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Understanding how psychological processes drive human energy choices is an urgent,

and yet relatively under-investigated, need for contemporary society. A knowledge gap

still persists on the links between psychological factors identified in earlier studies

and people’s behaviors in the energy domain. This research applies a meta-analytical

procedure to assess the strength of the associations between five different classes

of individual variables (i.e.,: attitudes, intentions, values, awareness, and emotions)

and energy-saving behavioral intentions and behaviors (self-reported and actual).

Based on a systematic review of studies published between 2007 and 2017, we

estimate the average effect size of predictor-criterion relations, and we assess relevant

moderators and publication bias, drawing on data obtained from 102 independent

samples reported in 67 published studies (N = 59.948). Results from a series of

five single meta-analyses reveal a pattern of significant positive associations between

the selected psychological determinants and energy-saving indicators: associations

between individual-level predictors and energy-saving outcomes are positive and

moderate in size, ranging from large effects for emotions to small-moderate effects

for pro-environmental values. Interestingly, moderation analysis reveals, among other

things, that attitude-behavior links are not statistically significant when actual behavior

is considered as an outcome. Implications for policy interventions are discussed.

Keywords: meta-analysis, energy saving behaviors, attitudes, intentions, values, awareness, emotions

INTRODUCTION

Climate change is currently a central part of the global energy debate and public discourse. Climate
scientists agree that climate change is caused by the considerable increase in the concentration
of greenhouse gases in the atmosphere, directly or indirectly attributable to humans’ use of fossil
fuels. It is therefore necessary to underline the need to change our energy consumption behaviors
not only individually, but also collectively. From the point of view of environmental psychological
science, addressing climate change is considered as a fundamental challenge, which requires a deep
understanding of the psychological processes involved in both pro-environmental behaviors and
lifestyles in general, and human energy consumption in particular (e.g., Clayton, 2020; Hartig, 2020;
Bouman and Steg, 2020).
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FIGURE 4 | Funnel plot for values.

FIGURE 5 | Moderation effect of age in the relation between values and energy saving behaviors (or intentions).
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behavior (r = 0.312, LLCI/ULCI = 0.147/0.460), Q(1) = 8.40,
p < 0.01.

Intentions: Overall and Publication Bias
Results
To assess the strength of the association between intentions
to adopt energy-saving solutions and energy-saving behaviors,
we considered in the current meta-analysis only those studies
that measured actual or self-reported ESBs as outcomes. The
estimated effect sizes are displayed in Table 2.

The analysis revealed a moderate positive association between
intention and ESB: r = 0.300; 95% CI LLCI/ULCI= 0.249/0.350;
p < 0.0001. We observed a non-negligible level of variation
in the distribution of effect sizes (Tau = 0.096, Tau-squared =

0.009). This might be explained by the moderate/large extent of
heterogeneity [i.e., I2 = 84.65; Q(15)= 97.76, p= 0.0001] among
the sampled studies.

The critical value 5K+10 of Nfs was 90. The analyses showed
a Nfs = 2,925. As showed in Figure 3, the funnel plot is rather
symmetrical. In sum, both these indicators suggest that the
present analysis is not contaminated by publication bias.

Intentions: Moderation Effects
Results showed no significant moderating effects of gender (β =

0.001, p = ns) and age (β = −0.003, p = ns) on the relationship
between intentions and ESB. A significant moderating effect
of sample type emerged (students vs. non-students): Q(1) =

4.55, p < 0.01. Although associations were significant for both
student (r = 0.421, LLCI/ULCI = 0.300/0.529) and non-student
samples (r = 0.274, LLCI/ULCI = 0.214/0.333), the effect size
was significantly larger in the former case. Regarding the type
of dependent variable (actual vs. self-reported behavior), no
significant moderation effects were shown [Q(1)= 0.61, p= ns].

Values: Overall and Publication Bias
Results
The estimated effect sizes of the association between values and
energy saving behaviors (or intentions) are displayed in Table 3.

The analysis revealed a small/moderate positive association
between pro-environmental values and ESB: r = 0.271; 95% CI
LLCI/ULCI = 0.193/0.346; p < 0.0001. We observed a non-
negligible level of variation in the distribution of effect sizes (Tau
= 0.097, Tau-squared = 0.009). This might be explained by the
moderate/large extent of heterogeneity [i.e., I2 = 86.93; Q(6) =
45.93, p= 0.0001] emerging among the sampled studies.

