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ARTICLE INFO ABSTRACT
Keywords: Nudging is a framework for directing individuals toward better behavior, both for personal and societal benefits,
Nudging through heuristics that drive the decision-making process but without preventing any available choice.

Citizen science

crowd Considering the Grand Challenges that our society faces today, nudging represents an effective framework to
TOW!

tackle some of these pressing issues. In this work, we assessed the effectiveness of informational nudges in the

Energy-demand management . . s . . .

Grand challenges form of detailed, customized feedback, within an energy-demand-management project. The project aligns energy

Electroencephalography production and demand, thereby reducing greenhouse gases and pollutant emissions to mitigate climate change.
We also offered evidence that this kind of feedback is efficacious in involving individuals as citizen scientists,
who volunteer their efforts toward the success of the environmentally-related aim of the project. The results of
this research — based on surveys, electroencephalography measurements and online participation measures —
indicate that feedback can be an effective tool to steer participants’ behavior under the libertarian paternalistic
view of nudging, increase their motivation to contribute to citizen science, and improve their awareness about
environmentally-related issues. In so doing, we provide evidence that nudging and citizen science can be jointly
adopted toward the mitigation of pressing environmental issues.

1. Introduction goal of nudging is to influence people, while they face daily choices,
toward better behavior through a proper design of choice architectures

“A good system of choice architecture [nudglng] he]ps peop]e to (Benartzi et al., 2017; Grieco et al., 2018; Thaler and Sunstein, 2008). In
improve their ability to map and hence to select options that will light of the recent focus given to Grand Challenges worldwide (Foray
make them better off” (Thaler and Sunstein, 2008, page 94). et al., 2012), nudges can be an effective means to face such issues. The
Grand Challenges set open-ended global objectives, such as secure, clean
and efficient energy production (Foray et al., 2012). To achieve these
aims, different technological innovations, organizational solutions and

As proposed by the 2017 Nobel Prize winner for research on
behavioral economics, nudging constitutes a framework for influencing
individuals toward better decision making for themselves and for society policymaking decisions can be explored at a global level, involving or-
as a whole, with heuristics that drive the behavior process without ganizations, institutions and the general public (Fagerberg, 2018;
forbidding any choice. Human behavior is based on two different Kuhlmann and Rip, 2018).
cognitive systems: one very fast and grounded in automatic intuition,
and the other slow and reason-based (Stanovich and West, 2003). The
use of nudging can allow its recipients to automatize every-day decisions
that otherwise may require slower reasoning to be made correctly,
thereby avoiding some systematic decision-making errors.

Since the book of Thaler and Sunstein was published in 2008 (Thaler
and Sunstein, 2008), nudging has drawn considerable attention. The

One of the most pressing objectives that calls for the involvement of
the general public is the reduction of greenhouse gases and pollutant
emissions, as also outlined by the recent report from the United Nations
(United Nations, 2018). This objective is crucial for the wellbeing of the
entire society, because these emissions play a critical role in global
temperature rise, which must be kept well below a 2-degree-Celsius
increase over pre-industrial levels, and, more in general, in climate
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change that we are presently experiencing (Henderson et al., 2016; Yu
etal., 2019). The 2018 report highlighted that notwithstanding the Paris
Convention on climate change in 2015 (United Nations, 2015), green-
house gases emissions rose in 2017, after three years of stagnation. New
approaches should be explored to reach these environmental goals that
are on policy agendas worldwide (Costa and Kahn, 2013; Kuhlmann and
Rip, 2018). In this study, we demonstrate that the framework of nudging
hold promise in reducing greenhouse gases and pollutant emissions
related to household-appliance usage by acting on individuals’ habits.
Influencing individuals toward a better usage of appliances might favor
better alignment between energy production and consumption, i.e.,
energy-demand management, which, in turn, could help reduce emis-
sions and costs of electricity usage.

There are different heuristics that can be leveraged to nudge in-
dividuals. Thaler and Sunstein report that “One way to do this is to make
the information about various options more comprehensible” (2008,
page 94). In this regard, we provided participants with detailed feedback
about information that are publicly available but not easily understandable.
To make information more comprehensible to individuals, we reframed
it in a ready-for-actual-use form. Following the paternalistic view of
nudging, we left the individuals the freedom to choose their behavior
without exaggerating the consequences of their actions (Thaler and
Sunstein, 2008). More specifically, we presented individuals with an
informational nudge, in the form of detailed, customized feedback about
the impact of their choices on economic and environmental sustain-
ability. While previous studies utilized other forms of nudging based on
incentives or social comparison to diminish the overall households’
energy consumption (Allcott and Kessler, 2019; Allcott and Rogers,
2012; Costa and Kahn, 2013; Delmas et al., 2013; Jessoe and Rapson,
2014; List and Price, 2016; Myers and Souza, 2020; Sudarshan, 2017),
we considered the use of detailed, customized feedback for an improved
energy-demand management.

Reducing the economic and environmental impact of electricity
production calls for the collection of useful data about household-
appliance usage. Here, we obtain information about personal usage of
electricity from the individuals themselves. The quantitative under-
standing of appliance usage from data collected by citizens could inform
the design of effective policies for energy-production approaches to-
wards better energy-demand management. The voluntary involvement
of individuals in research projects regarding environmental issues falls
under the larger scope of citizen science. Recent advancements in in-
formation technology have facilitated the involvement of crowds from
outside organizational boundaries for the generation and dissemination
of new knowledge (Cappa et al., 2019; Franzoni and Sauermann, 2014;
Majchrzak and Malhotra, 2013; Sauermann and Franzoni, 2015). When
dispersed individuals are recruited in exchange of a bounty to work on
new ideas for solving problems and for innovating, we speak of
“crowdsourcing” (Afuah and Tucci, 2013; Lee and Seo, 2016; Nata-
licchio et al., 2017); but, we refer to citizen science when they are
voluntarily involved in the collection or analysis of data that leads to
knowledge creation (Auerbach et al., 2019; Cappa et al., 2016b; Young
et al., 2019).

Citizen science constitutes an increasingly popular framework for
involving volunteers from the general public, who are known as “citizen
scientists,” in authentic scientific projects (Dickinson et al., 2012; Groulx
etal., 2017; Riesch et al., 2013; Science Europe, 2018). Citizen science is
extensively leveraged in environmentally-related research projects,
where no particular level of scientific background by the participants is
usually needed. Citizens can contribute to scientific projects in various
ways, from data collection to data analysis (Bonney et al., 2016; Haklay,
2013; Wiggins and Crowston, 2015); these efforts could also indirectly
benefit research that addresses the Grand Challenges (Stilgoe et al.,
2013; van Oost et al., 2016). In the present study, we focused on the
involvement of citizen scientists as “sensors” (Haklay, 2013), whereby
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individuals provided data that could be later utilized by professional
scientists for better planning of energy production and for targeting
actions that could reduce households’ energy consumption. The study of
the motivation that underlies participation in citizen science has
attracted significant scholarly attention in recent years (Cappa et al.,
2018, 2016b; Franzoni and Sauermann, 2014; Laut et al., 2017; Nov
et al., 2014; Palermo et al., 2017b; Schroer and Hertel, 2009). We add to
this stream of literature through the analysis of the effects brought about
by detailed customized feedback on citizen scientists’ motivation to
contribute.

Another merit of citizen science is to improve citizens’ scientific
literacy (Bonney et al., 2009; Science Europe, 2018; Turrini et al., 2018),
which, in this work, relates to increasing their awareness about
environmentally-related topics. Toward this aim, we also analyzed the
positive impact that detailed, customized feedback — which makes
publicly available information more easily comprehensible — has on
citizens’ motivation to contribute to data collection in research projects
and on their scientific awareness. Identifying avenues to strengthen
research project and improving scientific literacy are critical in the
management of citizen science projects, since motivation drives both the
initial decision to participate and the long-term involvement (Nov et al.,
2014; Rotman et al., 2012) and literacy favors more responsible con-
ducts (Groulx et al., 2017; Pisello et al., 2017).

Based on the above-mentioned groundings, we expected that feed-
back would play a central role in nudging and citizen science. Therefore,
the research question we addressed was: can detailed, customized
feedback provided to citizens be effective in nudging their behavior, in
motivating them to contribute to citizen science and in increasing their
awareness level about environmentally-related issues? To this end, we
conducted randomized experiments in the context of an energy-demand-
management project, entailing the reduction of electricity costs and of
emissions related to households’ electricity usage.

The findings of this work provide evidence of the benefits brought
about by feedback in terms of nudging individuals, motivating them to
contribute to citizen science projects and increasing their awareness
levels. Detailed, customized feedback has been shown to constitute an
effective informational nudge, under the paternalistic view of nudging.
We grounded our reasoning in the Cognitive Evaluation Theory (Deci
and Ryan, 1985; Gagné and Deci, 2005; Ryan and Deci, 2000a; Shi et al.,
2017), which we propose as a theoretical basis for the
informational-nudging heuristic. Given that collecting data about per-
sonal electricity consumption is crucial for the environmentally-related
aim of the project, we also highlighted how feedback increase in-
dividuals’ motivation to contribute to citizen science projects. In so
doing, we sought to advance the literature on methodologies for
increasing citizen scientists’ motivation (Cappa et al., 2018, 2016b;
Franzoni and Sauermann, 2014; Laut et al., 2017; Nov et al., 2014;
Palermo et al., 2017b; Schroer and Hertel, 2009), by theorizing and
empirically assessing the positive effect of detailed feedback. Our results
further suggest that feedback can bolster participants’ awareness of
environmentally-related topics and objectives, which is another deliv-
erable for policymakers and researchers. Therefore, we evidenced the
feasibility of combining the two frameworks of nudging and citizen
science bringing benefits to researchers, individuals and society as a
whole. The combination of empirical measures to assess citizens’
motivation (surveys, a web-based platform, and electroencephalog-
raphy (EEG) measurements) constitutes another contribution of this
work, toward a new synergistic standard for studying citizens’ response.

The paper is organized as follows: in Section 2, we report the theo-
retical basis and the hypotheses of the study; in Section 3, we detail the
methodology of the statistical analyses; and, in Section 4, we highlight
the outcomes of the analyses. In Section 5, we discuss our results and
comment on the contributions, limitations, and potential area of further
inquiry of our research. Finally, in Section 6, we report the conclusions
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of our study.
2. Theoretical background and hypotheses

Nudges are aimed at inducing people to take what they would
recognize as better decisions if they were experts in the field (Thaler and
Sunstein, 2008). The assumption is that humans tend to make irrational,
wrong choices in a systematic way (Lehner et al., 2016). Human beings
are not perfect decision makers: they mainly rely on the so-called
“System 1” thinking, which is fast and automatic, or on the slow and
effortful reasoning underlying “System 2” thinking (Kahneman, 2003; Li
and Chapman, 2013). Nudges leverage heuristics to simplify the
decision-choice process by making the desired behavior more intuitive
for individuals (Thaler and Sunstein, 2008). Following the paternalistic
view of nudging, however, individuals are free to decide their preferred
behavior without any imposing mechanism. In so doing, nudges follow a
top-down approach where the flow of information is from organizations
to individuals, but without employing the use of any enforcing mecha-
nisms, such as punishments or overemphasizing the consequences of the
choices. Thus, nudging leaves individuals with complete autonomy in
their decision-making process (Thaler and Sunstein, 2008).

Different methods can be used for nudging individuals (Kahneman,
2012; Rivers et al., 2017; Sunstein, 2015a, 2015b, 2014), and successful
applications of nudging were demonstrated in several contexts, such as
promoting savings accounts, college enrollment, health insurance cam-
paigns, and donations to programs in marine coastal management
(Benartzi et al., 2017; Clark et al., 2014; Dai et al., 2017; Lehner et al.,
2016; Nelson et al., 2019; Rogers et al., 2015; Thaler and Benartzi,
2004). As human behavior continues to be at the core of many complex
environmental problems, nudging may also become critical to direct the
general public toward meeting the Grand Challenges (Li et al., 2016;
Schubert, 2017), i.e., pressing societal issues such as the reduction of
electricity costs and emissions in the atmosphere. While previous studies
leveraged social comparisons and incentives for nudging energy savings
(Abrahamse et al., 2007; Agarwal et al., 2017; Allcott and Rogers, 2012;
Benartzi et al., 2017), we employ detailed feedback based on publicly
available information as a nudge for citizens’ decisions in
energy-demand management.

The context of this study is an ongoing energy-demand-management
project, aimed at reducing greenhouse gases and pollutant emissions
related to electricity usage, a goal that almost all nations have now
endorsed (Abrahamse et al., 2007; Fagerberg, 2018; United Nations,
2018; 2015). Finding effective solutions to tackle costs and emissions
related to energy consumption is of fundamental importance for our
society (Agarwal et al., 2017), and it requires technological innovation,
changes in governance structure, and interventions in citizens’ ways of
life (Fagerberg, 2018). In fact, households account for around 20% of the
overall amount of emissions in the United States and in the European
Union (Abrahamse et al., 2007; Eurostat, 2017), and electricity con-
sumption in buildings is responsible for almost half of the world’s
electricity consumption (Berardi, 2016). Three different strategies can
be implemented to decrease buildings’ electricity-related costs and
emissions: (i) a greater efficiency of energy plants, (ii) a lower
energy-demand, and (iii) better coupling of energy production and use
(Cappa et al., 2015; Corgnati et al., 2017). The last element, which is the
focus of our study, is known as energy-demand management. It relates to
the fact that demand peaks, which occur in the middle of workdays,
force energy carriers to utilize inefficient plants that are effective for
only a few hours a day, and they cause higher costs, greenhouse gases,
and other pollutant emissions (Fagerberg, 2018). The possible deferral
of electricity usage (e.g., dishwasher cycle) could allow reducing costs
for households and diminishing global emissions (Zhou et al., 2016).

