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Abstract

Background and aims

As a part of the framework of the EU-funded Energy efficiency through Behavior CHANge
Transition (ENCHANT) project, the present paper intends to provide a “Research Protocol”
of a web-based trial to: (i) assess the effectiveness of behavioral intervention strategies—
either single or in combination—on electricity saving, and (ii) unravel the psychological fac-
tors contributing to intervention effectiveness in households across Europe.

Methods and materials

Six distinct interventions (i.e., information provision, collective vs. individual message fram-
ing, social norms, consumption feedback, competitive elements, and commitment strate-
gies) targeting electricity saving in households from six European countries (i.e., Austria,
Germany, Italy, Norway, Romania, and Tirkiye) are evaluated, with an initial expected sam-
ples of about 1500 households per country randomly assigned to 12 intervention groups
and two control groups, and data is collected through an ad-hoc online platform. The primary
outcome is the weekly electricity consumption normalized to the last seven days before
measurement per person per household. Secondary outcomes are the peak consumption
during the last day before measurement and the self-reported implementation of electricity
saving behaviors (e.g., deicing the refrigerator). The underlying psychological factors
expected to mediate and/or moderate the intervention effects on these outcomes are inten-
tions to save electricity, perceived difficulty of saving energy, attitudes to electricity saving,
electricity saving habit strength, social norms to save electricity, personal norms, collective
efficacy, emotional reaction to electricity consumption, and national identity. The interven-
tion effectiveness will be evaluated by comparing psychological factors and consumption
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variables before and after the intervention, leading to a 14 (groups including 2 control
groups) x 6 (time) mixed factorial design, with one factor between (group) and one factor
within subjects (time)—-6 measurements of the psychological factors and 6 readings of the
electricity meters, which gives then 5 weeks of electricity consumption.

Results

Data collection for the present RCT started in January 2023, and by October 2023 data col-
lection will conclude.

Discussion

Upon establishing feasibility and effectiveness, the outcomes of this study will assist policy-
makers, municipalities, NGOs, and other communal entities in identifying impactful interven-
tions tailored to their unique circumstances and available resources. Researchers will
benefit from a flexible, structured tool that allows the design, implementation and monitoring
of complex interventions protocols. Crucially, the intervention participants will benefit from
electricity saving strategies, fostering immediate effectiveness of the interventions in real-
life contexts.

Trial registration

This trial was preregistered in the Open Science Framework: https://osf.io/9vtn4.

1. Introduction
1.1. Background and rationale

While the commendable efforts of the European Commission to advance the climate neutrality
by 2050 are acknowledged, a significant amount of work remains in the endeavor to curtail the
considerable volume of CO, emissions stemming from energy generation. It is noteworthy
that in Europe, households are responsible for 27% of primary energy consumption [1],
emphasizing the pressing need to develop “electricity saving initiatives and intervention” that
target this pivotal source of energy consumption and carbon emissions. Behavioral science has
been making strides in designing interventions to enhance electricity saving by targeting key
determinants influencing individuals’ energy-related decisions, encompassing elements like
communicating social norms, consumption feedback, informational provision, commitment
goals, and competition [2-5]. However, a recent overview [6] indicates that research outcomes
have been varied, predominantly leaning toward small or non-significant effects of these inter-
ventions on energy consumption.

The observed variance in outcomes can be attributed to two significant limitations in
research on sustainable energy practices. First, upon putting into practice, the majority of
behavioral interventions end up losing their effectiveness on electricity saving in real-life situa-
tions [7-9]. This ineffectiveness might be due to the evidence remaining limited in terms of
scale of study, scope, and sample size (e.g., [10, 11]). Indeed, some of previous studies rely on
small and homogeneous samples (e.g., one population segment in one country with particular
cultural and psychosocial characteristics), which prevents them to access a broader demo-
graphic, thus limits the generalizability of findings to real-world scenarios [12, 13]. Addressing
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the first limitation (scale, scope, and sample size) necessitates the execution of large-scale field
experiments, capturing genuine Behaviors and contextual factors by studying choices made in
real-life settings [14]. Consequently, an imminent requirement arises for overarching frame-
works that ensure credibility and generalizability via empirical assessments and facilitate scal-
ability through the implementation of expansive interventions [3]. The second limitation is
that individuals’ psychological factors can either facilitate or impede the desired outcomes of
interventions, a facet that has received limited attention despite its theoretical underpinnings
in economics and social sciences (e.g., [11, 15]). For instance, the Social Identity Model of Pro-
Environmental Action (SIMPEA) [16] posits that individuals belonging to a social group tend
to conform to the group’s environmental commitments, while contrasting themselves with an
outgroup diminishes their inclination to engage in pro-environmental behaviors [17, 18]. Sev-
eral small-scale studies have hinted at underlying psychological factors such as perceived diffi-
culty [11], personal norms [19], and national identity and attitudes [20, 21] influencing
intervention effectiveness—-but often focusing on a single intervention (e.g., [11, 17]). In addi-
tion to that, a recent meta-analysis has confirmed the positive role of psychological factors,
such as attitudes, intentions, values, awareness, and emotions on energy-related choices (e.g.,
[22]). Yet, substantial gaps remain in the field concerning (i) the mediating and/or moderating
roles of a large set of psychological factors, such as intentions to save electricity, perceived diffi-
culty, attitudes to electricity saving, electricity saving habit strength, social norms, personal
norms, collective efficacy, emotional reactions to electricity consumption, and national iden-
tity in the effectiveness of interventions within large-scale studies, and (ii) the variations in the
magnitude of these mediating and/or moderating roles across different interventions. These
limitations underscore the necessity for the application, combination, and comparison of a
comprehensive array of existing programs within real-life, cost-effective, and pragmatic con-
texts [23, 24].

To address these issues, the present research protocol, as a part of the Energy efficiency
through Behavior CHANge Transition (ENCHANT) project, is conducted based on a Ran-
domized Controlled Trial (RCT), with the main aim of enhancing electricity saving through
large-scale application of interventions (i.e., information provision, collective vs. individual
message framing, social norms, consumption feedback, competition, and commitment strate-
gies) targeting household electricity use behavior in six countries covering the geographical
and cultural variability of Europe (i.e., Austria, Germany, Italy, Norway, Romania, and Tiir-
kiye). We seek to explore which (combination of) interventions are most effective in saving
electricity among European households.

In the realm of RCTs, a comprehensive research protocol is essential. This protocol delin-
eates the rationale, precise objectives, methodological intricacies, statistical analyses, and
administrative details from the trial’s inception to the final reporting of outcomes [25]. Ensur-
ing robust internal and external validity is of paramount importance in RCTs [26]. Moreover,
the dissemination of a RCT protocol serves as a mechanism through which environmental
scholars can scrutinize the alignment of final analyses and outcomes with the researchers’ orig-
inal intentions [27].

