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Abstract

This thesis is divided in three chapters; each chapter addresses different research questions
and work as standalone papers.

Chapter 1. Do monetary incentives damage social esteem? An empirical
framework to detect crowding-out potential for prosocial behaviors.

Monetary incentives sometimes backfire and "crowd out" prosocial behavior. A standard
explanation is that monetary incentives reduce the social esteem received from taking a
prosocial action. However, because social esteem is not readily observable, there is a lack of
direct empirical evidence confirming and measuring this mechanism. We propose a novel,
portable, and incentive-compatible methodology to measure the social esteem received from
prosocial behaviors. Our methodology is based on vignettes and incentivized second-order
beliefs, and it provides a potential toolkit to identify when monetary incentives are more likely
to backfire before implementing them. We run a high-powered pre-registered experiment
with a UK sample (N = 5,368) within the context of COVID-19 vaccinations. Following
our theoretical setup, we specifically focus on comparing (i) reward vs. penalty, (ii) small
vs. large monetary incentives, and (iii) low vs. high baseline vaccination rates. We observe
significant reduction in social esteem from monetary incentives, but only in the case of rewards.
The size of the incentive and the baseline vaccination rate seem to matter little. Using our
experimental results, we estimate how much an individual needs to value social esteem over

money to be "crowded out" in our setup.

Chapter 2. You might be underestimating how sustainable others are.

Household consumption is responsible for nearly three-quarters of global carbon emissions,
particularly in high-income countries, yet sustained behavioral change remains challenging.
Since misperceptions about others’ concern for climate change have been identified as key
barriers to climate action, we study whether people also misperceive: (i) others’ level of
sustainable behavior, (ii) the level of sustainable behavior others deem appropriate, and (iii)
others’ support for policies that restrict or tax individual behavior. We address these questions
in a well-powered, pre-registered online study with 1,292 Luxembourgers, using incentivized
second-order belief elicitation. Participants reported their own behaviors, personal norms,
and policy support, and estimated the same for others across the three most carbon-saving
domains: consuming vegetarian meals, reducing home heating, and using public transportation.
We find that participants systematically and substantially underestimate others’ sustainability
across all areas and behavioral domains. Replicating previous studies, participants also
underestimate how much others donate to offset carbon emissions in an incentivized donation

task. Consistent with pluralistic ignorance, underestimations of behaviors and policy support
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are shared by both sustainable and unsustainable individuals, though not across all domains.
Consistent with the false consensus effect, all underestimations are most pronounced among
the least sustainable individuals, and underestimations of personal norms are exclusively driven
by them. Finally, we show that social expectations strongly predict individuals’ sustainable
behaviors, personal norms, and support for restrictive policies, underscoring the potential of

correcting misperceptions to promote behavioral change.

Chapter 3. Effectiveness of correcting misperceived social norms: A longitudi-
nal experimental approach with sustainable behaviors and policy support

Misperceived social norms can impede progress toward sustainable behaviors and the
policies that promote them. This study examines the potential of norm-based interventions
to correct these misperceptions and foster lasting change in three key carbon-saving domains:
vegetarian consumption, home heating, and public mobility. We conducted a three-wave
longitudinal experiment over nine months with a well-powered Luxembourgish sample (N =
912). After identifying systematic underestimations of others’ sustainable behaviors, personal
norms, and policy support, we designed two targeted interventions: one providing information
about actual levels of sustainable behavior and personal norms, and the other about actual
levels of policy support within our sample. Our interventions successfully increased sustainable
behaviors and policy support, while also updating participants’ personal norms. Heterogeneity
analyses based on prior beliefs and behaviors show that these effects were driven by positive
belief updating and upward behavioral adjustment toward the new perceived norm, with
no evidence of behavioral backfiring. This suggests that norm-based interventions may be
most effective in situations of pluralistic ignorance or false consensus effects. The strongest
treatment effects emerged in the domain of vegetarian consumption and persisted for at
least three months. However, participants were less responsive to norm corrections in public
mobility. After ruling out three potential explanations, we conclude that norm corrections may
be less effective for behaviors that are costlier to adopt. Finally, we show that interventions

promoting sustainable behaviors and policy support do not necessarily act as substitutes.
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General Introduction

General Introduction

What motivates people to act in the interest of society, even when doing so involves a
personal cost? Prosocial behaviors, such as engaging in pro-environmental actions or getting
vaccinated against COVID-19, play a vital role in the functioning of societies. While much
research has focused on intrinsic motivations and material incentives as determinants of
prosocial behavior, this thesis investigates another important influence: social incentives.

Following Ashraf and Bandiera (2018), I define social incentives as those factors that
influence behavior stemming from our interactions with others. As noted by Bicchieri (2016),
individual preferences do not develop in isolation; rather, they are shaped by our expectations
about what others do and what they approve of. In other words, our preferences are often
conditional on the behavior and beliefs of others. This dissertation focuses on two closely
related forms of social incentives: social esteem and social norms.

Social esteem, or social image, refers to how others evaluate our “type.” When we perform
an action that others can observe, we send a signal about the kind of person we are. As
defined by Bursztyn and Jensen (2017), a “type” can refer to any attribute that matters to
an individual, such as economic, social, or political characteristics. Ideally, we want others
to see us as a socially desirable type rather than an undesirable one. In the context of
prosocial actions, we want others to perceive us as prosocial (Bénabou and Tirole 2006).
Social image concerns have proven to be powerful motivators of prosocial behavior, including
blood donations (Lacetera and Macis 2010), voting (Funk 2010, DellaVigna et al. 2016, Ali
and Lin 2013), and charitable giving (DellaVigna, List and Malmendier 2012, Andreoni and
Bernheim 2009). Notably, Grimalda, Pondorfer and Tracer (2016) found that the desire to
maintain a positive social image can serve as a stronger motivator for cooperation than the
threat of punishment, highlighting the critical role of social image in sustaining prosocial
behavior. This insight has even led researchers to investigate how to measure the welfare
effects of social image (Butera et al. 2022).

Social norms, by contrast, are informal behavioral rules sustained by social expectations.
Bicchieri (2005) even refers to them as “the grammar of society.” According to Bicchieri
(2005, 2016), a social norm exists when individuals prefer to conform to a behavioral rule,

provided they believe that (i) most others conform to it (empirical expectations) and (ii) most
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others believe they ought to conform (normative expectations). Empirical evidence shows
that social norms are also important drivers of prosocial behaviors, including charitable giving
(Bicchieri et al. 2022), proenvironmental behavior (Cialdini and Jacobson 2021, Saracevic and
Schlegelmilch 2021), blood donations (Graf et al. 2023), and cooperative behavior (Dimant
et al. 2024).

Although social esteem and social norms are distinct constructs, they remain closely
intertwined. As noted by Gross and Vostroknutov (2022), a key reason people adhere to
social norms is their concern for social image. Members of a community often seek to avoid
ostracism or social rejection and prefer to engage in behaviors considered socially appropriate
while avoiding those deemed inappropriate. However, social image does not serve as the sole
motivator behind norm compliance. People frequently follow norms even when others cannot
observe or sanction their behavior (Gross and Vostroknutov 2022). As we find in Chapter
3, social norms can shape individuals’ personal norms, that is, what they personally believe
to be the moral or appropriate code of conduct. This influence can lead them to comply
with these norms even when their behavior is not observable, in order to avoid a negative
self-image. Furthermore, social norms often shape what is considered socially desirable, which
in turn influences social esteem (Deutchman et al. 2024, 2023). Still, social norms are not the
sole determinant of social image; other factors that introduce uncertainty into an individual’s
motivations for engaging in prosocial actions can also alter it (Bénabou and Tirole 2006).

Hence, although social esteem and social norms are conceptually related and mutually
influential, I have strong reasons to treat them as distinct types of social incentives. In this
dissertation, I contribute to the literature by deepening our understanding of these two forms
of social incentives and their role in shaping prosocial behavior. Across three chapters, I

address the following central questions:
How can we measure social incentives?

The main contribution of Chapter 1 is the development of a novel methodology to measure
the social esteem associated with prosocial behaviors, grounded in the theoretical framework
of Bénabou and Tirole (2006). Empirical evidence has shown that social image concerns
influence behavior, for example, by manipulating the observability of one’s actions or the

social rewards attached to them. However, to our knowledge, no reliable method exists
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to quantify the social esteem attached to different prosocial behaviors. Developing such a
measure represents a crucial first step for researchers interested in related questions, such as
how social esteem varies across contexts, whether external factors can alter social esteem, and
how it can compare in relative importance to other motivators, such as economic incentives.
Chapter 1 further examines all of these questions. Although past researchers have introduced
innovative methods to measure social norms (Krupka and Weber 2013, Bicchieri and Xiao
2009), these approaches do not allow us to specifically capture social image. Hence, Chapter
1 contributes to the literature by introducing a methodology designed specifically to measure
social esteem.

In Chapter 2, we adapt the methodologies developed by Bicchieri et al. (2022) and Krupka
and Weber (2013) to measure social expectations (perceptions about social norms) through
surveys. This measurement provides comprehensive, quantifiable, and comparable data on
the different normative beliefs related to a given prosocial behavior: empirical expectations
(beliefs about what others do), normative expectations (beliefs about what others consider
appropriate), and personal norms (beliefs about what one personally considers appropriate).
This approach allows us to empirically examine, for example, whether empirical expectations
associate more strongly with behavior than normative expectations, as explored in Chapter 2.
It also enables us to detect whether individuals misperceive the prevailing social norms in

their community, an insight central to the following research question.

Are people accurate in their beliefs about social incen-
tives?

In Chapter 2, we study whether individuals hold accurate beliefs about pro-environmental
social norms. This question is particularly relevant because inaccurate beliefs about others’
thoughts and behaviors can lead people to conform to misperceived norms, which may result
in undesirable behaviors (e.g. Bursztyn, Gonzalez and Yanagizawa-Drott 2020, Andre et al.
2024). Two common biases often contribute to these inaccurate beliefs: pluralistic ignorance

and the false consensus effect.

Pluralistic ignorance arises when individuals significantly misperceive the prevalence of
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an opinion or behavior (Shamir and Shamir 1997, Prentice and Miller 1996). People may
believe that most others support an opinion or behavior that, in reality, only a minority
endorses. This misperception can lead individuals to act against their personal norms in order
to align with what they mistakenly perceive as the majority view. For example, although
most young married men in Saudi Arabia privately supported women working outside the
home, they greatly underestimated the support of other similar men. These misperceptions
significantly reduced their willingness to help their wives search for jobs (Bursztyn, Gonzélez
and Yanagizawa-Drott 2020).

The false consensus effect, in contrast, occurs when individuals overestimate how widespread
their own opinions or behaviors are (Ross, Greene and House 1977). Those affected by this
bias assume that others share their views or actions to a greater extent than they actually
do (Mullen et al. 1985). For example, both climate change believers and deniers perceived
their own opinion on climate change as the most common (Leviston, Walker and Morwinski
2013). Beliefs about others’ views on climate change causally influence behaviors such as the
willingness to discuss the issue with others (Geiger and Swim 2016) and support for climate
policies (Andre et al. 2024).

In Chapter 2, we find that people underestimate how much others engage in proenviron-
mental behaviors, the level of engagement others consider appropriate, and the extent to
which others support policies that restrict environmentally unsustainable behaviors. We also
find that these underestimations are consistent with both pluralistic ignorance and the false
consensus effect. Moreover, we find that these misperceived social expectations are strong

predictors of individuals’ own behaviors. These findings motivate the next research question.

How can we leverage social incentives in policymaking?

Chapter 3 builds on the findings from Chapter 2 and examines the potential of using social
incentives as a tool for behavior change. We correct our study participants’ misperceptions by
informing them about the actual proenvironmental norms within their reference group. We
find that our information interventions increase both proenvironmental behavior and policy
support within our sample.

Although messages about norms are a popular policy intervention to promote prosocial

11
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behavior (e.g. Schultz, Khazian and Zaleski 2008, Ferraro, Miranda and Price 2011, De Groot,
Abrahamse and Jones 2013, Kormos, Gifford and Brown 2015, Sparkman et al. 2021, Hallsworth
et al. 2017, Dur et al. 2021), they are not always effective (e.g. Griesoph et al. 2021, Richter,
Thegersen and Klockner 2018, Gravert and Collentine 2021). As Bicchieri (2016) emphasizes,
designing effective interventions such as norm-nudging requires a proper diagnosis of the causal
influences on behavior within a given population. In Chapter 3, we find that norm-based
interventions are most effective when targeted individuals initially underestimated the norm
and subsequently updated their beliefs in a positive direction. These interventions also prove
most successful when individuals previously behaved below the norm and adjusted their
behavior upward. Conversely, the interventions are ineffective when participants already
hold accurate information or overestimate the norm, or when their behavior already exceeds
the norm. We additionally find that the effect of our information treatments can persist in
the longer term, and that the elasticity of behavior in response to social incentives varies
depending on the nature and cost of the behavior.

Another ongoing debate in the literature concerns whether behaviors and support for
policies act as complements or substitutes. Some studies report that interventions promoting
individual proenvironmental behaviors may reduce support for climate policies, possibly
by shifting perceived relative importance from policies to personal actions (Werfel 2017).
Other studies find no evidence of such negative spillover effects (Maki et al. 2019, Sparkman,
Attari and Weber 2021). In Chapter 3, we contribute to this debate by showing that norm-
based interventions promoting behavior do not undermine policy support. Similarly, we also
show that norm-based interventions promoting policy support do not undermine behavior.
Taken together, these findings offer valuable guidance to policymakers seeking to identify the
conditions under which norm-based interventions are most likely to succeed, and how effective
social incentives can be as a policy tool.

A second key question, which complements the investigation into using social incentives as
a policy tool, concerns the external factors that can shift these incentives. Monetary incentives,
widely employed by policymakers to promote prosocial behavior, sometimes backfire and fail to
increase the desired behavior (e.g., Gneezy and Rustichini 2000a.b, Wollbrant, Knutsson and
Martinsson 2022, Serra-Garcia and Szech 2023, Holmas et al. 2010, Mellstrom and Johannesson

2008, Géachter, Kaiser and Konigstein 2025). According to the theoretical framework proposed
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by Bénabou and Tirole (2006), this failure occurs because monetary incentives can crowd out
social esteem.

In Chapter 1, we provide empirical evidence that monetary incentives can reduce the
social esteem associated with prosocial actions. We also provide theoretical and empirical
evidence that the likelihood of such crowding-out effects depends on the type of incentive used.
Beyond contributing to the literature, we present our novel methodology as a practical tool
for policymakers to assess the crowding-out potential of different monetary incentives before
their implementation, by measuring the associated changes in social esteem. Our findings
and our methodology can help scholars and policymakers design more effective interventions

while minimizing indirect costs to social incentives.

Together, the chapters in this dissertation deepen our understanding of how social incen-
tives shape prosocial behavior, which external factors can impact social incentives and how

policymakers can harness social incentives to promote prosocial outcomes.
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CHAPTER 1

Do monetary incentives damage social esteem? An
empirical framework to detect crowding-out potential
for prosocial behaviors

with Daniele Nosenzo (Aarhus University) and Silvia Sonderegger (University of Nottingham)

1.1 Introduction

Monetary incentives are a popular policy tool for promoting socially desirable behavior. However,
ample global evidence suggests that they can have negative unintended effects. The most concerning
one is the "crowding-out effect," which describes situations where incentives backfire and reduce
people’s willingness to engage in the desired behavior. In extreme cases, crowding out can lead
to fewer people engaging in the behavior, sometimes with lasting effects even after incentives are
removed (e.g. Gneezy and Rustichini 2000a,b, Wollbrant, Knutsson and Martinsson 2022, Serra-
Garcia and Szech 2023, Holmas et al. 2010, Mellstrom and Johannesson 2008, Géachter, Kaiser
and Konigstein 2025). In less extreme cases, crowding out can still result in monetary incentives
failing to promote the desired behavior, which can still impose significant costs on institutions (e.g.,
Panagopoulos 2013, Linardi and McConnell 2008, Dwenger et al. 2016).

A well-accepted theory explaining this phenomenon is that monetary incentives reduce the
social esteem received from taking prosocial actions (Bénabou and Tirole 2006, Benabou and Tirole
2011). Following the literature, we define social esteem (hereafter also referred to as esteem) as "how
prosocial others think you are'.! People care about how they are perceived by others, and their
behavior can often convey information about themselves. Behaving prosocially, consequently, can
signal to others that they are a prosocial person. However, monetary incentives can spoil this signal
by making people appear motivated by greed instead of motivated by prosocial values. This can
reduce the esteem that people would otherwise receive from their actions. If incentives cannot fully
2

compensate the loss of esteem, crowding out occurs.

A key challenge in the literature is that esteem is not readily observable or measurable. Previous

!Many authors also use the term social image. The reason we chose social esteem is because it implies,
specifically, a positive image value.

2Note that crowding out does not necessarily mean that the total change in participation within a given
population will be negative. Crowding out occurs when some individuals who would have previously taken
the prosocial action now choose not to. This effect depends on how much individuals personally value esteem
and money. If a sufficient number of people are crowded out, the total change in participation can be either
zero (monetary incentives fully substitute esteem) or negative. We will elaborate on this in more detail in
Section 1.2.
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behavioral research have provided indirect evidence of this mechanism by finding out that monetary
incentives are less effective in settings with increased social image concerns, such as publicly observable
settings.> However, as far as we know, there is a lack of empirical evidence that directly measures
the damage of monetary incentives on social esteem. We contribute to the existing literature by
proposing an incentive-compatible methodology that provides a quantifiable measure of changes in
social esteem. This allows us to directly test the mechanism proposed by Bénabou and Tirole (2006).
A novelty of our methodology is that it captures the total net esteem associated with a prosocial
action. Taking a prosocial action has positive signaling value only if the person who takes it is
perceived as more prosocial than someone who does not. Conversely, if taking the action does not
lead to greater esteem than not taking it, there is no social advantage to doing so. This difference in
esteem between taking and not taking the action is what we denote as the net esteem of an action,
or, in other words, its signaling value. Crowding out only occurs when the net esteem is reduced.

Another advantage of our methodology is that it enables easy comparability. If monetary
incentives have the potential to damage net esteem, a second important research question is whether
this potential varies across different monetary incentives and environments. To answer this, we
conducted an experiment using our methodology to test the effect of four different incentive schemes
in two different environments. Concretely, we were interested in studying large and small incentives,
penalties and rewards, and high and low baseline compliance. In fact, a major portion of the
literature on incentives and image concerns only evaluate the effectiveness of small rewards. While
larger incentives and penalties are understandably more difficult to implement, it is unclear whether
they would impact net esteem the same way.

