you place yourself on this scale, where 0 means the left and 10

means the right?”. The variable had 5 804 missing observations. Age was categorized into ten-

year intervals and gender was dichotomized into male (0) and female (1). Education was mea-

sured based on the ESS version of the ISCED (International Standard Classification of Educa-

tion) categorization: 1 (ES-ISCED I /less than lower secondary), 2 (ES-ISCED II/lower

secondary), 3 (ES-ISCED IIIb/lower-tier upper secondary), 4 (ES-ISCED IIIa/upper-tier upper

secondary), 5 (ES-ISCED IV/advanced vocational/sub-degree), 6 (ES-ISCED V1/lower tertiary

education/BA level), 7 (ES-ISCED V2/higher tertiary education/> =MA level).

Further descriptive information can be found in Table 1. Correlations between the main

variables are reported in Table 2.

Statistical analysis

Due to the nested structure of the ESS Round 8 data, the associations between worry about cli-

mate change and personal energy-saving behaviors were analyzed by fitting linear two-level

(individual and country) multilevel models in Stata 16 using the mixed command. As we

were interested in the overall effect of the variables and in generalizing the results to a broader

population, the role of the country-level residuals was to help estimate standard errors cor-

rectly. We conducted multiple regressions to allow us to measure the effect of each predictor

while controlling for the other relevant variables.

We started by fitting an unconditional null model, followed by a random-intercept model

including all predictors (Model 1), and lastly adding the four interaction terms (Model 2). This

PLOS ONE Worry, efficacy, and energy-saving

PLOSONE | https://doi.org/10.1371/journal.pone.0252105 May 26, 2021 5 / 19

https://doi.org/10.1371/journal.pone.0252105


procedure was conducted separately for energy curtailment and energy efficiency behaviors, as

these were predicted in separate models. All models were estimated with maximum likelihood

and compared with likelihood ratio tests. The margins and marginsplot commands

were used to interpret the interaction effects. Except for gender and beliefs about climate

change consequences, which were both dichotomized, all other variables were treated as con-

tinuous and grand-mean centered in the main models. Standardized versions of the variables

were used in complementary models to allow us to compare the distinct influence each predic-

tor had on the outcomes. Standardization can influence the interpretation of variance [62],

and was therefore avoided in the models presented in the multilevel regression tables. Propor-

tional reduction in variance (PRV), calculated by comparing the explained variance of the

main effects models with and without the worry item, was used as a second indication of the

effect size of worry about climate change. Results from the standardized models and PRV cal-

culations are presented below. Finally, Pseudo R2 was used to indicate the variance explained

by all variables combined, following recommendations by Rabe-Hesketh and Skrondal [66].

Pseudo R2 was calculated by comparing the total residual variance of the null model to the

residual variance of the fitted models.

Results

Fig 1 shows the country-specific means for energy curtailment behaviors, and Fig 2 the coun-

try-specific means for energy efficiency behaviors, including standard deviations. In total, 68%

of respondents answered that they often, very often, or always do things to reduce their energy

use. Furthermore, about 80% answered above the midpoint of the 11-point scale when asked

how likely they are to buy energy-efficient appliances, with 27% answering at the endpoint

(“extremely likely”). The weighted correlation between the two outcomes is r = .36, which is

usually considered a moderate effect [67].

Intraclass correlation (ICC), calculated as σ2country/(σ
2
country + σ

2
individual), was used to

explore the homogeneity within countries regarding energy behaviors [62, 68]. In the uncondi-

tional model, the country level explained about 3%, ICC = 0.03, 95% CI [0.02,0.06], of the vari-

ation in energy curtailment behaviors and 6%, ICC = 0.06, 95% CI [0.03, 0.10], of the variation

Table 1. Descriptive statistics for the variables in the study.