1.2. Objectives

1.2.1. Which intervention?. The fundamental objective of the planned RCT is to enhance
electricity saving behaviors, leading to reduced electricity consumption, and reduce carbon
emissions in Europe. This is to be achieved through the strategic implementation of six care-
fully designed and rigorously controlled behavioral intervention strategies (i.e., information
provision, collective vs. individual message framing, social norms, consumption feedback,
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competitive elements, and commitment strategies). The primary research inquiry centers on
the impact of these interventions, either single or combined, on the per capita electricity sav-
ings. By investigating the efficacy of various intervention patterns and their potential synergies,
the study aims to elucidate the key determinants contributing to successful behavior change in
the context of electricity saving.

1.2.2. Through which psychological mechanisms?. As the second objective, our study
seeks to uncover the underlying psychological mechanisms, such as intentions to save electric-
ity, perceived difficulty, attitudes to electricity saving, electricity saving habit strength, social
norms, personal norms, collective efficacy, emotional reaction to electricity consumption, and
national identity as the mediators and/or moderators of the effectiveness of interventions. S1
Table provides details regarding the hypotheses, considering main and interaction effects of
independent on dependent variables in the RCT, along with the expected results.

2. Methods

The current trial protocol covers the recommended items presented by the Standard Protocol
Items: Recommendations for Interventional Trials (SPIRIT) [25, 28]. See Fig 1 for the SPIRIT
schedule and S1 Checklist for the SPIRIT checklist. This trial was preregistered in the Open
Science Framework: https://osf.io/9vtn4

2.1. Trial design

The proposed web-based trial is implemented as a multicenter, double-blind, multiple-arm par-
allel randomized controlled trial across six countries. In the trial, there are 14 parallel groups,
divided into 12 intervention groups and 2 control groups. Participants undergo assessments
before, during, and after the interventions, resulting in a 14 (group) x 6 (time) mixed factorial
design [refer to Figs 2 and 3 for a visual representation of ENCHANT’s factorial design and
recruitment stages, illustrating the allocation and intervention combination processes].

2.2. Study setting and participants

The comprehensive investigation of this web-based trial spans multiple European countries
and regional contexts. The intended study is expected to recruit 1500 households in each of
the six European countries, selected through a voluntary sampling method.

2.3. Eligibility criteria

Eligible participants should: (1) be aged 18 or above, (2) reside in Northern (Norway), Central
(Austria, Germany), Eastern (Romania), or Southern Europe (Italy and Tiirkiye), (3) have
access to an electricity meter for their household’s consumption and pay for electricity based
on actual consumption.

2.4. Recruitment, random assignment, and allocation

The ENCHANT project has different types of real-world user partners from three main actor
categories: energy suppliers/manufacturers, local governments/governmental energy agencies,
and energy-focused NGOs. The role of these user partners in the trial was to recruit partici-
pants for the interventions (see the participant flow chart [Fig 4]) through spreading the cam-
paign message through diverse communication channels, including websites, posters,
newsletters, social media platforms, messages in electricity bills, events, and newspaper adver-
tisements. Representing various organizations and administrations across different countries
such as Viken Fylkeskommune (NO), Naturvernforbundet (NO), Badenova (DE), Clusj
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Enrolment Allocation Post-allocation Close-out
TIMEPOINT -ty 0 t t 3 fy ts ts e
ENROLMENT: X
Eligibility screen X
Informed consent X
Random assignment X
Allocation X
INTERVENTIONS:
Control 1
Control 2
Intervention 1 — —
Intervention 2 * ¢
Intervention 3 — =
Intervention 4 & =4
Intervention 5 & —
Intervention 6 ¢ "
Intervention 7 ¢ =
Intervention 8 — $
Intervention 9 & —t
Intervention 10 f— —
Intervention 11 s 9
Intervention 12 " "
ASSESSMENTS
Demographic .
characteristics™ %
Primary outcomes X X X X X X X X
Secondary outcomes X X X X X X X X

Fig 1. Recommended content for the schedule of enrolment, interventions, and assessments. Notes. * = including age, gender,
household size, the number of individuals living in the household within distinct age brackets (under 6, 6-11, and 12-17), educational
attainment, employment status, and perceived social status. More details are presented in Fig 3.

https://doi.org/10.1371/journal.pone.0293683.9001
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Fig 2. Flow diagram of the progress through the phases of a 14-group parallel randomized trial flow.
https://doi.org/10.1371/journal.pone.0293683.9002

Napoca Municipality (RO), Electrica (RO), Izmir Metropolitan Municipality (TR), Gediz Elek-
trik (TR), EnergieKompass (AT), Energia Positiva (IT), and Fondazione Roffredo Caetani/
Ninfa Gardens (IT), these user partners encourage individuals to register for the campaign on

their respective country’s landing page.
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Fig 3. ENCHANT platform experimental design. Notes: There is a small deviation here for practical reasons: The
control 2 group was informed that they are in a specific group that only provided measurements twice, not six times.
This was done to make sure that they did not wonder if something was wrong when they were recruited for 6 times of

measurement and then it goes silent for 4 weeks.

https://doi.org/10.1371/journal.pone.0293683.g003
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Fig 4. ENCHANT platform: Participant flow chart.
https://doi.org/10.1371/journal.pone.0293683.9004

Registration of a participant for an intervention involves providing name and a valid e-mail
address followed by the informed consent form along with a link to access the technical docu-
mentation of the General Data Protection Regulation (GDPR). Regular e-mails are sent to par-
ticipants to invite them to provide weekly meter reading data and answer short surveys.
Participants will be informed of the voluntary nature of participation and retain the right to
withdraw their consent at any time without facing adverse consequences.

After registration, participants complete an initial survey encompassing demographic
details, the current situation regarding larger electricity consuming devices (e.g., tumble dry-
ers, charging of electric vehicles at home, and heating or cooling with electricity), and psycho-
logical factors influencing energy choices (e.g., perceived difficulty, electricity saving habit
strength, personal norms, national identity). Subsequently, participants are randomly allocated
to one of 14 groups, comprising 12 experimental and 2 control groups. The 6-week interven-
tion begins once an adequate number of participants (n = 25) are recruited for each group so
that participants do not have to wait for the start of the campaign too long. Simultaneously,
recruitment efforts continue to form new groups that start later, ensuring an ample number of
participants for each group [see Figs 2-4].
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Recruitment priority was assigned to various groups, including both control groups, the
information-only condition, all combinations of information paired with only one of the other
interventions, as well as the full intervention packages presented in both individual and collec-
tive framing. We decided to prioritize some intervention combinations to enhance the statisti-
cal power for the most important analyses for the project (assessing the effects of each
intervention on its own and the full package). The random assignment of eligible participants
into intervention or control groups was automatically facilitated by a platform-generated ran-
dom number list, with some groups receiving higher recruitment likelihoods due to our prior-
ity allocation strategy. Specifically, high-priority groups were assigned twice the recruitment
likelihood compared to low-priority groups, and this allocation was managed within the
platform.

2.5. Sample size

By September 2023, a total number of about 2000 participants have taken part and were
included in the trial.

2.6. Socio-demographic characteristics

A range of demographic characteristics that have the potential to impact energy-related behav-
iors are collected, including age, gender, household size, the number of individuals living in
the household within distinct age brackets (under 6, 6-11, and 12-17), educational attainment,
employment status, and perceived social status.