Theoretical evidence shows that large and small incentives can affect esteem differently (Bénabou
and Tirole 2006, Benabou and Tirole 2011). Empirical evidence of their heterogeneous impact on net
esteem can inform us when using smaller or larger incentives is most optimal. For instance, several
empirical studies show that monetary incentives are less likely to backfire as their size increases, a
notion commonly referred to as "pay enough or don’t pay at all" (Gneezy et al. 2003, Gneezy and
Rustichini 2000b, Wollbrant, Knutsson and Martinsson 2022, Serra-Garcia and Szech 2023). This
strategy can be effective if large incentives do not reduce net esteem more than small incentives.

Otherwise, its effectiveness may be difficult to evaluate a priori (in Section 1.2, we formally present

3For instance, Ariely, Bracha and Meier (2009) manipulated the observability of a volunteering task
and found that monetary incentives increased effort only when behavior was private. However, Linardi and
McConnell (2008) implemented a similar design and found no significant differences in the effectiveness of
monetary incentives in both public and private settings, providing some mixed evidence. Exley (2018) found
that volunteering levels were lower when monetary incentives were publicly observable, compared to when
they were offered in private.

19



CHAPTER 1

the condition under which using large incentives is not dominated).

More interestingly, Bénabou and Tirole do not distinguish between penalties and rewards in
their theory and assume they impact esteem in the same way. However, in practice, we know that
penalties and rewards can have very different behavioral effects, even when they are monetarily
equivalent (Andreoni, Harbaugh and Vesterlund 2003, Hossain and List 2012, Homonoff 2018). These
results are consistent with loss aversion: the notion that losses loom larger than equal-sized gains
(Tversky and Kahneman 1979, 1991). Following the reasoning that loss aversion can result in rewards
and penalties having different esteem-reducing potential, in Section 1.2 we extend Bénabou and
Tirole’s framework by incorporating monetary loss aversion to the utility of individuals. We then
show how this can lead to rewards having a higher potential to reduce net esteem than penalties
(and, by extension, to crowding out).

Finally, theory shows that environmental factors, such as the baseline compliance rate in the
population, can influence the impact of monetary incentives on esteem (Bénabou and Tirole 2006).
Additionally, empirical evidence shows that compliance rates in a group can affect its members’
moral judgments and injunctive norm beliefs (Deutchman et al. 2023, Deutchman 2023). Hence,
we aimed to test empirically whether monetary incentives interact with baseline compliance and
whether this could be a relevant determinant of net esteem damage (and, thus, of crowding out).

Beyond our contributions to the literature on crowding out, monetary incentives, and social
image concerns, our methodology also has direct practical applications for policymaking. It can
serve as a predictive tool to evaluate the potential for crowding out before implementing a monetary
incentive intervention. Practitioners often face significant uncertainty about the effectiveness of
monetary incentives and which incentive scheme is optimal to adopt. In the worst-case scenario,
monetary incentives can completely backfire, reducing public engagement in the behavior. Even
when they do not, they may simply prove ineffective, creating a costly burden for institutions.
Empirical studies examining crowding out and the conditions leading to it generally infer their
conclusions ex-post (e.g., Gneezy et al. 2003, Mellstrom and Johannesson 2008, Wollbrant, Knutsson
and Martinsson 2022). That is, they observe under which conditions monetary incentives typically
backfire or fail to promote behavior and under which conditions they typically succeed. Usually,
these conclusions are drawn after a monetary incentive has already been implemented and behavior
has been impacted. However, it is essential for practitioners to find a way to resolve this uncertainty
ex-ante, before implementing a monetary incentive and impacting a population’s behavior (Bowles
and Polania-Reyes 2012). Since our methodology is based on vignettes, it allows practitioners

to measure changes in the net esteem of an action without influencing actual behavior. Hence,
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our methodology can serve as a cost-effective toolkit for practitioners to predict the potential for
crowding out and compare it across different incentive schemes. We show theoretically in Section
1.2 why a reduction in net esteem is a necessary condition for crowding out to occur. We also show
in Section 1.5 an example of how policymakers can interpret and make use of the data collected
through our methodology when evaluating whether to implement a monetary incentive intervention,
and how to choose the most optimal one.

Although our methodology is adaptable to a wide range of prosocial behaviors, in our experiment,
we chose to measure the impact of monetary incentives on the net esteem of receiving a COVID-19
vaccine. The discussion on whether monetary incentives can increase vaccination uptake has been
popular both in academia and in practice. A large body of empirical studies examining the effect
of incentives on COVID-19 vaccinations has been published since the outbreak of the pandemic,
including in major outlets such as Science, Nature, and PNAS (e.g., Campos-Mercade et al. 2021b,
Schneider et al. 2023, Kliver et al. 2021, Duch et al. 2023). A recent systematic review identified at
least 38 studies published up until March 2022 (Khazanov et al. 2023), but even more have been
conducted since then. Khazanov et al’s findings show that not all studies find a positive effect of
monetary incentives on uptake, and when they do, effect sizes tend to be small. Moreover, not
a single study reviewed by Khazanov et al. used penalties. Despite this, policymakers mirrored
scholars in their eagerness: governments all around the world have been implementing both monetary
rewards and penalties of different size and duration to spur vaccination uptake (e.g., Muller 2021,
BNS 2021, Parmar 2021, Paravantes 2022, AP 2021, The Local Italy 2022, Aranda 2021). Given the
abundance of policy action plans and academic studies examining the effects of monetary incentives
on vaccination behavior, we found it essential to delve into the potential for crowding out. Since
prosociality motivates COVID-19 mitigating behaviors (Campos-Mercade et al. 2021a), we also
found it highly likely that COVID-19 vaccinations would be influenced by social esteem concerns. If
monetary incentives indeed damage the net esteem of taking a COVID-19 vaccine, this could result
in undesirable lasting effects even after the incentives are removed (Gneezy and Rustichini 2000a,
Géchter, Kaiser and Konigstein 2025).

As described above, Section 1.2 presents our theoretical framework which is based on Bénabou
and Tirole (2006)’s model with binary action choice. We incorporate monetary loss aversion in
the utility of individuals, and predict that net esteem is more likely to be reduced with rewards
(vs. penalties), smaller incentives (vs. large) and in environments with lower compliance rates
(vs. high). We additionally show that net esteem damage is a necessary condition for crowding

out. Furthermore, the direction of certain changes in esteem could directly confirm the presence of
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crowding out. Net esteem loss arises from motivation uncertainty—the uncertainty about whether
someone takes a prosocial action due to genuine prosocial values or greediness. This uncertainty
significantly reduces the esteem received for complying.

The difference between penalties and rewards (and between large and small monetary incentives)
in their potential for net esteem loss is explained through two channels: (1) Motivation uncertainty
is expected to be greater for rewards (small incentives), and (2) in the presence of motivation
uncertainty, abstaining becomes a more reliable signal of one’s prosociality than complying. That is,
in the presence of motivation uncertainty, we expect an abstainer to be judged more harshly with
penalties (larger incentives) than with rewards, whereas we expect a smaller difference in judgment
for a complier across incentive schemes. We also expect motivation uncertainty to be stronger in
environments with lower baseline compliance.

Section 1.3 describes our pre-registered online experiment: a high-powered UK sample (N =
5,368) was presented with twenty different vignettes that described a man facing the choice to take
a COVID-19 booster. Each participant only read one vignette version (n ~ 270). We manipulated
the information presented to participants in three areas: i) the incentive scheme offered to the man
for taking the vaccine (No incentive; Penalty of 100 GBP, Penalty of 15 GBP; Reward of 100 GBP;
Reward of 15 GBP), ii) vaccination rates in the previous year (15% or 84%), and iii) whether the
man ultimately decided to take the vaccine or not. We then elicited incentivized second-order beliefs
about the likelihood that the man engaged in three different prosocial behaviors in the recent past,
aiming to capture three different dimensions of prosociality: trustworthiness, honesty and altruism.

Section 1.4 presents our main results: we found that in the absence of monetary incentives, the
net esteem of taking the COVID-19 booster was positive. We also found that when rewards were
present, net esteem significantly decreased by an average of 40%. Penalties, on the other hand,
did not significantly reduce net esteem. Additionally, the size of the monetary incentive did not
matter: small incentives were as damaging as large ones. The baseline vaccination rate also made no
difference. Our results are consistent with our model predictions: rewards have a higher potential
of damaging net esteem and crowding out vaccination uptake than penalties. Additionally, our
results also support "pay enough or don’t pay at all": if the policymaker is considering implementing
rewards, increasing the incentive size can make up for the decreased net esteem. On the other hand,
we did not find support for "fine enough or don’t fine at all": neither small nor large fines decreased
net esteem significantly. Further analyses informed us that the damage towards net esteem was
caused mainly by reductions in the esteem of taking the vaccine (which can also be understood as

"honor", Bénabou and Tirole (2006), Butera et al. (2022)), whereas the esteem from abstaining (which
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can also be understood as "shame") remained unchanged. This is consistent with our motivation
uncertainty mechanism. Our data also confirmed our theory that motivation uncertainty is greater
or equal for rewards than for penalties, and that abstaining becomes a more reliable signal in the
presence of motivation uncertainty. Policy communications aimed at making "shame" a greater
motivator for vaccination uptakes could help palliate the negative effects of rewards.

In Section 1.5 we discuss in more detail the implications of our results for the policymaker, and
provide a simple estimation of how much an individual needs to value net esteem over money to
be "crowded out" when a reward of 15 GBP is offered. We estimate that if agents are willing to
pay more than 88 GBP to move from being considered neither likely nor unlikely to be prosocial by
their peers to being considered very likely to be prosocial (or 176 GBP to move from being deemed
very unlikely to be prosocial to very likely to be prosocial), then a reward of 15 GBP can induce
defection. We also present a simple graph showcasing the "net incentive" individuals would actually
receive when a reward of 15 GBP is offered, based on their relative valuation of net esteem compared
to money.

Section 1.6 concludes.

1.2 Conceptual framework

For our theoretical framework, we consider a simplified version of Bénabou and Tirole (2006)’s
model with binary action choice, where agents trade-off prosocial, monetary and social esteem
concerns when deciding whether to engage in a prosocial action.

Consider an agent who must decide whether to perform (a = 1) or not perform (a = 0) a prosocial
action, which is publicly observable. The action generates a social return normalized to 1 but also
involves a cost ¢ (capturing effort as well as other types of cost, for instance due to psychological
factors) which is common to all agents in the same environment. For an agent ¢, the net utility from
a; =1 over a; = 0 is

0; —c+ 51— Sp (1'1)

The parameter 6; € (Omin, Omax), With Omin > 0, is a privately known parameter which charac-
terizes i’s prosociality. S; denotes the esteem the agent gets when performing the action, while Sy

denotes the esteem when not performing the action. We have

Sy =FE(6;|a;=Fk) for k=0,1.
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Following the literature, esteem depends on an observer’s beliefs about the agent’s type 6;
conditional on the agent’s given action. 57 — Sy thus denotes the net esteem: the gain in esteem
from choosing to take a prosocial action over not taking it. Note that, keeping everything else equal,
(1.1) is increasing in ;. We can therefore identify a threshold 6 such that all agents with 6; > 6
select a; = 1 and all agents with 6; < 0 select a; = 0. We can therefore express Sy as E(0; | 6; > 5)
and Sy as E(0; | 6; < 5) In the absence of incentives, we generally expect that S; — Sy > 0. This
means that an agent taking the prosocial action is considered as more prosocial than an agent that

does not take it. Throughout the text, we use the sub-/superscrips b, r and p to denote baseline,

reward and penalty.

1.2.1 Introducing monetary incentives

Consider now a situation where a monetary incentive t > 0 is offered to all agents who select
a = 1. The monetary incentive ¢t can take the form of a reward (j = r) or a penalty (7 = p). The
net utility from a; = 1 is

Hi—C+17j5it+Sl — Sy (1.2)

where 7;0;t is the utility agent ¢ gets from the monetary incentive ¢. There are two key features

to this model:

o All agents are loss averse in their monetary concerns: they allocate a higher value to avoiding a
penalty than to receiving a monetarily equivalent reward. This is reflected in the loss aversion
parameter 1, where 7, = 1 and 7, > 1.

o Agents differ in their marginal utility of money 0. For tractability, we assume that there are
only two groups: “greedy” (with share ¢) and “standard” (with share 1 — ¢). Standard agents
have § = 1 while greedy agents have § > 1. The distribution of € in the two categories is the

same.

We assume that greedy agents have a d sufficiently large that they comply independently of their
underlying prosociality. Intuitively, ¢ reflects the share of individuals who are mainly motivated by
"greed" when they take a given prosocial action.

The main intuition of the model is that monetary incentives dilute the signaling value of taking
the prosocial action. Now there is motivation uncertainty: observers cannot distinguish between
agents who take the action simply because they are greedy (in which case their expected 6 is E (6))

and those who are motivated at least in part by their prosociality (in which case their expected 0 is

24



Do monetary incentives damage social esteem? An empirical framework to detect
crowding-out potential for prosocial behaviors

E0;|0; > HAJ)) Note that, keeping everything else equal, 0 is decreasing in 7;t. Hence, we expect
O, > 0, > 0,

S1, in the presence of monetary incentives, becomes

(1—a;) E0:10;>0;) +a;  E(©)

esteem if 4 is standard esteem if ¢ is greedy

s (1.3)

q <
a+(1-q)(1-F(6;)) R
other hand, remains as E(6; | 6; < 0;). This is because there is no uncertainty whether an abstainer

where o; = is the share of greedy agents among compliers. Note that s! , on the
is greedy or standard.

Let’s denote the loss in net esteem resulting from the motivation uncertainty (that is, the loss in
net esteem provoked by the uncertainty of whether a complier is greedy or standard) as ¢;. We can

also express ¢; as:

¢j=8"-8

If ¢; > 0, then net esteem has been damaged by the introduction of incentives.

We assume that, in the absence of motivation uncertainty (in a world with no greedy agents), net
esteem would remain unchanged with monetary incentives because S{ and Sg would move towards
the same direction following changes in 5] In other words, the presence of motivation uncertainty is

a necessary condition for incentives to reduce net esteem.
With this established, we can present three predictions:
Prediction la: Rewards have a higher potential to reduce net esteem than penalties (¢r > ¢p).

This is due to 0: > GAp. Since agents are loss averse, penalties attract more standard compliers

than rewards. There are two channels explaining why this can lead to ¢, > ¢y:

1. Motivation uncertainty is larger for rewards. This is because we expect the share of greedy
among compliers to be higher for rewards than for penalties (a;, > ;). From 1.3, we can see
that S{ is decreasing in «;. The larger the share of greedy among all compliers, the larger the

motivation uncertainty and thus the larger the potential for net esteem loss.

2. Due to the presence of motivation uncertainty, as long as a, > «,, holds, we expect (S§ — S¥)

> (S-S ).4 Intuitively, this means that, in the presence of motivation uncertainty, we expect

4Note that even if a remains equal between rewards and penalties, rewards would still have a higher
or equal net esteem loss than penalties. Because of loss aversion, we have 6, > 6,. Consequently, we have
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abstaining to become a more reliable signal than complying. Someone who abstains in the
presence of penalties will have a lower expected prosociality than someone who abstains in the
presence of rewards. However, someone who complies in the presence of penalties may have a
lower expected prosociality (in the case of being standard) or may have the same expected

prosociality (in the case of being greedy).

The same rationale applies when comparing large and small monetary incentives within the same

incentive type (reward or penalty).

Prediction 2a: Small monetary incentives have a higher potential to reduce net esteem than large

monetary incentives (Gsmail > Plarge)-

Consider now different environments, with different compliance costs. Under our assumptions, a
higher ¢ corresponds to a higher 6), and hence less baseline compliance. In environments with lower
baseline compliance, we expect the share of greedy among compliers to be larger once monetary

incentives are introduced. In other words, we assume that « is increasing in 6.

Prediction 3a: There is higher potential for net esteem loss when (c is high and hence) baseline

compliance is low than when (c is low and hence) baseline compliance is high (Prow > Phigh)-

1.2.2 Compliance and crowding out

Standard agents will be crowded out if:

or a reward t :t < ¢,
4 ¢ (1.4)

for a penalty t : nt < ¢,

Definition: We say that an incentive j generates image crowding out when it decreases the

compliance of standard agents: §j > §b-

The necessary condition for a monetary incentive to decrease total compliance is that it generates
image crowding out. Image crowding out occurs when the loss in the net esteem associated with the
prosocial action exceeds the monetary incentive. It is easy to see that ¢ > 0, and thus S7 < S?, is a
necessary condition for image crowding out. We can also establish the following predictions from

1.4:

S§ — Sh = X, with A > 0. We established before that E(6; | 6; > 9:) —E6;]6; > 0:,) = ). Hence, following
1.3, and keeping « equal, ST — S7 = (1 — ). This solves S? — S” = a\, which is > 0. Same rationale applies
for large and small monetary incentives within the same incentive type.
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Prediction 1b: Rewards have a higher potential to generate image crowding out than penalties.

Prediction 2b: Small monetary incentives have a higher potential to generate image crowding out

than large monetary incentives.

Prediction 3b: There is higher potential for image crowding out when (c is high and hence) baseline

compliance is low than when (c is low and hence) baseline compliance is high.

If there is image crowding out (53 > §b), the loss in net esteem can become even larger. This is
because a becomes larger, thus potentially further decreasing S{. Furthermore, since 67] > §b, we
would also expect Sg > 8.

Finally, fixing the nature of the incentive (reward or penalty), we compare a small vs. a large
incentive. If compliance with the small incentive is as high or higher than with the large incentive,
the large incentive is clearly suboptimal. In this case, we say that it is dominated. The condition

®small = Prarge Tules out that the large incentive is dominated.