Individual level (N = 44 387) M SD Min Max

Energy curtailment behavior (1 = Never; 6 = Always) 4.09 1.28 1 6

Energy efficiency behavior (0 = Not at all likely; 10 = Extremely likely) 7.53 2.43 0 10

Worry about climate change (1 = Not at all worried; 5 = Extremely worried) 3.06 0.94 1 5

Personal efficacy (0 = Not at all confident; 10 = Completely confident) 5.87 2.62 0 10

Personal outcome expectancy (0 = Not at all likely; 10 = Extremely likely) 4.35 2.58 0 10

Collective efficacy (0 = Not at all likely; 10 = Extremely likely) 4.05 2.15 0 10

Collective outcome expectancy (0 = Not at all likely; 10 = Extremely likely) 5.51 2.34 0 10

Household income (1 = 1st decile; 10 = 10th decile) 5.36 2.76 1 10

Climate change attribution (1 = Entirely natural processes; 5 = Entirely human activity) 3.42 0.83 1 5

Climate change impact (0 = Extremely good; 10 = Extremely bad) 6.80 2.19 0 10

Age 46.97 18.85 15 100

Gender (Female) 0.52 0.50 0 1

Education 3.78 1.82 1 7

Note. All variables are weighted with a combination of post-stratification weights and population weights. The

variables are presented in their original scales, except that climate change impact has been reversed.

https://doi.org/10.1371/journal.pone.0252105.t001

PLOS ONE Worry, efficacy, and energy-saving

PLOSONE | https://doi.org/10.1371/journal.pone.0252105 May 26, 2021 6 / 19

https://doi.org/10.1371/journal.pone.0252105.t001
https://doi.org/10.1371/journal.pone.0252105


Table 2. Correlation matrix for the main predictors in the study (weighted).

Energy
curtailment
behavior

Energy
efficiency
behavior

Worry
about
climate
change

Personal
efficacy

Personal
outcome
expectancy

Collective
efficacy

Collective
outcome
expectancy

Climate
change

attribution

Climate
change
impact

Political
orientation

Age Gender
(Female)

Household
Income

Education

Energy
curtailment
behavior

1.00

Energy
efficiency
behavior

0.36�� 1.00

Worry about
climate
change

0.23�� 0.21�� 1.00

Personal
efficacy

0.21�� 0.22�� 0.17�� 1.00

Personal
outcome
expectancy

0.14�� 0.14�� 0.24�� 0.27�� 1.00

Collective
efficacy

0.07�� 0.05�� 0.11�� 0.17�� 0.44�� 1.00

Collective
outcome
expectancy

0.15�� 0.15�� 0.28�� 0.27�� 0.45�� 0.35�� 1.00

Climate
change
attribution

0.06�� 0.08�� 0.30�� 0.09�� 0.11�� 0.03�� 0.21�� 1.00

Climate
change
impact

0.09�� 0.11�� 0.29�� 0.04�� -0.04�� -0.16�� 0.07�� 0.24�� 1.00

Political
orientation

-0.06�� -0.02�� -0.11�� -0.01 -0.01 0.04�� -0.04�� -0.10�� -0.12�� 1.00

Age 0.18�� 0.12�� -0.01� -0.06�� -0.02�� 0.05�� -0.04�� -0.07�� -0.04�� 0.04�� 1.00

Gender
(Female)

0.04�� 0.00 0.05�� -0.04�� 0.01�� 0.03�� 0.04�� -0.01�� -0.02�� -0.02�� 0.06�� 1.00

Household
income

-0.04�� 0.09�� 0.03�� 0.10�� 0.01� -0.05�� 0.02�� 0.06�� 0.04�� 0.01�� -0.20�� -0.10�� 1.00

Education 0.01 0.06�� 0.06�� 0.06�� 0.00 -0.04�� 0.02�� 0.04�� 0.07�� -0.04�� -0.17�� 0.01 0.38�� 1.00

Note. Pairwise correlation coefficients. Weighted with a combination of post-stratification weights and population weights. All variables are used in their original scales, except that climate change

impact has been reversed.
�p< .05 (two-tailed)
��p< .01 (two-tailed)
���p< .001 (two-tailed).

https://doi.org/10.1371/journal.pone.0252105.t002
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in energy efficiency behaviors. Even though the variance explained at the country level was

sparse, we decided on multi-level models rather than single-level models to reduce the likeli-

hood of Type I error. This follows the idea that clustering should be accounted for indepen-

dently of ICC levels [69].