2.7. Blinding

Given the nature of the present interventions, it is impractical to maintain blindness for both
the researchers and the participants. The interventions remain undisclosed to the participants
by not informing them about how other conditions looked like. Therefore, the trial assumes a
double-blinded structure where the data analyst will be blinded to the interventions to mini-
mize bias. To ensure this, an impartial data analyst or statistician will be responsible for con-
ducting the data analysis without access to the intervention group codes.

2.8. Interventions

The proposed study will implement six distinct intervention types, which have been empiri-
cally established to influence behavior [6, 8, 29-37]. It is important to note that all tips (inter-
vention messages) and survey questions regarding shifting energy away from peak periods
(including checking the website or app of the energy provider) will only be presented in Nor-
way (as smart meters are not less widely adopted in the other participating countries). Brief
descriptions of these interventions are provided below:

2.8.1. Informational provision. The information intervention involves providing partici-
pants with relevant details, such as behaviors that lead to electricity savings. Various interven-
tions include energy-saving tips and informational components [38, 39] and research
emphasizes their influence on decisions related to energy consumption [40, 41].

In this trial, after an introductory text outlining the importance of one’s contribution to
electricity saving (e.g., “You can do a lot of smaller and larger things that reduce your electricity
consumption”), we provide information in the form of a list of electricity saving tips in ten
domains (plus one additional domain about load shifting in Norway, where most households
have spot-price tariffs). An example from the domain “cooking” is the following: “Be energy
efficient when cooking: Cooking is a significant part of your electricity consumption. You can

PLOS ONE | https://doi.org/10.1371/journal.pone.0293683 March 14, 2024 9/20


https://doi.org/10.1371/journal.pone.0293683

PLOS ONE Electricity saving through behaviour change

save energy by heating water with a kettle instead of on the stove, only heating the amount of
water you really need, keeping lids on pots, and keeping the oven door closed as much as possi-
ble”. These electricity saving tips were presented after all other interventions (if any) in weeks
2-4 of the six-week trial.

2.8.2. Collective vs. individual framing. Recognizing the importance of collective fram-
ing in energy-related decision-making [7], we aim to investigate and determine the most suit-
able framing strategies to maximize the impact of energy-related interventions. In the
individual framing condition, the electricity saving tips are presented to individuals, while in
the collective framing condition, the introductory text was rephrased to address for example
“Norwegians” (or citizens of the other countries in their respective campaigns) as a social
group (e.g., “We in Norway can do a lot of smaller and larger things to reduce our electricity con-
sumption”). Then the individual tips were also addressing the social group instead of the indi-
vidual as in the following example: “Be energy efficient when cooking: Cooking is a significant
part of our electricity consumption. We can save energy by heating water in a kettle instead of on
the stove, only heating the amount of water we really need, keeping lids on pots, and keeping the
oven door closed as much as possible.” The collective framing informational provision was also
presented in weeks 2-4 of the six-week trial.

2.8.3. Social norms. This intervention provides participants with information about the
behavior of others and--through that-—the socially accepted standards of conduct. Social
norms feedback is a widely used intervention approach, which has been implemented in previ-
ous field experiments focused on energy conservation [8].

Our operationalization of the social norms’ intervention was implemented as follows: the
per person weekly consumption during last week was compared to the average consumption
of the other participants in the same group during baseline. If the (normalized—-see primary
outcomes for more details) consumption was lower, the following message was displayed
before listing the electricity saving tips: “Congratulations! With xx kilowatt hours per person liv-
ing in your household, you were below the average of people in the first week, which is xx kilowatt
hours per person. Keep up the good work also next week. Maybe you can save even more electric-
ity? Check out our tips!” If the per person consumption during last week was above the average
in the same group at baseline, the following message was displayed: “With xx kilowatt hours
per person living in your household, you were above the average of people in the first week, which
is xx kilowatt hours per person. Maybe you find some of the electricity saving tips helpful to
reduce the amount of electricity you use?”. The social norms intervention was presented in
weeks 3 and 4 of the six-week trial.

2.8.4. Consumption feedback. The provision of feedback to participants about their his-
torical and current electricity usage was used in the feedback intervention to reinforce and/or
modify future actions [37]. In the context of the ENCHANT project, our primary aim is to
explore the incorporation of feedback across various interventions.

In this intervention trial, the feedback intervention was provided before displaying the elec-
tricity consumption reduction tips, by displaying last week’s electricity consumption in rela-
tion to the baseline week’s consumption per person (roughly normalized for temperature
effects for households heating with electricity). If the (normalized) consumption was lower
than in the baseline week, the following text was presented: “Bravo! You reduced your electricity
consumption by xx% last week. Very well done. Keep up the good work. Maybe, you can save
even more electricity by implementing some more of the tips we give you?” If the (normalized)
consumption was higher than in the baseline week, the following text was presented: “Last
week, your electricity consumption increased by xx%. Maybe this is a good motivation to try
extra hard next week. Check out the saving tips for inspiration.” Furthermore, the weekly

PLOS ONE | https://doi.org/10.1371/journal.pone.0293683 March 14, 2024 10/20


https://doi.org/10.1371/journal.pone.0293683

PLOS ONE

Electricity saving through behaviour change

consumption was displayed as a graph on the personal dashboard. The feedback intervention
was provided in weeks 4 and 5 of the six-week trial.

2.8.5. Competition. The competition intervention creates a scenario where participants
engage in a contest, and those demonstrating the best performance receive a prize. The
ENCHANT study also aims to pinpoint suitable target groups for competition-based energy
conservation campaigns, since it. It acknowledges that competition might not be universally
acceptable, particularly for individuals who may experience undue psychological pressure [42,
43].

In the trial, the competition intervention was implemented as follows. At the beginning of
week 2, all participants in a competition condition were asked the following question: “Saving
electricity can be fun if you compete against other motivated people! We are setting up a competi-
tion about who is going to be the electricity saving champion. Would you like to be part of this
competition and see how you are performing in relation to the best participants?” Then they
were given the following two options: (a) Yes, I would like to participate; (b) No, I am not the
competitive type. If participants accepted the competition, their dashboard displayed a leader-
board of electricity savers within the group (approximately 20-25 participants who started
together), indicating their relative position on the list. This was done while protecting partici-
pant privacy——while protecting participant privacy. The list could be sorted by absolute sav-
ings in kilowatt hours per person per week saved in relation to the baseline and by relative
(percentage) saved.

2.8.6. Commitment. The commitment intervention requested participants to commit
themselves to engage in future behaviors or specific behavioral goals of electricity consumption
reduction and promoting sustainable practices. Commitment strategies have been utilized to
incentivize sustainable behaviors, particularly in saving electricity and water [9, 44-46].