On a global scale, nudging individuals toward better behavior by
deferring energy usage might be more feasible than decreasing their
overall consumption. Therefore, feedback tailored to each individual
may provide more comprehensible information useful to make better
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decisions, while leaving them the freedom of choice. In this work, we
tackle the limited awareness of citizens that could lead them to dismiss
relevant, publicly available information about the consequences of their
decisions in appliances usage (Bazerman and Sezer, 2016), by providing
them with detailed, customized feedback. Grounding our study in
Cognitive Evaluation Theory (Deci and Ryan, 1985; Gagneé and Deci,
2005; Ryan and Deci, 2000a; Shi et al., 2017), we argue that providing
detailed and ready-for-actual-use information should facilitate individ-
ual cognitive evaluation of their possible behavioral opportunities and,
consequently, it might improve their attitude toward following the
suggested behavior. We thus made information that is publicly available
more readily useable, highlighting aspects that are not usually taken into
account in decision-making by individuals due to their complexity. The
aim of the proposed informational nudge was to stimulate citizens to
adopt more environmentally-friendly and sustainable behaviors in the
context of energy-demand management. In particular, the setting of this
study was the B.E. Smart project, which stands for “Building Energy
Smart,” as it deals with electrical-appliance usage in the context of
residential energy-demand management, and its name can also be read —
itself a nudge — as “Be Smart,” a suggestion to individuals to adopt better
behavior.

We offered two types of feedback to nudge individuals, one aimed
toward personal benefit and the other toward societal benefit. The first
type of feedback contained information regarding personal electricity
cost savings that could be achieved by deferring appliance usage as
suggested. The second instance of feedback concerned additional in-
formation related to emission savings that could be spurred by following
the suggestion provided, thereby reducing pollution in the atmosphere.
These two types of feedback were tested separately as they impinged on
different benefits that can derive from energy-demand management,
namely cost reductions as a personal benefit and pollutant-emissions
reductions as a societal benefit. Based on the above considerations,
the first hypothesis we tested was the following:

Hypothesis 1. Feedback regarding personal or societal benefit, in energy-
demand-management projects, nudges individuals toward suggested
behavior.

The environmental aim of facilitating energy-demand management
is also related to the need of acquiring refined, personalized data about
individuals’ electricity usage. Knowledge about the preferred time for
each type of appliance usage may aid in planning energy production and
in identifying potential actions for reducing household-energy con-
sumption (Aristeidou et al., 2017; Cappa et al., 2015; Killion et al.,
2018). Therefore, the collection of data about citizens’ energy usage
may be extremely useful (Cotterill et al., 2009). Citizen science offers a
potent framework to address this need, by actively involving citizens, i.
e., “citizen scientists,” to satisfy scientific needs as set forth by profes-
sional scientists (Dean et al., 2018). Citizen science connects profes-
sional scientists with members of the public for scientific purposes, with
a particular emphasis on solving environmental issues (Rowbotham
et al., 2019; Turrini et al., 2018). In citizen science, individuals collab-
orate with professional researchers without any particular preliminary
knowledge required. Environmentally-related issues constitute a desir-
able context for citizen science, because it calls for extensive involve-
ment of citizens without imposing any technical background
requirement (Bonney et al., 2009; Crain et al., 2014; Dickinson et al.,
2012). Citizen science projects can be useful for: (i) professional re-
searchers, as massive datasets can be collected and used for scientific
purposes; (ii) participants, since scientific literacy and appreciation of
academic inquiry are enhanced; and (iii) society as a whole, as the
research projects often share an environmental focus that might benefit
the general public. To this end, the B.E. Smart project seeks to collect
data from citizens about their habits regarding appliance usage to allow
better planning of electricity production and usage.

Citizen science projects may follow a top-down logic, where scien-
tists and academic institutions or non-profit organizations set the project
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target and citizens are involved solely in data collection; or they may use
a bottom-up logic, where only the general traits are given by the pro-
fessional scientists and the research question and the analysis arise from
citizens’ contributions (Newman et al., 2012). In the B.E. Smart project,
the research question, protocol of data collection and data analysis
follow a top-down approach to citizen science (Killion et al., 2018;
Pocock et al., 2017), where citizens are involved as data ‘“sensors”
(Haklay, 2013; Wiggins and Crowston, 2015). The growth of citizen
science is facilitated by recent advancements in information technolo-
gies that enable people to easily access and collaborate with scientists,
thus overcoming geographical, social, cultural, and physical barriers
(Brossard et al., 2005; Cappa et al., 2016b). However, contributions
from citizen scientists are highly volatile, and several of these online
communities compete for volunteers, highlighting the need to devise
strategies for increasing citizen scientists’ motivation to participate
(Dahlander and Piezunka, 2014; Nov et al., 2014; Sauermann and
Franzoni, 2015; Tinati et al., 2017; Wald et al., 2016). Through this
targeted endeavor, we attempt to contribute to this field of research by
examining the feasibility of increasing motivation to participate in cit-
izen science projects through detailed, customized feedback. Citizen
scientists and professional researchers are often two disjointed com-
munities, and detailed information offered to citizen scientists is ex-
pected to constitute a novel experience that may benefit their motivation
to contribute, while drawing the two communities into a higher degree
of interaction.

Therefore, a second objective of this study was to test the use of
detailed, customized feedback, based on the impact of their behavioral
decisions and regarding the best time to use electrical appliances, as a
way to bolster motivation to contribute to a citizen science project. We
expected that providing citizens with information not commonly avail-
able to them would increase their engagement and enjoyment levels,
which are the main constituents of citizen scientists’ motivation (Aris-
teidou et al., 2017; Cappa et al., 2016b; Laut et al., 2017), and drive both
the initial decision to participate and the continued contributions over
time (Nov et al., 2014; Rotman et al., 2012).

Building again on Cognitive Evaluation Theory (Deci and Ryan,
1985; Gagné and Deci, 2005; Ryan and Deci, 2000a; Shi et al., 2017),
granting participants detailed feedback about their potential role toward
personal and societal benefits, i.e., cost savings and pollutant-emissions
reductions respectively, should enhance their motivation to contribute.
When citizens contribute as mere “sensors” of data, their cognitive
engagement is minimal, but providing them with additional information
through feedback may activate their cognitive process and further
motivate them to participate (Haklay, 2013). Moreover, feedback might
highlight to participants the importance of their continuing participa-
tion, thereby enhancing their motivation toward the achievement of the
scientific and societal aims (Deci and Ryan, 2012, 2000).

We expected that both types of feedback, i.e., cost savings as a per-
sonal benefit and pollutant-emissions reductions as a societal benefit,
should play a role. Previous research demonstrated that participants in
other crowd-based projects, like crowdsourcing for idea collection
(Cappa et al., 2019; Majchrzak and Malhotra, 2013) or crowdfunding for
funds collection (Cappa et al., 2020; Mollick, 2014), can be interested in
contributing due to the pleasure in favoring a common societal aim, i.e.,
intrinsic motivation, and/or in receiving a personal benefit, i.e.,
extrinsic motivation (Fiiller et al., 2011; Raddick et al., 2013). In citizen
science, which is another crowd-based project typology, participants are
mainly involved due to intrinsic motivation, i.e., the pleasure and
accomplishment in helping addressing an environmental issue (Cappa
et al., 2018; Franzoni and Sauermann, 2014; Sauermann and Franzoni,
2015). Tools that enhance extrinsic motivation, e.g., the use of a reward,
may crowd-out contributors who had been intrinsically motivated to
participate in voluntary activities such as citizen science (Fiorillo, 2011;
Ryan and Deci, 2000b; Seidel and Langner, 2015; Titmuss, 1998).
Feedback regarding pollutant-emissions reductions is clearly aligned
with the voluntary basis of citizen science, whereby it highlights a
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societal benefit that can be achieved through participation in the proj-
ect. On the other hand, feedback regarding personal cost-savings avoids
the risk of leaning toward a monetary reward that can crowd-out par-
ticipants. Such a feedback should be perceived as the reinforcement of
an already publicly available information, which would be made more
easily comprehensible and immediately useable. The two instances of
feedback are apt to leverage the intrinsic pleasure of contributing to the
citizen science projects in different ways. In fact, they provide two
different detailed areas of information that typically are not given to
participants, and, consequently, are tested separately, since the audi-
ence can be more affected by one or the other factor. Therefore, the
second hypothesis we tested is:

Hypothesis 2. Feedback regarding personal or societal benefits, in energy-
demand-management projects, increases citizen scientists’ motivation to
contribute.

In addition to nudging citizens and increasing their motivation to
contribute to citizen science projects, the feedback provided may also
improve their awareness of environmentally-related issues, which is
paramount for individuals to better understand the overall scientific
problem and to act accordingly (Pisello et al., 2017). Increased citizens’
awareness allows for sensitization about the environmentally-related
topic and, consequently, more cautious behavior (Church et al., 2018;
Jordan et al., 2011). Public literacy is another deliverable of citizen
science projects, and of great interest for policymakers (Bonney et al.,
2009; Sauermann and Franzoni, 2015; Science Europe, 2018; Turrini
et al.,, 2018). In fact, citizen science deals with delivering scientific
outcomes, in terms of data collection and potential analysis, and it also
aims at bringing about educational outcomes, in terms of improving
participants’ understanding of science and of environmentally-related
issues (Bonney et al., 2009). As previous studies found mixed results
with respect to increases in awareness levels after participating in citizen
science projects (Bonney et al., 2016, 2009; Druschke and Seltzer,
2012), there is a notable gap in documenting awareness improvements
in environmentally-related citizen science projects (Groulx et al., 2017).
We expect that the detailed customized feedback tested in this study,
which is not typically provided in regular citizen science projects, could
foster citizen scientists’ interest toward the projects’ aims, improving
their awareness about environmentally-related topics. This evidence
constituted the grounding for the third hypothesis of this study, that is:

Hypothesis 3. Feedback regarding personal or societal benefit in energy-
demand-management  projects  increases citizens’ awareness  of
environmentally-related issues.

Besides alternatively offering the two types of feedback to partici-
pants, we also exposed citizens to both of them simultaneously. Though
sharing similarities in their underlying theoretical groundings, the two
instances of feedback — based on personal and societal benefits respec-
tively — emphasize different types of information and can be used as
complements in increasing citizens’ motivation to contribute. Thus, in-
dividuals may acquire information related to both costs and emissions
connected to their energy usage, which leverage different aspects of
participants’ intrinsic motivation. The simultaneous presence of these
two detailed types of feedback supports the view that both individual
and societal benefits can be accomplished together (Bonaccorsi and
Rossi, 2003; Krishnamurthy et al., 2014). Therefore, we expected that
behavior, motivation, and awareness levels should all be influenced to a
greater extent by leveraging both types of feedback simultaneously.
From this assumption, the following fourth hypothesis was tested:

Hypothesis 4. Feedback regarding both personal and societal benefits
magnifies the positive impact on individuals’ nudged behavior toward a
suggested decision, on their motivation to contribute to the citizen science
project, and on their awareness about environmentally-related issues.

The four previously mentioned hypotheses are summarized in the
model shown in Fig. 1.
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Fig. 1. Hypotheses on the effect of feedback on citizens’ behavior toward suggested decisions, and citizen scientists’ motivation and awareness in energy-

demand management.
3. Research method

The present research was carried out by considering an active citizen
science project, B.E. Smart, which is the test bed of our hypotheses. The
project is based on an in-house developed, web-based platform for
inducing better behavior and for collecting citizens’ data in the context
of residential energy-demand management. The web-based platform
was created to connect citizen scientists with the project, collecting their
energy-usage preferences and offering them detailed, customized feed-
back, in terms of the consequences of their behavior for personal elec-
tricity costs and CO5 emissions, and suggesting the most convenient
hours to use domestic appliances.

In this study, we considered CO; as a proxy for greenhouse gas and
pollutant emissions, being it an environmentally harmful result of the
electricity production and usage. This classification of CO5 is in line with
recent policymakers’ orientation (see for example Environmental Pro-
tection Agency in USA (Barnes, 2014; Harder, 2014; Kintisch, 2011;
United States Environmental Protection Agency, 2018, 2015) and with
recent research articles and registered patents (Casas-Ledon et al., 2017;
Deng et al., 2016; Jin et al., 2017). By employing the above-mentioned
web-based platform, citizens were provided with different types of
feedback. We conducted randomized experiments, which are effective in
the estimation of causal effects (Imai et al., 2010), with four different
conditions.