Tables 3 and 4 present the unstandardized coefficients of the main effects (Model 1) for cur-

tailment and efficiency behaviors, respectively. Results from standardized versions of the

model show that worry was one of the strongest predictors, β = .19 (p< .001), of energy cur-

tailment behaviors, together with age, β = .18 (p< .001). Also, personal efficacy, β = .05 (p<

.001); personal outcome expectancy, β = .04 (p< .001); and collective outcome expectancy, β =

.05 (p< .001); were each positively associated with self-reported curtailment behaviors. Energy

curtailment was further associated with higher levels of education, β = .08 (p< .001); lower

household income, β = -.06 (p< .001); a self-identified left-leaning political orientation, β =
-.04 (p< .001); and with less belief in anthropogenic causes of climate change, β = -.02 (p =

.006). Women reported a higher frequency of curtailment than men, β = .04 (p< .001).

Fig 1. Mean energy curtailment behavior.Note. Means weighted with a combination of post-stratification weights
and population weights. The figure includes +/- 1 SD.

https://doi.org/10.1371/journal.pone.0252105.g001

Fig 2. Mean energy efficiency behavior.Note. Means weighted with a combination of post-stratification weights and
population weights. The figure includes +/- 1 SD.

https://doi.org/10.1371/journal.pone.0252105.g002
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Including all covariates led to an improvement in model fit compared to the unconditional

model, χ2(12) = 2009.30, p< .001, and about 7% of the residual variance in energy curtailment

behaviors was explained (Pseudo R2 = 0.07). Worry about climate change accounts for about

3% (PRV = 0.03) of this variance.

Regarding purchases of energy-efficient appliances, the strongest association was with age,

β = .37 (p< .001); followed by worry, β = .28 (p< .001). Personal efficacy, β = .20 (p< .001);

personal outcome expectancy, β = .08 (p< .001); and collective outcome expectancy, β = .13

(p< .001), each predicted a higher likelihood of purchasing energy-efficient appliances.

Respondents with higher levels of education also reported a higher likelihood of buying effi-

cient appliances, β = .15 (p< .001), as did women, β = .08 (p< .001), those with higher

Table 3. Model results–Energy curtailment behavior.

Null Model Model 1 (Main
effects)

Model 2
(Interactions)

B (SE) B (SE) B (SE)

Fixed coefficients

Intercept 4.19 (0.04) 4.11 (0.04) 4.01 (0.04)

Worry about climate change 0.21 (0.01)��� 0.21 (0.01)���

Personal efficacy (PE) 0.02 (0.00)��� 0.02 (0.00)���

Personal outcome expectancy
(POE)

0.01 (0.00)��� 0.01 (0.00)���

Collective efficacy (CE) -0.00 (0.00) -0.00 (0.00)

Collective outcome expectancy
(COE)

0.02 (0.00)��� 0.02 (0.00)���

Worry about climate change × PE -0.00 (0.00)

Worry about climate change × POE 0.01 (0.00)�

Worry about climate change × CE 0.00 (0.00)

Worry about climate change × COE 0.01 (0.00)��

Climate change attribution -0.03 (0.01)�� -0.02 (0.01)�

Climate change impact (Bad) 0.02 (0.02) 0.02 (0.02)

Political orientation -0.02 (0.00)��� -0.02 (0.00)���

Age 0.01 (0.00)��� 0.01 (0.00)���

Gender (Female) 0.07 (0.01)��� 0.07 (0.01)���

Household income -0.02 (0.00)��� -0.02 (0.00)���

Education 0.05 (0.00)��� 0.04 (0.00)���

Random parameters

Level 2: Country(var) 0.05 (0.01) 0.03 (0.01) 0.03 (0.01)

Level 1: Individual(var) 1.30 (0.01) 1.22 (0.01) 1.21 (0.01)

Log likelihood -45770.793 -44766.145 -44748.805

AIC 91547.59 89562.29 89535.61

Variance explained ICC = 0.03, 95% CI
[0.02,0.06]