In the trial, declaration of commitment was collected two times, ones before week 3 and
once before week 4 for all conditions including commitment. Specifically, participants were
asked the following question: “Making saving electricity part of your daily routines can be diffi-
cult and requires commitment. Research shows that it is easier, if you actively make a commit-
ment to try hard and if you see that others do the same. Can we ask you to give us your
commitment to make a real effort to save at least 5% of last week’s electricity consumption in the
coming week?” Then the participants can choose between the following options: (a) Yes, I com-
mit that I will make a real effort to reduce my electricity consumption by at least 5% next week;
(b) Yes, I am fine with that my commitment is listed for others to see to motivate them also to
make an effort. Together, we can make a difference; (c) No, I do not want to commit to saving
electricity next week. Option (b) was only asked if people selected option (a). If option (b) was
selected, the number of that participant was displayed in the dashboards of all other people in
the group who already committed.

2.8.7. Justification of the selection of conditions—Experimental setup. In a full factorial
design, implementing 2x2x2x2x2x2 would have resulted in a total of 64 different conditions.
However, such an extensive design is not feasible, even in a large-scale field trial like the one
implemented here. Furthermore, certain combinations of interventions are logically dependent
on each other. For instance, competition inherently involves feedback about individual con-
sumption, making it necessary to have an intervention in place for competition to occur. Con-
sidering these factors, we made the decision to reduce the number of conditions to 14. Among
these, we prioritized 9 conditions. We achieved this by either increasing the sampling likelihood
in countries where the number of recruited participants closely matched our target values or by
excluding non-prioritized conditions in countries with lower recruitment numbers. Please see
Table 1 for the justifications. The general rule for construction of the design was to prioritize
the control conditions, the full packages with all interventions, and the single intervention
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Table 1. Justification for the choice and prioritization of intervention groups.

No | Condition

1

10

11

12

13

14

Control 1

Control 2

Information

Information + social norms

Information + collective framing

Priority |Justification

High This control condition mimics the measurement regime of the intervention conditions, but
does not provide any additional input to the participants.

High As the weekly reading of the electricity meters might be an intervention in itself, we also
implemented a control condition with only two measurements at the start and end of the whole
five-week period. The five week consumption was then evenly distributed across the five weeks
to calculate the average consumption for the analyses.

High Information about what to do is considered essential for changing Behavior. Therefore,
information with electricity saving tips was presented in all intervention conditions. This
condition tests the effect of information only.

High The main aim of this intervention group is to single out the effect that social norm
communication can have on top of “just” providing information.

High This is the collective version of the information only condition, testing if a collective framing of
information given is changing the results.

Information + collective framing + social norm Low This is the collectively framed version of condition 4, which tests if the framing changes the

Information + commitment
Information + feedback
Information + collective framing + feedback

Information + competition + feedback

effects of social norms.

High This condition tests if being asked for (and giving) commitment changes the effect of
information given.

Low This condition tests if individual feedback on changes in electricity consumption changes the
effect of information given.

Low This is the collectively framed version of condition 8, which tests if the framing changes the
effects of feedback.

High This condition tests if a competitive element (and accepting this) changes the effect of

information given and feedback without a competition. As a competition always requires
giving feedback, there is no condition testing competition without feedback.

Information + collective framing + competition Low This is the collectively framed version of condition 10 which tests if the framing changes the

+ feedback

Information + commitment + social norm

effects of competition combined with feedback.

Low As social norms and commitment deal with the individual and social components of moral
decision making, we also included a condition combining these two interventions (in addition
to information as a basis).

Information + competition + feedback + commitment | High This is the individually framed version of the whole intervention package. We assume that the

+ social norm

combination of interventions is more effective than single interventions.

Information + competition + feedback + commitment | High This is the collectively framed version of the whole intervention package. We assume that the

+ social norm + collective framing

https://doi.org/10.1371/journal.pone.0293683.t001

combination of interventions is more effective than single interventions.

provisions. However, the information with the electricity saving tips was included with all inter-
ventions, as it was considered essential to provide some advice on how to save electricity. In
addition, the collective framing was tested for all these combinations, though with lower prior-
ity for some combinations. Competition includes an element of feedback anyway, which is why
competition is not tested individually but only in combination with feedback.

2.9. Measuring primary and secondary outcomes

Participants were asked to complete an initial survey lasting approximately 10 minutes, to
monitor their electricity meter on a weekly basis, and to input the collected data into the
ENCHANT’s platform. Additionally, participants were asked to respond to a brief survey that
took a maximum of 5 minutes each week. Detailed information about the experimental design
parameters, components of the scales and items can be found in S2 Table and Fig 3. During
the weekly phase, participants received email notifications informing them about the start of
the next stage of the study, along with a link to access the dashboard. The dashboard displayed
different information based on the specific experimental condition assigned to each partici-
pant. Within the dashboard, participants could perform three main tasks: (i) access
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information about their electricity usage, (ii) submit their weekly measurements, and (iii)
manage their profile (including ending their participation in the study or deleting their
account). Details regarding independent and dependent variables, as well as socio-demo-
graphic and psychological covariates, along with moderator confounders, are available in S3
Table.

2.9.1. Primary outcome. Electricity use. Electricity use estimates were obtained through
electricity meter readings and calculating the consumption based on the difference between
readings. This encompassed one specific item: electricity consumption at 6 weeks (6-time
points), measured as “consumption per person normalized to 7 days—kWh/week/person.”
Thus, differences in household size and variability in the measurement periods (if participants
did not report in exactly 7-day intervals) were normalized before the analyses. In addition,
electricity consumption was normalized by using data on temperature dependent heating and
cooling needs (by extracting local heating and cooling degree days from the degreedays.net
database) and electricity prices.

2.9.2. Secondary outcomes. To cover a broad spectrum of energy-related behaviors with
significant potential for energy conservation, as outlined by Dietz, Gardner [47], a weekly self-
report of implemented electricity saving behaviors was recorded. These behaviors encom-
passed investment, maintenance, and everyday curtailment behaviors. More specifically,
investment behaviors in this study were measured as for example installing LED lights every-
where possible. An example for maintenance behavior promoted in the study is deicing the
refrigerator or removing dust from its cooling coils. Examples of everyday curtailment behav-
ior is included not using standby keeping lids on pots or washing laundry at lower tempera-
tures (for more details, see S2 Table).

To build a comprehensive dataset of empirical impact data, capturing various contextual
variables and outcomes from our targeted participants and users, we utilized multiple
dimensions during the initial survey (S2 Table): (1) socio-demographics; (2) risk of energy
poverty, (3) environmental concern, (4) personal norms, (5) ownership of electricity (in)effi-
cient appliances, and (6) perceived behavioral control to save electricity. Additionally, during
the weekly evaluations at the 6 different time points, we measured the following components
(S2 Table): (1) peak hour consumption (only in Norway), (2) intentions to save electricity
during the following week; (3) attitudes to save electricity, (4) perceived Behavior al control,
(5) perceived difficulty of implementing the different energy tips, (6) emotional reaction to
electricity consumption, (7) social norms, (8) collective efficacy, and (9) self-reported imple-
mentation of electricity saving behaviors. ENCHANT’s comprehensive measurement
approach ensures the robustness and reliability of the data collected, enhancing the validity
of the project’s findings.