To Group 0, the reference condition of our study, no detailed,
customized feedback was offered; rather, the group received only the
suggestion to defer their appliance usage for better energy-demand
management. This control condition emulates the typical environment
in which individuals conduct their daily behavioral choices, whereby
they might know that it could be better to run the appliances in the
evening but have no ready-for-actual-use information about the conse-
quent impact of their choice. Therefore, in this condition, participants
were provided with a suggestion on when it is better, for themselves and
for society at large, to defer the appliance usage but without having the
detailed, customized feedback about the specific effect of their behavior,
which was instead provided to the other treatment conditions. Partici-
pants assigned to Group la and 1b received feedback regarding the
impact of their behavioral change, in terms of cost savings as a personal
benefit or pollutant-emissions reductions as a societal benefit, respec-
tively. Finally, individuals in Group 2 received both types of feedback, i.
e., cost savings and pollutant-emissions reductions, together.

In line with other experimental studies about nudging (Lehmann
et al., 2016), we collected more than 30 participants per condition for a

total of 123 participants to conduct paired t-tests. The sample size is
sufficient for extrapolating statistically significant conclusions from our
results, based on the power analysis that was conducted. Participants
were recruited from a pool of students in an Italian University during the
academic year 2016-2017, and they contributed on a voluntary basis, as
authentic citizen scientists. The use of students permits having a ho-
mogenous pool for the experiment, allowing for the isolation of other
confounding variables that could have affected the results of the study.
As a confirmation of the suitability of such a sample of participants, the
involvement of students in experimental settings is increasing in scien-
tific research (Cappa et al., 2018; Druckman and Kam, 2011; Vanasupa
et al., 2011). Individuals were randomly assigned to one of the four
conditions (i.e., no feedback for Group 0, € savings for Group 1a, CO4
savings for Group 1b, and €+CO2 savings for Group 2), and they
participated anonymously.

The experimental set-up was composed of a portable stand; a laptop
computer; an in-house developed, web-based platform; a paper-based 7-
point Likert scale surveys; EEG helmet device to measure participants’
enjoyment and engagement levels from brainwaves. The synergistic use
of the above-mentioned several measures to investigate our hypotheses
was aimed at reducing common-method bias (Podsakoff et al., 2003).

3.1. Web-based platform

The in-house developed, web-based platform of the B.E. Smart
project provides clear, concise and easy-to-read web pages to partici-
pants, able to increase their awareness levels about energy consumption,
production and management, as well as about emissions in the atmo-
sphere. These contents can be found under the “Learn” tab on the
website (Figure A reported in the Supplementary Material). Users can
click on specific topics, e.g., “Global warming,” to receive a brief
explanation of each of the main issues related to the environmental aim
of the project, i.e., mitigating climate change.

In addition, the platform permits the users to be directly involved in
energy-demand-management procedures with respect to their appliance
usage, by means of the tab “Manage your consumption” (Fig. 2). Here,
users can insert: (i) the hours when they want to employ a given home
appliance, (ii) their location and (iii) the type of home appliance they
are going to use and its energy class, or, alternatively, the power [kW]
that the appliance requires.

The calculation of energy costs and CO3 savings is conducted auto-
matically by the web-based platform with an in-house developed algo-
rithm. Users receive real-time customized feedback about their
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B.E. Smart

First step - Fill the form

Insert your data and press Search

Admin

Username
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Whatisit? Manage your consumptions  Learn Contactus
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Device Washing Machine

c

kWh 24

QSEARCH 'O RESET SEARCH
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Specify power

Second step - Your results

Select a solution and press Finish

Schedule From

Single cycle CO2saving Average annual CO2saving

&
&

None I will not use any of the proposed solutions

Evening 20:00 23:59

31.2¢ 7800g

Fig. 2. B.E. Smart web-based platform feedback results after the algorithm computations for Group 1b. (Group 1a and 2 offer different feedback, i.e. € savings and
€+CO,, savings respectively, while Group 0 offer only the suggested time to which defer the appliance usage).

appliances usage, based on the information they have inserted. For this
study, the algorithm was based on the Italian electricity market, char-
acterized by a two-fee structure, i.e., different costs during peak and
non-peak electricity-usage hours. Based on these fee-structures, we
calculated the €/kWh and estimated the CO,/kWh savings that could be
achieved by shifting energy-demand from peak to non-peak hours. The
price for domestic users during non-peak hours was on average 0.01
€/kWh lower than during peak hours, i.e., Monday-Friday from 9 a.m.
to 7 p.m. (The Italian Regulatory Authority for Energy Networks and the
Environment, 2016). Similarly, we estimated the amount of CO, that
could be saved by shifting the electricity demand to non-peak hours to
be equal to 13 g CO2/kWh (The Italian Regulatory Authority for Energy
Networks and the Environment, 2011). The average amount of kWh per
each usage of the appliances was also estimated from the efficiency label
(“Energy Class™) used in the European Union, along with the typical
amount of usage cycles during an entire year. These computations
allowed us to estimate the € and CO5 savings per cycle and per year for
each of the appliances.

After allowing the user to insert information about the appliance (i.
e., type, location, efficiency level, and the time when it is planned to be
used), the website uses a proprietary algorithm to propose the closest
time for deferring the usage to reduce costs and/or emissions savings, or
eventually without any feedback in the case of control condition (Fig. 2).
The user is free to opt for deferring the appliance usage, thereby
accepting the suggestion, reported as first option on the website
following the nudging strategy to push towards better default options
(Richler, 2020), which intends to nudge the user toward better behavior,
or to continue with the initial plan, reported below the option to defer,
and thus ignore the feedback provided. The website allows the re-
searchers to keep track of the anonymous volunteers’ interactions with
the web-based platform by recording the users’ decisions about defer-
ring or non-deferring the appliance usage and recording the number of
the platform’s web pages that the user visited.

3.2. Data collection protocol

Individuals voluntarily approached the stand of the citizen science
project that housed the experimental set-up in an empty room of the
University. After receiving a brief explanation of the B.E. Smart project’s
aims and characteristics from a researcher present in the room, they
freely decided to participate, as is customary in common citizen science
projects (Aristeidou et al., 2017). Then, participants were randomly
assigned to one of the four group conditions, i.e., Group 0, 1a, 1b, and 2,
and they were unaware that other conditions existed. They were
requested to fill-in an initial survey containing questions related to their
propensity to contribute to energy savings and to citizen science pro-
jects, and to their awareness of environmental and energy issues. After
the completion of the initial survey, participants were required to wear
the EEG helmet device to measure their enjoyment and engagement
levels. Then, they started interacting with the website, freely choosing
whether or not to click on each tab. Upon completing the “Manage your
consumption” form on the website at least once, which constitutes the
data collection part for the scientific aim of the project, they could opt to
terminate the interaction whenever they wanted. The participants of this
experiment on average spent 10 min on the web-based platform, in line
with previous studies analyzing citizen scientist participation (Cappa
et al., 2018).

On the webmaster page, the website permits researchers to keep
track of which feedback the participant visualizes (i.e., € savings, CO2
savings, both of them, or neither of them), which webpages they visited,
how many times they run the algorithm, and whether they intend to
follow the suggested behavior in using the appliances.

To enhance the saliency of the interaction and standardize the
treatment, all the experiments were conducted during the peak hours of
electricity demand in Italy, thus from 12 p.m. to 4 p.m. After the
interaction with the web-based platform, a second survey was provided
to participants to again score their awareness and motivation to



F. Cappa et al.

contribute to the citizen science project. We collected participants’ data
before, during and after the experience on the B.E. Smart web-based
platform, and elaborated different measures, as described in the next
subsection.

3.3. Measures

The effectiveness of nudging citizens was assessed through the
amount of appliance-usage postponements, i.e., the number of behav-
ioral changes contained in participants’ responses (Measure A), as
indicated by their intention to follow the suggestions provided in the
feedback on the web-based platform. This number is an integer count
collected automatically by the web-based platform and associated with
each anonymous participant. Although this factor represents a measure
of intended behavior, it has been shown in literature that behavioral
intention is also an effective proxy of effective behavior (Nov et al.,
2014).

Individuals’ motivation to contribute to the citizen science project, i.
e., enjoyment and engagement levels — factors that are accepted as key
drivers of individuals’ motivation (Aristeidou et al., 2017; Cappa et al.,
2018, 2016b; Garcia Martinez, 2015) — were assessed through surveys
administered before and after the experiments (Measures Bland B2),
which allowed to collect discrete integer values from 1 to 7 about their
enjoyment and engagement. The 7-point Likert scale surveys are re-
ported in detail in Tables A and B in the Supplementary Material.
Moreover, participants’ motivation was also assessed by means of EEG
measurements (Measure B3 for enjoyment and Measure B4 for engage-
ment), which provide measured values rather than self-declared mea-
sures such as surveys. In fact, the EEG device was used to complement
results of the surveys, which might be skewed due to participants’
social-desirability bias (Moorman and Podsakoff, 1992), in order to
avoid the common method bias (Podsakoff et al., 2003). The Emotiv
Epoc portable EEG device (“Emotiv,” 2017) used in this study was able
to record brain activity through electrodes and to translate it into
motivation measures (Duvinage et al., 2013; Schroer and Hertel, 2009).
Through a proprietary algorithm, the EEG helmet provides instanta-
neous enjoyment and engagement continuous values, each ranging from
0 to 1 at a sampling rate of 128 Hz (Mihajlovic et al., 2014; Palermo
et al,, 2017a). From these measurements collected throughout the
experiment, we computed the average values for each participant. In
addition, we measured the number of direct contributions on the
web-based platform of each individual during the experiment (Measure
B5), i.e., the number of appliance-information inserted into the soft-
ware. This number is a further measure of motivation, representing a
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Table 1
Experimental design: groups and measures.
Group 0 Group la Group 1b Group 2
Number of 30 31 31 31
observations
Feedback No Personal Societal Personal +
feedback benefit (€ benefit (CO, Societal benefits
savings) savings) (€4+CO, savings)
Measure A: Number of suggestions provided by the website that were
Behavioral accepted
change
Measure B: Enjoyment and engagement (self-reported from survey, measured
Motivation from EEG, and counted with the number of direct contributions
on the web-based platform)
Measure C: Number of web pages that were read (from the website) and
Awareness awareness increase from the surveys (one collected before and

one after the interaction with the web-based platform)

proxy focused on long-term oriented motivation, which is crucial toward
the sustained participation of individuals (Sauermann and Franzoni,
2015).

With respect to awareness of environmentally-related topics in the
citizen science project, two measures were collected. First, we counted
the number of web pages opened by participants (Measure C1), which
contains information about electricity production, emissions in the at-
mosphere, and global-warming issues. This number, collected auto-
matically by the web-based platform, is a proxy of the awareness
increase achieved by accessing information on these specific topics.
Second, the increase in awareness brought about by participating in this
citizen science project was also assessed by comparing the results of the
two surveys, evidenced as an effective method for the specific aim
mentioned (Bonney et al., 2009), i.e., the one completed before the
experiment and the one after the interaction with the website, with
particular reference to questions related to participants’ awareness of
environmentally-related activities (Measure C2). As for the previous
measures collected through surveys, we collected responses ranging
from 1 to 7, reported in greater detail in the Supplementary Material.

The above-introduced measures are summarized in Table 1, and the
relative descriptive statistics are reported in Table 2.

3.4. Statistical analyses

The statistical analyses were conducted with SPSS software (release
17). To assess the positive impact that the feedback has on citizens’
behavioral changes, motivation to contribute and awareness, paired t-
tests were conducted between the different feedback groups and the

Table 2
Descriptive statistics: mean values for each measure, standard deviations are in parentheses.
Group 0 Group la Group 1b Group 2
Number of observations 30 31 31 31
Feedback No feedback € savings CO, savings €+CO, savings
Measure A: Behavioral change 1.66 2.37 2.22 2.61
Number of suggestions accepted (0.71) (1.34) (0.80) (0.84)
Measure B1: Motivation 9.16 10.67 11.16 12.35
Enjoyment survey (1.01) (1.51) (1.29) (1.33)
Measure B2: Motivation 8.80 10.29 10.93 11.35
Engagement survey (1.15) (1.50) (1.31) (1.62)
Measure B3: Motivation 0.27 0.42 0.51 0.67
Enjoyment EEG (0.16) 0.17) (0.21) (0.21)
Measure B4: Motivation 0.55 0.58 0.60 0.60
Engagement EEG (0.07) (0.04) (0.08) (0.07)
Measure B5: Number of direct contributions 1.67 2.23 2.34 2.61
(0.71) (0.80) (1.39) (0.84)
Measure C1: Awareness 2.03 3.24 4.06 4
Number of web pages read (1.37) (1.29) (1.65) (1.18)
Measure C2: Awareness 0.96 2.76 4.58 3.54
Increase in survey responses (1.88) (4.12) (4.01) (4.66)
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reference group (Hypotheses 1, 2 and 3). Moreover, the effects brought
about by the simultaneous presence of two types of feedback were also
tested with respect to reference and single feedback conditions (Hy-
pothesis 4).

4. Results

Both the instances of feedback — provided separately — were able to
nudge citizens in shifting their appliance usage toward better energy-
demand management, thereby attaining lower individual costs and
emissions in the atmosphere (p < 0.001). These claims offer compelling
evidence in favor of Hypothesis 1.

In addition, the outcomes of the statistical analyses offer evidence on
how motivation, i.e., enjoyment and engagement levels, increases when
feedback is provided. Both the types of feedback provided to citizen
scientists, i.e., personal cost saving and emissions reductions, led to a
significant increase in their motivation to contribute to the citizen sci-
ence project (p < 0.001). These results are consistent when looking at
surveys’ declared values, EEG measured values, and number of direct
contributions during the experiment, thereby supporting Hypothesis 2.