1.2.3 Key takeaways

e Image crowding out is a necessary condition for a monetary incentive to lower total compliance.

e If net esteem with a monetary incentive is higher or equal than in baseline this rules out image
crowding out.

o Penalties are less likely to generate net esteem loss than rewards. If we can exclude net esteem
loss with rewards we can also exclude it with penalties, but not vice versa.

o Large incentives are less likely to generate net esteem loss than small incentives. If we can
exclude net esteem loss with a small incentive we can also exclude it with a large incentive,
but not vice versa.

e Net esteem loss is less likely under high baseline compliance than low baseline compliance. If
we can exclude net esteem loss with low baseline compliance we can also exclude it with high
compliance, but not vice versa.

o If a monetary incentive decreases net esteem, it generates an indirect cost that lowers its direct
effect. The size of the net esteem loss quantifies this cost.

e Penalties generate higher compliance than rewards. The difference in net esteem with a penalty
and a reward provides a measure of the penalty’s compliance advantage.

o If net esteem with a large incentive is higher or equal than with a small incentive, this rules

out that the large incentive may be dominated.
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1.3 Experiment

We conceptualize social esteem (Sg) as the inferences others make about the agent’s prosociality
after observing the agent’s actions. In order to measure this, we chose to elicit second-order
beliefs—essentially, what people think others think. This approach is grounded in the idea that
individuals decide whether to take an action based on their perception of what others will think
of them. In situations where agents have perfect information about others’ opinions, second-order
beliefs should align perfectly with the average of all first-order beliefs. However, in a situation where
agents have imperfect information about what others think (e.g., a situation of pluralistic ignorance;
Sparkman, Geiger and Weber 2022, Bursztyn, Gonzalez and Yanagizawa-Drott 2020, Andre et al.
2024), the actual motivator for people to act would be their second-order beliefs about esteem.

We also decided to elicit judgments about the prosociality of an hypothetical individual in a
vignette. The obvious advantage of this approach is that it allows us to capture net esteem changes
without actually having to face behavioral consequences. Conceptually, individuals’ predictions
about what others will think of them if they act in a certain way should perfectly match their
predictions about what others will think about any person acting that way.

Our design also mitigates concerns about social desirability bias in participants’ responses. Since
participants are asked to guess others’ responses rather than report their own—and are incentivized
to do so—there is little risk that they will adjust their answers to appear more favorable.

The pre-registration of our experiment can be accessed here: aspredicted.org/18V_9GD. The

study received ethical approval from the LISER Research Ethics Committee (project number 87).

1.3.1 Design and Procedure

We conducted an online vignette experiment where participants read about a hypothetical man
who worked as a janitor in a senior care home in the UK and was eligible to receive the seasonal
COVID-19 booster vaccine.’® The vignette stated that the man one day received a letter from the
local Council inviting him to receive the seasonal COVID-19 booster within a two-week period. The
information subsequently displayed in the vignette varied according to the treatment condition to

which the participants were allocated.

5We chose a sample based in the UK since vaccine hesitancy was low in the country at the time of the
study. According to the latest survey conducted by UK Office for National Statistics (2021), based on adults
in Great Britain, 96% reported positive sentiment towards a COVID-19 vaccine.

6At this point in time, only individuals at risk or in close contact with individuals at risk were elibible to
receive the seasonal booster in the UK (NHS 2023).
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The experiment followed a 5 (Incentive Scheme: No incentive, Large Penalty, Small Penalty,
Large Reward, Small Reward) x 2 (Vaccination Rate: High, Low) x 2 (Action: Taking the vaccine,
Not taking the vaccine) between-subject factorial design, resulting in twenty versions of the vignette

in total. Each participant read only one version. Table 1.1 provides a summary of our conditions.

Table 1.1: DESIGN

Treatments: Incentive schemes / | High vaccination rate (84%) Low vaccination rate (15%)

Environments: vaccination rate

No incentive (baseline)

Takes vaccine

Does not take
vaccine

Takes vaccine

Does not take
vaccine

Large Penalty (100 GBP)

Takes vaccine

Does not take
vaccine

Takes vaccine

Does not take
vaccine

Small Penalty (15 GBP)

Takes vaccine

Does not take
vaccine

Takes vaccine

Does not take
vaccine

Large Reward (100 GBP)

Takes vaccine

Does not take
vaccine

Takes vaccine

Does not take
vaccine

Small Reward (15 GBP)

Takes vaccine

Does not take
vaccine

Takes vaccine

Does not take
vaccine

Our main treatments consisted of five different incentive schemes. In the No incentive (baseline)
treatment, monetary incentives were not mentioned at any point in the vignette. In the other four
treatments, the man in the vignette was told that he could receive a reward (penalty) of 100 (15)
GBP, introduced by the Council this year, for taking the booster within the two-week deadline. He
would receive a cheque (penalty notice) at home after his vaccination was (not) confirmed in the
NHS registry.

Additionally, we manipulated the information displayed to participants in two more areas: 1)
Baseline vaccination rate. The man in the vignette was informed that either 84% or 15% of eligible
Council residents took the booster in the previous season. 2) Action. The man in the vignette either
took or did not take the seasonal COVID-19 booster within the following two weeks.

We based our monetary incentive levels and vaccination rates on real-world information to
maintain realism. Specifically, we used real COVID-19 vaccination rates for the third dose booster
in the UK by May 2023 (UK Health Security Agency 2023).” We selected the vaccination rates from
the local authority area with the highest rate (Milford & Lymington South), and the area with the
lowest rate (Harehills South). The monetary incentive levels we implemented match actual amounts
used in past government policies or field experiments.

Following an approach similar to Lane, Nosenzo and Sonderegger (2023) in their Prosocial traits

study, we used the opinion-matching method (Bicchieri and Xiao 2009, Bursztyn, Gonzdlez and

"The original website we accessed does not exist anymore, but here is an example of how the page
looked like: https://web.archive.org/web/20230114110603 /https://coronavirus.data.gov.uk/details/interactive-
map/cases
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Yanagizawa-Drott 2020, Bicchieri et al. 2022) to elicit incentivized second-order beliefs about the
prosociality of the man described in the vignette.

After reading one of the twenty possible vignette versions, a first batch of participants had
to report their personal opinion (unincentivized) of the likelihood that the man in the vignette
engaged in six different behaviors in the recent past, using an eight-point scale ranging from "Very
unlikely" to "Very likely". Three of these behaviors captured prosocial domains: trustworthiness
(keeping a promise made to a friend), honesty (returning the extra change to a cashier when the
cashier accidentally gave them more change than they were due), and altruism (making a donation
to a friend who ran the TCS London marathon for charity). The other three behaviors were filler
questions to distract participants from the study’s true objective, to mitigate experimenter demand
effects. They were socially desirable behaviors, but unrelated to prosociality (exercising regularly to
keep fit; keeping a healthy diet; and reading at least two books per month). The order of display of
these six behaviors was randomized between participants.

Subsequently, a second batch of participants had to predict which was the most common answer
given by the first batch to each of the six questions. This task was incentivized: participants were
informed that we would pick randomly one out of every twenty respondents to be eligible to receive
bonus payment. We would then randomly select one of the six questions, and eligible participants
who correctly predicted the most common answer to that question would receive a 5 GBP bonus.
Additionally, all participants answered a question designed to test their attention to the survey, as
well as some basic demographic questions: gender, age, and annual personal income.

Regardless of the bonus payment, all participants in both studies received a show-up fee of 0.60
GBP for their participation in the experiment (which had a median duration of 4 minutes). Detailed

experiment instructions can be found in Appendices A1.8 and A1.7.

1.3.2 Sample

In November and December 2023, we recruited 607 Prolific participants to elicit their first-order
beliefs and 5,627 Prolific participants to elicit their second-order beliefs (after excluding participants
who failed the attention question, as pre-registered). Before collecting the data for the second-order
beliefs, we conducted a power analysis to determine the sample size we needed, and pre-registered it.
We simulated a distribution of prosociality ratings using means and standard deviations from our
first-order beliefs data (baseline condition), and tested the power to detect different treatment effect

sizes. We used an approach similar to Campos-Mercade (2018). According to our power analysis,
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with the current sample size we had 80% power to detect a reduction of net esteem of at least 30%
(0.43 SD) when any kind of incentive is introduced, plus an additional minimum difference of 30%
between incentive schemes (e.g., moving from Penalties to Rewards). All participants were located
in the UK and indicated to be fluent in English. Since the data from the first-order beliefs batch is
irrelevant for our analyses, subsequently we only describe the data from the second-order beliefs
batch.

Since we pre-registered using gender, age and income as covariates in all our analyses, we dropped
from the analysis 259 participants who indicated "I prefer not to say" to a question asking about
their annual personal income.® Hence, the final sample size of our main study was N = 5,368, with
roughly 270 participants allocated to each vignette version.

Appendix Al.1 provides details about the demographic distribution of our sample. We also
provide the average demographic data of the UK population at the time of the study for comparison.

Our sample is consistent with that of a representative sample in age, gender and income range.

1.4 Main results

We averaged the three second-order beliefs about trustworthiness, honesty and altruism to form a
single index of prosociality, which is our empirical measurement of esteem (Sg). The answers, which
were measured with an eight-point scale ranging from Very unlikely to Very likely, were recoded from
-1 to 1 with equal spacing in between.? As shown in Table A1.3 in Appendix A1.2, the correlation of
these three traits was positive and significant. We replicated all the analyses reported in this section
for each of the three traits separately as a robustness check, which we include in Appendix A1.5.
We found that the effects were strongest in beliefs about honesty, however all three traits had the
same directional results.

We also show that the distribution of esteem ratings in our sample was not polarized in Appendix

A1.3, which lowers concerns about our participants displaying vaccine-hesitant attitudes.

1.4.1 The model

Our main effect of interest is the potential reduction in net esteem caused by the presence of

monetary incentives: ¢;. Net esteem represents the gain in esteem from taking a COVID vaccine

8We replicated the analyses including this set of dropped participants and our results remained identical.
9Since there was no middle point in the scale, we don’t have "0" in our data, -0.25 is immediately followed
by 0.25.
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over not taking it: S7 — Sy. We also wanted to study this effect in two different environments: high
baseline vaccination rate and low baseline vaccination rate.

Hence, we pre-registered the following regression model for each vaccination rate level:

Si = a +yTakesVaccine; + i ﬁjTij + i 0j(TakesV accine; x TZ]) + i wp X[ + e (1.5)
j=1 j=1 n=1

S; is participant i’s evaluation of the expected prosociality of the man in the vignette, and
TakesVaccine is a dummy taking value 1 if the man in the vignette took the vaccine and 0 otherwise.
Tij with j € [1,4] are dummies for the four treatments with monetary incentives (No Incentive is
the omitted base category), taking value 1 if the vignette contained the incentive scheme and 0
otherwise. X" with n € [1, 3] are control variables representing gender, age and income; and e; is
the error term. -y measures the difference in expected prosociality between not taking and taking the
vaccine in baseline, in other words, the net esteem of taking a vaccine without incentives: Sf — Sg .
Bj measures the difference in expected prosociality between baseline and the respective monetary
incentive when the man does not take the vaccine: S§ — Sgree™*iv¢. Our main coefficients of interest
are the four d;, which capture the change in net esteem after the respective monetary incentive is

introduced: (S% — S§) — (Gincentive _ Gincentive) "I other words, §; captures ¢;.

1.4.2 Net esteem of taking a COVID-19 vaccine

As shown in Figure 1.1, net esteem was significantly above zero in all treatments. This means
that, regardless of incentive scheme and vaccination rate, our sample deemed the man taking the
vaccine as more prosocial than the man not taking it (S; —So > 0).

This was also supported by our regression results, as shown in Table 1.2.10 As pre-registered,
we used the Benjamini-Hochberg method (Benjamini and Hochberg 1995) to adjust the p-values
of our tests of interest and correct for Multiple Hypothesis Testing. As described in Section 1.4.1,
~ informs us that receiving the vaccine in the baseline condition increased expected prosociality
ratings by 0.45 points (1.09 SD) when the vaccination rate was HIGH, and by 0.41 points (0.99 SD)

when the vaccination rate was LOW, both p < 0.001.

10We replicated all analyses excluding the control variables (gender, age, income) from the regression model
and the results remained unchanged.

32



Do monetary incentives damage social esteem? An empirical framework to detect
crowding-out potential for prosocial behaviors

High vaccination rate
6 |

Net esteem
N
1

T T T T T T T T T T T T T T T T T T

T
100 -80 60 -40  -20 20 40 60 80 100
Monetary incentive (GBP)

T

|
|
|
|
[
|
|
T
0

Low vaccination rate

|
5 |

Net esteem

T T T T T T T T T

00 80 | 60  -40 20
Monetary incentive (GBP)

|

Figure 1.1: NET ESTEEM (S; —Sp) BY TREATMENT CONDITION. CIS AT THE 95%
CONFIDENCE LEVEL, ESTIMATED BY CALCULATING THE STANDARD ERROR OF THE
DIFFERENCE IN MEANS BETWEEN S; AND Sj IN EACH TREATMENT CONDITION.

1.4.3 Changes in net esteem across different incentive schemes

We can easily see in Figure 1.1 that rewards significantly decreased net esteem, regardless of size
and vaccination rate. This was again confirmed by our formal analyses, as observed in the coefficients
of the interaction terms TakesVaccine x LargeReward (d2) and TakesVaccine x Small Reward

(64) in Table 1.2.

The Large Reward treatment significantly decreased net esteem by 0.18 points (0.44 SD) for
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Table 1.2: THE EFFECT OF MONETARY INCENTIVES ON EXPECTED PROSOCIALITY, BY
VACCINATION RATE

High Low
Vaccination Rate Vaccination Rate

(1) (2)

TakesVaccine=1 (7) 0.453*** 0.410%**
Large Penalty () -0.0477 -0.146%**
Large Reward (/33) 0.0558 -0.00476
Small Penalty (33) -0.0707* -0.122%**
Small Reward (3,) 0.0354 -0.0107
TakesVaccine=1 x Large Penalty (d7) 0.0169 0.0507
TakesVaccine=1 x Large Reward (ds) -0.183%*** -0.182%**
TakesVaccine=1 x Small Penalty (d3) -0.0429 0.0439
TakesVaccine=1 x Small Reward (d4) -0.165%** -0.179%**
Constant -0.300%** -0.198%**
Controls Yes Yes
Observations 2678 2690

* p<0.05, ** p<0.01, *** p<0.001. Adjusted p-values in bold.

Control variables: gender, age, income (not reported)

both vaccination rates (p < 0.001). The Small Reward treatment significantly decreased net esteem
by 0.17 points (0.40 SD) when the vaccination rate was HIGH, and by 0.18 points (0.43 SD) when
the vaccination rate was LOW (both p < 0.001). Hence, we can conclude that, for both incentive
sizes, ¢, > 0.

On the other hand, as shown in Figure 1.1, net esteem remained largely unchanged for penalties
(compared to baseline). Accordingly, the coefficients of the penalty interaction terms d; and J3 were
non significant. Again, this was robust regardless of incentive size and vaccination rate. In other
words, we could not reject that ¢, = 0.

Wald tests to check whether TakesVaccine x LargePenalty = TakesV accine x LargeReward
(61 = d2) and whether T'akesVaccine x SmallPenalty = TakesV accine x Small Reward (d3 = 04)
confirmed that rewards were significantly more damaging to net esteem than penalties (¢" > ¢”). We
conducted these tests for both vaccination rates separately and all four tests had p < 0.001 except
for TakesV accine x Small Penalty = TakesV accine x Small Reward with HIGH vaccination rate,
which had p = 0.01.

Similar Wald tests comparing the effect of large and small incentives (0; = d3 & d2 = d4)
confirmed that the size of monetary incentives did not make any difference in our data, and that

this was robust regardless of incentive type and vaccination rate.
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Finally, we performed joint Wald tests to check whether v + 61, v + d2, v + d3 and v + &4 were
equal to zero, which tells us whether net esteem remained significantly above zero in the presence of
monetary incentives. Confirming what we already could see in Figure 1.1, we obtained p < 0.001 in
all tests. Hence, albeit we found that rewards significantly damaged net esteem, the extent of this

damage was not large enough to completely nullify the signaling value of taking the vaccine.

1.4.4 Testing our theoretical mechanisms

An independent analysis for S; and Sy (details reported in Appendix Al.4) suggested that the
damaging effect of rewards were mainly driven by a reduction of S7, consistent with our hypothesized
mechanism of motivation uncertainty. On the other hand, Sy remained largely unchanged, which is
consistent with the possibility of an image crowding out effect. On the other hand, both S; and Sy
were damaged (albeit not always significantly) for penalties, explaining the final net esteem remaining
the same. Consistent with our theoretical mechanism of abstaining becoming a more reliable signal
than complying, we confirmed that (S — Sf) > (S7 — S7). We also found that S > S7, consistent

with our hypothesis that motivation uncertainty is greater or equal for rewards than for penalties.

1.4.5 Discussion

In the absence of monetary incentives, we found a positive net esteem associated with taking
a COVID-19 vaccine. Participants viewed someone who took the vaccine as more prosocial than
someone who did not. However, we also found that introducing monetary incentives significantly
diminished this net esteem. This detrimental effect was significant only for rewards, aligning with
our theoretical predictions that rewards have a greater potential to reduce net esteem compared
to penalties. Additionally, we found that small rewards were just as damaging as large rewards,
and baseline vaccination rates had little impact. These findings are consistent with the patterns
predicted by our theoretical framework.

We also found that the damaging effect of rewards was primarily driven by reductions in the
"honor" associated with taking the vaccine (S7), while the "shame" from not taking the vaccine (Sp)
remained unaffected. These findings are consistent with the presence of motivation uncertainty
and image crowding out as depicted in our theory. Additionally, we found that the difference in
net esteem reduction between rewards and penalties could be explained by our two theoretical
mechanisms: abstaining becoming a more reliable signal than complying, and motivation uncertainty

being greater or equal for rewards than for penalties.
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Finally, albeit rewards significantly damaged net esteem, the damage was not large enough to
make it become zero. That is, even in the presence of incentives, taking a COVID-19 vaccine still

had positive signaling value.

1.5 Implications for the policymaker

Our data reveals some interesting insights for UK policymakers, if they were to consider a
monetary incentive policy to promote vaccinations. Consider the net return from compliance for
a standard agent 7 in the baseline vs. the monetary incentives case. The net incentive from the

monetary incentive, or the "effective t', is

it — o

direct incentive indirect net esteem effect

If ¢; > 0, some of the money spent for incentivizing compliance is literally “eaten away”. Empirically,
¢; provides a measure of indirect loss in a given environment. Therefore, ¢, — ¢, provides a measure
of the indirect advantage of penalties over rewards.

A key implication of our findings is that, for a given ¢, taking the vaccine is less attractive with
rewards than with penalties. This is driven by two channels: 1) the direct incentive of a reward is
lower due to loss aversion (n,t > n,t), and 2) the indirect loss of a reward is higher (¢, > ¢p).

A further implication of our data is that penalties seem to make vaccinations unambiguously
more attractive for our sample: there is a direct incentive effect (7:¢ > 0) with no unintended
consequences on net esteem (¢P = 0). For rewards, on the other hand, the net incentive seems more
ambiguous: whereas the money utility increases, the net esteem utility decreases. There is potential
for crowding out.