The critical value 5K+10 of Nfs was 45. Analyses showed a
Nfs = 715. As showed in Figure 4 the funnel plot was rather
symmetrical. In sum, both these indicators suggest that the
present analysis is not contaminated by publication bias.

Values: Moderation Effects
Results revealed a significant moderation effect of age (β =

−0.02, p< 0.05; R2 analog= 0.59), with the effect approaching to
zero as participants’ age increases (See Figure 5). No significant
moderation effects emerged for gender (β = −0.002, p = ns),
type of the sample [Q(1) = 1.25, p = ns] and type of dependent
variable [Q(2)= 0.79, p= ns].

TABLE 4 | Summary of ES of the association between awareness of

consequences/beliefs in climate change and energy saving behaviors (or

intentions).

Statistics for each study

References Sample

size

Correlation 95%

LLCI

95%

ULCI

Afroz et al. (2015b) (Euasia Journal) 200 0.06 −0.08 0.19

Alam et al. (2014) 200 0.41 0.28 0.52

Barbarossa et al. (2015) 611 0.48 0.42 0.54

Barbarossa et al. (2015) 600 0.48 0.42 0.54

Barbarossa et al. (2015) 794 0.31 0.25 0.37

Barbarossa et al. (2017) 2,005 0.50 0.47 0.53

Bichard and Kazmierczak (2012) 671 0.19 0.11 0.26

Engelken et al. (2016) 109 0.31 0.13 0.47

Fornara et al. (2016) 432 0.26 0.17 0.34

Gerpott and Paukert (2013) 453 0.40 0.32 0.47

Hansla et al. (2008) 855 0.24 0.17 0.30

He and Zhan (2017) 396 0.49 0.41 0.56

Hobman and Frederiks (2014) 1,154 0.08 0.02 0.13

Karytsas and Theodoropoulou

(2014)

201 0.03 −0.11 0.17

Klöckner et al. (2013) 1,787 0.22 0.18 0.26

Lillemo (2014) 1,004 0.42 0.37 0.47

Lin and Syrgabayeva (2016) 305 0.23 0.12 0.33

Menon and Mahanty (2016) 1,017 0.55 0.51 0.59

Nakada et al. (2016) 4,750 0.10 0.07 0.13

Nayum and Klöckner (2014) 1,517 0.25 0.20 0.30

Sapci and Considine (2014) 602 0.34 0.27 0.41

Spence et al. (2010) 1,491 0.20 0.15 0.25

Tsagarakis et al. (2011) 1,440 0.15 0.10 0.20

Vaccaro and Echeverri (2010) 1,257 0.71 0.68 0.74

Wang et al. (2011) 816 0.24 0.17 0.30

Wang et al. (2017) 253 0.51 0.41 0.60

Wolske et al. (2017) 904 0.24 0.18 0.30

Li et al. (2013) 1,516 0.34 0.29 0.38

Zhang X. et al. (2013) 349 0.13 0.03 0.23

Zhang Y. et al. (2013) 273 0.13 0.01 0.24

A 95% CI that does not include zero provides evidence of a significant effect.

Awareness: Sensitivity Analysis
As stated before, under the label “Awareness,” we included both
studies that dealt with the more general concept of “awareness
of consequences of one’s own behavior” and studies that dealt
with the more specific dimension of “beliefs in climate change.”
Therefore, prior to the main effects and moderation tests,
we performed a sensitivity analysis to explore whether the
effect size in the index of association that was derived from a
measure of awareness of consequences (r = 0.333, LLCI/ULCI
= 0.255/0.407) is different from the effect size derived from a
measure of beliefs in climate change (r = 0.223, LLCI/ULCI
= 0.057/0.378). While both effects were significant, they were
not significantly different from each other, Q(1) = 1.512, p =

0.219. Thus, we can conclude that the overall effect size of the
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FIGURE 6 | Funnel plot for awareness.

relationship between this predictor and ESB is not affected from
specific measurement features used to assess either awareness of
consequences or beliefs in climate change.

Awareness: Overall and Publication Bias
Results
The estimated effect sizes of the association between awareness
of consequences/beliefs in climate change and energy saving
behaviors (or intentions) are displayed in Table 4.

Results revealed a moderate positive association between
awareness and ESB: r= 0.311; 95% CI LLCI/ULCI= 0.241/0.379;
p < 0.001. We observed a non-negligible level of variation in
the distribution of effect sizes (Tau = 0.209, Tau-squared =

0.044). This might be explained by the considerable extent of
heterogeneity [i.e., I2 = 97.51; Q(29) = 1168.14, p = 0.0001]
across the sampled studies.