Pseudo R2 = 0.07 Pseudo R2 = 0.07

R2
2 = 0.03 R2

2 = 0.03

R1
2 = 0.06 R1

2 = 0.06

Note. Total R-squared and separate reduction in variance are calculated following the method used in Rabe-Hesketh

and Skrondal [66]. N = 29 492 individuals, N = 23 countries. All variables are grand-mean centered, except gender

(0 = Male; 1 = Female) and climate change impact (0 = Good; 1 = Bad). Unweighted.
�p< .05
��p< .01
���p< .001.

https://doi.org/10.1371/journal.pone.0252105.t003
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household income, β = .11 (p< .001), and those believing in negative impacts of climate

change, β = .03 (p = .039). According to the PRV calculation, worry about climate change

explained less than 2% of the variance in energy efficiency behaviors (PRV = 0.02). The model

explained approximately 7% of the residual variance (Pseudo R2 = 0.07) and was an improve-

ment compared to the unconditional model, χ2(12) = 2167.13, p< .001.

Four interactions between worry and efficacy beliefs were added in Model 2, which is pre-

sented in Table 3 for curtailment and in Table 4 for efficiency behaviors. For the model includ-

ing energy curtailment behavior as the dependent variable, there were two statistically

significant interactions (see Table 3). The simple slopes for worry were statistically significant

at both low, B = .18 (.02), z = 11.53, p< .001, 95% CI [0.15, 0.21], and high, B = .25 (.02),

Table 4. Model results–Energy efficiency behavior.

Null Model Model 1 (Main
effects)

Model 2
(Interactions)

B (SE) B (SE) B (SE)

Fixed coefficients

Intercept 7.83 (0.11) 7.64 (0.11) 7.64 (0.11)

Worry about climate change 0.30 (0.02)��� 0.30 (0.02)���

Personal efficacy (PE) 0.08 (0.01)��� 0.08 (0.01)���

Personal outcome expectancy
(POE)

0.03 (0.01)��� 0.03 (0.01)���

Collective efficacy (CE) -0.01 (0.01) -0.01 (0.01)

Collective outcome expectancy
(COE)

0.05 (0.01)��� 0.05 (0.01)���

Worry about climate change × PE -0.01 (0.00)

Worry about climate change × POE -0.00 (0.01)

Worry about climate change × CE -0.01 (0.01)

Worry about climate change × COE 0.01 (0.01)�

Climate change attribution -0.00 (0.02) -0.00 (0.02)

Climate change impact (Bad) 0.06 (0.03)� 0.06 (0.03)�

Political orientation -0.00 (0.01) -0.00 (0.01)

Age 0.02 (0.00)��� 0.02 (0.00)���

Gender (Female) 0.16 (0.02)��� 0.16 (0.02)���

Household income 0.04 (0.00)��� 0.04 (0.00)���

Education 0.08 (0.01)��� 0.08 (0.01)���

Random parameters

Level 2: Country 0.27 (0.08) 0.26 (0.08) 0.26 (0.08)

Level 1: Individual 4.52 (0.04) 4.20 (0.03) 4.20 (0.03)

Log likelihood -64053.153 -62969.588 -62965.489

AIC 128112.3 125969.2 125969

Variance explained ICC = 0.06, 95% CI
[0.03,0.10]

Pseudo R2 = 0.07 Pseudo R2 = 0.07

R2
2 = 0.04 R2

2 = 0.04

R1
2 = 0.07 R1

2 = 0.07

Note. Total R-squared and separate reduction in variance are calculated following the method used in Rabe-Hesketh

and Skrondal [66]. N = 29 448 individuals, N = 23 countries. All variables are grand-mean centered, except gender

(0 = Male; 1 = Female) and climate change impact (0 = Good; 1 = Bad). Unweighted.
�p< .05
��p< .01
���p< .001.

https://doi.org/10.1371/journal.pone.0252105.t004
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z = 13.48, p< .001, 95% CI [0.22, 0.29], levels of personal outcome expectancy; the same pat-

tern was found at low, B = .15 (.02), z = 7.74, p< .001, 95% CI [0.11, 0.19], and high, B = .25