The size of the incentive can be used strategically: If the policymaker is considering implementing
rewards, the "pay enough or don’t pay at all' advice seems to be sensible here. Since large and
small rewards were equally as damaging in our data, a larger reward can more easily compensate
the decreased net esteem and reduce the risk of crowding out. On the other hand, we didn’t find
support for "fine enough or don’t fine at all": since fines did not decrease net esteem, even a small
fine could positively promote vaccinations.

A final suggestion to the policymaker is that a monetary incentive policy could be complemented
with a communication policy. Since the damaging effect of rewards was mostly driven by penalizations

to the "honor" received from taking the vaccine (consistent with motivation uncertainty), policy
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communications aimed at increasing the social disapproval for skipping booster vaccines (hence
making "shame" a greater motivator for vaccination uptake) could potentially attenuate the negative

effects of rewards on net esteem.

1.5.1 Tipping point for image crowding out.

Let’s consider an individual ¢ that has 0; = éb and they choose to take the vaccine without
monetary incentives. Introducing a monetary reward of 15 GBP would reduce net esteem by 36%
if the baseline vaccination rate were 84% and by 44% if the baseline vaccination rate were 15%
(calculated from the coefficients in Table 1.2). For simplicity, let’s assume an average reduction
in net esteem of 40%. Given an average baseline net esteem of 0.43 (calculated as the average of
the baseline net esteem for both vaccination rates), this implies that introducing a 15 GBP reward

would reduce net esteem by 0.17 points.

Let’s consider a parameter v that represents the relative value standard agents place on net
esteem compared to money. In other words, v indicates how much standard agents value one unit of
esteem gain in GBP. For individual 7 to choose to defect once a reward of 15 GBP is introduced, the

following condition must hold:

15 — ~0.17 <0

direct incentive indirect net esteem effect

This leads us to v > 88. If a one-point increase in esteem is worth more than 88 GBP, then a
reward of 15 GBP can induce defection. In more practical terms, a v of 8 means, for instance, that
individuals are willing to pay 88 GBP to move from being deemed neither likely nor unlikely to be
prosocial to being considered very likely to be prosocial by their peers, or 176 GBP to move from

being deemed very unlikely to be prosocial to very likely to be prosocial.

Moreover, we show in the y-axis of Figure 1.2 which would be the "effective ¢" in GBP for different

levels of ~.
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Figure 1.2: "EFFECTIVE t" FOR A REWARD OF 15 GBP

If v = 0 (agents only care about money), the effective ¢ they would be receiving with a 15 GBP
reward would be the full amount. However, if v = 60, the effective ¢ agents would be receiving would
actually be 5 GBP, since the loss of net esteem would be equivalent to losing 10 GBP to them. From

~v = 88 onwards, the effective ¢ becomes a loss.

1.6 Conclusion

We presented a novel and portable methodology to measure whether monetary incentives reduce
the social esteem gained from doing a prosocial action. We conducted an online incentivized vignette
experiment within the context of a COVID-19 booster and compared rewards against penalties;
large against small incentives; and high against low baseline vaccination rates.

Our results showed direct empirical evidence of the mechanism proposed in Bénabou and Tirole
(2006)’s model: that monetary incentives can reduce the net esteem associated with a prosocial
action. However, we also show that, in our case, this was only true for rewards. Hence, we confirm

that rewards and penalties can have different crowding-out potential and that their effects should be
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evaluated separately by the policymaker. Taking our empirical results and our theoretical framework
altogether, we recommend the use of penalties before that of rewards to reduce the risk for crowding
out.

Whenever this is not possible, we recommend policymakers to implement larger rewards. In our
results, small rewards were already enough to produce the damaging effect and, in fact, the size of
the incentive seemed to matter little for net esteem reduction.

A standing problem of monetary incentives and crowding out is that it is very hard to predict
ex-ante whether a monetary incentive will backfire. This can depend on many factors such as
the nature of the prosocial behavior itself, the target population, and the type and size of the
incentive. Our methodology has the advantage of allowing the measurement of net esteem damage
without inducing changes in behavior. Hence, our methodology can be a possible cost-effective
and easy-to-implement “workhorse” for policy-makers to evaluate crowding-out potential when
considering implementing a monetary incentive policy.

The use of monetary incentives to promote prosocial behaviors, particularly in the context of
COVID-19 vaccinations, has sparked debate among researchers, policymakers, and the general public.
While previous studies have reported no adverse effects of offering monetary rewards for COVID-19
vaccinations on attitudes such as civic responsibility, self-determination, trust in providers, and
perceived vaccine safety and efficacy (Schneider et al. 2023), our findings challenge this perspective
by providing evidence that monetary incentives can negatively impact social esteem. Our results may
also shed light on the widespread resistance to adopting monetary incentives as a tool for influencing
health-related behaviors, both among policymakers and the general public (Campos-Mercade et al.
2024).

Future research could examine whether our results replicate for different behaviors and populations.
Future studies could also examine different incentive levels -both smaller and larger than ours- to
see whether the damaging effect of incentives remain unchanged. This could speak to whether
the effect of incentives is marginal (depends on the size of the incentive), categorical (the effect is
affected by the mere presence of the incentive) or a combination of both, as discussed by Bowles and

Polania-Reyes (2012).
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Appendix

A1l.1 Demographic distribution

Table Al.1 provides a summary of the demographic distribution of our sample. The minimum
age was 18 years old, and the maximum age was 88 years old.

Table A1.1: SUMMARY STATISTICS FOR DEMOGRAPHIC VARIABLES

Summary
N 5,368
Gender
Male 2,608 (50.3%)
Female 2,614 (48.7%)
Non-binary / third gender 34 (0.6%)
Prefer to self-describe 14 (0.3%)
Prefer not to say 8 (0.1%)
Income
<20,000 GBP 1,499 (27.9%)
20,000-39,999 GBP 2,276 (42.4%)
40,000-59,999 GBP 1,058 (19.7%)
60,000-99,999 GBP 438 (8.2%)
More than 100,000 GBP 97 (1.8%)
Age 41.974 (13.540) 40

We report the frequency and percentage distribution for gender and income; and the
mean, SD and median for age. For comparison, at the time of our study, 51% of the
population was female in the UK, the median age was 40.7 years and the median
household income was 32,300 GBP (UK Office for National Statistics 2024, 2023).
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A1.1.1 Demographic distribution by treatment

Table A1.2: SUMMARY STATISTICS FOR DEMOGRAPHIC VARIABLES BY INCENTIVE SCHEME

No Incentive Large Penalty = Large Reward  Small Penalty =~ Small Reward Total
(N=1,061) (N=1,083) (N=1,079) (N=1,074) (N=1,071) (N=5,368)
Gender
Male 532 (50.1%) 538 (49.7%) 537 (49.8%) 546 (50.8%) 545 (50.9%) 2,698 (50.3%
Female 518 (48.8%) 531 (49.0%) 529 (49.0%) 523 (48.7%) 513 (47.9%) 2,614 (48.7%
Non-binary / third gender 8 (0.8%) 8 (0.7%) 9 (0.8%) 2 (0.2%) 7 (0.7%) 34 (0.6%
Prefer to self-describe 1 (0.1%) 4 (0.4%) 2 (0.2%) 2 (0.2%) 5 (0.5%) 14 (0.3%
Prefer not to say 2 (0.2%) 2 (0.2%) 2 (0.2%) 1 (0.1%) 1 (0.1%) 8 (0.1%
Income
<20,000 GBP 300 (28.3%) 309 (28.5%) 316 (29.3%) 290 (27.0%) 284 (26.5%) 1,499 (27.9%)
20,000-39,999 GBP 439 (41.4%) 456 (42.1%) 449 (41.6%) 465 (43.3%) 467 (43.6%) 2,276 (42.4%)
40,000-59,999 GBP 212 (20.0%) 212 (19.6%) 207 (19.2%) 215 (20.0%) 212 (19.8%) 1,058 (19.7%)
60,000-99,999 GBP 91 (8.6%) 82 (7.6%) 84 (7.8%) 84 (7.8%) 97 (9.1%) 438 (8.2%)
More than 100,000 GBP 19 (1.8%) 24 (2.2%) 23 (2.1%) 0 (1.9%) 1 (1.0%) 97 (1.8%)
Age 42.303 (13.876) 41.913 (13.479) 41.865 (13.235) 41.603 (13.190) 42.191 (13.920) 41.974 (13.540)

1 YALIVHD)
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A1.2 Correlation of traits

Table A1.3: CORRELATION TABLE

Trustworthiness Honesty Altruism

Trustworthiness 1.00

Honesty 0.45%%* 1.00

Altruism 0.44%** 0.37** 1.00
Observations 5,368

* p<0.05, ** p<0.01, *** p<0.001
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A1.3 Distribution of esteem (S;) ratings

As seen in Figures Al.1 and A1.2, attitudes towards COVID-19 vaccinations were not polarized
in our sample -in which case the distribution of expected prosociality ratings would have followed an

U shape (Dimant et al. 2024).
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Figure Al.1: EXPECTED PROSOCIALITY RATINGS DISTRIBUTION, SECOND-ORDER BELIEFS
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High vaccination rate
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A1l.4 Analyzing Sy and S; independently

We used the Benjamini-Hochberg method to adjust the p-values of our tests of interest reported
in this section.
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@ ©
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Figure A1.3: ESTEEM FOR TAKING (S7) AND NOT TAKING THE VACCINE (S)) BY
TREATMENT CONDITION. CIS AT THE 95% CONFIDENCE LEVEL, ESTIMATED BY
COMPUTING THE STANDARD ERRORS OF THE MEANS OF S; AND Sy IN EACH TREATMENT
CONDITION.

Al.4.1 NOT taking vaccine (5y)

As seen in Table Al.4, none of the monetary incentives changed Sy significantly compared
to baseline when vaccination rates were HIGH. When vaccination rates were LOW, Sy remained
unchanged for rewards but were significantly lower in the Penalty treatments.

According to our Wald tests, there was no difference between Large Penalty and Small Penalty,
nor between Large Reward and Small Reward (all p > 0.05).

On the other hand, Sy was significantly lower for Large Penalty compared to Large Reward (p
< 0.01 for HIGH vaccination rate and p < 0.01 for LOW vaccination rate) and for Small Penalty
compared to Small Reward (all p < 0.01).

In conclusion, we found that S§ > S’g and S > SP. These results are consistent with our
theoretical framework.
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Table Al1.4: THE EFFECT OF MONETARY INCENTIVES ON EXPECTED PROSOCIALITY WHEN
NOT TAKING THE VACCINE (Sp), BY VACCINATION RATE

High Low
Vaccination Rate Vaccination Rate

(1) (2)

Large Penalty -0.0478 -0.147***
Large Reward 0.0572 -0.00637
Small Penalty -0.0708 -0.123%*
Small Reward 0.0363 -0.0121
Constant -0.324%** -0.200%**
Controls Yes Yes
Observations 1343 1335

* p<0.05, ** p<0.01, *** p<0.001. Adjusted p-values in bold.

Control variables: gender, age, income (not reported)

A1.4.2 Taking vaccine (5;)

Table A1.5: THE EFFECT OF MONETARY INCENTIVES ON EXPECTED PROSOCIALITY WHEN
TAKING THE VACCINE (S7), BY VACCINATION RATE

High Low
Vaccination Rate Vaccination Rate

(1) (2)

Large Penalty -0.0305 -0.0942**
Large Reward -0.127%** -0.186%**
Small Penalty -0.113%** -0.0773%*
Small Reward -0.129%** -0.190%***
Constant 0.174%%* 0.212%%*
Controls Yes Yes
Observations 1335 1355

* p<0.05, ** p<0.01, *** p<0.001. Adjusted p-values in bold.

Control variables: gender, age, income (not reported)

As seen in Table A1.5, all monetary incentives lowered S; significantly compared to baseline,

except for Large Penalty with HIGH vaccination rates.

According to our Wald tests, S1 was significantly higher for Large Penalty compared to Small
Penalty (p < 0.01) when vaccinations were HIGH. There was no such difference when vaccinations
were LOW, and S} was no different between Large Reward and Small Reward (all p > 0.05).

Large Penalty had a significantly higher S; compared to Large Reward (p < 0.01 for both
vaccination rates), but Small Penalty had a higher S; compared to Small Reward only when

vaccinations were LOW (p < 0.001).

In summary, we found that S% > S{ and ST > S7. Additionally, we also found that Si‘"ge > gymall,
All these results are consistent with our theoretical framework.
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A1l.5 Analyzing trustworthiness, honesty and altruism separately

Same as before, we used the Benjamini-Hochberg method to adjust the p-values of our tests of
interest reported in this section.

A1.5.1 Net esteem from taking the COVID-19 vaccine

As shown in Tables A1.6, A1.7 and A1.8; the net esteem was positive and significant for all three
traits (p < 0.001). Receiving the booster in baseline with HIGH and LOW vaccination rates increased
perceptions of trustworthiness by 0.46 points (0.97 SD) and 0.37 points (0.79 SD); perceptions of
honesty by 0.52 points (0.93 SD) and 0.5 points (0.9 SD); and perceptions of altruism by 0.37 points
(0.66 SD) and 0.35 points (0.63 SD), respectively.
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Figure A1.4: NET TRUSTWORTHINESS DAMAGE, WITH 95% CIs

We performed the same Wald tests as in the main analysis to check if net esteem remained
positive in the presence of monetary incentives. We obtained p < 0.001 in all tests.

A1.5.2 Change in net esteem across different incentive schemes

The detrimental effect of rewards on social incentives were the strongest in honesty, and the
weakest in trustworthiness.
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Figure A1.5: NET HONESTY DAMAGE, WITH 95% CIs

A1.5.2.1 Trustworthiness. Although rewards did not significantly damage the net trustwor-
thiness, the direction of the effect was the same as in the main analysis. Interestingly, the Large
Penalty treatment significantly increased net trustworthiness by 0.14 points (0.28 SD), albeit only in
the LOW vaccination rate condition (p = 0.02). Joint Wald tests confirmed that Large Penalty was
significantly different from Large Reward (HIGH vaccination rate: p < 0.01; LOW vaccination rate:
p < 0.001), and that Small Penalty was significantly different from Small Reward (p < 0.01) for
LOW vaccination rate only. On the other hand, the size of the incentives did not have a significant
impact.

A1.5.2.2 Honesty. The effects of monetary incentives largely mirrored the effects found in
the main analysis. Both reward treatments significantly decreased net honesty: Large Reward by
0.34 points (0.61 SD) for both vaccination rates; Small Reward by 0.27 (0.48 SD) and by 0.31 (0.55
SD) points for HIGH and LOW vaccination rates, respectively; all p < 0.001. Large Penalty was
significantly different from Large Reward (p < 0.001 for both vaccination rates) and Small Penalty
was significantly different from Small Reward (HIGH vaccination rate: p = 0.001; LOW vaccination
rate: p < 0.001). Again, the size of the incentive did not make a difference.
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Figure A1.6: NET ALTRUISM DAMAGE, WITH 95% CIs

A1.5.2.3 Altruism. The Small Reward treatment significantly decreased net altruism by 0.16
points (0.28 SD; p = 0.03) for the HIGH vaccination rate and by 0.17 points (0.31 SD; p = 0.01) for
the LOW vaccination rate. None of the other monetary incentives significantly reduced net altruism.
Large Penalty was significantly different from Large Reward (p < 0.05) for LOW vaccination rate
only. Small Penalty was significantly different from Small Reward for both vaccination rates (HIGH
vaccination rate: p < 0.05; LOW vaccination rate: p < 0.01). Large and small incentives did not

have a different impact.
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Table A1.6: THE EFFECT OF MONETARY INCENTIVES ON TRUSTWORTHINESS, BY
VACCINATION RATE

High Low
Vaccination Rate Vaccination Rate
(1) (2)
TakesVaccine=1 0.462%** 0.374%**
Large Penalty -0.0513 -0.176%**
Large Reward 0.0319 -0.0617
Small Penalty -0.0199 -0.136%**
Small Reward -0.0158 -0.0516
TakesVaccine=1 x Large Penalty 0.0428 0.134*
TakesVaccine=1 x Large Reward -0.105 -0.0715
TakesVaccine=1 x Small Penalty -0.0589 0.0958
TakesVaccine=1 x Small Reward -0.0630 -0.0589
Constant -0.0613 0.114%*
Observations 2678 2690

* p<0.05, ** p<0.01, *** p<0.001. Adjusted p-values in bold.

Control variables: gender, age, income (not reported)

Table A1.7: THE EFFECT OF MONETARY INCENTIVES ON HONESTY, BY VACCINATION RATE

High Low
Vaccination Rate Vaccination Rate
(1) (2)

TakesVaccine=1 0.524*** 0.501***
Large Penalty -0.0215 -0.0952*
Large Reward 0.155%** 0.118**
Small Penalty -0.0727 -0.0811
Small Reward 0.122** 0.0891
TakesVaccine=1 x Large Penalty -0.0234 0.0164
TakesVaccine=1 x Large Reward -0.341%** -0.337***
TakesVaccine=1 x Small Penalty -0.0528 0.0179
TakesVaccine=1 x Small Reward -0.271%** -0.305%***
Constant -0.338%** -0.2098%**
Controls Yes Yes
Observations 2678 2690

* p<0.05, ** p<0.01, *** p<0.001. Adjusted p-values in bold.

Control variables: gender, age, income (not reported)



CHAPTER 1

Table A1.8: THE EFFECT OF MONETARY INCENTIVES ON ALTRUISM, BY VACCINATION

RATE
High Low
Vaccination Rate Vaccination Rate
(1) (2)

TakesVaccine=1 0.372%** 0.354***
Large Penalty -0.0703 -0.167%**
Large Reward -0.0193 -0.0704
Small Penalty -0.120%* -0.148**
Small Reward -0.0000677 -0.0696
TakesVaccine=1 x Large Penalty 0.0314 0.00135
TakesVaccine=1 x Large Reward -0.104 -0.137
TakesVaccine=1 x Small Penalty -0.0170 0.0179
TakesVaccine=1 x Small Reward -0.161* -0.173*
Constant -0.501*** -0.411%%*
Controls Yes Yes
Observations 2678 2690

* p<0.05, ** p<0.01, *** p<0.001. Adjusted p-values in bold.

Control variables: gender, age, income (not reported)
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A1.6 Exploratory findings: rewards increase variance in S; ratings,
but only when vaccination rate is low

2.54

1 75 -5 .25 0 25 5 75 1
Expected prosociality

I No Incentive
[ ] Rewards

Figure A1.7: S; RATINGS, LOW VACCINATION RATE

A Levene’s test revealed that the variance of the S ratings was not equal between the different
incentive schemes only when vaccination rate was low (p < 0.01). Specifically, we found that large
and small rewards increased the variance of S; ratings compared to baseline (p < 0.05 and p <

0.001, respectively).