The critical values 5K+10 of Nfs was 160. Analyses showed
such a Nfs = 8,803. As showed in the Figure 6, the funnel plot
reveals a rather symmetrical distribution. In sum, both these
indicators suggest that the present analysis is not likely to be
contaminated by publication bias.

Awareness: Moderation Effects
Results revealed no significant moderating effects in the relation
between awareness and ESB for gender (β =−0.001, p= ns), age
(β = 0.001, p = ns), sample typology [Q(1) = 0.70, p = ns] and
type of dependent variable [Q(2)= 0.08, p= ns].

TABLE 5 | Summary of ES of the association between emotions and energy

saving behaviors (or intentions).

Statistics for each study

References Sample

size

Correlation 95%

LLCI

95%

ULCI

Fornara et al. (2016) 432 0.32 0.23 0.40

Han et al. (2017) 607 0.66 0.61 0.70

Moons and De Pelsmacker (2012) 1,199 0.60 0.56 0.63

Taufik et al. (2016) 152 0.61 0.50 0.70

Taufik et al. (2016) 132 0.85 0.79 0.89

Wang and Wu (2016) 775 0.27 0.20 0.33

Webb et al. (2013) 200 0.46 0.34 0.56

Wolske et al. (2017) 904 0.25 0.19 0.31

A 95% CI that does not include zero provides evidence of a significant effect.

Emotions: Overall and Publication Bias
Results
The estimated effect sizes of the association between emotions
and energy saving behaviors (or intentions) are displayed in
Table 5.

As the number of studies on single discrete emotions (e.g.,
pride, guilt, or anger) was rather limited, in our meta-analysis we
pooled all these emotions together as potential predictors of ESB.
This was possible because, independently from the emotional
valence, each study included here considered these emotions
as drivers of ESB. Results revealed a large positive association
between emotions (e.g., guilt, pride, etc.) and ESB, r = 0.533,
95% CI LLCI/ULCI = 0.379/0.658, p = 0.0001. We observed a

Frontiers in Psychology | www.frontiersin.org 11 June 2021 | Volume 12 | Article 648221

https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Carrus et al. Predictors of Energy Saving: A Meta-Analysis

FIGURE 7 | Funnel plot for emotions.

FIGURE 8 | Moderation effect of gender in the relation between emotions and energy saving behaviors (or intentions).
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FIGURE 9 | Moderation effect of age in the relation between emotions and energy saving behaviors (or intentions).

non-negligible level of variation in the distribution of effect sizes
(Tau = 0.276, Tau-squared = 0.076). This might be explained by
the considerable extent of heterogeneity [i.e., I2 = 97.49; Q(7) =
279.62, p < 0.0001] inherent among the sampled studies.

The critical values 5K+10 of Nfs was 50. Analyses showed
a Nfs = 2,357. As showed in Figure 7, the funnel plot was
rather symmetrical. In sum, both these indicators suggest that the
present analysis is not contaminated by publication bias.

Emotions: Moderation Effects
Results revealed a significant moderation effect, in the relation
between emotions and ESB, for gender (β =−0.03, p< 0.001; R2

analog = 0.60) and age (β = −0.02, p < 0.05; R2 analog = 0.59),
with the effects approaching to zero as the percentage of women
and participants’ age increase (see Figures 8, 9). Results did not
show a significant moderation effect for sample type [Q(1) =
0.176, p = ns] and type of dependent variable [Q(1) = 0.124,
p= ns].

DISCUSSION, CONCLUSIONS, AND
PRACTICAL IMPLICATIONS

Taken together, results indicate that the five classes of
psychological factors considered in this meta-analysis are

positive and significant predictors of energy saving behaviors
(and intentions).

We show a large association of energy saving behaviors
with positive and negative emotions (such as guilt, anger
or pride); a positive moderate/large association of energy
saving behaviors with pro-environmental attitudes; a positive
moderate association of energy saving behaviors with awareness
of consequences/beliefs in climate change; a positive moderate
association of energy saving behaviors with intentions to adopt
energy saving solutions; a positive small/moderate association of
energy saving behaviors with pro-environmental values. Thus,
while all the potential determinants included in our study might
be important to explain energy saving behaviors, some predictors,
like emotions, show more explanatory power than others, like
values or beliefs. It is difficult to explain these differences, without
a direct empirical comparison of the mechanisms involved in
such relations. On a speculative level, one might argue that pro-
environmental beliefs or biospheric values are widely shared
in contemporary society, at a global level (particularly among
respondents that usually participate in psychological studies);
thus, it might be hard to explain differences in human actions
on that basis. Also, attitude-behavior or value-behavior gaps

are not novel in social psychological or sociological research.