Each of the instances of feedback was also successful in improving
the awareness of participants with respect to the environmental issues of
the project. This result is evidenced by the significant increases in survey
marks regarding the awareness about the environmental issues consid-
ered and by the number of visited web pages on the web-based platform
(p < 0.05 and p < 0.001, respectively). Both these improvements offer
support for Hypothesis 3.

The results of the above-mentioned t-tests between treatment groups
with one instance of feedback, i.e., Group 1a and 1b, and the reference
condition, i.e., Group 0, are reported in Table 3.

We also tested the effectiveness of the contemporaneous provision of
the two types of feedback, with respect to the reference condition
(Group 0), and with respect to both of the conditions in which feedback
was individually provided (Group la and Group 1b). The simultaneous
presentation of the two types of feedback offers a statistically significant
improvement with respect to the reference condition. However, the
positive effect is significantly greater only in some of the tested metrics
with respect to the conditions with just one type of feedback. Therefore,
we conclude that Hypothesis 4 is partially supported by our experi-
ments. The above-mentioned results are reported in Table 4.

Table 3

Results of t-test between Group 0, and Group 1a and Group 1b for each measure.
The average difference and significance level are reported (* stands for p < 0.10;
** for p < 0.05; and *** for p < 0.01).

€ savings with respect to
No-feedback (Group la —

CO2 savings with respect
to No-feedback (Group 1b

Group 0) — Group 0)

Measure A: Behavior 0.71%%* 0.55%*
change
Number of
suggestions accepted

Measure B1: Motivation ~ 1.50*** 2.007%**
Enjoyment survey

Measure B2: Motivation 1.53%** 2.20%**
Engagement survey

Measure B3: Motivation 0.16%** 0.25%**
Enjoyment EEG

Measure B4: Motivation ~ 0.06*** 0.04**
Engagement EEG

Measure B5: Number of ~ 0.56** 0.67**
direct contributions

Measure C1: Awareness 1.06%* 2.00%**
Number of web pages
read

Measure C2: Awareness 1.80%* 3.61%**

Increase in survey
responses
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Table 4

Results of t-test between Group 2 and the other groups (Group 0, 1a and 1b). The
average difference and significance level are also reported (* stands for p < 0.10;
** for p < 0.05; *** and for p < 0.01).

CO; + € savings
with respect to No
feedback (Group 2

CO; + € savings
with respect to €
savings (Group 2

CO; + € savings
with respect to
CO,, savings

— Group 0) — Group la) (Group 2 - Group

1b)

Measure A: 0.94%** 0.26 0.38*
Behavior change
Number of
suggestions
accepted

Measure B1: 3.22%%** 1.67%** 1.19%**
Motivation
Enjoyment
survey

Measure B2:
Motivation
Engagement
survey

Measure B3:
Motivation
Enjoyment EEG

Measure B4:
Motivation
Engagement EEG

Measure B5:
Number of direct
contributions

Measure C1:
Awareness
Number of web
pages read

Measure C2:
Awareness
Increase in

survey responses

2.56%** 1.06** 0.41

0.41%%*

0.25%**

0.16%**

0.05** 0.013 0.009

0.94%** 0.38* 0.27

1.90%** 0.83** 0.09

2.58%** 0.78 1.03

5. Discussion

Our study, grounded in the Cognitive Evaluation Theory, highlights
the effectiveness of nudges in the context of environmentally-related
behavior, where potential benefits pertain to both individuals and so-
ciety at large. We studied the effectiveness of detailed, customized
feedback as informational nudge, i.e., making information more
comprehensible to the public (Thaler and Sunstein, 2008) in order to
influence individuals’ behavior for better energy-demand management.
The feedback used to nudge the behavior of households with respect to
their appliances usage was designed upon information that is publicly
available, but that is not commonly taken into consideration in decision
making by individuals because it is not easily comprehensible. By
quantifying the positive effects brought about by different combinations
of feedback - i.e., related either to cost savings as a personal benefit, to
emissions reductions as a societal benefit, or both of them — we provide
evidence of the effectiveness of nudging interventions in the context of
energy-demand management.

The informational nudge was offered to participants without using
manipulative tactics, such as exaggerating the consequences of their
actions, which could force them toward a presumably best choice via
incentives or fees, or by presenting overly-pessimistic statements
(Momsen and Stoerk, 2014; Rivers et al., 2017). Following the pater-
nalistic view of nudging, participants maintained their decision-making
autonomy, while receiving detailed and customized information, (Del-
mas et al., 2013; Thaler and Sunstein, 2008). Therefore, the trust rela-
tionship between scientists and citizens, and more broadly policymakers
and citizens, will likely be preserved, while offering the possibility of
modulating human behavior. These informational nudges do not
impinge on the amount of energy used by households, but are intended
to optimize energy usage with respect to peak demand and energy
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production. Hence, they are expected to be more easily accepted by
citizens with respect to other policies focusing on decreasing the overall
energy-demand (Abrahamse et al., 2007; Corgnati et al., 2017; Delmas
et al., 2013; Fischer, 2008) or on increasing the acceptability of
energy-related decisions (Steinhorst and Matthies, 2016). Considering
that the web-based platform developed and used for this project can
reach a wide audience worldwide, this study further evidences how
information technology can enhance nudging implementations (Cas-
tellacci and Tveito, 2018).

In addition, our study explored how to motivate people to contribute
to citizen science projects for scientific purposes. Indeed, people can be
involved in science as active and informed subjects leading to significant
technical progress by collecting data for professional scientists. It is
increasingly clear that “research consortia” involving citizens and pro-
fessional researchers can foster responsible research aimed at addressing
society’s Grand Challenges (Stilgoe et al., 2013; van Oost et al., 2016).
Since citizens might be involved worldwide in
energy-demand-management projects, it is tenable to provide profes-
sional scientists with data about household energy consumption for
better energy-demand-management planning. Collecting large amounts
of data is crucial for environmental issues, aimed toward gaining useful
insights for policymaking and remedial strategies (Zhou et al., 2016).
Therefore, motivating citizens to contribute to citizen science is critical
to collect great amounts of data for scientific purposes. Based on
Cognitive Evaluation Theory, the provision of feedback is able to
effectively motivate citizens to participate in the project by leveraging
their cognitive engagement. Improvement in participants’ motivation
was documented through surveys (self-declared values of enjoyment
and engagement levels), EEG measurements (measured values of
enjoyment and engagement levels), and number of direct contributions
(count of contributions on the web-based platform). The use of three
types of measures reduces common method biases (Podsakoff et al.,
2003) and strengthens the validity of the outcomes of this study.

The detailed, customized feedback offered to citizens was also
effective in increasing their awareness levels on environmentally-related
topics, which is critical for the success of citizen science projects and for
policymaking in general. In fact, the increase of citizens’ awareness on
these topics may further aid better planning of electricity usage by
increasing the sensitization of people toward this matter. While
Druschke and Seltzer (2012) found that when contributing to citizen
science, individuals do not achieve the educational goal required,
through this study we show that providing citizen scientists feedback
that contains ready-for-actual-use information may increase their
awareness in the environmentally-related aim of the project. While
scholars have largely relied on surveys to assess the awareness level
(Bonney et al., 2016, 2009; Druschke and Seltzer, 2012), our results are
validated by the use of surveys and of the effective number of webpages
opened. Given the breadth of citizen science projects and the large basis
of prospective volunteers, this claim bears considerable relevance.

Finally, offering both types of feedback about personal and societal
benefits - i.e., those related to personal cost as well as to emissions
savings — was found to be beneficial with respect to the control condi-
tion, but it was not conducive to increases in all the measures analyzed
with respect to single-feedback conditions. In particular, a significantly
stronger effect on citizens’ behavioral changes, motivation and aware-
ness levels was not consistently revealed in all the metrics with respect
to the single-feedback condition. This result might be due to a ceiling
effect, whereby a single instance of feedback is sufficient to nudge
participants, keep them motivated to contribute, and increase their
awareness.

5.1. Contributions
With this study, we contribute a better scientific understanding of

nudging and citizen science in several ways. First, we provide a theo-
retical grounding of the nudging framework based on information
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heuristics. We based our study on Cognitive Evaluation Theory (Deci
and Ryan, 1985; Gagné and Deci, 2005; Ryan and Deci, 2000a; Shi et al.,
2017) to support the effectiveness of feedback under the paternalistic
view of nudging (Thaler and Sunstein, 2008). This result is relevant to
achieve a better comprehension of how informational nudges can sup-
port their broader implementation. By providing empirical evidence of
the effects of two types of feedback — i.e., one based on energy cost
savings as a personal benefit and another based on emissions reduction
as a societal benefit — within an energy-demand-management project,
we enrich the toolbox of effective nudges and widen the context where
nudging contributes positive effects (Thaler and Sunstein, 2008). The
nudges used in this study are based on detailed feedback, rather than
additional incentives or comparisons with neighbors to drive people
behavior as done in previous studies (Allcott and Kessler, 2019; Allcott
and Rogers, 2012; Delmas et al., 2013; Myers and Majluf, 1984;
Sudarshan, 2017). The nudging aim is not for reducing the overall
households’ energy demand (Abrahamse et al., 2007; Agarwal et al.,
2017; Allcott and Kessler, 2019; Allcott and Rogers, 2012; Delmas et al.,
2013; Myers and Souza, 2020; Sudarshan, 2017), for promoting an en-
ergy audit (Gillingham and Tsvetanov, 2018) or for favoring the adop-
tion of energy from renewables (Momsen and Stoerk, 2014), but rather
to encourage a better alignment of energy production and consumption.
For these reasons, the typology and aim of the nudges used in this study
is likely to more easily implementable worldwide. In so doing, we
respond to the call for evaluating additional types of nudges that can
shape the behavior of citizens toward environmental aims (Benartzi
et al., 2017; Costa and Kahn, 2013).

A second contribution of this study is the evidence of the effective-
ness above-mentioned types of detailed and customized feedback as
mechanisms to increase individuals’ motivation to contribute to citizen
science projects. Considering that several citizen science projects fail
over time due to limited volunteer participation, the study of motivation
underlying participation in online platforms has attracted significant
scholarly attention in recent years (Franzoni and Sauermann, 2014; Nov
et al., 2014; Palermo et al., 2017b; Schroer and Hertel, 2009). Recent
studies focused on face-to-face interactions with researchers, rewards
for contributing, and comparison with virtual competitors to positively
influence volunteers’ motivation to participate in citizen science (Cappa
et al., 2018, 2016b; Laut et al., 2017). Through this targeted endeavor,
we contribute to this field of research by documenting the feasibility of
increasing motivation to participate in citizen science through detailed,
customized feedback offered to participants. Through this research, we
highlight how Cognitive Evaluation Theory could be the appropriate
theoretical scheme to explain the increase of citizens’ motivation
through the use of feedback. Providing participants with detailed un-
derstanding about their potential role toward cost savings and
pollutant-emissions reductions makes it possible to enhance their
cognitive involvement and therefore their motivation to contribute.
Given the scope of the B.E. Smart project, in which citizen scientists
serve as data “sensors,” their cognitive engagement is minimal. Hence,
providing them with additional information could activate their cogni-
tive process and further motivate them to participate (Haklay, 2013).
Moreover, the detailed, customized feedback will involve citizens as
active and informed contributors to scientific projects, letting them
decide what and how much data to share with the scientists, thereby
fostering their motivation toward the achievement of the scientific and
societal aims at stake (Deci and Ryan, 2012, 2000). We also empirically
quantified the benefits of detailed, customized feedback to motivate
citizen scientists to participate, adding to the stream of literature about
increasing volunteers’ motivation in citizen science (Cappa et al., 2016b;
Laut et al., 2017; Oreg and Nov, 2008; Palermo et al., 2017b; Raddick
et al., 2013).

In addition to nudging citizens’ behavior and increasing their moti-
vation to participate in data collection, we also report that the feedback
provided may improve their awareness of environmentally-related is-
sues, which is paramount for them to better understand the overall
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scientific problem and to act accordingly (Pisello et al., 2017). In fact,
general public literacy is another deliverable of citizen science projects,
and it is of great interest for policymakers (Bonney et al., 2009; Science
Europe, 2018; Turrini et al., 2018). Considering the empirical context of
this study, almost 40% of the global population remains unaware of
greenhouse gases and pollutant-emissions issues, while research exam-
ining climate change as a social-mobilization problem recognizes the
need to foster individual awareness (Groulx et al., 2017). Therefore, our
research contributes to such a need of increasing the general
public-awareness about environmentally-related issues, by supporting
the effectiveness of detailed, customized feedback toward this aim.

In a broader view of our results, a further contribution of this
research is to document the effectiveness of the simultaneous applica-
tion of nudging and citizen science, which can function as comple-
mentary frameworks to address the Grand Challenges. In fact, both
nudging and citizen science are here construed within a top-down
relationship between academic researchers and citizens, and they can
be synergistically implemented. We measured and presented the
environmentally-related benefits brought about by the use of feedback
in terms of nudged behavior, of increased motivation to contribute to
citizen science projects, and of improved citizen awareness levels. By so
doing, we propose that integrating these two frameworks can be effec-
tive in benefiting individuals and society as a whole.