2.9.3. Feasibility and acceptability measures. The study aims to evaluate the practicality
and willingness to participate in web-based intervention randomized controlled trials
(RCTs) with households. This approach is consistent with recommendations found in the lit-
erature regarding the assessment of client/participants satisfaction and the evaluation of user
satisfaction with mobile health app [48, 49]. This assessment will encompass dropout,
engagement, and response rate calculations. Moreover, the acceptability of web-based inter-
ventions concerning energy-related behaviors will be explored by asking the participants
after completion of the study, how far they experienced the study as an encroachment of
their personal freedom. These measures will offer insights into the practicality and accept-
ability of web-based interventions, providing a comprehensive understanding of partici-
pants’ engagement and perceptions. Furthermore, we will analyze which channels were most
successful in recruiting participants (also taking their successive dropouts and electricity sav-
ings into account).
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2.10. Data analysis and interpretation methods

To ensure a robust evaluation of the interventions’ impact on consumers’ energy efficiency
behavior, ENCHANT employs a comprehensive data analysis strategy. Embracing the intent-
to-treat (ITT) principle, all data collected from randomized participants will be incorporated
into the analyses. The analysis process involves meticulous steps including data screening, con-
sistency checks, descriptive and graphical analyses, and outlier detection. Decisions concern-
ing outlier removal will be based on comparisons of means and 5% trimmed means. Thus,
both original data and robust estimation methods will contribute to the analysis.

Addressing missing data is pivotal, and imputation techniques will be implemented to han-
dle such instances. Intent-to-treat analyses will be conducted to evaluate the impact of missing
data on outcome variables, with the anticipation that it will not significantly affect the main
study findings. Hence, imputed missing data will drive subsequent analyses. Additionally, par-
ticipants” demographic characteristics will undergo a thorough examination, with Chi-square
tests and independent t-tests utilized to assess randomization effectiveness and to identify
potential variations between intervention and control groups. Ensuring dataset pairing will
facilitate accurate paired comparisons across groups.

Mixed Regression Analysis (MRA) will be deployed, encompassing both within-subject and
between-subject factors. The within-subject factor will encompass assessment time points,
including pre-intervention and post-intervention, with 4 additional measurement time points
in between. This results in a total of 6 measurements for both psychological variables and elec-
tricity consumption readings, covering a period of 5 weeks. Furthermore, demographic vari-
ables known to influence outcomes (e.g., gender and education) will be considered as
covariates. Beyond the main analysis, the project will employ the Reliable Change Index (RCI)
scores based on the Jacobson and Truax [50] Index—-to gauge the magnitude of change and
explore practically significant differences in electricity savings and renewable energy adoption
pre- and post-interventions. Electricity consumption raw data will be normalized to 7-day per
person rates adjusted for temperature effects by using Heating Degree Days (HDD) and Cool-
ing Degree Days (CDD) with 15 Degrees Celsius as cut-off point as covariates (see degreedays.
net for a background of the calculation and use of HDD and CDD). Additionally, average
weekly electricity prices will be used as covariates to control for effects of varying electricity
prices. The effects of HDD, CDD, and electricity prices depend on the building structures and
heating/cooling technologies as well as household electricity pricing schemes. Therefore, the
interactions between countries and these factors as well as between heating/cooling technolo-
gies used by each individual household and these factors will be included in the analyses Infor-
mation on data management and confidentiality can be found in S1 File.

Moderation effects will be tested through interaction terms, and our analysis proceeds in
three steps: (1) analysis of intervention effects, (2) covariate adjustments, and (3) inclusion of
interactions. To explore mediation effects, we employ a multilevel Structural Equation Model-
ing (SEM) approach, nested within the five-week data collection period. This approach evalu-
ates the roles of person-specific and time-specific factors in predicting weekly electricity use.
Our statistical strategy allows us to thoroughly examine the impact of interventions, consider-
ing various potential moderators and mediators, and controlling for important covariates.
This approach enhances the robustness of our findings and helps uncover the complex dynam-
ics of electricity conservation behavior change.

Our approach to addressing multiplicity in the analysis and interpretation of both primary
and secondary outcomes varies based on the number of tests conducted. We may employ
either the False Discovery Rate (FDR) approach or the Holm-Bonferroni method for correc-
tion, selecting the most appropriate method for the situation at hand. The choice aligns with
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any preregistered methods, and we ensure that alpha in power calculations is adjusted accord-
ingly to match the chosen correction method.

2.11. Research ethics approval

The ENCHANT’s research and user partners have established robust operational policies that
effectively tackle ethical concerns, ensuring unwavering compliance with European and
national regulations, as well as adhering to professional codes safeguarding personal data. This
commitment extends to directives such as 95/46/EC and GDPR, underscoring the project’s
dedication to data protection. ENCHANT’s inclusive composition encompasses both EU and
non-EU beneficiaries, ensuring that legal data transfers are executed in accordance with estab-
lished protocols. The trial has been approved by the Norwegian Agency for Shared Services in
Education and Research (SIKT, formerly NSD; case number 120694) and by the data protec-
tion officer of the Norwegian University of Science and Technology.

2.12. Consent or assent

Informed consent forms will be made available to all participants engaged in the ENCHANT
project. A pivotal feature of the project is the participants’ autonomy to retract their consent at
any juncture of the campaign. This can be easily executed by either self-administering their
campaign participation or opting to delete their account, thereby effecting the comprehensive
removal of their data from the system. Additionally, participants retain the option to have their
data manually erased by directly contacting the designated responsible individual, as specified
in the consent form (see S2 File). Should participants desire access to their stored data, a
straightforward recourse is available: they can reach out to the principal responsible person
overseeing the study and promptly obtain a copy of all data pertinent to their involvement.

The full version of our study protocol that received ethics approval can be seen in S2 File.

3. Results

The data collection phase for the RCT was initiated in January 2023 and is expected to extend
until the culmination of our endeavors in October 2023. In the transition to September 2023,
about 2000 dedicated participants were already successfully recruited into the study. It is
important to note that, as of this juncture, not all participants have completed all aspects of the
protocol. This stage is important as a foundational cornerstone toward achieving our ultimate
objective of deriving insightful outcomes and deepening our comprehension within the
ENCHANT project. The project is scheduled to conclude on December 31, 2023.