25



CHAPTER 1

A1.7 Experiment instructions: second-order beliefs

We present screenshots of our main experiment eliciting second-order beliefs. All questions were
compulsory except for the attention check and the final "comment" box.

Dear Participant,

Thank you for taking interest in our online survey. We will ask you to predict other people's opinions

regarding an hypothetical individual that engoges in a particular behaviour.

Duration and Compensation. The survey will toke approximately 4 minutes and you will be
compensated as indicated to you earlier by Prolific. Depending on the accuracy of your
predictions, you may receive g bonus payment for your participation.

Procedure, Voluntary Participation, Risks. Thiz survey poses no foreseeable risks and
participation is voluntary. You can withdraw from the study at any time, but only those participants

who complete the entire survey will be compensated.

Attention Checks. The survey contains one ottention check question that aims to test how

attentive you are to the task. Therefore, you are asked to carefully read the instructions and

respond to all questions to the best of your ability.

Confidentiality. Your responses will be entirely confidential, anonymous, and used for academic

research purposes only.
Researchers and Funding. This study is funded by Luxembourg Institute of Socio-Economic
Research. If you hoave any questions about this study, you moy contact the investigotors Angela

Jiang-wang, angelajiongwang@liser.lu; or Daniele Nosenzo, daniele nosenzo@econ.au.dk.

If you agree to participate in the survey according to the conditions above, please

indicate your consent below by selecting "I agree, continue to survey.”

| disagree, exit from survey | agree, continue to survey

O O
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Please confirm whether your Prolific 1D is correctly displayed below:

XXXKAAAKX

P

() No.

() Yes.

L

In case participants selected "no", then the following screen would appear:

Please enter your correct Prolific ID below:

o

Regarding bonus payment:

After all participants have completed the survey, we will randomly pick one out of every
twenty to be eligible to receive bonus payment. If you are one of the participants
picked, that means you may receive a 5 GBP bonus, depending on the response you
have provided to the survey.
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Information about this survey:

In this survey your task is to guess the most common answers given to questions in a
previous survey.

This previous survey described a hypothetical person's behaviour in a fictitious situation,
and we asked participants their opinions about how this person might have behaved in
other situations. We listed possible behaviours in these other situations and asked
respondents how likely it is that this person might have done them in the recent past.
For each question, there were eight possible responses, as shown below, of which
respondents had to select exactly one.

Ver Quite Slightt Shighitl ite Vary
very Uniikely £ gnty ghtly i Likely very
unlikedy unlikely unlikeky likely likty likeky
™ ™y - " ' ™y —~ '
) O O O @) QO O Q

All participants in the previous survey were located in the UK and recruited online on
Prolific.

After you have completed this survey, we will randomly select one of the guestions in
which we asked you to predict participants’ answers in the previous survey. If you
correctly predicted the most common answer to this guestion, and if you are one of the
participants selected as eligible for bonus payment, we will give you a 5 GBP bonus.

We will now go through an example of a possible set of questions and illustrate how
you would respond to them.
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Example questions

Suppose that we presented participants of the previous survey with the following
hypothetical person’s behaviour:

A man is planning to attend a friend's wedding on Saturday. The man is a big
football fan and, two days before the wedding, he is offered free tickets to watch
an important football match. The man decides to take the tickets. On the
Saturday, he goes to the football match, and tells his friend he is too ill to
attend the wedding.

Suppose participants were asked:

(1) How likely is it that, in the recent past, this man chose to take a walk in the park
during the broadcast of an important football game?”

(2) *How likely is it that, in the recent past, this man watched the football World Cup
Final?”
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Suppose you thought the most common answer to the first question was “Unlikely” and
the most common answer to the second question was "Quite likely”. Then you would
answer these questions as follows:

Participants in the previous survey were asked "How likely is it that, in the recent

past, this man chose to take a walk in the park during the broadcast of an
important football game?”

What do you predict was the most common answer to that question?

Very Quite slighthy Slightly Quite ) Very
Unlikel Likel
unlikely kel unlikely unlikely likely likehy ey likely

O ® O O O O O O

Participants in the previous survey were asked How likely is it that, in the recent
past, this man watched the football World Cup Final?’
What do you predict was the most common answer to that question?

Very Uniikely Quite Slightly Slightly Quite Likely Very
unlikely unlikely unlikely likely likedy likely

O O O O O ® O O

Then, if you were one of the participants selected as eligible for bonus payment and if
we randomly selected the second question about this person to look at, we would give
you 5 GBP if "Quite likely” was the answer to this scenario provided by the highest
number of participants in the previous survey. If a different answer was provided by the
highest number of participants, we would not give you these 5 GBP.

=
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Now you are about to start the task. This is your last opportunity to go back and read the
instructions. Please press the "Next >>" button to start the task.

This is a question for us to check that you are paying attention to the survey. Please let
us know that you are reading all our questions carefully by selecting “Very unlikely” on the
response scale

Ve it Slightl Slightl ite W
4 Unlikely Sl Y LY 2 Likely il
unlikely unlikely unlikely likely likely likely
Pt Pt " Ty Pt Ty Y Pt
I\-. .-"I I\-. .-"I I\-. .-fl I\-. .-fl I\\_.-fl I\-._.-fl I\-._.-fl I\\_.-fl

Participants in the previous survey were presented with the following hypothetical
person's behaviour:

A man works as a janitor in a residential home for the elderly in a medium-sized
UK town. For this reason, he is eligible to receive the seasonal COVID-19 booster
vaccine.

One day, the man receives a letter from the local Council inviting him to get the
seasonal booster vaccine within the next two weeks. The letter also says

that 15% of eligible Council residents (that is, residents at increased risk or in
close contact with people at increased risk) took the booster in the previous
season.

The man does NOT take the seasonal COVID-19 booster within the following two
weeks.

Please answer the following guestions about how participants in the previous survey said
this man might have behaved in the recent past

Participants in the previous survey were asked:
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‘How likely is it that this man read at least two books per month?’
What do you predict was the most common answer to that question?

Vel ite Slightl Slightl ite Ve
= Unlikely . gty gnty = Likely very
unlikely unlikely unlikely likely likely likely

@) @) @) @) O O O O

‘How likely is it that this man kept a healthy diet, avoiding fatty foods and
refined sugar?’
What do you predict was the most common answer to that question?

Vel ite slightl Slightl ite Ve
oy Unlikely Qui ‘gntly 'gntly Qui Likely very
unlikely unlikely unlikely likely likely likely

O O O O O O O O

"How likely is it that this man made a donation to a friend who ran the TCS
London marathon for charity?”
What do you predict was the most common answer to that question?

Vel ite slightl Slightl ite Ve
oy Unlikely Qui ‘gntly 'gntly Qui Likely very
unlikely unlikely unlikely likely likely likely

@) @) @) @) O O O O
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"How likely is it that this man kept fit by regularly going to the gym?”
What do you predict was the most common answer to that question?

Ve ite Slightl Slightl ite Ve
oy Unlikely i ‘gntly '9htly L Likely very

unlikely unlikely unlikely likely likely likely
Ia’_‘hl I-’_\I I-’_\I Ia’_\l Ia’_\l I-’_‘hl I-’_\I I-’_‘hl
Ly p— p— p— p— p— p— p—

"How likely is it that this man kept a promise made to a friend?’
What do you predict was the most common answer to that question?

Vel ite Slightl Slightt ite Ve
oy Unlikely e anty ‘gntly 2 Likely very
unlikely unlikely unlikely likely likely likely
Il’_"hl Ii’_‘\l Ii’_‘\l I"_\I I"_\I Ii’_‘hl Ii’_‘\l Ii’_‘hl
o p— p— p— p— p— p— p—

‘If a cashier accidentally gave this man more change than he was due, how
likely is it that he returned the extra change?’
What do you predict was the most common answer to that question?

Ve ite Slightl Slightl ite Ve
i Unlikely . Nty gntly b Likely very

unlikely unlikely unlikely likely likely likely
Iﬁ’_‘\l Id’_‘\.l Id’_‘\.l Iﬁ’_‘\l Iﬁ’_‘\l Id’_‘\l Id’_‘\.l Id’_‘\l
L L L L L L L L

Remember that, if one of these questions is selected for payment, you can earn 5 GBP
from it only if you correctly predict the most commmon response to the question in the
previous survey. Remember that all participants in the previous survey were located in
the UK and recruited online on Prolific.
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How do you describe yourself?

() Male

() Female

() Non-binary [ third gender

() Prefer to self-describe

At
() Prefer not to say

What is your age? (please type the number)
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What is your annual personal income before taxes?

() Less than 20,000 GBP

() 20,000-39,999 GBP

() 40,000-59,999 GBP

() 60,000-99,999 GBP

) More than 100,000 GEP

T

() | prefer not to say

For comments or remarks on the survey, please use the space provided below.

<< PLEASE PRESS THE "NEXT >>" BUTTON BELOW TO SAVE YOUR ENTRIES AND
RECEIVE YOUR COMPLETION CODE>>

Thank you very much far participating in this study. Your participation was invaluable to us.
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A1.8 Experiment instructions: first-order beliefs

We present screenshots of the first-order beliefs experiment. All questions were compulsory
except for the attention check and the final "comment" box. The questions about the Prolific 1D,
demographics and the end of the experiment were identical to the ones in our main experiment,
hence we are not showing them again.

Dear Participant,

Thank you for taking interest in our online survey. We will ask your opinions regarding an
hypothetical individual that engages in a particular behaviour.

Duration and Compensation. The survey will take approximately 4 minutes and you
will be compensated as indicated to you earlier by Prolific.

Procedure, Voluntary Participation, Risks. This survey poses no foreseeable risks
and participation is voluntary. You can withdraw from the study at any time, but only
those participants who complete the entire survey will be compensated.

Attention Checks. The survey contains one attention check question that aims to test
how attentive you are to the task. Therefore, you are asked to carefully read the
instructions and respond to all questions to the best of your ability.

Confidentiality. Your responses will be entirely confidential, anonymous, and used for
academic research purposes only.

Researchers and Funding. This study is funded by Luxembourg Institute of Socio-
Economic Research. If you have any questions about this study, you may contact the
investigators Angela Jiang-Wang, angela.jiongwang@liser.lu: or Daniele Nosenzo,
daniele.nosenzo@econ.au.dk.

If you agree to participate in the survey according to the conditions above,
please indicate your consent below by selecting "I agree, continue to survey.”

| agree, continue to survey | disagree, exit from survey

O O
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Information about this survey:

This survey will describe a hypothetical person's behaviour in o fictitious situation, and
we will ask your opinion about how this person might have behaved in other situations.
We will list possible behaviours in these other situations and we will ask you how likely it
is that this person might have done them in the recent past. For each question there
will be eight possible responses, as shown below, of which you must select exactly one.

Wer ) Quite Slighthy Slightly Quite Var
ki Urilikely . > > - Likely :
unlikety ! unlikely unlikeky likehy likeshy likehy

We will now go through an example of a possible set of questions and illustrate how
you would respond to them.
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An example of a person’s behaviour

A man is planning to attend a friend's wedding on Saturday. The man is a big
football fan and, two days before the wedding, he is offered free tickets to watch
an important football match. The man decides to take the tickets. On the
Saturday, he goes to the football match, and tells his friend he is tooill to
attend the wedding.

Suppose we asked you:

(1) "How likely is it that, in the recent past, this man chose to take a walk in the park
during the broadcast of an important football game?”

(2) "How likely is it that, in the recent past, this man watched the football World Cup
Final?”

Suppose you thought the answer to the first guestion was “Unlikely” and the answer to
the second question was "Quite likely”. Then you would answer these guestions as
follows:

How likely is it that, in the recent past, this man chose to take a walk in the park during
the broadcast of an important football game?

V.cn_.-' Unilikely ':'L.IILU Sllghtly Slllghl:h,' (.?lmte Likely ‘fl'cr',r
unlikehy unilikely unlikely likehy likely likely
O O] O O O O O O

How likely is it that, in the recent past, this man watched the football World Cup Final?

Very . Quite Shightly Slightly Quite ) Wery
Unliket ' ; Liket

uniikely mikely uniikely uniikely likely likely ely likely

@) O @) O O ® O O
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Now you are about to start the task. This is your last opportunity to go back and read the
instructions. Please press the Next > >" button to start the task.

This is a question for us to check that you are paying attention to the survey. Please let
us know that you are reading all our questions carefully by selecting "Very unlikely” on the
response scale

Ve ite Slightl Slightl ite W
i Unlikely o 9nYy 'ghtly = Likely very
unlikely unlikely unlikely likely likely likely
I.i‘ _"'\\I I.i" _"'\\I I’ _‘\.I I’ _‘\.I I.-" _"'\I I’ _‘\.I I’ _‘\I I.-" _"'\I
L - L A L A N L

A man works as a janitor in a residential home for the elderly in a medium-sized
UK town. For this reason, he is eligible to receive the seasonal COVID-19 booster
vaccine.

One day, the man receives a letter from the local Council inviting him to get the
seasonal booster vaccine within the next two weeks. The letter also says that
84% of eligible Council residents (that is, residents at increased risk or in close
contact with people at increased risk) took the booster in the previous season.

The letter further states that, this year, the Council has introduced a penalty of
15 GBP for all eligible residents who do not take the booster within the next two
weeks. If their vaccination is not confirmed in the NHS registry, they will receive
a penalty notice at home.

The man takes the seasonal COVID-19 booster within the following two weeks.

Please answer the following questions about how this man might have behaved in the
recent past:
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How likely is it that this man kept fit by regularly going to the gym?

Very ) Quite slightly Slightly Quite
unlikely uniikely unlikely unlikely likely likely
O O O O O O

How likely is it that this man made a donation to a friend who ran the TCS London

rnarathon for charity?

Very ; Quite: Slightly Slightly Quite:
unlikely unikely unlikely unlikely likehy likely

O O @) @) O @)

) very
Likely likely
@) O
) Very
Likely likely
O O

How likely is it that this man kept a healthy diet, avoiding fatty foods and refined sugar?

Very ) Quite Slightly Slightly Quite
unlikely Uniikety unlikely unlikely likely likely

@] O O O @] O

; very
Likely likely
O O

If a cashier accidentally gave this man more change than he was due, how likely is it

that he returned the extra change?

Very ; Quite Slightly slightly Quite
unlikely Unitkely unlikely uniikely likely likely

@) O O O O O

How likely is it that this man read at least two books per month?

Very ) Quite Slightly Slightly Quite:
unlikely Uniikely unlikely unlikely likely likely

O @] @) @) @) @]

How likely is it that this man kept a promise made to a friend?

Very ) Quite Slightly Slightly Quite:
unlikely Unikely unlikely unlikely likely likely

O @] @) @) @) @]
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You might be underestimating how sustainable others
are

with Francesco Fallucchi (University of Bergamo), Philippe Van Kerm (University of Luzembourg),
and Bertrand Verheyden (Luzembourg Institute of Socio-Economic Research)

2.1 Introduction

Climate change is a serious global concern. Yet, around the world, people tend to underestimate
how much others care about addressing it (Andre et al. 2024a). This underestimation extends to
others’ concern about climate change (Geiger and Swim 2016, Sparkman, Geiger and Weber 2022,
Leviston, Walker and Morwinski 2013), willingness to contribute money to fight against it (Andre
et al. 2024a,b), and support for climate policies (Sparkman, Geiger and Weber 2022, Sokoloski,
Markowitz and Bidwell 2018). As a result, there is a systematic misperception of the social norms
surrounding climate change mitigation.

Our expectations about others matter: both empirical expectations (beliefs about what others
do) and normative expectations (beliefs about what others deem appropriate to do) significantly
influence our own behavior (Bicchieri 2005, 2016). In other words, many of our preferences are
conditional, and this holds true for pro-environmental behaviors as well (see Cialdini and Jacobson
2021, Saracevic and Schlegelmilch 2021, for recent reviews on the topic). Therefore, misperceived
social norms can actively hinder climate change mitigation efforts, making it essential for scientists
and practitioners to understand and address them (Geiger and Swim 2016, Andre et al. 2024b,
Clayton et al. 2015).

While many studies on misperceptions focus on general concerns and attitudes about climate
change, very few examine misperceptions related to everyday sustainable behaviors. Similarly,
research on misperceptions of policy support typically investigates policies that target companies
or public institutions and benefit individuals. However, to the extent of our knowledge, no studies
have examined policies that target, and potentially constrain, individual behavior. In this paper, we
examine whether Luxembourgers underestimate how much others’ engage in everyday sustainable
behaviors, their personal norms regarding these behaviors (which is the behavior level they deem
appropriate), and their support for policies restricting unsustainable behaviors. We are interested in
investigating these misperceptions for three main reasons: 1) Individual behavioral change is essential
to reduce global emissions and remains a key target for effective climate action (Dubois et al. 2019);

2) While opinions, attitudes, and willingness to donate money can be private and unobservable,
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especially if people choose not to openly express them or discuss them, behaviors are typically public
and visible, making them harder to misperceive. Do individuals still misperceive behaviors that are
observable on a daily basis, and the personal norms associated with them?; 3) Policies that restrict
unsustainable behaviors often require individuals to make personal sacrifices, making support for
such policies more costly and less popular (Swim and Geiger 2021). Do individuals still misperceive
support for these more personally demanding policies?

Household consumption accounts for nearly 75% of global carbon emissions (Druckman and
Jackson 2016, Dubois et al. 2019, Hertwich and Peters 2009), particularly in the areas of food,
housing, and transportation. There is broad consensus that systematic and sustained behavioral
change, along with climate policies targeting household consumption, can lead to substantial emission
reductions, especially in high-income countries. For example, switching to a vegetarian diet, reducing
home heating needs, and using public transport instead of a car for commuting can save up to
4.8 tonnes of COseq per year, about 37% of the 13 tonnes of COseq emitted annually by the
average Luxembourger (Hitaj, Igos and Gibon 2022). Hence, it is essential for us to understand the
barriers that currently hinder behavioral change, such as potential misperceptions surrounding these
behaviors and the policies addressing them (Clayton et al. 2015). In the remainder of the paper, we
use sustainable behaviors as an umbrella term to refer to both carbon-saving and pro-environmental
behaviors, and unsustainable behaviors to denote high-carbon behaviors.