An additional contribution of this study is the combination of EEG
measurements and surveys that may offer a new standard by which to
conduct empirical research on motivation in citizen science and related
fields of study. While previous studies on design interventions to
enhance participants’ motivation have largely relied on surveys (Cappa
et al., 2016b), we integrated surveys with EEG measurements to avoid
common method and social desirability biases (Moorman and Podsakoff,
1992; Podsakoff et al., 2003). The combination of self-declared and
measured values constitutes a promising approach to reinforce the val-
idity of empirical findings. Because EEG devices will become more
portable and more readily available on the market throughout the
coming years, demonstrating their consistency with respect to tradi-
tional survey instruments is another merit of this work.

5.2. Policy implications

Technological innovations are not the only factors that can play a
role in tackling the Grand Challenges; good policy models should also be
developed to this end (Fagerberg, 2018). Through recent advancements
in information technologies, we highlighted that nudging can be an
effective tool to involve individuals toward the achievement of these
societal aims by directing people toward better behavior. As part of this
trend, the United States started a new, national research team devoted to
this topic, called the “Social and Behavioral Science Team” (Obama,
2015), aimed at inducing people to make better decisions. Within this
realm, research consortia that foster citizen science can play a critical
role, as demonstrated by the integration of citizen science elements in
the Transparency and Participation Act in Germany(Kuhlmann and Rip,
2018). The importance of citizen science is also supported by the forum
organized by the US White House in 2015, where it was proposed that
“members of the public can advance scientific knowledge and benefit
society” (Science Europe, 2018). Our study prompts policymakers to
favor the simultaneous implementation of nudging and citizen science
for addressing the Grand Challenges.

The premise of including individuals in research activities dates back
several decades with customer co-creation and lead-user practices
(Herstatt and Von Hippel, 1992; von Hippel, 1986, 1976). In those
contexts, the benefits were mainly private: for companies — which were
able to deliver better innovations, and for customers — who could obtain
better products and, albeit seldom, be rewarded. With the improvement
of information technologies, the last decade has seen several new
open-source communities, where individuals, rather than selected lead
users, could offer their time in exchange for different kinds of monetary
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and non-monetary rewards (Bonaccorsi and Rossi, 2003; Fitzgerald,
2006; Roberts et al., 2006; von Krogh et al., 2012). This combination of
collective gains and private benefits has fostered the diffusion of
private-collective innovation models (von Hippel and von Krogh, 2006;
von Hippel and von Krogh, 2003). By offering empirical support to the
benefits of feedback in nudging and citizen science, we seek to lay the
foundations for a private-collective research and sustainability model,
which might be a policymaking focus over the coming years. In this
model, individuals who might not meet any specific knowledge re-
quirements could be involved for personal private gain in terms of
reduced costs and increased literacy. Simultaneously, they can collect a
massive dataset and embrace a better behavior for the public interest, in
terms of reduced pollutant emissions. Thus, through the use of detailed,
customized feedback, we may simultaneously enhance all three pillars of
sustainability (Cappa et al., 2016a): environmental sustainability, by
reducing pollutant emissions; social sustainability, by improving the
general public awareness level; and economic sustainability, by poten-
tially allowing cost saving for families.

6. Conclusions

With this study, we contribute some advancements of scientific
knowledge about nudging and citizen science frameworks, through a
theoretical grounding for their joint implementation and the quantifi-
cation of their positive effects toward addressing the Grand Challenges.
More specifically, in the context of an energy-demand management
project, we provide evidence of the effectiveness of detailed, customized
feedback in nudging citizens’ behavior, in increasing their motivation to
contribute to citizen science projects and in improving their awareness
levels about environmentally-related issues. In so doing, we highlight
the feasibility of the simultaneous application of these two frameworks
towards the above-mentioned aims. Overall, the outcomes of this
research advance the academic understanding of nudging and citizen
science, and we provide professional researchers and policymakers with
insight on how to better involve citizens — using detailed, customized
feedback - toward a more sustainable society.

Our study is not free of limitations, which also pave the way for
several future developments. While we measured the intention to
behave in certain ways — following previous studies that evidenced how
intention to behave is a good proxy of effective behavior (Nov et al.,
2014) - future studies should explore how individuals effectively behave
at home in real life conditions. Along the same lines, another interesting
research effort might be a longitudinal study on the positive effects
brought about by the feedback tested in this study to determine the
durability of nudged behavior. We analyzed the effects of different types
of feedback on nudged behavior, motivation to contribute to citizen
science, and awareness levels of citizen scientists — all separately and
simultaneously. Future research should explore the eventual mediation
effects of these aspects (Imai et al., 2010). Likewise, another promising
future research direction might be the extension of our findings in other
environmentally-related projects, especially considering the numerous
pressing Grand Challenges we face (Foray et al., 2012).

The outcomes of this study apply to the involvement of citizens as
“sensors” for citizen science projects, i.e., individuals active in data
collection. Future research should analyze how the feedback is also
effective in other types of citizen science where, for example, individuals
are active in data analysis. Moreover, as this research analyzed the
positive effects brought about by feedback on citizen scientists’ moti-
vation, which the literature has indicated as a driver of intention of
participation that can vary over time (Sauermann and Franzoni, 2015),
future research may analyze the time evolution of motivation.
Furthermore, while in this study we used students as the pool of par-
ticipants for our experiments, to isolate the results from other con-
founding effects (Cappa et al., 2018; Druckman and Kam, 2011;
Vanasupa et al., 2011), future studies should extend the findings of this
study by testing them with a broader audience.
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Given our focus on the effects of CO,, future studies should also
evaluate the effects of feedback based on other types of pollutants
emitted in atmosphere to assess which may be the most effective.
Another limitation that we acknowledge is that EEG measurements are
generally time consuming, thereby challenging the feasibility of large-
scale experiments. This limitation is partially evidenced by the num-
ber of participants involved in the experiments, although our findings
seem rather robust with respect to the sample size. Thus, a future line of
research might involve a larger sample to further validate the results.
Another promising line of future research could entail the identification
of the individuals’ profiles that best fit each instance of the feedback
provided, toward pinpointing targeted audiences for each of the feed-
back analyzed in this study.

Funding

This work was supported by the National Science Foundation under
grant numbers CBET-1547864 and CMMI-1644828. Francesco Cappa
and Federica Rosso would also like to gratefully acknowledge Ermene-
gildo Zegna that supported their research thanks to the EZ Founder’s
Scholarship 2017-2018, 2018-2019 and 2019-2020. The funders had
no role in study design, data collection and analysis, decision to publish,
or preparation of the manuscript.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

CRediT authorship contribution statement

Francesco Cappa: Conceptualization, Methodology, Investigation,
Data curation, Formal analysis, Software, Visualization, Funding
acquisition, Resources, Validation, Writing - original draft, Writing -
review & editing, Project administration. Federica Rosso: Conceptu-
alization, Methodology, Data curation, Visualization, Funding acquisi-
tion, Validation, Writing - original draft, Writing - review & editing.
Luca Giustiniano: Conceptualization, Resources, Validation, Writing -
review & editing, Supervision. Maurizio Porfiri: Conceptualization,
Funding acquisition, Resources, Validation, Writing - review & editing,
Supervision.

Acknowledgements

The authors are grateful to Prof. Massimo Egidi for the useful com-
ments provided to develop this study, to Prof. Di Cagno for the valuable
suggestions and help in conducting experiments, and to Gianluca
Squarcia for the support in developing the web-based platform.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jenvman.2020.110759.

References

Abrahamse, W., Steg, L., Vlek, C., Rothengatter, T., 2007. The effect of tailored
information, goal setting, and tailored feedback on household energy use, energy-
related behaviors, and behavioral antecedents. J. Environ. Psychol. 27, 265-276.
https://doi.org/10.1016/j.jenvp.2007.08.002.

Afuah, A., Tucci, C.L., 2013. Value capture and crowdsourcing. Acad. Manag. Rev. 38,
457-460. https://doi.org/10.5465/amr.2012.0423.

Agarwal, S., Rengarajan, S., Sing, T.F., Yang, Y., 2017. Nudges from school children and
electricity conservation: evidence from the “Project Carbon Zero” campaign in
Singapore. Energy Econ. 61, 29-41. https://doi.org/10.1016/j.eneco.2016.10.014.

11

Journal of Environmental Management 269 (2020) 110759

Allcott, H., Kessler, J.B., 2019. The welfare effects of nudges: a case study of energy use
social comparisons. Am. Econ. J. Appl. Econ. 11, 236-276. https://doi.org/10.1257/
app.20170328.

Allcott, H., Rogers, T., 2012. The short-run and long-run effects of behavioral
interventions: experiment evidence from energy conservation. Am. Econ. Rev. 104,
3003-3037. https://doi.org/10.1257/aer.104.10.3003.

Aristeidou, M., Scanlon, E., Sharples, M., 2017. Profiles of engagement in online
communities of citizen science participation. Comput. Hum. Behav. 74, 246-256.
https://doi.org/10.1016/j.chb.2017.04.044.

Auerbach, J., Barthelmess, E.L., Cavalier, D., Cooper, C.B., Fenyk, H., Haklay, M.,
Hulbert, J.M., Kyba, C.C.M., Larson, L.R., Lewandowski, E., Shanley, L., 2019. The
problem with delineating narrow criteria for citizen science. Proc. Natl. Acad. Sci. U.
S.A. 31, 15336-15337. https://doi.org/10.1073/pnas.1909278116.

Barnes, R., 2014. Supreme Court: EPA Can Regulate Greenhouse Gas Emissions, with
Some Limits (Washington Post).

Bazerman, M.H., Sezer, O., 2016. Bounded awareness: implications for ethical decision
making. Organ. Behav. Hum. Decis. Process. 136, 95-105. https://doi.org/10.1016/
j.obhdp.2015.11.004.

Benartzi, S., Beshears, J., Milkman, K.L., Sunstein, C.R., Thaler, R.H., Shankar, M.,
Tucker-Ray, W., Congdon, W.J., Galing, S., 2017. Should governments invest more in
nudging? Psychol. Sci. 28, 1041-1055. https://doi.org/10.1177/
0956797617702501.

Berardi, U., 2016. A cross-country comparison of the building energy consumptions and
their trends. Resour. Conserv. Recycl. https://doi.org/10.1016/j.
resconrec.2016.03.014.

Bonaccorsi, A., Rossi, C., 2003. Why open source software can succeed. Res. Pol. 32,
1243-1258. https://doi.org/10.1016/50048-7333(03)00051-9.

Bonney, R., Cooper, C.B., Dickinson, J., Kelling, S., Phillips, T., Rosenberg, K.V., Shirk, J.,
2009. Citizen science: a developing tool for expanding science knowledge and
scientific literacy. Bioscience 59, 977-984. https://doi.org/10.1525/
bi0.2009.59.11.9.

Bonney, R., Phillips, T.B., Ballard, H.L., Enck, J.W., 2016. Can citizen science enhance
public understanding of science? Publ. Understand. Sci. 25, 2-16. https://doi.org/
10.1177/0963662515607406.

Brossard, D., Lewenstein, B., Bonney, R., 2005. Scientific knowledge and attitude change:
the impact of a citizen science project. Int. J. Sci. Educ. 27, 1099-1121. https://doi.
org/10.1080/09500690500069483.

Cappa, F., Del Sette, F., Hayes, D., Rosso, F., 2016a. How to deliver open sustainable
innovation: an integrated approach for a sustainable marketable product.
Sustainability 8, 1341. https://doi.org/10.3390/5u8121341.

Cappa, F., Facci, A.L., Ubertini, S., 2015. Proton exchange membrane fuel cell for
cooperating households: a convenient combined heat and power solution for
residential applications. Energy 90, 1229-1238. https://doi.org/10.1016/j.
energy.2015.06.092.

Cappa, F., Laut, J., Nov, O., Giustiniano, L., Porfiri, M., 2016b. Activating social
strategies: face-to-face interaction in technology-mediated citizen science.

J. Environ. Manag. 182, 374-384. https://doi.org/10.1016/j.jenvman.2016.07.092.

Cappa, F., Laut, J., Porfiri, M., Giustiniano, L., 2018. Bring them aboard: rewarding
participation in technology-mediated citizen science projects. Comput. Hum. Behav.
89, 246-257. https://doi.org/10.1016/j.chb.2018.08.017.

Cappa, F., Oriani, R., Pinelli, M., De Massis, A., 2019. When does crowdsourcing benefit
firm stock market performance. Res. Pol. 48, 103825. https://doi.org/10.1016/j.
respol.2019.103825.

Cappa, F., Pinelli, M., Maiolini, R., Leone, M.I., 2020. “Pledge” me your ears! the role of
narratives and narrator experience in explaining crowdfunding success. Small Bus.
Econ. https://doi.org/10.1007/s11187-020-00334-y (in press).

Casas-Ledon, Y., Spaudo, F., Arteaga-Pérez, L.E., 2017. Exergoenvironmental analysis of
a waste-based Integrated Combined Cycle (WICC) for heat and power production.
J. Clean. Prod. 164, 187-197. https://doi.org/10.1016/j.jclepro.2017.06.211.

Castellacci, F., Tveito, V., 2018. Internet use and well-being: a survey and a theoretical
framework. Res. Pol. 47, 308-325. https://doi.org/10.1016/j.respol.2017.11.007.