(.02), z = 15.69, p< .001, 95% CI [0.22, 0.28], levels of collective outcome expectancy. How-

ever, an inspection of the interaction plots shows that worry about climate change had a stron-

ger association with curtailment for those with high levels of personal outcome expectancy

(see Fig 3) as well as those with high levels of collective outcome expectancy (see Fig 4). The

difference between people with high versus low levels of personal outcome expectancy seems

to occur only at high levels of worry, while the difference between high versus low levels of col-

lective outcome expectancy is present at both moderate and high levels of worry. The reported

level of outcome expectancy, whether personal or collective, does not seem to make a differ-

ence among individuals who are not at all worried about climate change. Including the interac-

tions significantly improved the model with curtailment behavior as the criterion, χ2(4) =
34.68, p< .001.

For the model with energy efficiency behaviors as the dependent variable, only one interac-

tion was statistically significant (see Table 4). The simple slopes show a positive relationship

between worry and efficiency behavior at both low, B = .22 (.04), z = 6.08, p< .001, 95% CI

[0.15, 0.30], and high, B = .36 (.03), z = 11.86, p< .001, 95% CI [0.30, 0.42], levels of collective

outcome efficacy. Still, the plot displayed in Fig 5 indicates that the relationship is stronger for

those who score high on collective outcome expectancy at both moderate and high levels of

worry about climate change. Again, there is no difference between those with high versus low

Fig 3. Energy curtailment behavior: Worry about climate change × personal outcome expectancy.

https://doi.org/10.1371/journal.pone.0252105.g003
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Fig 4. Energy curtailment behavior: Worry about climate change × collective outcome expectancy.

https://doi.org/10.1371/journal.pone.0252105.g004

Fig 5. Energy efficiency behavior: Worry about climate change × collective outcome expectancy.

https://doi.org/10.1371/journal.pone.0252105.g005
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levels of collective outcome expectancy among individuals who are not at all worried about cli-

mate change. Including the interactions did not statistically significantly improve the model

fit, χ2(4) = 8.20, p = .085.

All main coefficients stay highly similar fromModel 1 to Model 2; and the variables con-

tinue to explain about 7% of the variance in each of the two types of personal energy-saving

behaviors (Pseudo R2 = 0.07). Additionally, the estimated intraclass correlations do not change

substantially from the unconditional model to the final model and indicate that unobserved

characteristics at the country level can explain about 3% of the variance in energy curtailment

behaviors and about 6% of the variance in energy efficiency behaviors.

Discussion

Our results show that worry about climate change was an important predictor of individuals

engaging in both energy curtailment and energy efficiency behaviors, compared to most of the

other variables included in the study. They further show that both curtailment and efficiency

behaviors were more likely to be reported when such behaviors were perceived to be possible

(high personal efficacy) and effective in mitigating climate change when employed alone (per-

sonal outcome expectancy) or as a collective (collective outcome expectancy). This supports

previous findings establishing that different efficacy constructs can be empirically distin-

guished in terms of their contribution to pro-environmental behaviors [e.g., 43, 44, 70]. The

distinct effect size of each of the significant efficacy constructs was highly similar when predict-

ing energy curtailment behaviors. In contrast, the effect sizes of the efficacy constructs differed

with respect to purchasing energy-efficient appliances. Personal efficacy showed the strongest

association, followed by collective outcome expectancy and finally personal outcome expec-

tancy. Notably, personal efficacy had the weakest association with the other efficacy items (see

Table 2). Collective efficacy, operationalized as believing that many people will limit their

energy use to reduce climate change, failed to show any statistically significant associations in

predicting energy saving behaviors. Other measurements of collective efficacy have also shown

non-significant [44] or weak [43] effects in previous studies.