4. Discussion

The evaluation of intervention strategies rooted in psychological and behavioral sciences has
been a topic of exploration in various field trials aimed at improving electricity savings. These
trials have provided valuable insights into the factors that influence effective decision-making,
as well as the challenges and contextual variations impacting energy efficiency choices within
households [2-5]. Building upon these earlier findings, the ENCHANT project takes a signifi-
cant stride with this RCT by implementing well-established, evidence-based behavioral inter-
ventions on a large scale. Through the engagement of a cohort of European citizens across six
countries, the proposed trial undertakes a large-scale RCT, to assess the effectiveness of inter-
vention strategies that promote electricity saving among households throughout Europe.
Observations in natural settings may help to establish robust causal claims, important for
evidence-driven policymaking. Nevertheless, many behavioral interventions, when
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implemented in practical scenarios, tend to lose their efficacy in promoting energy efficiency
in real-life contexts [7-9], addressing the need for more large-scale real-time interventions in
this field. The present study provides a trial protocol for real-time interventions, aiming to
promote electricity savings. Utilizing the RCT methodology, the project furnishes empirical
evidence across diverse contexts, useful for informing evidence-based policies. It has been sug-
gested that the modest impact of behavioral interventions on electricity saving might stem
from the presence of psychological mediators and/or moderators that have been largely over-
looked. Indeed, individuals’ psychological characteristics can either facilitate or impede the
desired outcomes of interventions (e.g., [11, 15, 20, 21]). The intended large-scale RCT will
take into consideration the probable impact of intentions to save electricity, perceived diffi-
culty, attitudes to electricity saving, electricity saving habit strength, descriptive and injunctive
social norms, personal norms, collective efficacy, emotional response to electricity consump-
tion, and national identity in the effectiveness of energy use interventions. By assessing the
possible role of psychological factors on the efficacy of the proposed RCTs (either contributing
or confounding), this study offers valuable insights for evidence-based strategies, addressing
existing research limitations.

4.1. Limitations

A potential challenge of the proposed RCT pertains to the design and execution of the inter-
ventions. While RCT's offer a robust methodology for establishing causal relationships between
interventions and outcomes, they are not without their complexities. In the context of
ENCHANT, the intricate nature of behavioral interventions, especially across diverse cultural
and contextual settings, introduces potential hurdles in implementing a standardized RCT
approach. Variations in local conditions and participant responses may introduce variability
in intervention outcomes, thereby complicating results’ interpretation. Furthermore, the fact
that the included countries are in different climate zones may further complicate the interpre-
tation. On the most basic level, cultural differences might even result in strongly varying suc-
cess of the recruitment to the RCT. Furthermore, conducting a large-scale RCT necessitates
meticulous coordination, substantial resources, and thorough consideration of potential
biases. Despite ENCHANT’s comprehensive planning, unforeseen variables during the trial’s
progression could impact the validity and generalizability of the obtained findings. It is worth
noting that RCTs offer a snapshot of a specific timeframe, potentially making it challenging to
fully capture longitudinal effects and the sustainability of behavioral changes within the proj-
ect’s defined timeline. Finally, although this planned trial is a large-scale field experiment that
includes heterogeneous samples from broad demographics, covering all population segments
from each country was beyond the scope of this trial and can be addressed in future research.

To mitigate these limitations, a proactive strategy is imperative. This involves continuously
adapting intervention strategies based on real-time feedback and meticulously considering
potential biases and contextual nuances. In light of this, collaboration among behavioral
experts, project partners, and stakeholders will play a pivotal role in enhancing the effective-
ness and reliability of interventions within the ENCHANT project.

5. Conclusion

The outcomes of the intended RCT are poised to facilitate electricity savings and to advance
our knowledge in the fields of energy behavior change and environmental psychology.
Through a comprehensive evaluation of six types of interventions and their impacts on varied
populations, this research initiative will empower businesses and policymakers to enact precise
and impactful interventions that foster electricity savings. The insights garnered from the
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results of our trial across six European countries may assist decision-makers in formulating
well-informed policy strategies for a more ecologically responsible future. This may occur
when taking into consideration people’s psychological characteristics as mediators or modera-
tors of the interventions that are included in the present trial. Ultimately, the intended trial
may illuminate the efficacy of interventions, thereby steering us closer to a more sustainable
world.

Supporting information

S1 Table. Hypotheses considering main and interaction effects of independent and depen-
dent variables in the RCT and expected results.
(DOCX)

$2 Table. Items pertaining to electricity-related behaviors/values/habits with substantial
potential for energy conservation.
(DOCX)

$3 Table. Independent and dependent variables, socio-demographic and psychological
covariates, and moderator confounders.
(DOCX)

S1 Checklist. SPIRIT checklist.
(DOC)

S$1 File. Data management and confidentiality.
(DOCX)

S2 File. Are you interested in taking part in the research project "Energy Efficiency in Nor-
wegian Households"?
(DOCX)

S3 File. Study protocol approved by ethics committee.
(PDF)

Acknowledgments
The authors gratefully thank those who kindly participated in this research.

Author Contributions

Conceptualization: Mojtaba Habibi Asgarabad, Stepan Vesely, Mehmet Efe Biresselioglu,
Giuseppe Carrus, Muhittin Hakan Demir, Andrea Kollmann, Christian A. Klockner.

Data curation: Christian A. Klockner.
Formal analysis: Christian A. Klockner.

Funding acquisition: Mehmet Efe Biresselioglu, Giuseppe Carrus, Muhittin Hakan Demir,
Andrea Kollmann, Christian A. Klockner.

Investigation: Mojtaba Habibi Asgarabad, Christian A. Klockner.
Methodology: Mojtaba Habibi Asgarabad, Christian A. Klockner.
Project administration: Christian A. Klockner.

Resources: Christian A. Klockner.

PLOS ONE | https://doi.org/10.1371/journal.pone.0293683 March 14, 2024 17/20


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0293683.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0293683.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0293683.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0293683.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0293683.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0293683.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0293683.s007
https://doi.org/10.1371/journal.pone.0293683

PLOS ONE

Electricity saving through behaviour change

Software: Christian A. Klockner.

Supervision: Christian A. Klockner.

Validation: Mojtaba Habibi Asgarabad, Stepan Vesely, Christian A. Klockner.

Visualization: Mojtaba Habibi Asgarabad, Christian A. Klockner.

Writing - original draft: Mojtaba Habibi Asgarabad.

Writing - review & editing: Mojtaba Habibi Asgarabad, Stepan Vesely, Mehmet Efe Biresse-

lioglu, Federica Caffaro, Giuseppe Carrus, Muhittin Hakan Demir, Benjamin Kirchler,
Andrea Kollmann, Chiara Massullo, Lorenza Tiberio, Christian A. Kléckner.

References

1.

10.

11.

12

13.

14.
15.

16.

Eurostat. Energy consumption in households. https://ec.europa.eu/eurostat/statistics-explained/index.
php/Energy_consumption_in_households#Energy_products_used_in_the_residential_sector. 2022.

Lopes MA, Antunes CH, Martins N. Energy behaviours as promoters of energy efficiency: A 21st cen-
tury review. Renewable and Sustainable Energy Reviews. 2012; 16(6):4095-104.

Frederiks ER, Stenner K, Hobman EV. Household energy use: Applying behavioural economics to
understand consumer decision-making and behaviour. Renewable and Sustainable Energy Reviews.
2015; 41:1385-94.

Zhou K, Yang S. Understanding household energy consumption behavior: The contribution of energy
big data analytics. Renewable and Sustainable Energy Reviews. 2016; 56:810-9.