Church, S.P., Payne, L.B., Peel, S., Prokopy, L.S., 2018. Beyond water data: benefits to
volunteers and to local water from a citizen science program. J. Environ. Plann.
Manag. 1-21. https://doi.org/10.1080/09640568.2017.1415869.

Clark, R.L., Maki, J.A., Morrill, M.S., 2014. Can simple informational nudges increase
employee participation in a 401(k) plan? South. Econ. J. 80, 677-701. https://doi.
org/10.4284/0038-4038-2012.199.

Corgnati, S.P., Cotana, F., D’Oca, S., Pisello, A.L., Rosso, F., 2017. A cost-effective
human-based energy-retrofitting approach. In: Cost-Effective Energy Efficient
Building Retrofitting : Materials, Technologies, Optimization and Case Studies,

Pp- 219-255. https://doi.org/10.1016,/B978-0-08-101128-7.00008-3.

Costa, D.L., Kahn, M.E., 2013. Energy conservation “nudges” and environmentalist
ideology: evidence from a randomized residential electricity field experiment. J. Eur.
Econ. Assoc. 11, 680-702. https://doi.org/10.1111/jeea.12011.

Cotterill, S., John, P., Liu, H., Nomura, H., 2009. Mobilizing citizen effort to enhance
environmental outcomes: a randomized controlled trial of a door-to-door recycling
campaign. J. Environ. Manag. 91, 403-410. https://doi.org/10.1016/j.
jenvman.2009.09.010.

Crain, R., Cooper, C., Dickinson, J.L., 2014. Citizen science: a tool for integrating studies
of human and natural systems. Annu. Rev. Environ. Resour. 39, 641-665. https://
doi.org/10.1146/annurev-environ-030713-154609.

Dahlander, L., Piezunka, H., 2014. Open to suggestions: how organizations elicit
suggestions through proactive and reactive attention. Res. Pol. 43, 812-827. https://
doi.org/10.1016/j.respol.2013.06.006.


https://doi.org/10.1016/j.jenvman.2020.110759
https://doi.org/10.1016/j.jenvman.2020.110759
https://doi.org/10.1016/j.jenvp.2007.08.002
https://doi.org/10.5465/amr.2012.0423
https://doi.org/10.1016/j.eneco.2016.10.014
https://doi.org/10.1257/app.20170328
https://doi.org/10.1257/app.20170328
https://doi.org/10.1257/aer.104.10.3003
https://doi.org/10.1016/j.chb.2017.04.044
https://doi.org/10.1073/pnas.1909278116
http://refhub.elsevier.com/S0301-4797(20)30691-5/sref8
http://refhub.elsevier.com/S0301-4797(20)30691-5/sref8
https://doi.org/10.1016/j.obhdp.2015.11.004
https://doi.org/10.1016/j.obhdp.2015.11.004
https://doi.org/10.1177/0956797617702501
https://doi.org/10.1177/0956797617702501
https://doi.org/10.1016/j.resconrec.2016.03.014
https://doi.org/10.1016/j.resconrec.2016.03.014
https://doi.org/10.1016/S0048-7333(03)00051-9
https://doi.org/10.1525/bio.2009.59.11.9
https://doi.org/10.1525/bio.2009.59.11.9
https://doi.org/10.1177/0963662515607406
https://doi.org/10.1177/0963662515607406
https://doi.org/10.1080/09500690500069483
https://doi.org/10.1080/09500690500069483
https://doi.org/10.3390/su8121341
https://doi.org/10.1016/j.energy.2015.06.092
https://doi.org/10.1016/j.energy.2015.06.092
https://doi.org/10.1016/j.jenvman.2016.07.092
https://doi.org/10.1016/j.chb.2018.08.017
https://doi.org/10.1016/j.respol.2019.103825
https://doi.org/10.1016/j.respol.2019.103825
https://doi.org/10.1007/s11187-020-00334-y
https://doi.org/10.1016/j.jclepro.2017.06.211
https://doi.org/10.1016/j.respol.2017.11.007
https://doi.org/10.1080/09640568.2017.1415869
https://doi.org/10.4284/0038-4038-2012.199
https://doi.org/10.4284/0038-4038-2012.199
https://doi.org/10.1016/B978-0-08-101128-7.00008-3
https://doi.org/10.1111/jeea.12011
https://doi.org/10.1016/j.jenvman.2009.09.010
https://doi.org/10.1016/j.jenvman.2009.09.010
https://doi.org/10.1146/annurev-environ-030713-154609
https://doi.org/10.1146/annurev-environ-030713-154609
https://doi.org/10.1016/j.respol.2013.06.006
https://doi.org/10.1016/j.respol.2013.06.006

F. Cappa et al.

Dai, H., Mao, D., Volpp, K.G., Pearce, H.E., Relish, M.J., Lawnicki, V.F., Milkman, K.L.,
2017. The effect of interactive reminders on medication adherence: a randomized
trial. Prev. Med. 103, 98-102. https://doi.org/10.1016/j.ypmed.2017.07.019.

Dean, A.J., Church, E.K., Loder, J., Fielding, K.S., Wilson, K.A., 2018. How do marine and
coastal citizen science experiences foster environmental engagement? J. Environ.
Manag. https://doi.org/10.1016/j.jenvman.2018.02.080.

Deci, E.L., Ryan, R.M., 2012. Self-determination theory in health care and its relations to
motivational interviewing: a few comments. Int. J. Behav. Nutr. Phys. Activ. 9, 1-6.
https://doi.org/10.1186,/1479-5868-9-24.

Deci, E.L., Ryan, R.M., 2000. The “what" and “why" of goal pursuits: human needs and
the self-determination of behavior. Psychol. Inq. 11, 227-268. https://doi.org/
10.1207/S15327965PL11104_01.

Deci, E.L., Ryan, R.M., 1985. Cognitive Evaluation Theory. Springer.

Delmas, M.A., Fischlein, M., Asensio, O.I., 2013. Information strategies and energy
conservation behavior: a meta-analysis of experimental studies from 1975 to 2012.
Energy Pol. 61, 729-739. https://doi.org/10.1016/j.enpol.2013.05.109.

Deng, G., Ding, Y., Ren, S., 2016. The study on the air pollutants embodied in goods for
consumption and trade in China — accounting and structural decomposition analysis.
J. Clean. Prod. 135, 332-341. https://doi.org/10.1016/j.jclepro.2016.06.114.

Dickinson, J.L., Shirk, J., Bonter, D., Bonney, R., Crain, R.L., Martin, J., Phillips, T.,
Purcell, K., 2012. The current state of citizen science as a tool for ecological research
and public engagement. Front. Ecol. Environ. 10, 291-297. https://doi.org/
10.1890/110236.

Druckman, J.N., Kam, C.D., 2011. Students as experimental participants: a defence of the
“narrow data base,”. In: Cambridge Handbook of Experimental Political Science.
Cambridge University Press, New York, pp. 41-57. https://doi.org/10.2139/
ssrn.1498843.

Druschke, C.G., Seltzer, C.E., 2012. Failures of engagement: lessons learned from a
citizen science pilot study. Appl. Environ. Educ. Commun. Int. J. 11, 78-188.
https://doi.org/10.1080/1533015X.2012.777224.

Duvinage, M., Castermans, T., Petieau, M., Hoellinger, T., Cheron, G., Dutoit, T., 2013.
Performance of the emotiv Epoc headset for P300-based applications. Biomed. Eng.
Online 12, 56. https://doi.org/10.1186/1475-925X-12-56.

Emotiv [WWW Document], 2017. https://www.emotiv.com/epoc/.

Eurostat, 2017. Greenhouse Gas Emissions by Economic Activity. EU-28.

Fagerberg, J., 2018. Mobilizing innovation for sustainability transitions: a comment on
transformative innovation policy. Res. Pol. 47, 1568-1576. https://doi.org/
10.1016/j.respol.2018.08.012.

Fiorillo, D., 2011. Do monetary rewards crowd out the intrinsic motivation of
volunteers? Some empirical evidence for Italian volunteers. Ann. Public Coop. Econ.
82, 139-165. https://doi.org/10.1111/j.1467-8292.2011.00434.x.

Fischer, C., 2008. Feedback on household electricity consumption: a tool for saving
energy? Energy Effic 1, 79-104. https://doi.org/10.1007/s12053-008-9009-7.
Fitzgerald, B., 2006. The transformation of open source software. MIS Q. 30, 587-598.

https://doi.org/10.2307,/25148740.

Foray, D., Mowery, D., Nelson, R., 2012. Public R&D and social challenges: what lessons
from mission R&D programs? Res. Pol. 41, 1697-1792. https://doi.org/10.1016/].
respol.2012.07.011.

Franzoni, C., Sauermann, H., 2014. Crowd science: the organization of scientific research
in open collaborative projects. Res. Pol. 43, 1-20. https://doi.org/10.1016/j.
respol.2013.07.005.

Fiiller, J., Hutter, K., Faullant, R., 2011. Why co-creation experience matters? Creative
experience and its impact on the quantitty and quality of creative contributions. R D
Manag. 41, 259-273. https://doi.org/10.1111/j.1467-9310.2011.00640.x.

Gagné, M., Deci, E.L., 2005. Self-determination theory and work motivation. J. Organ.
Behav. 26, 331-362. https://doi.org/10.1002/job.322.

Garcia Martinez, M., 2015. Solver engagement in knowledge sharing in crowdsourcing
communities: exploring the link to creativity. Res. Pol. 44, 1419-1430. https://doi.
0rg/10.1016/j.respol.2015.05.010.

Gillingham, K., Tsvetanov, T., 2018. Nudging energy efficiency audits: evidence from a
field experiment. J. Environ. Econ. Manag. 90, 303-316. https://doi.org/10.1016/j.
jeem.2018.06.009.

Grieco, D., Lacetera, N., Macis, M., Di Martino, D., 2018. Motivating cord blood donation
with information and behavioral nudges. Sci. Rep. 8, 252. https://doi.org/10.1038/
s41598-017-18679-y.

Groulx, M., Brisbois, M.C., Lemieux, C.J., Winegardner, A., Fishback, L.A., 2017. A role
for nature-based citizen science in promoting individual and collective climate
change action? A systematic review of learning outcomes. Sci. Commun. 39, 45-76.
https://doi.org/10.1177,/1075547016688324.

Haklay, M., 2013. Citizen science and volunteered geographic information: overview and
typology of participation. In: Crowdsourcing Geographic Knowledge. Springer,
pp. 105-122. https://doi.org/10.1007/978-94-007-4587-2_7.

Harder, A., 2014. EPA Sets Draft Rule to Cut Carbon Emissions by 30% by 2030. Wall Str.
J.

Henderson, R.M., Reinert, S.A., Dekhtyar, P., Migdal, A., 2016. Climate change in 2018:
implications for business. Harvard Bus. Case.

Herstatt, C., Von Hippel, E.A., 1992. From experience: developing new product concepts
via the lead user method: a case study in a “low tech” field. J. Prod. Innovat. Manag.
9, 213-221. https://doi.org/10.1016/0737-6782(92)90031-7.

Imai, K., Keele, L., Tingley, D., 2010. A general approach to causal mediation analysis.
Psychol. Methods 15, 309-334. https://doi.org/10.1037/a0020761.

Jessoe, K., Rapson, D., 2014. Knowledge is (Less) power: experimental evidence from
residential energy use. Am. Econ. Rev. 104, 1417-1438. https://doi.org/10.1257/
aer.104.4.1417.

12

Journal of Environmental Management 269 (2020) 110759

Jin, S., Fallgren, P., Morris, J.M., Bland, A.E., Richards, P., Newcomer, J.D., Colberg, P.,
2017. Systems and Methods for Biological Conversion of Carbon Dioxide Pollutants
into Useful Products. US10507426B2.

Jordan, R.C., Gray, S.A., Howe, D.V., Brooks, W.R., Ehrenfeld, J.G., 2011. Knowledge
gain and behavioral change in citizen-science programs. Conserv. Biol. 25,
1148-1154. https://doi.org/10.1111/j.1523-1739.2011.01745.x.

Kahneman, D., 2012. Thinking, Fast and Slow. Penguin Books.

Kahneman, D., 2003. A perspective on judgment and choice: mapping bounded
rationality. Am. Psychol. 58, 697-720. https://doi.org/10.1037,/0003-
066X.58.9.697.

Killion, A.K., Roloff, G.J., Mayhew, S., Campa, H., Winterstein, S., 2018. Implementing
and evaluating a citizen-science program to support wildlife management: MI-MAST.
Wildl. Soc. Bull. 42, 518-527. https://doi.org/10.1002/wsb.903.

Kintisch, E., 2011. Was the clean air act intended to cover CO2? Sci. Magna.

Krishnamurthy, S., Ou, S., Tripathi, A.K., 2014. Acceptance of monetary rewards in open
source software development. Res. Pol. 43, 632-644. https://doi.org/10.1016/j.
respol.2013.10.007.

Kuhlmann, S., Rip, A., 2018. Next-generation innovation policy and Grand challenges.
Sci. Publ. Pol. 45, 448-454. https://doi.org/10.1093/scipol/scy011.

Laut, J., Cappa, F., Nov, O., Porfiri, M., 2017. Increasing citizen science contribution
using a virtual peer. J. Assoc. Inf. Sci. Technol. 68, 583-593. https://doi.org/
10.1002/asi.23685.