The present research was based on the idea that efficacy beliefs may interact with worry

about climate change in shaping behavioral responses to environmental problems. Contrary to

our expectations, only outcome expectancies showed any significant moderating effects in our

models. Examples of reasons for low scores on the outcome expectancy measurements would

be believing one’s individual energy-saving efforts to be insignificant compared to the non-

action of other individuals (low personal outcome expectancy) or that collective energy-saving

is trivial in the face of emissions from big companies (low collective outcome expectancy). Our

results support the assumption that worrying about climate change is more strongly related to

energy curtailment behavior for those with high levels of personal and collective outcome

expectancy, and that energy efficiency behavior is best predicted by a combination of high

worry and high levels of collective outcome expectancy. A possible reason for finding collective

outcome expectancy to be the most consistent moderator might be the global scale and inher-

ently collective nature of climate change [41, 42]. Our research focuses on the global effects of

energy-saving as seen by the public in European countries, which allows for the possibility that

moderation effects in regards to the remaining efficacy measures can be found in other con-

texts. Previous research supports this view insofar that household energy behaviors can have

somewhat different predictors across countries [25] and cities [10].

High worry appears to be positively associated with energy behaviors at both low and high

levels of outcome expectancy. Though it should be noted that the general measurement of

worry about climate change used in the current study differs from the immediate fear appeals
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used in many experimental studies [e.g., 71], the finding support that high levels of perceived

risk do not seem to have a negative effect (‘backfire’) [51, 57]. High levels of outcome expec-

tancy seem to have the potential to reinforce the effect of high worry, but not make a difference

if people are not at all worried about climate change. The lack of effect of outcome expectancies

at low levels of worry indicates that the motivational aspect of worrying about climate change

is additionally necessary to create intent and desire to engage in personal energy-saving behav-

iors. Without the arousal introduced by feeling worried and the recognition of climate change

as a risk, the notion that individual or collective energy-saving behaviors would help reduce

climate change might not be seen as personally relevant. This is in line with seeing concern as

a necessary pre-condition [60]. Based on our findings, one strategy for climate change commu-

nication might be to continue to inform people about the risks associated with continued

global warming [72], while also focusing on the mitigative potential of individual and collective

actions [73].

Limitations

When investigating complex human behavior, small effect sizes are expected. While acknowl-

edging that small effects can still be highly relevant and important to the field [74], it should be

noted that our models including all individual-level variables and interactions account for

only about 7% of the variance in both energy-saving behaviors. According to this and our

other effect size measures, the relationship between worry about climate change and energy-

saving behaviors is rather weak. This is in line with prior literature pointing to a gap between

an expressed concern about climate change and the individual willingness to act [75, 76].

There may be several reasons why we find relatively weak effects in the current study. First,

our measurement of worry may not have captured the state we were interested in with perfect

validity. One item asking the respondent ‘how worried’ he or she is about climate change

might prime a short-term, passive agreement indicating awareness of the issue rather than the

active, personal emotion we sought to capture. In future research, a better qualitative, method-

ological understanding of people’s responses to this question is necessary. For example,

researchers could use cognitive interviewing to determine how people read and perceive this

and similar items and what they associate with the term ‘being worried’ in a survey context.

Second, the measurement of worry focuses on climate change in general rather than on the

issue of energy consumption in particular. It could be that energy behaviors would be more

strongly related to behavior-specific concerns rather than the more generalized climate change

worry [for supporting evidence, see 11, 77]. Third, threat and coping appraisals do not appear

to be sufficient for motivating individuals to engage in energy saving at the household level.

Instead, the comparatively weak effects point to the importance of considering other factors

not included in this study, such as norms, habits, and structural constraints [77, 78]. Finally,

even when climate change is perceived to be a threat that requires action, energy behaviors

may not be seen as particularly relevant or effective in this regard. If this is the case, one might

expect the interaction effects between worry and outcome expectancy to be stronger. However,

the questions used to measure personal and collective outcome expectancy ask only whether

limiting energy use would help reduce climate change, not how big the impact would be. Peo-

ple might still perceive energy savings to have quite a limited effect compared to other actions.

Increased information about the comparative effectiveness of energy curtailment and energy

efficiency behaviors or about how they contribute to a sustainable lifestyle might be helpful if

the goal is to change people’s perceptions of such behaviors.