Conversely, affective states or emotions associated to a particular
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course of action in the energy domain (or in the environmental
domain in general), might be more directly associated to real-life
choices, especially when individuals are asked to change habitual
or routinary patterns of behaviors (see also Carrus et al., 2020).

Our moderation analyses also uncovered some interesting
results. Participants’ age emerged as a relevant moderator in
the associations of pro-environmental values and emotions with
energy saving behaviors (or intentions) suggesting that the role of
these variables is weaker among older people.

In the case of emotions, gender also emerged as a significant
moderator, suggesting that associations between emotions (such
as guilt or pride) and energy-related behaviors are weaker among
women, compared to men.

Both the tests of the direct effect sizes and the moderation
analyses might have interesting practical implications. In
particular, regarding the moderation effects of age in the case
of values and emotions, our results suggest that these variables
could represent key target factors for intervention strategies
addressed to younger generations. Likewise, the moderation
effect of gender in the association between energy saving behavior
and emotions, suggest how these might be a specific factor to
be addressed in practical interventions or persuasion campaigns
designed purposively to influence energy choices among men,
rather than women. Once again, it is not easy to provide a clearcut
explanation for these moderation effects, particularly in the case
of gender differences: certainly, understanding age and gender
differences in the determinants of energy-related choices is an
interesting issue for future investigation.

Moderation effects by the typology of the sample recruited
(e.g., student vs. non-student) and type of outcome measure
(actual vs. self-reported behavior vs. behavioral intentions)
are also interesting to discuss. Moderation effects by sample
type showed larger effect sizes in student samples compared
to non-student samples. Moderation effects by the type of
outcomemeasure (actual vs. self-reported behavior vs. behavioral
intentions) when assessing the attitude-behavior links suggest
that attitudes are a significant predictor of both intentions and
(to a lesser extent) of self-reported behavior. Converesely, our
analysis suggests that attitudes might not be a good predictor of
actual energy use (e.g., actual electricity consumption measured
in kWh).

These kind of moderation effects suggest the existence of
both conceptual and methodological issues in current social
psychological research on energy saving behaviors (and in
general). While it is out of the scope of this paper to discuss
the reliability of self-reports in psychological investigation, or the
fundamental aspects of the intention-behavior links, it is certainly
possible to take these results as an interesting input for the debate
on the ecological validity of psychological studies in general, and
as a contribution to the necessity to embrace a deeper and more
open self-reflexive stance on the quality of research practices in
environmental, social and cognitive psychology.

Some limitations of the present study must also be
acknowledged: for example, our meta-analytical tests of the effect
sizes for values and emotions are based on a relatively limited
number of studies. This suggest that these factors could have
been under-investigated, at least in the temporal range that we

considered here, and in published studies: it might be the case
that considering more recent studies and/or including “gray”
literature in future meta-analysis could complement the present
findings. This fact seems quite surprising in the case of values
(a wide investigated variable in environmental psychological
research), but less so in the case of emotions, which, on the
contrary, have been rather neglected by people-environment
studies in the past (e.g., Damasio, 1994; Carrus et al., 2008). This
aspect suggests the need for more environmental psychological
research on emotions and energy use, especially because
emotions emerged from our meta-analysis as the factor having
the largest effect size in relation to energy saving. Emotions are an
essential motivational driver of human behavior and should thus
be considered as a relevant tool to leverage people’s transition to
more sustainable energy-related decisions.

Another limitation is represented by our choice of the specific
predictors to be included in the meta-analysis. Our choice was
based on a previous exploration of the literature on energy
choices and pro-environmental behaviors, as well as on widely
known models of human deliberate action in the environmental
domain (e.g., the Theory of Planned Behavior or the Value-Belief-
Norm theory). However, other important variables could have
been included in our analysis, such as for example personality
traits, motives, skills, risk perception, or perception of costs
and benefits: future meta-analysis or systematic reviews are
thus needed to assess also the role of these factors in energy-
related decisions.

In sum, we can conclude that, taken together results of
the meta-analyses presented in this paper could have relevant
applied implications for both academics and policy makers, as
they can provide relevant insights to improve future studies
on the psychological determinants of energy saving behaviors,
and provide guidelines to tailor specific policies, intervention
programs and public campaigns for changing human energy-
related behaviors and promoting a sustainable energy transition.
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