Lee, J., Seo, D.B., 2016. Crowdsourcing not all sourced by the crowd: an observation on
the behavior of Wikipedia participants. Technovation. https://doi.org/10.1016/j.
technovation.2016.05.002.

Lehmann, B.A., Chapman, G.B., Franssen, F.M.E., Kok, G., Ruiter, R.A.C., 2016. Changing
the default to promote influenza vaccination among health care workers. Vaccine 34,
1389-1392. https://doi.org/10.1016/j.vaccine.2016.01.046.

Lehner, M., Mont, O., Heiskanen, E., 2016. Nudging — a promising tool for sustainable
consumption behaviour? J. Clean. Prod. 134, 166-177. https://doi.org/10.1016/j.
jclepro.2015.11.086.

Li, M., Chapman, G.B., 2013. Nudge to health: harnessing decision research to promote
health behavior. Soc. Personal. Psychol. Compass 7, 187-198. https://doi.org/
10.1111/spc3.12019.

Li, M., Taylor, E.G., Atkins, K.E., Chapman, G.B., Galvani, A.P., 2016. Stimulating
influenza vaccination via prosocial motives. PloS One 11. https://doi.org/10.1371/
journal.pone.0159780.

List, J.A., Price, M.K., 2016. The use of field experiments in environmental and resource
economics. Rev. Environ. Econ. Pol. 10, 206-225. https://doi.org/10.1093/reep/
rew008.

Majchrzak, A., Malhotra, A., 2013. Towards an information systems perspective and
research agenda on crowdsourcing for innovation. J. Strat. Inf. Syst. 22, 257-268.
https://doi.org/10.1016/j.jsis.2013.07.004.

Mihajlovic, V., Grundlehner, B., Vullers, R., Penders, J., 2014. Wearable, wireless EEG
solutions in daily life applications: what are we missing? IEEE J. Biomed. Heal.
informatics 2194, 1-16. https://doi.org/10.1109/JBHI.2014.2328317.

Mollick, E., 2014. The dynamics of crowdfunding: an exploratory study. J. Bus. Ventur.
29, 1-16. https://doi.org/10.1016/j.jbusvent.2013.06.005.

Momsen, K., Stoerk, T., 2014. From intention to action: can nudges help consumers to
choose renewable energy? Energy Pol. 74, 376-382. https://doi.org/10.1016/j.
enpol.2014.07.008.

Moorman, R.H., Podsakoff, P.M., 1992. A meta-analytic review and empirical test of the
potential confounding effects of social desirability response sets in organizational
behaviour research. J. Occup. Organ. Psychol. 65, 131-149. https://doi.org/
10.1111/j.2044-8325.1992.tb00490.x.

Myers, E., Souza, M., 2020. Social comparison nudges without monetary incentives :
evidence from home energy reports. J. Environ. Econ. Manag. 101, 102315. https://
doi.org/10.1016/j.jeem.2020.102315.

Myers, S.C., Majluf, N.S., 1984. Corporate financing and investment decisions when firms
have information that investors do not have. J. Financ. Econ. 13, 187-221. https://
doi.org/10.1016,/0304-405X(84)90023-0.

Natalicchio, A., Messeni Petruzzelli, A., Garavelli, A.C., 2017. Innovation problems and
search for solutions in crowdsourcing platforms — a simulation approach.
Technovation 64, 28-42. https://doi.org/10.1016/j.technovation.2017.05.002.

Nelson, K.M., Partelow, S., Schliiter, A., 2019. Nudging tourists to donate for
conservation: experimental evidence on soliciting voluntary contributions for coastal
management. J. Environ. Manag. https://doi.org/10.1016/j.jenvman.2019.02.003.

Newman, G., Wiggins, A., Crall, A., Graham, E., Newman, S., Crowston, K., 2012. The
future of Citizen science: emerging technologies and shifting paradigms. Front. Ecol.
Environ. 10, 298-304. https://doi.org/10.1890/110294.

Nov, O., Arazy, O., Anderson, D., 2014. Scientists@ Home: what drives the quantity and
quality of online citizen science participation? PloS One 9, €90375. https://doi.org/
10.1371/journal.pone.0090375.

Obama, B., 2015. Executive Order - Using Behavioral Science Insights to Better Serve the
American People [WWW Document]. White House. https://obamawhitehouse.archi
ves.gov/the-press-office/2015/09/15/executive-order-using-behavioral-science-insi
ghts-better-serve-american. accessed 1.7.18.

Oreg, S., Nov, O., 2008. Exploring motivations for contributing to open source initiatives:
the roles of contribution context and personal values. Comput. Hum. Behav. 24,
2055-2073. https://doi.org/10.1016/j.chb.2007.09.007.

Palermo, E., Laut, J., Nov, O., Cappa, P., Porfiri, M., 2017a. Spatial memory training in a
citizen science context. Comput. Hum. Behav. 73, 38-46. https://doi.org/10.1016/j.
chb.2017.03.017.

Palermo, E., Laut, J., Nov, O., Cappa, P., Porfiri, M., Bonato, P., 2017b. A natural user
interface to integrate citizen science and physical exercise. PloS One 12, e0172587.
https://doi.org/10.1371/journal.pone.0172587.


https://doi.org/10.1016/j.ypmed.2017.07.019
https://doi.org/10.1016/j.jenvman.2018.02.080
https://doi.org/10.1186/1479-5868-9-24
https://doi.org/10.1207/S15327965PLI1104_01
https://doi.org/10.1207/S15327965PLI1104_01
http://refhub.elsevier.com/S0301-4797(20)30691-5/sref35
https://doi.org/10.1016/j.enpol.2013.05.109
https://doi.org/10.1016/j.jclepro.2016.06.114
https://doi.org/10.1890/110236
https://doi.org/10.1890/110236
https://doi.org/10.2139/ssrn.1498843
https://doi.org/10.2139/ssrn.1498843
https://doi.org/10.1080/1533015X.2012.777224
https://doi.org/10.1186/1475-925X-12-56
https://www.emotiv.com/epoc/
http://refhub.elsevier.com/S0301-4797(20)30691-5/sref43
https://doi.org/10.1016/j.respol.2018.08.012
https://doi.org/10.1016/j.respol.2018.08.012
https://doi.org/10.1111/j.1467-8292.2011.00434.x
https://doi.org/10.1007/s12053-008-9009-7
https://doi.org/10.2307/25148740
https://doi.org/10.1016/j.respol.2012.07.011
https://doi.org/10.1016/j.respol.2012.07.011
https://doi.org/10.1016/j.respol.2013.07.005
https://doi.org/10.1016/j.respol.2013.07.005
https://doi.org/10.1111/j.1467-9310.2011.00640.x
https://doi.org/10.1002/job.322
https://doi.org/10.1016/j.respol.2015.05.010
https://doi.org/10.1016/j.respol.2015.05.010
https://doi.org/10.1016/j.jeem.2018.06.009
https://doi.org/10.1016/j.jeem.2018.06.009
https://doi.org/10.1038/s41598-017-18679-y
https://doi.org/10.1038/s41598-017-18679-y
https://doi.org/10.1177/1075547016688324
https://doi.org/10.1007/978-94-007-4587-2_7
http://refhub.elsevier.com/S0301-4797(20)30691-5/sref57
http://refhub.elsevier.com/S0301-4797(20)30691-5/sref57
http://refhub.elsevier.com/S0301-4797(20)30691-5/sref58
http://refhub.elsevier.com/S0301-4797(20)30691-5/sref58
https://doi.org/10.1016/0737-6782(92)90031-7
https://doi.org/10.1037/a0020761
https://doi.org/10.1257/aer.104.4.1417
https://doi.org/10.1257/aer.104.4.1417
http://refhub.elsevier.com/S0301-4797(20)30691-5/sref63
http://refhub.elsevier.com/S0301-4797(20)30691-5/sref63
http://refhub.elsevier.com/S0301-4797(20)30691-5/sref63
https://doi.org/10.1111/j.1523-1739.2011.01745.x
http://refhub.elsevier.com/S0301-4797(20)30691-5/sref65
https://doi.org/10.1037/0003-066X.58.9.697
https://doi.org/10.1037/0003-066X.58.9.697
https://doi.org/10.1002/wsb.903
http://refhub.elsevier.com/S0301-4797(20)30691-5/sref68
https://doi.org/10.1016/j.respol.2013.10.007
https://doi.org/10.1016/j.respol.2013.10.007
https://doi.org/10.1093/scipol/scy011
https://doi.org/10.1002/asi.23685
https://doi.org/10.1002/asi.23685
https://doi.org/10.1016/j.technovation.2016.05.002
https://doi.org/10.1016/j.technovation.2016.05.002
https://doi.org/10.1016/j.vaccine.2016.01.046
https://doi.org/10.1016/j.jclepro.2015.11.086
https://doi.org/10.1016/j.jclepro.2015.11.086
https://doi.org/10.1111/spc3.12019
https://doi.org/10.1111/spc3.12019
https://doi.org/10.1371/journal.pone.0159780
https://doi.org/10.1371/journal.pone.0159780
https://doi.org/10.1093/reep/rew008
https://doi.org/10.1093/reep/rew008
https://doi.org/10.1016/j.jsis.2013.07.004
https://doi.org/10.1109/JBHI.2014.2328317
https://doi.org/10.1016/j.jbusvent.2013.06.005
https://doi.org/10.1016/j.enpol.2014.07.008
https://doi.org/10.1016/j.enpol.2014.07.008
https://doi.org/10.1111/j.2044-8325.1992.tb00490.x
https://doi.org/10.1111/j.2044-8325.1992.tb00490.x
https://doi.org/10.1016/j.jeem.2020.102315
https://doi.org/10.1016/j.jeem.2020.102315
https://doi.org/10.1016/0304-405X(84)90023-0
https://doi.org/10.1016/0304-405X(84)90023-0
https://doi.org/10.1016/j.technovation.2017.05.002
https://doi.org/10.1016/j.jenvman.2019.02.003
https://doi.org/10.1890/110294
https://doi.org/10.1371/journal.pone.0090375
https://doi.org/10.1371/journal.pone.0090375
https://obamawhitehouse.archives.gov/the-press-office/2015/09/15/executive-order-using-behavioral-science-insights-better-serve-american
https://obamawhitehouse.archives.gov/the-press-office/2015/09/15/executive-order-using-behavioral-science-insights-better-serve-american
https://obamawhitehouse.archives.gov/the-press-office/2015/09/15/executive-order-using-behavioral-science-insights-better-serve-american
https://doi.org/10.1016/j.chb.2007.09.007
https://doi.org/10.1016/j.chb.2017.03.017
https://doi.org/10.1016/j.chb.2017.03.017
https://doi.org/10.1371/journal.pone.0172587

F. Cappa et al.

Pisello, A.L., Rosso, F., Castaldo, V.L., Piselli, C., Fabiani, C., Cotana, F., 2017. The role of
building occupants’ education in their resilience to climate-change related events.
Energy Build. 154, 217-231. https://doi.org/10.1016/j.enbuild.2017.08.024.

Pocock, M.J.O., Tweddle, J.C., Savage, J., Robinson, L.D., Roy, H.E., 2017. The diversity
and evolution of ecological and environmental citizen science. PloS One 12,
€0172579. https://doi.org/10.1371/journal.pone.0172579.

Podsakoff, P.M., MacKenzie, S.B., Lee, J.-Y., Podsakoff, N.P., 2003. Common method
biases in behavioral research: a critical review of the literature and recommended
remedies. J. Appl. Psychol. 88, 879-903. https://doi.org/10.1037/0021-
9010.88.5.879.

Raddick, M.J., Bracey, G., Gay, P.L., Lintott, C.J., Cardamone, C., Murray, P.,
Schawinski, K., Szalay, A.S., Vandenberg, J., 2013. Galaxy zoo: motivations of
citizen scientists. Astron. Educ. Rev. 12 https://doi.org/10.3847/AER2011021.

Richler, J., 2020. Nudging out consumer welfare. Nat. Energy 5, 117. https://doi.org/
10.1038/541560-020-0570-4.

Riesch, H., Potter, C., Davies, L., 2013. Combining citizen science and public
engagement: the Open AirLaboratories Programme. J. Sci. Commun. 12, 1-19.
https://doi.org/10.22323/2.12030203.

Rivers, N., Shenstone-Harris, S., Young, N., 2017. Using nudges to reduce waste? The
case of Toronto’s plastic bag levy. J. Environ. Manag. 188, 153-162. https://doi.org/
10.1016/j.jenvman.2016.12.009.

Roberts, J.A., Hann, I.-H., Slaughter, S.A., 2006. Understanding the motivations,
participation, and performance of open source software developers: a longitudinal
study of the Apache projects. Manag. Sci. 52, 984-999. https://doi.org/10.1287/
mnsc.1060.0554.

Rogers, T., Milkman, K.L., John, L.K., Norton, M.I., 2015. Beyond good intentions:
prompting people to make plans improves follow-through on important tasks. Behav.
Sci. Policy 1, 33-41. https://doi.org/10.1353/bsp.2015.0011.

Rotman, D., Preece, J., Hammock, J., Procita, K., Hansen, D., Parr, C., Lewis, D.,
Jacobs, D., 2012. Dynamic changes in motivation in collaborative citizen-science
projects. In: Proceedings of the ACM 2012 Conference on Computer Supported
Cooperative Work - CSCW °12, p. 217. https://doi.org/10.1145/2145204.2145238.