The study has some additional limitations regarding the measurements used to capture

energy behaviors. First, whether people who express willingness to engage in personal energy-
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saving behaviors implement these behaviors in their everyday lives cannot be answered based

on the present data. Previous research employing meta-analytic techniques has found only a

moderate correlation between self-reported and objective measures of pro-environmental

behavior, leaving 79% of the variance unexplained [79]. Second, the analyses relied upon sin-

gle-item measures of energy curtailment and energy efficiency behaviors, both of which were

formulated in rather broad terms. For example, the item assessing curtailment included an

array of example behaviors spanning from switching off unused appliances and walking for

shorter journeys to adjusting the heating or air conditioning. This might be problematic since

research has shown that the acceptability of energy-saving behaviors is generally higher for

home-related behaviors compared to transport-related behaviors [80] and that certain sub-

groups (poorer households) are more likely to use less money on transport and space heating

without being more likely to turn off lights, turn down heat or switch appliances to standby on

a daily basis [81]. Consequently, the measurements utilized might be inaccurate because they

cluster types of behaviors that do not necessarily belong together. Future research should

therefore consider whether more differentiated questions are needed.

Conclusion

One key initiative to reach net-zero emissions are changes in energy production and consump-

tion, which has been estimated to account for about 75% of the EU’s overall GHG emissions

[82]. Our results indicate that high levels of personal and collective outcome expectancy

strengthen the relationship between worry and energy curtailment behaviors, while high levels

of collective outcome expectancy strengthen the relationship between worry and energy effi-

ciency behaviors. Notably, believing that energy-saving can help reduce climate change does

not seem to relate to curtailment or efficiency behaviors for those who are not at all worried

about climate change. Based on these findings, campaigns aiming to lower household energy

use could communicate the potential positive mitigation impact of individual and collective

efforts to save energy, while simultaneously placing an emphasis on making people aware of

the risks associated with climate change. If targeting groups that are not likely to worry about

climate change, factors other than climate change mitigation, such as lowering the energy bill,

might be more effective in motivating energy behaviors. However, conclusions should be

made with caution as only a small portion of the variance in energy-saving behaviors was

explained by the models.
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25. Bouman T, Verschoor M, Albers CJ, BöhmG, Fisher SD, PoortingaW, et al. When worry about climate
change leads to climate action: How values, worry and personal responsibility relate to various climate
actions. Global Environmental Change. 2020; 62:102061. https://doi.org/10.1016/j.gloenvcha.2020.
102061

26. Umit R, PoortingaW, Jokinen P, Pohjolainen P. The role of income in energy efficiency and curtailment
behaviours: Findings from 22 European countries. Energy Research & Social Science. 2019; 53:206–
14. https://doi.org/10.1016/j.erss.2019.02.025

27. Steg L. Promoting household energy conservation. Energy Policy. 2008; 36(12):4449–53. https://doi.
org/10.1016/j.enpol.2008.09.027

28. Gifford R. The dragons of inaction: Psychological barriers that limit climate changemitigation and adap-
tation. American Psychologist. 2011; 66(4):290–302. https://doi.org/10.1037/a0023566 PMID:
21553954

29. Geiger N, Middlewood B, Swim J. Psychological, social, and cultural barriers to communicating about
climate change. The Oxford Encyclopedia of Climate Science. New York, NY: Oxford University Press;
2020.

30. Bandura A. Self-efficacy: Toward a unifying theory of behavioral change. Psychological Review. 1977;
84(2):191. https://doi.org/10.1037//0033-295x.84.2.191 PMID: 847061

31. Maddux JE, Rogers RW. Protection motivation and self-efficacy: A revised theory of fear appeals and
attitude change. Journal of Experimental Social Psychology. 1983; 19(5):469–79. https://doi.org/10.
1016/0022-1031(83)90023-9

32. Clement CA, Henning JB, Osbaldiston R. Integrating factors that predict energy conservation: the the-
ory of planned behavior and beliefs about climate change. Journal of Sustainable Development. 2014; 7
(6). https://doi.org/10.5539/jsd.v7n6p46
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