We conducted a well-powered, pre-registered online survey (N = 1,292) among Luxembourgish
residents and cross-border workers to examine whether people significantly underestimate the
extent to which others engage in the three behaviors with the highest carbon-emission reduction
potential: consuming vegetarian meals, reducing home heating, and using public transportation
(Hitaj, Igos and Gibon 2022). We also examined whether they significantly underestimate the level
of engagement others consider appropriate for these behaviors, as well as their support for policies
that restrict and tax the associated unsustainable behaviors within these domains. Participants
reported their actual engagement levels in these three behaviors, which served as our main measure
of behavior. Additionally, we also investigated whether people underestimate how much money
others donate to reduce carbon emissions. Participants could choose whether to donate a portion of
a €250 lottery prize to a carbon-offset project. This allowed us to obtain an incentivized behavioral
measure to complement the self-reported data and to test whether we could replicate the findings of
Andre et al. (2024b) in our Luxembourgish sample. Subsequently, participants reported what they
believed to be the ethically appropriate engagement levels for the previously mentioned behaviors

from a sustainability perspective, which served as our measure of personal norms. Finally, they
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indicated whether they would support six hypothetical policies that restrict and tax the associated
unsustainable behaviors in these three behavioral domains (animal protein consumption, home
heating, and car usage). This was our measure of policy support.

We elicited social expectations through incentivized second-order beliefs. That is, we asked
participants to guess the most common responses given by all survey participants regarding behav-
iors and personal norms, which served as our measures of empirical and normative expectations,
respectively. Participants also estimated, out of 100, how many other respondents supported each
policy, which served as our measure of expected policy support. Social expectations were elicited in
an incentive-compatible manner: participants scored points for accurate guesses and could earn a
bonus of up to €30 if they ranked among the top 30% of scorers at the end of the survey.

A key contribution of our study is that we examine the existence of these underestimations not
only at the extensive margin but also at the intensive margin, that is, how much effort others put
into engaging in sustainable practices. For instance, even if people believe that most others consume
vegetarian meals once in a while, they may still underestimate how often others actually do so. To
the best of our knowledge, only one other study has looked at underestimations of behaviors and
personal norms related to everyday sustainable practices (Andre et al. 2024b). The authors asked
participants to estimate how many others engaged in behaviors such as restricting meat consumption
or regularly using environmentally friendly alternatives to fossil-fueled cars, as well as how many
others believed these behaviors ought to be done. Our study builds on and extends this work by
capturing not only potential misperceptions about how many people engage in sustainable behaviors,
but also the intensity with which they do so. Even when individuals aim to adopt more sustainable
practices, they may lack a clear reference point for what constitutes an appropriate frequency or
intensity. Thus, even if they have accurate perceptions of prevalence, underestimating the intensity
of others’ actions may still lead them to align with a misperceived social norm.

A second advantage of asking about behaviors and expectations at the intensive margin is that
it reduces variability in interpretation. What constitutes “regular behavior” can vary between
participants. Self-image motivations may also lead individuals to interpret these terms favorably,
believing they engage in sustainable behaviors often even if their actual effort is minimal (Dana,
Weber and Kuang 2007). Similarly, this variability in interpretation can also bias one’s beliefs about
others. In contrast, it is harder to distort beliefs about precise, objective measures of quantity or
frequency. Since objective and precise measures of behavior are harder to misperceive, we can test
whether misperceptions are robust to these more concrete indicators.

In line with our pre-registered hypotheses, we document systematic and widespread underes-
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timation of others’ sustainable behaviors, personal norms, and policy support. The magnitude of
these underestimations is significant across all behavioral domains, with particularly pronounced
effects in vegetarian consumption and home heating reduction. We also replicate the findings of
Andre et al. (2024b), observing that participants also significantly underestimate how much others
donate. However, the size of this misperception is smaller in our study; in Section 2.3.4, we explore
potential explanations for this discrepancy.

Contrary to Andre et al. (2024b), we find that underestimations are larger for behaviors (mean
Cohen’s d = 0.34) than for personal norms (mean Cohen’s d = 0.20). Whereas 60% and 62%
of participants underestimated the intensity of others’ vegetarian consumption and home heating
reduction, respectively, 52% and 57% underestimated the corresponding personal norms. This pattern
was reversed in the domain of public mobility: while only 42% of participants underestimated the
behavioral intensity, 60% underestimated the intensity of personal norms. On average, 56% of
participants in our sample underestimated others’ sustainable behaviors and personal norms. The
proportion of underestimators in our study is lower than that reported by Andre et al. (2024b)
regarding willingness to fight climate change, which is expected given that our measures of behavior
and norms are more observable and therefore less prone to misperception.

Interestingly, we also find that the magnitude of underestimations is larger for policy support
than for behaviors and personal norms (mean Cohen’s d = 0.43). On average, 80% of participants
underestimated the number of supporters of a policy. Moreover, while participants believed that
none of the six policies would be supported by a majority, in reality, four of them were. Although
underestimations are significant across all policies, their magnitude is smaller than those reported in
previous studies about misperceptions in climate policies (Sparkman, Geiger and Weber 2022), which
is expected given that the policies we examined are more personally costly to support. Consistent
with this, both the overall prevalence of support and the estimated prevalence are lower than those
found by Sparkman, Geiger and Weber (2022). Interestingly, however, the share of underestimators
in our sample is similar to theirs.

We were also interested in exploring the mechanisms underlying these underestimations. Specifi-
cally, we aimed to assess whether our results may be driven by pluralistic ignorance and/or the false
consensus effect, two mechanisms commonly discussed in the literature as sources of misperceptions
regarding pro-environmental social norms. To this end, we conducted heterogeneity analyses by
examining underestimations separately for individuals who reported levels of sustainable behavior
above the mean (who we refer to as "the sustainable") and those who reported levels below it (who

we refer to as "the unsustainable"). We replicated this analysis in the context of policy support by
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examining underestimations separately for supporters and detractors of the policy.

Pluralistic ignorance occurs when individuals significantly misperceive the prevalence of an
opinion, norm, or behavior (Leviston, Walker and Morwinski 2013, Shamir and Shamir 1997,
Prentice and Miller 1996). In extreme cases, people may mistakenly believe that most others endorse
an opinion or behavior that, in fact, is supported only by a minority. Pluralistic ignorance can
have behavioral consequences: individuals may act against their private personal norms in order to
conform to a misperceived norm. For example, it has led climate-concerned individuals to self-silence
(Geiger and Swim 2016). If underestimations are driven by pluralistic ignorance, then everyone, both
the sustainable and the unsustainable, should underestimate others’ sustainability. For instance,
both supporters and detractors underestimated public support for offshore wind energy (Sokoloski,
Markowitz and Bidwell 2018), and both climate change deniers and believers overestimated the
proportion of deniers (Leviston, Walker and Morwinski 2013).

The false consensus effect, on the other hand, occurs when individuals overestimate the prevalence
of their own opinions or behaviors (Ross, Greene and House 1977). Under this bias, individuals
believe their views or actions are more common than they are perceived to be by those who hold
different views or engage in different behaviors (Mullen et al. 1985). For example, both climate
change believers and deniers perceived their own opinion on climate change as the most common
(Leviston, Walker and Morwinski 2013). Similarly, climate experts tend to overestimate how widely
their beliefs about climate outcomes are shared within the expert community (Wynes et al. 2024). If
our findings are driven by the false consensus effect rather than pluralistic ignorance, then only the
unsustainable participants should underestimate others’ sustainability.

However, if both pluralistic ignorance and the false consensus effect are at play, then both
sustainable and unsustainable participants should underestimate others’ sustainable behaviors,
personal norms, and policy support; and the unsustainable should do so to a greater extent. Indeed,
prior research has found that although misperceptions about others’ pro-environmental support are
widespread, they tend to be especially pronounced among certain groups, such as climate change
deniers (Leviston, Walker and Morwinski 2013), Republicans (Andre et al. 2024b, Sparkman, Geiger
and Weber 2022), individuals living in regions with higher support for Trump, and those residing in
areas with fewer environmental protests (Sparkman, Geiger and Weber 2022).

Our findings provide evidence of both pluralistic ignorance and the false consensus effect. The
false consensus effect appears strong and widespread: underestimations of sustainable behaviors and
personal norms were significantly larger among the unsustainable, and the share of underestimators

was also higher in this group (on average, 76% and 70% of unsustainable individuals underestimated
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others’ behaviors and personal norms, respectively, compared to 40% and 48% among sustainable
individuals). A similar pattern emerged for policy support: policy detractors underestimated the
number of supporters significantly more than supporters did, and the proportion of underestimators
was again higher among detractors (on average, 90% of detractors underestimated support, compared
to 66% of supporters).

The evidence for pluralistic ignorance was more mixed, particularly regarding misperceptions
of behaviors and personal norms. Sustainable participants underestimated others’ vegetarian
consumption and reduction of home heating but overestimated others’ use of public transportation
and the monetary amount donated. Underestimations of personal norms were driven exclusively by
the unsustainable participants and were not significant among the sustainable. Pluralistic ignorance
was more evident in the context of policy support: both detractors and supporters significantly
underestimated public support for all policies except one. Taken together, these findings provide
evidence of the false consensus effect influencing social expectations across all behavioral domains.
We also find evidence of pluralistic ignorance, but only with respect to empirical expectations and
expected policy support, and not consistently across all behavioral domains.

Our data also suggest that, consistent with past literature, participants exhibit conditional
preferences in their sustainable behaviors and policy support. A one-standard-deviation increase in
empirical expectations was associated with a 0.4 to 0.5 standard deviation increase in self-reported
behaviors, while a one-standard-deviation increase in normative expectations was associated with a
0.2 to 0.4 standard deviation increase. Notably, a one-percentage-point increase in the expected
amount donated by others from the €250 lottery was associated with a 0.91-percentage-point increase
in the amount one donated. Similarly, a one-percentage-point increase in the expected proportion of
policy supporters corresponded to an increase of between 0.7 and 1 percentage point in one’s own
likelihood of supporting the policy.

An interesting question we explored is whether people’s personal norms are also conditional on
social expectations, or whether they operate independently. Personal norms are distinct from social
norms and serve as complementary predictors of behavior (Basi¢ and Verrina 2024, De Groot, Bondy
and Schuitema 2021, Bertoldo and Castro 2016). Indeed, in our data, a one-standard-deviation
increase in personal norms was associated with a 0.3 to 0.6 standard deviation increase in self-reported
behaviors. Given their influence on behavior, if social expectations also shape personal norms, then
the effect of social expectations on behavior could operate through two pathways: a direct effect and
an indirect effect via the updating of personal norms.

There is evidence that empirical expectations influence the formation and updating of individuals’
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personal moral judgments, an effect referred to as the "common is moral" heuristic (Deutchman
et al. 2024, Lindstrom et al. 2018). Based on this, we hypothesize that sustainable personal norms,
like behaviors, may also be conditional on social expectations. Indeed, a one-standard-deviation
increase in empirical expectations was associated with a 0.4 standard deviation increase in personal
norms, while a one-standard-deviation increase in normative expectations was associated with a 0.6
to 0.8 standard deviation increase in personal norms. Taken together, these results suggest that
participants exhibit conditional preferences in their everyday sustainable behaviors, personal norms,
and policy support. While empirical expectations were more strongly associated with behavior,
normative expectations showed a stronger association with personal norms.

Luxembourgish residents and workers represent a particularly interesting sample for studying
misperceptions related to sustainable social norms, given the country’s high income per capita.
Luxembourg ranks as the second-highest country in the world in terms of average annual salary
(MIMCO Capital 2023). According to a recent Oxfam report, the richest 1% of humanity is
responsible for more carbon emissions than the poorest 66% (Khalfan et al. 2023). Moreover,
while high-income countries account for 40% of global consumption-based carbon emissions, the
contribution from low-income countries is a mere 0.4%. Not only are high-income-per-capita countries
more polluting, but they are also less willing to contribute financially to the fight against climate
change (Andre et al. 2024a). In line with this trend, Luxembourg is the top emitter per capita in the
European Union and ranks 20th globally (Crippa et al. 2023). Given this, studying the barriers to
behavioral change in high-income, high-emission countries like Luxembourg is particularly important
for reducing global emissions.

The remainder of the paper is organized as follows: Section 2.2 describes the survey design, the
measures collected, and the sample. Section 2.3 presents an overview of the main results. Section

2.4 concludes.

2.2 Study Design

The survey was part of a larger online study conducted in collaboration with the Ministry of
Economy in Luxembourg (Verheyden et al. 2024), launched in November 2022. We contacted 3,700
volunteers who had previously participated in LISER, surveys and had consented to be recontacted
for future research. The volunteers were adult Luxembourg residents and cross-border workers
(individuals residing in neighboring countries who work in Luxembourg). Among them, 1,292

participants completed the survey. The study was pre-registered at aspredicted.org/WYP_ W6F
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and received IRB approval from LISER.

We translated the survey into four languages: English, French, German, and Portuguese.
Participants were informed that their participation was voluntary and that they could withdraw
from the survey at any time. We also assured them that their responses would remain anonymous.
Additionally, we informed them that the survey included two attention-check questions and that failing
both would prevent them from continuing and completing the survey. To encourage participation,
respondents received a fixed reward of €10. They could also earn a bonus ranging from €10 to
€30 based on their scores in questions eliciting their social expectations. Specifically, participants
received €10 if they ranked among the top 400 scorers, €20 if they ranked among the top 100, and
€30 if they ranked among the top 50. Finally, 10 participants were randomly selected through a
lottery to receive an additional prize of €250.

All participants were informed during the initial survey that they would be recontacted to
participate in two additional waves, conducted in April and July 2023. These follow-up studies serve

as the basis for the third chapter of this dissertation.

2.2.1 Measures

After collecting a wide range of demographic data from participants, we gathered self-reported
data on behaviors, personal norms, and support for policies related to the three most carbon-saving
actions: consuming vegetarian meals, reducing home heating, and using public transportation instead
of cars. Participants also completed a donation task, which served as our measure of incentivized
behavior. Finally, we elicited participants’ social expectations regarding all the aforementioned

measures. See Appendix A2.5 for the specific survey instructions.

Behaviors. We asked participants to report their current levels of animal protein consumption
("Over the last 7 days, how many meals containing meat, fish or seafood did you eat?"; scale ranging
from 0 to 21),! home heating ("What is the usual temperature of your dwelling when you are at
home when it is less than 10 degrees outside?"; scale ranging from 15 to 30), and use of public
transportation ("Compared to a 30-minute car trip, what is the maximal trip duration you would
accept if you were to systematically use public transport instead?"; open-text box). We used a
hypothetical question for public transportation because mobility patterns in Luxembourg are highly

dependent on individual constraints (e.g., place of residence, workplace location, and access to reliable

!We further informed participants that by “one meal containing meat, fish or seafood”, we mean a meal
containing at least 50 grams of it.
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public transport). This standardization is particularly important when eliciting personal norms and
normative expectations. Therefore, we chose to present a scenario in which all participants faced
the same trade-off. To ensure consistency in the directionality of our measures, we reverse-coded
responses on animal protein consumption (21 - response) to obtain a measure of vegetarian meals
per week. Similarly, we reverse-coded responses on home temperature (30 - response) to capture
“degrees below the maximum.” This approach ensures that higher values consistently reflect more
sustainable consumption behaviors.

Additionally, we offered participants the opportunity to donate part of their potential €250
lottery prize to a carbon offset project with a slider ranging from 0 (labeled "all to myself") to 250
(labeled "all to carbon credits"). We informed them that if they won the lottery, the money would
be allocated according to their decision. We also informed them that by donating the full amount,

they might offset 4 months of carbon emissions.?

Personal norms. We asked participants to report, for each of the sustainable behaviors
described above, what they considered to be the ethically appropriate level from a sustainability
perspective. For example, regarding animal protein consumption, we asked: "Due to the amount of
energy needed to produce them, meat, fish and seafood are not a sustainable source of proteins. With
these sustainability concerns in mind, how many meals per week containing meat, fish or seafood do
you think it would be ethically appropriate to eat?" (slider ranging from 0 to 21). We asked similar
questions for the other two behaviors, using response scales identical to those used in the behavioral
questions. For home temperature, we asked participants to indicate the maximum temperature they
found ethically appropriate for well-insulated and poorly insulated dwellings separately, and then we
averaged the answers to these two questions. Same as before, we reverse-coded responses on animal
protein consumption and home temperature. As pre-registered, we did not ask this question for the

donation decision.?

Empirical and normative expectations. We elicited empirical and normative expectations by
asking participants to estimate the responses given by all other participants in the survey, following
a method similar to that used by Bicchieri et al. (2022) and Krupka and Weber (2013). Specifically,

for each question, we asked: "Please guess what will be the most frequent answer in the survey

2Prior to the lottery donation decision, participants were also given the opportunity to donate their survey
earnings (fixed payment and bonus) to a carbon offset project (results not reported in this paper). Thus, it is
important to note that the lottery donation task was the second donation decision presented in the survey.

3The donation decision was presented at the very end of the survey, after thanking participants for their
previous answers. Due to the length of the survey and potential participant fatigue, we did not want to ask
too many questions in this section.
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to the question...". Estimates of behaviors served as our measure of empirical expectations, while
estimates of personal norms constituted our measure of normative expectations. These questions were
incentivized: participants could earn points based on the accuracy of their estimates, which in turn
determined their chances of receiving a bonus payment. The only exception was the estimation of
others’ donation amount, which was not incentivized.* At the beginning of the survey, all participants
were informed that we aimed to recruit a maximum of 1,500 participants residing in Luxembourg or

its neighboring areas.

Policy support. Participants indicated whether they would support six hypothetical policies
aimed at promoting the sustainable behaviors by restricting the associated unsustainable ones. We
presented two types of policies for each behavioral domain: a regulation and a tax. For vegetarian
consumption, we proposed a reduction in the availability of red meat and an increase in VAT on
meat, fish, and seafood to 17%. For home heating, we presented a rationing of fossil energy sources
and a 10% tax on rental income received by landlords who rent out accommodations with insufficient
energy efficiency. For public transportation, we proposed a ban on cars in densely populated areas
and a €5 toll on Luxembourg’s highways. All policies were described as being accompanied by

measures to promote the more sustainable alternatives.

Expected policy support. We asked participants to estimate, out of 100, how many other
participants supported each of the six policies. As before, these questions were incentivized, and
participants could earn points depending on how accurate their estimates were, which determined

their chances of receiving a bonus payment.