Stern PC. A reexamination on how behavioral interventions can promote household action to limit cli-
mate change. Nature communications. 2020; 11(1):918. https://doi.org/10.1038/s41467-020-14653-x
PMID: 32060272

Vesely S, Kléckner CA, Carrus G, Tiberio L, Caffaro F, Biresselioglu ME, et al. Norms, prices, and com-
mitment: A comprehensive overview of field experiments in the energy domain and treatment effect
moderators. Frontiers in Psychology. 2022; 13:967318. https://doi.org/10.3389/fpsyg.2022.967318
PMID: 36425813

Jachimowicz JM, Hauser OP, O’Brien JD, Sherman E, Galinsky AD. The critical role of second-order
normative beliefs in predicting energy conservation. Nature Human Behaviour. 2018; 2(10):757-64.
https://doi.org/10.1038/s41562-018-0434-0 PMID: 31406290

Buckley P. Prices, information and nudges for residential electricity conservation: A meta-analysis. Eco-
logical Economics. 2020; 172:106635.

Van der Werff E, Taufik D, Venhoeven L. Pull the plug: How private commitment strategies can
strengthen personal norms and promote energy-saving in the Netherlands. Energy Research & Social
Science. 2019; 54:26-33.

XuQ, Li S, Shen L, Chang R, Wang Q-C, Liu X, et al. Pricing strategy for household energy-saving
option (HESO): A novel option-based intervention for promoting household energy efficiency. Environ-
mental Impact Assessment Review. 2023; 98:106969.

Xu Q, Hwang B-G, Lu Y. Households’ acceptance analysis of a marketized behavioral intervention-
Household energy-saving option. Journal of Cleaner Production. 2021; 318:128493.

Charter RA. Sample size requirements for precise estimates of reliability, generalizability, and validity
coefficients. Journal of Clinical and Experimental Neuropsychology. 1999; 21(4):559-66. https://doi.
org/10.1076/jcen.21.4.559.889 PMID: 10550813

Fisher AJ, Medaglia JD, Jeronimus BF. Lack of group-to-individual generalizability is a threat to human
subjects research. Proceedings of the National Academy of Sciences. 2018; 115(27):E6106—E15.
https://doi.org/10.1073/pnas.1711978115 PMID: 29915059

Harrison GW, List JA. Field experiments. Journal of Economic literature. 2004; 42(4):1009-55.

Fielding KS, Terry DJ, Masser BM, Hogg MA. Integrating social identity theory and the theory of planned
behaviour to explain decisions to engage in sustainable agricultural practices. British journal of social
psychology. 2008; 47(1):23-48. https://doi.org/10.1348/014466607X206792 PMID: 17535461

Fritsche |, Barth M, Jugert P, Masson T, Reese G. A social identity model of pro-environmental action
(SIMPEA). Psychological Review. 2018; 125(2):245. https://doi.org/10.1037/rev0000090 PMID:
29265852

PLOS ONE | https://doi.org/10.1371/journal.pone.0293683 March 14, 2024 18/20


https://ec.europa.eu/eurostat/statistics-explained/index.php/Energy_consumption_in_households%23Energy_products_used_in_the_residential_sector
https://ec.europa.eu/eurostat/statistics-explained/index.php/Energy_consumption_in_households%23Energy_products_used_in_the_residential_sector
https://doi.org/10.1038/s41467-020-14653-x
http://www.ncbi.nlm.nih.gov/pubmed/32060272
https://doi.org/10.3389/fpsyg.2022.967318
http://www.ncbi.nlm.nih.gov/pubmed/36425813
https://doi.org/10.1038/s41562-018-0434-0
http://www.ncbi.nlm.nih.gov/pubmed/31406290
https://doi.org/10.1076/jcen.21.4.559.889
https://doi.org/10.1076/jcen.21.4.559.889
http://www.ncbi.nlm.nih.gov/pubmed/10550813
https://doi.org/10.1073/pnas.1711978115
http://www.ncbi.nlm.nih.gov/pubmed/29915059
https://doi.org/10.1348/014466607X206792
http://www.ncbi.nlm.nih.gov/pubmed/17535461
https://doi.org/10.1037/rev0000090
http://www.ncbi.nlm.nih.gov/pubmed/29265852
https://doi.org/10.1371/journal.pone.0293683

PLOS ONE

Electricity saving through behaviour change

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.
27.

28.

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Graffeo M, Ritov |, Bonini N, Hadjichristidis C. To make people save energy tell them what others do but
also who they are: A preliminary study. Frontiers in psychology. 2015; 6:1287. https://doi.org/10.3389/
fpsyg.2015.01287 PMID: 26379603

Ferguson MA, Branscombe NR, Reynolds KJ. The effect of intergroup comparison on willingness to
perform sustainable behavior. Journal of Environmental Psychology. 2011; 31(4):275-81.

Steinhorst J, Matthies E. Monetary or environmental appeals for saving electricity?—Potentials for spill-
over on low carbon policy acceptability. Energy Policy. 2016; 93:335-44.

De Dominicis S, Sokoloski R, Jaeger CM, Schultz PW. Making the smart meter social promotes long-
term energy conservation. Palgrave Communications. 2019; 5(1).

DellaValle N, Zubaryeva A. Can we hope for a collective shift in electric vehicle adoption? Testing
salience and norm-based interventions in South Tyrol, ltaly. Energy Research & Social Science. 2019;
55:46-61.

Carrus G, Tiberio L, Mastandrea S, Chokrai P, Fritsche I, Klockner CA, et al. Psychological predictors of
energy saving behavior: a meta-analytic approach. Frontiers in Psychology. 2021; 12:648221. https://
doi.org/10.3389/fpsyg.2021.648221 PMID: 34248747

McAndrew R, Mulcahy R, Gordon R, Russell-Bennett R. Household energy efficiency interventions: A
systematic literature review. Energy Policy. 2021; 150:112136.

Composto JW, Weber EU. Effectiveness of behavioural interventions to reduce household energy
demand: a scoping review. Environmental Research Letters. 2022; 17(6):063005.

Chan A-W, Tetzlaff JM, Ggtzsche PC, Altman DG, Mann H, Berlin JA, et al. SPIRIT 2013 explanation
and elaboration: guidance for protocols of clinical trials. Bmj. 2013; 346. https://doi.org/10.1136/bmj.
e7586 PMID: 23303884

Ohtake PJ, Childs JD. Why publish study protocols?: Oxford University Press; 2014. p. 1208-9.

Dane A, Gebbink A-SK, van der Kuy PHM. The importance of publishing research protocols for pharma-
coeconomic studies. European Journal of Hospital Pharmacy. 2023; 30(1):e4—e. https://doi.org/10.
1136/ejhpharm-2021-002987 PMID: 34526298

Chan A-W, Tetzlaff JM, Altman DG, Laupacis A, Ggtzsche PC, Krleza-Jeri¢ K, et al. SPIRIT 2013 state-
ment: defining standard protocol items for clinical trials. Annals of internal medicine. 2013; 158(3):200—
7. https://doi.org/10.7326/0003-4819-158-3-201302050-00583 PMID: 23295957

Abrahamse W, Steg L, Vlek C, Rothengatter T. A review of intervention studies aimed at household
energy conservation. Journal of environmental psychology. 2005; 25(3):273-91.