Rowbotham, S., McKinnon, M., Leach, J., Lamberts, R., Hawe, P., 2019. Does citizen
science have the capacity to transform population health science? Crit. Publ. Health
29, 118-128. https://doi.org/10.1080/09581596.2017.1395393.

Ryan, R.M., Deci, E.L., 2000a. When rewards compete with nature: the undermining of
intrinsic motivation and self-regulation. In: Intrinsic and Extrinsic Motivation: the
Search for Optimal Motivation and Performance. Academic Press, Cambridge,
pp. 13-54. https://doi.org/10.1016,/B978-012619070-0/50024-6.

Ryan, R.M., Deci, E.L., 2000b. Intrinsic and extrinsic motivations: classic definitions and
new directions. Contemp. Educ. Psychol. 25, 54-67. https://doi.org/10.1006/
ceps.1999.1020.

Sauermann, H., Franzoni, C., 2015. Crowd science user contribution patterns and their
implications. Proc. Natl. Acad. Sci. Unit. States Am. 112, 679-684. https://doi.org/
10.1073/pnas.1408907112.

Schroer, J., Hertel, G., 2009. Voluntary engagement in an open web-based encyclopedia:
wikipedians and why they do it. Media Psychol. 12, 96-120. https://doi.org/
10.1080/15213260802669466.

Schubert, C., 2017. Green nudges: do they work? Are they ethical? Ecol. Econ. 132,
329-342. https://doi.org/10.1016/J.ECOLECON.2016.11.009.

Science Europe, 2018. Briefing Paper on Citizen Science.

Seidel, V.P., Langner, B., 2015. Using an online community for vehicle design: project
variety and motivations to participate. Ind. Corp. Change 24, 635-653. https://doi.
0rg/10.1093/icc/dtv016.

Shi, W., Connelly, B.L., Hoskisson, R.E., 2017. External corporate governance and
financial fraud: cognitive evaluation theory insights on agency theory prescriptions.
Strat. Manag. J. 38, 1268-1286. https://doi.org/10.1002/smj.2560.

Stanovich, K.E., West, R.F., 2003. Individual differences in reasoning: implications for
the rationality debate? Behav. Brain Sci. https://doi.org/10.1017/
50140525X03210116.

Steinhorst, J., Matthies, E., 2016. Monetary or environmental appeals for saving
electricity? -Potentials for spillover on low carbon policy acceptability. Energy Pol.
93, 335-344. https://doi.org/10.1016/j.enpol.2016.03.020.

Stilgoe, J., Owen, R., Macnaghten, P., 2013. Developing a framework for responsible
innovation. Res. Pol. 42, 1568-1580. https://doi.org/10.1016/j.respol.2013.05.008.

Sudarshan, A., 2017. Nudges in the marketplace: the response of household electricity
consumption to information and monetary incentives. J. Econ. Behav. Organ. 134,
320-335. https://doi.org/10.1016/j.jeb0.2016.12.015.

13

Journal of Environmental Management 269 (2020) 110759

Sunstein, C.R., 2015a. Nudges do not undermine human agency. J. Consum. Pol. 38,
207-210. https://doi.org/10.1007/s10603-015-9289-1.

Sunstein, C.R., 2015b. Nudges, agency, and abstraction: a reply to critics. Rev. Philos.
Psychol. 6, 511-529. https://doi.org/10.1007/513164-015-0266-z.

Sunstein, C.R., 2014. Why Nudge? : the Politics of Libertarian Paternalism. Yale
University Press.

Thaler, R.H., Benartzi, S., 2004. Save more Tomorrow ™: using behavioral economics to
increase employee saving. J. Polit. Econ. 112, S164-S187. https://doi.org/10.1086/
380085.

Thaler, R.H., Sunstein, C.R., 2008. Nudge: Improving Decisions about Health, Health,
and Happiness. Yale University Press.

The Italian Regulatory Authority for Energy Networks and the Environment, 2016.
Condizioni Economiche Per I Clienti Domestici.

The Italian Regulatory Authority for Energy Networks and the Environment, 2011.
Comunicato Elettricita: Dal Primo Luglio Arrivano I Nuovi Prezzi Biorari.

Tinati, R., Luczak-Roesch, M., Simperl, E., Hall, W., 2017. An investigation of player
motivations in Eyewire, a gamified citizen science project. Comput. Hum. Behav. 73,
527-540. https://doi.org/10.1016/j.chb.2016.12.074.

Titmuss, R., 1998. The gift of blood. Society 35, 88-97. https://doi.org/10.1007/
BF02804100.

Turrini, T., Dorler, D., Richter, A., Heigl, F., Bonn, A., 2018. The threefold potential of
environmental citizen science - generating knowledge, creating learning
opportunities and enabling civic participation. Biol. Conserv. 225, 176-186. https://
doi.org/10.1016/J.BIOCON.2018.03.024.

United Nations, 2018. Emissions Gap Report 2018 [WWW Document]. United Nations
Environ. Program. https://www.unenvironment.org/resources/emissions-gap-repor
t-2018. accessed 12.3.18.

United Nations, 2015. Paris Climate Change Conference [WWW Document]. http://un
feee.int/meetings/paris_nov_2015/meeting/8926.php. accessed 7.7.16).

United States Environmental Protection Agency, 2018. Air Pollution: Current and Future
Challenges ((WWW Document]).

United States Environmental Protection Agency, 2015. Clean Air Act Permitting for
Greenhouse Gases ((WWW Document]).

van Oost, E., Kuhlmann, S., Ordénez-Matamoros, G., Stegmaier, P., 2016. Futures of
science with and for society: towards transformative policy orientations. Foresight
18, 276-296. https://doi.org/10.1108/FS-10-2014-0063.

Vanasupa, L., Zhang, Q., Mihelcic, J.R., Zimmerman, J., Truch, N.J., 2011. Assessing
engineering students’ readiness to collaborate sustainable design: an open access
instrument for experimentation. In: 2011 ASEE Annual Conference & Exposition.
American Society for Engineering Education, Vancounver, pp. 22.235.1-22.235.19.

von Hippel, E., 1986. Lead users: a source of novel product concepts. Manag. Sci. 32,
791-805. https://doi.org/10.1287/mnsc.32.7.791.

von Hippel, E., 1976. The dominant role of users in the scientific instrument innovation
process. Res. Pol. 5, 212-239. https://doi.org/10.1016/0048-7333(76)90028-7.

von Hippel, E., von Krogh, G., 2003. Open source software and the “private-collective”
innovation model: issues for organization science. Organ. Sci. 14, 209-223. https://
doi.org/10.1287/orsc.14.2.209.14992.

von Hippel, E., von Krogh, G., 2006. Free revealing and the private- collective model for
innovation incentives. R D Manag. 36, 295-306. https://doi.org/10.1111/j.1467-
9310.2006.00435.x.

von Krogh, G., Haefliger, S., Spaeth, S., Wallin, M.W., 2012. Carrots and rainbows:
motivation and social practice in open source software development. MIS Q. 36,
649-676. https://doi.org/10.2307/41703471.

Wald, D.M., Longo, J., Dobell, A.R., 2016. Design principles for engaging and retaining
virtual citizen scientists. Conserv. Biol. 30, 562-570. https://doi.org/10.1111/
cobi.12627.

Wiggins, A., Crowston, K., 2015. Surveying the Citizen Science Landscape, vol. 20. First
Monday. https://doi.org/10.5210/fm.v20i1.5520.

Young, B.E., Dodge, N., Hunt, P.D., Ormes, M., Schlesinger, M.D., Shaw, H.Y., 2019.
Using citizen science data to support conservation in environmental regulatory
contexts. Biol. Conserv. 237, 57-62. https://doi.org/10.1016/j.biocon.2019.06.016.

Yu, T.K., Lin, F.Y., Kao, K.Y., Chao, C.M., Yu, T.Y., 2019. An innovative environmental
citizen behavior model: recycling intention as climate change mitigation strategies.
J. Environ. Manag. https://doi.org/10.1016/j.jenvman.2019.06.101.

Zhou, K., Fu, C,, Yang, S., 2016. Big data driven smart energy management: from big data
to big insights. Renew. Sustain. Energy Rev. https://doi.org/10.1016/j.
rser.2015.11.050.


https://doi.org/10.1016/j.enbuild.2017.08.024
https://doi.org/10.1371/journal.pone.0172579
https://doi.org/10.1037/0021-9010.88.5.879
https://doi.org/10.1037/0021-9010.88.5.879
https://doi.org/10.3847/AER2011021
https://doi.org/10.1038/s41560-020-0570-4
https://doi.org/10.1038/s41560-020-0570-4
https://doi.org/10.22323/2.12030203
https://doi.org/10.1016/j.jenvman.2016.12.009
https://doi.org/10.1016/j.jenvman.2016.12.009
https://doi.org/10.1287/mnsc.1060.0554
https://doi.org/10.1287/mnsc.1060.0554
https://doi.org/10.1353/bsp.2015.0011
https://doi.org/10.1145/2145204.2145238
https://doi.org/10.1080/09581596.2017.1395393
https://doi.org/10.1016/B978-012619070-0/50024-6
https://doi.org/10.1006/ceps.1999.1020
https://doi.org/10.1006/ceps.1999.1020
https://doi.org/10.1073/pnas.1408907112
https://doi.org/10.1073/pnas.1408907112
https://doi.org/10.1080/15213260802669466
https://doi.org/10.1080/15213260802669466
https://doi.org/10.1016/J.ECOLECON.2016.11.009
http://refhub.elsevier.com/S0301-4797(20)30691-5/sref109
https://doi.org/10.1093/icc/dtv016
https://doi.org/10.1093/icc/dtv016
https://doi.org/10.1002/smj.2560
https://doi.org/10.1017/S0140525X03210116
https://doi.org/10.1017/S0140525X03210116
https://doi.org/10.1016/j.enpol.2016.03.020
https://doi.org/10.1016/j.respol.2013.05.008
https://doi.org/10.1016/j.jebo.2016.12.015
https://doi.org/10.1007/s10603-015-9289-1
https://doi.org/10.1007/s13164-015-0266-z
http://refhub.elsevier.com/S0301-4797(20)30691-5/sref118
http://refhub.elsevier.com/S0301-4797(20)30691-5/sref118
https://doi.org/10.1086/380085
https://doi.org/10.1086/380085
http://refhub.elsevier.com/S0301-4797(20)30691-5/sref120
http://refhub.elsevier.com/S0301-4797(20)30691-5/sref120
http://refhub.elsevier.com/S0301-4797(20)30691-5/sref121
http://refhub.elsevier.com/S0301-4797(20)30691-5/sref121
http://refhub.elsevier.com/S0301-4797(20)30691-5/sref122
http://refhub.elsevier.com/S0301-4797(20)30691-5/sref122
https://doi.org/10.1016/j.chb.2016.12.074
https://doi.org/10.1007/BF02804100
https://doi.org/10.1007/BF02804100
https://doi.org/10.1016/J.BIOCON.2018.03.024
https://doi.org/10.1016/J.BIOCON.2018.03.024
https://www.unenvironment.org/resources/emissions-gap-report-2018
https://www.unenvironment.org/resources/emissions-gap-report-2018
http://unfccc.int/meetings/paris_nov_2015/meeting/8926.php
http://unfccc.int/meetings/paris_nov_2015/meeting/8926.php
http://refhub.elsevier.com/S0301-4797(20)30691-5/sref128
http://refhub.elsevier.com/S0301-4797(20)30691-5/sref128
http://refhub.elsevier.com/S0301-4797(20)30691-5/sref129
http://refhub.elsevier.com/S0301-4797(20)30691-5/sref129
https://doi.org/10.1108/FS-10-2014-0063
http://refhub.elsevier.com/S0301-4797(20)30691-5/sref131
http://refhub.elsevier.com/S0301-4797(20)30691-5/sref131
http://refhub.elsevier.com/S0301-4797(20)30691-5/sref131
http://refhub.elsevier.com/S0301-4797(20)30691-5/sref131
https://doi.org/10.1287/mnsc.32.7.791
https://doi.org/10.1016/0048-7333(76)90028-7
https://doi.org/10.1287/orsc.14.2.209.14992
https://doi.org/10.1287/orsc.14.2.209.14992
https://doi.org/10.1111/j.1467-9310.2006.00435.x
https://doi.org/10.1111/j.1467-9310.2006.00435.x
https://doi.org/10.2307/41703471
https://doi.org/10.1111/cobi.12627
https://doi.org/10.1111/cobi.12627
https://doi.org/10.5210/fm.v20i1.5520
https://doi.org/10.1016/j.biocon.2019.06.016
https://doi.org/10.1016/j.jenvman.2019.06.101
https://doi.org/10.1016/j.rser.2015.11.050
https://doi.org/10.1016/j.rser.2015.11.050

	Nudging and citizen science: The effectiveness of feedback in energy-demand management
	1 Introduction
	2 Theoretical background and hypotheses
	3 Research method
	3.1 Web-based platform
	3.2 Data collection protocol
	3.3 Measures
	3.4 Statistical analyses

	4 Results
	5 Discussion
	5.1 Contributions
	5.2 Policy implications

	6 Conclusions
	Funding
	Declaration of competing interest
	CRediT authorship contribution statement
	Acknowledgements
	Appendix A Supplementary data
	References