2.2.2 Concerns for social desirability bias, experimenter demand
effects and self-selection

We followed a protocol similar to that of Andre et al. (2024b) to address concerns about social
desirability bias. Participants were informed that their responses were anonymous, and their beliefs
about others were incentivized. Therefore, even if their self-reported behaviors were inflated due to
social desirability, they could anticipate this bias when estimating the responses of others, thereby
mitigating concerns about the validity of any detected misperceptions. Furthermore, a large-scale

meta-analysis by Kormos and Gifford (2014) concluded that self-reported pro-environmental behaviors

4This is because, prior to the lottery donation decision, participants had already made a donation decision
involving their bonus payments, and all bonus-related earning opportunities needed to be presented in advance.
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are strongly associated with objective measures. Finally, Reisinger (2022) provided evidence that
anonymity in self-reports greatly reduce social desirability bias.

According to De Quidt, Haushofer and Roth (2018), participants making incentivized and non-
incentivized choices in online studies responded similarly to experimenter demand. Likewise, non-
representative online samples were no more susceptible to experimenter demand than representative
ones. The authors concluded that, at least in anonymized online surveys, concerns about experimenter
demand effects are limited.

To mitigate concerns about self-selection bias and the potential overrepresentation of participants
with strong pro-environmental preferences, we obscured the true purpose of the survey when inviting
participants. Specifically, we informed them only that the survey would address their perceptions
and behaviors related to societal challenges facing the Grand Duchy of Luxembourg. In addition,
strong monetary incentives to participate help mitigate concerns that only individuals with strong
social preferences would take part. Finally, existing evidence suggests that the use of volunteer
samples has a negligible impact on participants’ social preferences and behavioral patterns (see, for

example, Anderson et al. (2013); Falk, Meier and Zehnder (2013); Abeler and Nosenzo (2015)).

2.2.3 Hypotheses

We pre-registered the following main hypotheses:

HI1. Inaccurate empirical expectations: Participants will underestimate others’ sustainable

behaviors and monetary donations.

H2. Inaccurate normative expectations: Participants will underestimate others’ personal norms

concerning sustainable behaviors.

H3. Inaccurate expected policy support: Participants will underestimate others’ support for

policies that restrict unsustainable behaviors.

Additionally, we were also interested in examining whether individuals may have conditional
preferences in their behaviors, personal norms and policy support. Hence, we pre-registered the

following secondary hypotheses:

Hj. Personal norms, empirical expectations and normative expectations positively predict sus-

tainable behaviors and monetary donations.

H5. Empirical and normative expectations positively predict personal norms concerning sustain-

able behaviors.
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H6. Ezxpected policy support positively predicts one’s own policy support.

2.2.4 Sample

Table 3.1 presents the demographic statistics of the 1,292 respondents who participated in the
survey. Income information was collected using intervals of €2,000. The median total net household
monthly income falls within the €6,000-€8,000 interval. Based on this, we define "low income" as
less than €6,000 and "high income" as more than €8,000. Since our sample is not representative of
the Luxembourgish population, we applied weights to adjust for the population’s age structure and

gender composition in Table 1 and in all our subsequent analyses.

Table 2.1: DEMOGRAPHIC DISTRIBUTION (WEIGHTED)

Summary

(N=1,202)
Low income (< 6,000€) 0.450 (0.498)
High income (> 8,000€) 0.279 (0.449)
Aged below 35 0.326 (0.469)
Aged above 65 0.156 (0.363)
Female 0.494 (0.500)
Higher education 0.653 (0.476)
Living in urban area 0.482 (0.500)

Mean proportion (SD in parentheses).

2.3 Results

As described earlier, all our analyses were conducted using weights to adjust our sample to be
representative of Luxembourg in terms of age and gender.® In all analyses, we included income, age,
gender, and education as control variables. Appendix A2.1 provides an overview of which analyses
reported in this section are pre-registered. Appendices A2.2 and A2.3 present replications of our
pre-registered analyses without weights and without controls as a robustness check. As shown in
Appendix A2.2, weighting the data has minimal impact on our measures of interest and results, with

mean responses differing by only a few decimal places.

SWe did not consider additional demographic variables when creating our weights for two reasons: 1) data
were not always readily available, and 2) each additional variable would inflate the variance of our weights
and estimates, and we wanted to avoid excessive increases in variance.
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A post-hoc power analysis determined that, with our sample size, we had over 80% power to

detect effect sizes as small as Cohen’s d = 0.08 with a = 0.05 in our analyses (Cohen 1988).5

2.3.1 Underestimation of others’ sustainable behaviors, personal
norms, and policy support

Result 1a. Participants significantly underestimate others’ sustainable behaviors and personal

norms.

Table 2.2: UNDERESTIMATION OF SUSTAINABLE BEHAVIORS AND NORMS (WEIGHTED)

Own’s answer Expectation others Cohen’s d

(mean) (mean)

Behaviors

Vegetarian meals 14.69 meals 12.82 meals 0.50
Lower home temperature 9.88° 9.04° 0.57
Public mobility time 45.79 min 42.88 min 0.17
Donation of lottery gains 31.68% 28.16% 0.12
Personal Norms

Vegetarian meals 16.52 meals 15.75 meals 0.28
Lower home temperature 9.61° 9.31° 0.20
Public mobility time 57.45 min 55.21 min 0.13

As shown in Table 2.2, our respondents misperceived what other survey participants did and
considered appropriate to do, underestimating others’ sustainability levels both in behavior and
in personal norms. This pattern was consistent across all behavioral domains. The effect sizes of
these underestimations varied considerably, ranging from small (Cohen’s d = 0.1) to medium-large
(Cohen’s d = 0.6; Cohen 1988). On average, underestimations of behaviors had an effect size of

Cohen’s d = 0.34 and underestimations of personal norms had an effect size of Cohen’s d = 0.20.

To assess whether the underestimation of others’ sustainable behaviors and personal norms was
statistically significant, we created an underestimation measure by calculating the gap between
participants’ social expectations and the actual mean responses for behaviors and personal norms
across all participants. We then estimated the average underestimations, controlling for age, gender,
income, and education. As shown in Figure 2.1, all underestimations are statistically significant at

the 95% confidence level. On average, participants underestimated the number of vegetarian meals

6According to standard conventions, Cohen’s d = 0.2 is defined as a small effect size (Cohen 1988).
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others consumed per week by 1.56 meals (p < 0.001) and the number they deemed appropriate by
0.64 meals (p < 0.001). They underestimated the reduction in home temperature by 0.89°C (p <
0.001) and the appropriate reduction by 0.41°C (p < 0.001). They also underestimated the number
of minutes others were willing to sacrifice to switch from car to public transport by 1.94 minutes (p
< 0.001), and the number of minutes deemed appropriate by 1.55 minutes (p = 0.013). Finally, they
underestimated the average share of the lottery donation by 2 percentage points (p = 0.001).

A: Underestimation of behaviors & norms

Vegetarian meals

-1.56
Empirical expectation — =S
-0.64
Normative expectation —

2 45 4 -5 0

Lower home temperature

B: Share of underestimators
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Normative expectation-| FmmmmE=—
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Lower home temperature

-0.89 0.62
Empirical expectation-| —==mmmmmmmmmmmmmmm"m Empirical expectation -| Fmm——=—
-0.41 0.57
Normative expectation —— ] Normative expectation - FmmE=—
T T T T T T T T T T T
-1 -75 -5 -25 0 4 45 5 55 6 .65

Public mobility time Public mobility time

-1.94 0.42
Empirical expectation ——— == Empirical expectation-| &=—
-1.55 0.60
Normative expectation —_— Normative expectation-| FE=—

4 3 2 4 0 4 45 5 55 6 65

Donation of lottery gains

-0.02 0.60
Empirical expectation —_— Empirical expectation —
T T T T T T T T T T T
-.04 -03 -02 -01 O 4 45 5 55 6 .65

Figure 2.1: Panel A DISPLAYS THE MEAN UNDERESTIMATION OF OTHERS’ SUSTAINABLE
BEHAVIORS AND PERSONAL NORMS (EXPECTATION MINUS MEAN RESPONSE). Panel B
SHOWS THE SHARE OF UNDERESTIMATORS FOR EACH SUSTAINABLE BEHAVIOR AND
PERSONAL NORM. IN BOTH PANELS, ESTIMATES CONTROL FOR AGE, GENDER, INCOME,
AND EDUCATION. CONFIDENCE INTERVALS ARE SHOWN AT THE 95% LEVEL.

We also examined the share of underestimators for each of the measures above, controlling for
gender, age, income, and education. As shown in Figure 2.1, the majority of participants were

pessimistic in their predictions. Specifically, 60% and 52% of participants underestimated the
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number of vegetarian meals others consumed and the number they deemed appropriate to consume,
respectively. Similarly, 62% and 57% underestimated others’ reduction in home temperature and
the appropriate reduction. Notably, only 42% of participants underestimated the minutes others
were willing to sacrifice to use public transport, but 60% underestimated the minutes others deemed
appropriate to sacrifice. Finally, 60% underestimated the average share of lottery donations. On
average, 56% of participants underestimated others’ behaviors, and 56% also underestimated others’

personal norms.

Result 1b. Participants significantly underestimate others’ policy support.

Table 2.3: UNDERESTIMATION OF SUPPORT FOR RESTRICTIVE AND TAXING POLICIES
(WEIGHTED)

Supporters Expected supporters Cohen’s d

() (%)
Regulation on red meat 63.50 35.12 0.78
VAT on meat 36.89 24.17 0.35
Fossil fuel rationing 52.53 35.93 0.43
Rental tax on poor insulation 63.86 43.71 0.53
Ban on cars in city center 50.19 33.67 0.43
Toll on highways 21.35 19.16 0.07

Misperceptions also emerged in participants’ support for restrictive policies: they underestimated
the number of supporters for all six policies. These underestimations exhibited larger effect sizes
than those observed for behaviors and norms, ranging from small (Cohen’s d = 0.1) to large (Cohen’s
d = 0.8). On average, underestimations of policy support had an effect size of Cohen’s d = 0.43.
Additionally, participants expected that none of the six policies would be supported by a majority;
in reality, four of them were.

To assess whether the underestimation of others’ policy support is statistically significant, we
created a measure of underestimation by calculating the gap between participants’ expected share of
supporters and the actual share of supporters. We then estimated the average underestimations,
controlling for the same variables as described earlier. As displayed in Figure 2.2, all underestimations
are statistically significant at the 95% confidence level. On average, participants underestimated
support for a regulation on red meat by 26 percentage points (p < 0.001), for an increase in VAT on
meat, fish, and seafood by 13 percentage points (p < 0.001), for a rationing policy on fossil fuels
by 15 percentage points (p < 0.001), for a rental tax on poorly insulated homes by 21 percentage

points (p < 0.001), for a ban on cars in city centers by 17 percentage points (p < 0.001), and for a
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highway toll by 3 percentage points (p < 0.001).

A: Underestimation of policy support B: Share of underestimators
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Figure 2.2: Panel A DISPLAYS THE MEAN UNDERESTIMATION OF OTHER’S POLICY
SUPPORT (EXPECTED % OF SUPPORTERS - ACTUAL % OF SUPPORTERS). Panel B sHOWS
THE SHARE OF UNDERESTIMATORS FOR EACH POLICY. IN BOTH PANELS, ESTIMATES
CONTROL FOR AGE, GENDER, INCOME, AND EDUCATION. CONFIDENCE INTERVALS ARE
REPORTED AT THE 95% LEVEL.

As shown in Figure 2.2, and controlling for the same variables described earlier, the share of
underestimators is also significantly higher for policy support than for behaviors and personal norms.
Specifically, 93% of participants underestimated support for a regulation on red meat; 80% for an
increase in VAT on meat, fish, and seafood; 80% for a rationing policy on fossil fuels; 77% for a
rental tax on poorly insulated homes; 79% for a ban on cars in city centers; and 73% for a highway

toll. On average, 80% of participants underestimated others’ policy support.

2.3.2 Heterogeneity analyses: examining the false consensus effect

and pluralistic ignorance

Result 2a. The underestimation of sustainable behaviors is consistent with both the false consensus
effect and pluralistic ignorance, whereas the underestimation of personal norms is consistent only

with the false consensus effect.
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We created a dummy variable that takes the value 1 if an individual reported a sustainable
behavior level above the average (referred to as a "sustainable" individual), and 0 if they reported a
level below the average (referred to as an "unsustainable" individual). Note that we use the terms
sustainable and unsustainable only in relation to the specific behavior in question. Thus, the same
participant could be classified as sustainable in vegetarian consumption but unsustainable in home
heating. We then replicated all previous analyses including this dummy variable in the model
(regressions reported in Appendix A2.4).

As shown in Figure 2.3, the empirical expectations of sustainable participants were mixed.
They were pessimistic about others’ engagement in vegetarian meal consumption (p = 0.004)
and home temperature reduction (p < 0.001), but optimistic regarding public mobility time (p
= 0.001) and lottery donations (p < 0.001). However, even when they underestimated others,
the degree of underestimation was significantly lower than that of unsustainable participants (see
Columns 1 and 3 in Table A2.7 in Appendix A2.4, all p < 0.001). Moreover, with the exception
of home heating reduction, the share of underestimators among sustainable individuals did not
constitute a majority for any behavior. In contrast, a large majority of unsustainable individuals
were underestimators. On average, 40% of sustainable individuals underestimated others’ behaviors,
compared to 76% of unsustainable individuals. Logistic regression analyses confirmed that the share
of underestimators was significantly higher among unsustainable individuals than among sustainable
ones for all behaviors (all p < 0.001).

When it comes to personal norms, underestimations were exclusively driven by unsustainable
individuals. The misperceptions of sustainable participants were not significantly different from zero
(all p > 0.05). Again, with the exception of public mobility time, the share of underestimators among
sustainable individuals did not constitute a majority for any personal norm, whereas a majority of
unsustainable individuals underestimated others’ personal norms. On average, 48% of sustainable
individuals underestimated others’ personal norms, compared to 70% of unsustainable individuals.
Logistic regression analyses confirmed that the share of underestimators was significantly higher

among unsustainable individuals than among sustainable ones for all personal norms (all p < 0.001).

Result 2b. The underestimation of policy support is consistent with both the false consensus effect

and pluralistic ignorance.

We replicated the same heterogeneity analyses for policy support, distinguishing between indi-
viduals who supported a policy (referred to as supporters) and those who did not (referred to as

detractors), with regressions reported in Appendix A2.4. As before, the same individual could be
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A: Underestimation of behaviors & norms
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Figure 2.3: Panel A DISPLAYS THE MEAN UNDERESTIMATION OF OTHERS’ SUSTAINABLE
BEHAVIORS AND PERSONAL NORMS (EXPECTATION MINUS MEAN RESPONSE). Panel B
SHOWS THE SHARE OF UNDERESTIMATORS FOR EACH SUSTAINABLE BEHAVIOR AND
PERSONAL NORM. IN BOTH PANELS, ESTIMATES CONTROL FOR AGE, GENDER, INCOME,
AND EDUCATION, AND ARE SEPARATED BY INDIVIDUALS WHOSE BEHAVIOR LEVELS ARE
ABOVE OR BELOW THE MEAN. CONFIDENCE INTERVALS ARE SHOWN AT THE 95% LEVEL.

labeled a supporter of one policy and a detractor of another.

With the exception of the highway toll, both supporters and detractors significantly underesti-
mated the share of supporters (all p < 0.001). However, detractors underestimated support to a
greater extent than supporters (see Columns 1-5 in Table A2.8 in Appendix A2.4, all p < 0.001).
For the highway toll policy, both groups significantly overestimated their own prevalence (both p <

0.001).
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A: Underestimation of policy support B: Share of underestimators
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Figure 2.4: Panel A DISPLAYS THE MEAN UNDERESTIMATION OF OTHER’S POLICY
SUPPORT (EXPECTED % OF SUPPORTERS - ACTUAL % OF SUPPORTERS). Panel B SHOWS
THE SHARE OF UNDERESTIMATORS FOR EACH POLICY. IN BOTH PANELS, ESTIMATES
CONTROL FOR AGE, GENDER, INCOME, AND EDUCATION, AND ARE SEPARATED BY
SUPPORTERS OR DETRACTORS OF A POLICY. CONFIDENCE INTERVALS ARE REPORTED AT
THE 95% LEVEL.

)

Again, with the exception of the highway toll, a majority of supporters underestimated others
support across all policies. On average, 66% of supporters underestimated support, compared to
90% of detractors. Logistic regression analyses confirmed that the share of underestimators was

significantly higher among policy detractors than supporters for all policies (all p < 0.01).

2.3.3 Conditional preferences in behaviors, personal norms, and
policy support

As pre-registered, we assessed whether individuals exhibit conditional preferences in their
sustainable behaviors and policy support by examining whether social expectations are positively
associated with these outcomes. We also evaluated whether personal norms serve as significant
predictors. Since empirical and normative expectations are conceptually related, we followed the
approach of Andre et al. (2024b) and estimated separate models for each predictor. For ease of

interpretation, all behavior and personal norm variables were standardized to have a mean of zero and
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a standard deviation of one. Policy support and lottery donations, however, were not standardized,

as they are expressed in percentage points, which are already easily interpretable.
Result 3. Social expectations and personal norms positively predict behaviors and policy support.

Tables 2.4 and A2.5 show the results of our regression analyses. As expected, both social

expectations and personal norms positively predicted one’s behavior (all p < 0.001).

Table 2.4: DO SOCIAL EXPECTATIONS PREDICT BEHAVIORS AND PERSONAL NORMS?

Vegetarian Lower Public Donation of
meals home temperature mobility time lottery gains
(1) (2) (3) (4) (5) (6) (7)
Panel A: Behaviors
Empirical expectation 0.421%%* 0.405%** 0.493%%* 0.906***
Normative expectation 0.261*** 0.363*** 0.237#%*
Panel B: Behaviors
Personal norm 0.570%*** 0.567*** 0.289%**
Panel C: Personal norms
Empirical expectation 0.362%** 0.389%*** 0.419%**
Normative expectation 0.560%** 0.692%** 0.796%**
Controls Yes Yes Yes Yes Yes Yes Yes
Observations 1292 1292 1292 1292 1292 1292 1292

* p<0.05, ** p<0.01, *** p<0.001.

Results from OLS regressions with weighted data. Coefficients in Columns 1-6 are expressed as SD. Coeflicient in Column 7

is expressed as percentage points. Panel A includes empirical expectations and normative expectations as predictors of
behaviors. Panel B includes personal norms as predictors of behaviors. Panel C includes empirical expectations and normative

expectations as predictors of personal norms.

As shown in Panel A of Table 2.4, a 1-standard-deviation increase in empirical expectations
is associated with an increase in self-reported behaviors of 0.4 to 0.5 standard deviations, and
a l-standard-deviation increase in normative expectations is associated with an increase in self-
reported behaviors of 0.2 to 0.4 standard deviations (Panel A, Columns 1-6). We also found that
a l-percentage-point increase in the expected amount donated by others of the €250 lottery is
associated with a 0.91-percentage-point increase in the amount one donated (Panel A, Column
7). Finally, we also found that personal norms are significantly associated with daily sustainable
behaviors. A 1-standard-deviation increase in personal norms is associated with an increase in
behaviors of 0.3 to 0.6 standard deviations.