Steg L. Promoting household energy conservation. Energy policy. 2008; 36(12):4449-53.

Steg L, Perlaviciute G, Van der Werff E. Understanding the human dimensions of a sustainable energy
transition. Frontiers in psychology. 2015; 6:805. https://doi.org/10.3389/fpsyg.2015.00805 PMID:
26136705

Andor MA, Fels KM. Behavioral economics and energy conservation—a systematic review of non-price
interventions and their causal effects. Ecological economics. 2018; 148:178-210.

Epton T, Currie S, Armitage CJ. Unique effects of setting goals on behavior change: Systematic review
and meta-analysis. Journal of consulting and clinical psychology. 2017; 85(12):1182. https://doi.org/10.
1037/ccp0000260 PMID: 29189034

Galizzi MM, Navarro-Martinez D. On the external validity of social preference games: a systematic lab-
field study. Management Science. 2019; 65(3):976—1002.

Andor M, Bensch G, Fels K, Kneppel N. Per Stups zum Energiesparen? Eine Meta-Analyse zu den kau-
salen Effekten von verhaltensdékonomischen Interventionen auf den Energieverbrauch privater Haush-
alte. Perspektiven der Wirtschaftspolitik. 2020; 20(4):352—-82.

Alvino L, Constantinides E, van der Lubbe RH. Consumer neuroscience: Attentional preferences for
wine labeling reflected in the posterior contralateral negativity. Frontiers in psychology. 2021;
12:688713. https://doi.org/10.3389/fpsyg.2021.688713 PMID: 34721140

Karlin B, Zinger JF, Ford R. The effects of feedback on energy conservation: A meta-analysis. Psycho-
logical bulletin. 2015; 141(6):1205. https://doi.org/10.1037/a0039650 PMID: 26390265

Ayres |, Raseman S, Shih A. Evidence from two large field experiments that peer comparison feedback
can reduce residential energy usage. The Journal of Law, Economics, & Organization. 2013; 29
(5):992—-1022.

Ghesla C, Grieder M, Schmitz J, Stadelmann M. Pro-environmental incentives and loss aversion: A
field experiment on electricity saving behavior. Energy Policy. 2020; 137:111131.

Barth M, Jugert P, Fritsche I. Still underdetected—Social norms and collective efficacy predict the accep-
tance of electric vehicles in Germany. Transportation research part F: traffic psychology and behaviour.
2016; 37:64-77.

PLOS ONE | https://doi.org/10.1371/journal.pone.0293683 March 14, 2024 19/20


https://doi.org/10.3389/fpsyg.2015.01287
https://doi.org/10.3389/fpsyg.2015.01287
http://www.ncbi.nlm.nih.gov/pubmed/26379603
https://doi.org/10.3389/fpsyg.2021.648221
https://doi.org/10.3389/fpsyg.2021.648221
http://www.ncbi.nlm.nih.gov/pubmed/34248747
https://doi.org/10.1136/bmj.e7586
https://doi.org/10.1136/bmj.e7586
http://www.ncbi.nlm.nih.gov/pubmed/23303884
https://doi.org/10.1136/ejhpharm-2021-002987
https://doi.org/10.1136/ejhpharm-2021-002987
http://www.ncbi.nlm.nih.gov/pubmed/34526298
https://doi.org/10.7326/0003-4819-158-3-201302050-00583
http://www.ncbi.nlm.nih.gov/pubmed/23295957
https://doi.org/10.3389/fpsyg.2015.00805
http://www.ncbi.nlm.nih.gov/pubmed/26136705
https://doi.org/10.1037/ccp0000260
https://doi.org/10.1037/ccp0000260
http://www.ncbi.nlm.nih.gov/pubmed/29189034
https://doi.org/10.3389/fpsyg.2021.688713
http://www.ncbi.nlm.nih.gov/pubmed/34721140
https://doi.org/10.1037/a0039650
http://www.ncbi.nlm.nih.gov/pubmed/26390265
https://doi.org/10.1371/journal.pone.0293683

PLOS ONE

Electricity saving through behaviour change

41.

42,

43.

44.

45.

46.

47.

48.

49.

50.

Asensio Ol, Delmas MA. Nonprice incentives and energy conservation. Proceedings of the National
Academy of Sciences. 2015; 112(6):E510-ES5. https://doi.org/10.1073/pnas.1401880112 PMID:
25583494

Markussen T, Reuben E, Tyran JR. Competition, cooperation and collective choice. The Economic
Journal. 2014; 124(574):F163-F95.

Preece J, Stoddard O. Why women don’t run: Experimental evidence on gender differences in political
competition aversion. Journal of Economic Behavior & Organization. 2015; 117:296-308.

Mack B, Tampe-Mai K, Kouros J, Roth F, Taube O, Diesch E. Bridging the electricity saving intention-
behavior gap: A German field experiment with a smart meter website. Energy Research & Social Sci-
ence. 2019; 53:34-46.

Jaeger CM, Schultz PW. Coupling social norms and commitments: Testing the underdetected nature of
social influence. Journal of Environmental Psychology. 2017; 51:199-208.

Baca-Motes K, Brown A, Gneezy A, Keenan EA, Nelson LD. Commitment and behavior change: Evi-
dence from the field. Journal of Consumer Research. 2013; 39(5):1070-84.

Dietz T, Gardner GT, Gilligan J, Stern PC, Vandenbergh MP. Household actions can provide a behav-
ioral wedge to rapidly reduce US carbon emissions. Proceedings of the national academy of sciences.
2009; 106(44):18452—6. https://doi.org/10.1073/pnas.0908738106 PMID: 19858494

Larsen DL, Attkisson CC, Hargreaves WA, Nguyen TD. Assessment of client/patient satisfaction: devel-
opment of a general scale. Evaluation and program planning. 1979; 2(3):197-207. https://doi.org/10.
1016/0149-7189(79)90094-6 PMID: 10245370

Melin J, Bonn SE, Pendrill L, Lagerros YT. A questionnaire for assessing user satisfaction with mobile
health apps: development using Rasch measurement theory. JMIR mHealth and uHealth. 2020; 8(5):
€15909. https://doi.org/10.2196/15909 PMID: 32452817

Jacobson NS, Truax P. Clinical Significance: A Statistical Approach to Denning Meaningful Change in
Psychotherapy Research. Journal of Consulting and Clinical Psychologv. 1991; 59(1):12-9.

PLOS ONE | https://doi.org/10.1371/journal.pone.0293683 March 14, 2024 20/20


https://doi.org/10.1073/pnas.1401880112
http://www.ncbi.nlm.nih.gov/pubmed/25583494
https://doi.org/10.1073/pnas.0908738106
http://www.ncbi.nlm.nih.gov/pubmed/19858494
https://doi.org/10.1016/0149-7189%2879%2990094-6
https://doi.org/10.1016/0149-7189%2879%2990094-6
http://www.ncbi.nlm.nih.gov/pubmed/10245370
https://doi.org/10.2196/15909
http://www.ncbi.nlm.nih.gov/pubmed/32452817
https://doi.org/10.1371/journal.pone.0293683