Additionally, as shown in Table A2.5, a 1-percentage-point-increase in the expected proportion of
supporters of a policy corresponded to a minimum of 0.7-percentage-point increase and a maximum

of 1-percentage-point increase in one’s own probability to support a policy.
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Table 2.5: DOES EXPECTED POLICY SUPPORT PREDICT ONE’S OWN SUPPORT FOR

POLICIES?
Regulation VAT Fossil fuel Rental tax on  Ban on cars ~ Toll on
on red meat on meat rationing poor insulation in city center highways
(1) (2) (3) (4) (5) (6)
Expected support — 0.709%**  (0.786***  1.04*** 0.775%%* 0.951%%* 0.855%#*
Controls Yes Yes Yes Yes Yes Yes
Observations 1292 1292 1292 1292 1292 1292

* p<0.05, ** p<0.01, *** p<0.001.
Results from OLS regressions with weighted data. Coefficients expressed as percentage points.

Result 4. Social expectations positively predict personal norms.

Following our pre-registration, we also assessed whether people may have conditional personal
norms by examining whether social expectations are positively associated with them. As shown in
Panel C of Table 2.4, a 1-standard-deviation increase in empirical expectations is associated with a
0.4-standard-deviation increase in personal norms, and a 1-standard-deviation increase in normative
expectations is associated with an increase in personal norms of 0.6 to 0.8 standard deviations (all p

< 0.001).

2.3.4 Discussion

We confirmed our pre-registered hypotheses by finding that participants significantly underesti-
mated others’ everyday sustainable behaviors, personal norms, and support for policies targeting
such behaviors, with effect sizes ranging from small to large. We also replicated the findings of Andre
et al. (2024b), observing that participants significantly underestimated how much others donate to
a carbon-offset project. Notably, the magnitude of this underestimation was much smaller in our
study compared to theirs. While they reported a 40-percentage-point gap between expected and
actual donation amounts, we observed only a 2-percentage-point gap.” Similarly, whereas 86% of
participants in their study underestimated others’ donations, the corresponding share in our sample
was 60%. This difference may be explained by the fact that participants in our study were first
given the opportunity to donate their survey earnings, making this the second donation task they
encountered and potentially reducing the total donation amount. However, participants may also
have anticipated this when forming expectations about others. In any case, the underestimation

remained significant.

"Notably, the lottery size offered by Andre et al. (2024b) was also larger: $450, compared to €250 in our
study.
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Although our participants significantly underestimated others’ behaviors and personal norms, the
size of the underestimation was larger for behaviors. This is evident in both the effect sizes reported
in Table 2.2 and in Figure 2.1. This contrasts with the findings of Andre et al. (2024b), who observed
that personal norms were underestimated to a greater extent. This result is especially interesting given
that behaviors should be more observable than norms. Additionally, while underestimations were
significant across all three main behavioral domains, they were greatest for vegetarian consumption
and reduction in home heating.

The share of participants in our sample who underestimated others’ everyday sustainable
behaviors and personal norms (on average, 56% for both) is smaller than the proportion found by
Andre et al. (2024b), who reported that 67% of participants underestimated how many others try
to fight climate change and 76% underestimated how many others believe one should try to fight
climate change. This is expected, as publicly observable behaviors, especially those with objective
measures at the intensive level, are harder to misperceive.

Underestimations were larger for support of restrictive policies targeting behavior than for
behaviors and personal norms, and, once again, they were greatest for vegetarian consumption and
reduction in home heating. On average, 80% of participants underestimated others’ policy support.
The mean effect size for underestimations of behaviors and personal norms was Cohen’s d = 0.34 and
Cohen’s d = 0.20, respectively, whereas the mean effect size for underestimations of policy support
was Cohen’s d = 0.43. Notably, participants underestimated support for regulations on red meat by
nearly half. Overall, the size of policy support underestimations was smaller than the size found by
Sparkman, Geiger and Weber (2022) regarding underestimation of support for climate policies. This
is not surprising, as Sparkman et al’s policies were primarily costly for companies or governments,
with minimal personal cost for individuals. As predicted, our policies, which involve a degree of
personal sacrifice for individuals, show a lower level of support and a lower estimated level of support.
However, the share of participants who underestimated the prevalence of support is similar.

Examining the average underestimations of sustainable and unsustainable participants separately
allows us to assess the presence of pluralistic ignorance and the false consensus effect. If the most
sustainable participants in our sample underestimated others’ behaviors and personal norms, the
results point to pluralistic ignorance. If, instead, they overestimated others, the results are driven
by the false consensus effect. If their misperceptions were not significantly different from zero, the
results again indicate a false consensus effect, but only among the unsustainable. Finally, if the
sustainable participants also underestimated others, but to a lesser extent than the unsustainable,

the findings reflect a combination of pluralistic ignorance and the false consensus effect.
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For empirical expectations, we find clear evidence of the false consensus effect across all behavioral
domains, especially in public mobility time and lottery donations, where both groups expected others
to behave like themselves. For vegetarian consumption and home heating reduction, we again find
evidence of the false consensus effect, but only among the unsustainable, alongside signs of pluralistic
ignorance. That is, both sustainable and unsustainable individuals significantly underestimated
others’ vegetarian consumption and home heating reduction, but the unsustainable did so to a greater
extent. Notably, on average, 76% of unsustainable individuals underestimated others’ behaviors,
compared to 40% of sustainable individuals (this share increases slightly to 48% when considering
only vegetarian consumption and home heating reduction).

For normative expectations, underestimations were driven exclusively by the unsustainable, while
misperceptions among the sustainable were not significantly different from zero. Hence, we observe
the false consensus effect only among the unsustainable, with no evidence of pluralistic ignorance.
On average, 70% of unsustainable individuals underestimated others’ personal norms, whereas 48%
of sustainable individuals did so.

When examining the misperceptions of policy supporters and detractors separately, we find
much clearer evidence of pluralistic ignorance: both groups underestimated others’ support for all
policies except one. Similarly, a majority of both supporters and detractors were underestimators,
on average, 66% and 90%, respectively. We also observe evidence of the false consensus effect among
detractors, who underestimated policy support to a greater extent than supporters. Evidence of the
false consensus effect from both groups appears only in the case of the highway toll policy, where
both supporters and detractors overestimated their own prevalence.

These results suggest that while the underestimation of behaviors and policy support seem to be
driven by both the false consensus effect and pluralistic ignorance, the underestimation of personal
norms seems to be driven solely by the false consensus effect.

Finally, our results suggest that individuals may hold conditional preferences regarding their
sustainable behaviors, personal norms, and policy support, consistent with past research. Notably,
Andre et al. (2024a) found that a 1-percentage-point increase in the perceived proportion of others
willingness to donate was associated with a 0.46-percentage-point increase in one’s own likelihood of
contributing. Building on this, we found that a 1-percentage-point increase in the expected amount
donated by others corresponded to a 0.91-percentage-point increase in the amount donated by the
participant.

Similarly, a 1-percentage-point increase in the expected proportion of policy supporters was

associated with an increase of between 0.7 and 1 percentage point in an individual’s own likelihood
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of supporting the policy. These effect sizes are substantially larger than those reported by Andre
et al. (2024a) regarding donation behavior.

Our findings also suggest that social expectations may influence behavior both directly and
indirectly, by shaping personal norms. While empirical expectations were stronger predictors of

behavior, normative expectations more strongly predicted personal norms.

2.4 Conclusion

In this paper, we document systematic underestimations among Luxembourgers regarding the
extent to which others engage in everyday sustainable behaviors, the level of engagement they deem
appropriate, and their support for policies restricting and taxing unsustainable behaviors. We focus
on the three domains with the highest potential for carbon emission reduction: vegetarian meal
consumption, home heating reduction, and the use of public transportation (Hitaj, Igos and Gibon
2022).

Our findings provide evidence that both pluralistic ignorance and the false consensus effect
contribute to these underestimations. Specifically, both mechanisms seem to drive the underestimation
of behaviors and policy support, whereas the underestimation of personal norms appears to be
driven solely by the false consensus effect. Consistent with this, the largest underestimations were
found among the most unsustainable individuals and the detractors of the policies.

Finally, in line with past research, our results suggest that individuals hold conditional preferences
regarding their everyday sustainable behaviors and policy support. They also suggest that social
expectations may influence behavior through both a direct channel and an indirect one, by shaping
personal norms.

Together, these findings indicate that correcting misperceptions about others’ behaviors, personal
norms, and policy support may be a promising avenue for promoting sustainability, consistent
with previous evidence (Andre et al. 2024b, Geiger and Swim 2016). Policy interventions and
communication strategies that make social norms and public support more visible could help shift
individual behaviors toward more climate-friendly practices. In particular, information about social
norms could boost engagement not only at the extensive margin (encouraging more people to
adopt sustainable behaviors) but also at the intensive margin (motivating individuals to increase
their efforts). This is especially important given that household behavior accounts for a significant
share of global emissions, particularly in high-income countries (Dubois et al. 2019). Notably,

underestimations were especially large for support of policies promoting behavioral change, making
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informational campaigns on this topic a particularly promising policy target for advancing a
sustainable transition to a low-carbon society.

Our results also underscore the importance of distinguishing between different types of social
expectations, namely, empirical expectations (beliefs about what others do) and normative expec-
tations (beliefs about what others deem appropriate to do). We find that the mechanisms driving
inaccuracies in social expectations may differ between these two types. Therefore, a comprehensive
study of misperceptions and barriers to behavioral change must consider both constructs and their
interplay, not only with behaviors but also with important influencers, such as personal norms.
Likewise, any belief-correction intervention should address both empirical and normative expectations
(Bicchieri 2016).

A limitation of our current study is that, based on our survey data, it is difficult to disentangle
conditional preferences from the false consensus effect. Are people conditional in their behavior and
personal norms (influenced by their social expectations), or do they believe others behave and think
like they do? According to past studies where social expectations were exogenously manipulated
(Schultz, Khazian and Zaleski 2008, Nolan et al. 2008, Schultz 1999, Ferraro, Miranda and Price
2011, De Groot, Abrahamse and Jones 2013, Goldstein, Griskevicius and Cialdini 2007, Reese, Loew
and Steffgen 2014, Kormos, Gifford and Brown 2015), participants have conditional preferences for
sustainable behaviors. Therefore, our results align with existing literature. However, to establish a
causal relationship between social expectations and behavior or personal norms, an experimental
design would be required, something we address in the third chapter of this dissertation. Nonetheless,

the results presented in this paper are promising for future work aimed at correcting misperceptions.
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Appendix

A2.1 Pre-registered analyses

Our pre-registered analyses are:

o Result la. Assessing the underestimation of behaviors and personal norms (comparing
empirical expectations with mean behaviors and normative expectations with mean personal
norms).

o Result 1b. Assessing the underestimation of policy support (comparing expected policy support
with actual policy support).

e Result 3. Assessing the extent personal norms and social expectations predict behavior and
policy support.

e Result 4. Assessing the extent social expectations predict personal norms.

Since in the pre-registration we did not indicate that we would use weights in our analyses, we
replicate all our analyses with unweighted data in Appendices A2.2 and A2.3.

A2.2 Robustness check (I): Wilcoxon signed-rank tests and effect
sizes with unweighted data

Table A2.1: UNDERESTIMATION OF SUSTAINABLE BEHAVIORS AND NORMS (UNWEIGHTED)

Own’s answer Expectation others p-value Cohen’s d
(mean) (mean)

Behaviors

Vegetarian meals 14.38 meals 12.81 meals 0.000 0.42
Lower home temperature 9.92° 9.11° 0.000 0.56
Public mobility time 44.82 min 42.32 min 0.001 0.15
Donation of lottery gains 30.28% 28.50% 0.1 0.06
Personal Norms

Vegetarian meals 16.39 meals 15.74 meals 0.000 0.23
Lower home temperature 9.71° 9.39° 0.000 0.21
Public mobility time 56.76 min 54.53 min 0.000 0.14

Note: p-values from Wilcoxon signed-rank tests.
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Table A2.2: UNDERESTIMATION OF SUPPORT FOR RESTRICTIVE AND TAXING POLICIES

(UNWEIGHTED)
Supporters Expected supporters p-value Cohen’s d
() (%)
Regulation on red meat 61.61 35.26 0.000 0.72
VAT on meat 37.31 24.23 0.000 0.36
Fossil fuel rationing 51.16 35.87 0.000 0.40
Rental tax on poor insulation 64.40 44.83 0.000 0.52
Ban on cars in city center 50.31 33.80 0.000 0.43
Toll on highways 21.67 19.23 0.000 0.08

Note: p-values from Wilcoxon signed-rank tests.
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A2.3 Robustness check (II): pre-registered OLS regressions without
controls and with unweighted data

Table A2.3: DO SOCIAL EXPECTATIONS PREDICT BEHAVIORS?

Vegetarian Lower Public Donation of
meals home temperature mobility time lottery gains
(1) (2) (3) (4) (5) (6) (7)
Panel A: Weighted
data without controls
Empirical expectation 0.425%** 0.409%** 0.495%** 0.938***
Normative expectation 0.268*** 0.353*** 0.237***
Panel B: Unweighted
data with controls
Empirical expectation 0.451%%* 0.331%*%%* 0.485%#* 0.878***
Normative expectation 0.296*** 0.322%** 0.196***
Panel C: Unweighted
data without controls
Empirical expectation 0.446%%* 0.333%** 0.486%** 0.889%**
Normative expectation 0.298*** 0.312%** 0.197%**
Observations 1292 1292 1292 1292 1292 1292 1292

* p<0.05, ** p<0.01, *** p<0.001.
Results from OLS regressions. Coefficients in Columns 1-6 are expressed as SD. Coefficient in Column 7 is expressed as

percentage points.

Table A2.4: DO PERSONAL NORMS PREDICT BEHAVIORS?

Vegetarian Lower Public
meals home temperature mobility time
(1) (2) 3)

Panel A: Weighted
data without controls
Personal norms 0.591%** 0.563%** 0.292%**

Panel B: Unweighted
data with controls
Personal norms 0.561*** 0.552*** 0.257%**

Panel C: Unweighted

data without controls

Personal norms 0.570*** 0.547*** 0.258***
Observations 1292 1292 1292

* p<0.05, ** p<0.01, *** p<0.001

Results from OLS regressions. Coefficients are expressed as SD.
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Table A2.5: DOES EXPECTED POLICY SUPPORT PREDICT ONE’S OWN SUPPORT FOR

POLICIES?
Regulation VAT Fossil fuel Rental tax on ~ Ban on cars  Toll on
on red meat on meat rationing poor insulation in city center highways
(1) (2) (3) (4) (5) (6)

Panel A: Weighted
data without controls
Expected support 0.721*¥*%*%  0.806%*F*  1.026*** 0.744%%* 0.941%%* 0.888***
Panel B: Unweighted
data with controls
Expected support 0.701%FF  (.808***  1.014%** 0.753%%* 0.946%** 0.838***
Panel C: Unweighted
data without controls
Expected support 0.715%**  (.841%FF  (.995%** 0.744*%* 0.936%** 0.856%**
Observations 1292 1292 1292 1292 1292 1292

* p<0.05, ** p<0.01, *** p<0.001.

Results from OLS regressions. Coefficients expressed as percentage points.

Table A2.6: DO SOCIAL EXPECTATIONS PREDICT PERSONAL NORMS?

Vegetarian Lower Public
meals home temperature mobility time

(1) (2) (3) (4) (5) (6)
Panel A: Weighted
data without controls
Empirical expectation 0.363*** 0.403%+* 0.427#%*
Normative expectation 0.559%** 0.699%** 0.798%**
Panel B: Unweighted
data with controls
Empirical expectation 0.378%** 0.344%%* 0.340%**
Normative expectation 0.605%** 0.667*+* 0.774%%%
Panel C: Unweighted
data without controls
Empirical expectation 0.372%+%* 0.354%+* 0.345%+*
Normative expectation 0.604*** 0.671%+* 0.778%**
Observations 1292 1292 1292 1292 1292 1292

* p<0.05, ** p<0.01, *** p<0.001.

Results from OLS regressions. Coefficients are expressed as SD.
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A2.4 Exploratory OLS regressions

Table A2.7: UNDERESTIMATION OF BEHAVIORS (HETEROGENEITY BY ONE’S BEHAVIOR)

Vegetarian Lower Public Donation of
meals home temperature mobility time lottery gains
Empirical Normative FEmpirical Normative FEmpirical Normative Empirical
(1) (2) (3) (4) (5) (6) (7)
> mean 2.850%*F  1.318FFK  Q.871FFF  0.792FFF  10.36***  6.013*** 0.208%***
Constant -2.422%*% -0.681%* -1.249%*%  _0.667***  -8.279%** -2.729 -0.0860***
Controls Yes Yes Yes Yes Yes Yes Yes
Observations 1292 1292 1292 1292 1292 1292 1292

* p<0.05, ** p<0.01, *** p<0.001
Results from OLS regressions with weighted data. > mean = 1 if one’s behavior is above average, and 0 if one’s behavior is

below average. Dependent variable is underestimation of behaviors and norms (expectation - mean response).

Table A2.8: UNDERESTIMATION OF POLICY SUPPORT (HETEROGENEITY BY ONE’S

SUPPORT)
Regulation VAT Fossil fuel Rental tax on  Ban on cars Toll on
on red meat on meat rationing poor insulation in city center highways
(1) (2) (3) (4) () (6)
Support 0.105%** 0.101%*%%  0.180%** 0.188*** 0.186%** 0.166%**
Constant -0.316%**  -0.169***  -0.227*** -0.280%** -0.247%%% -0.0428**
Controls Yes Yes Yes Yes Yes Yes
Observations 1292 1292 1292 1292 1292 1292

* p<0.05, ** p<0.01, *** p<0.001
Results from OLS regressions with weighted data. Coefficients expressed as percentage points. Support = 1 if a policy
is supported, and 0 otherwise. Dependent variable is underestimation of policy support (expected supporters -

actual supporters).

A2.5 Questionnaire instructions

This appendix presents the instructions of our main outcomes of interest, control variables and
incentivization tasks.

A2.5.1 Demographics

What is your age?

o 18-25
e 26-35
e 36-50
e 51-65
e 66+
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What gender do you identify with?
[Male / Female / Other (write) / Prefer not to say]

Which is the highest level of education that you have completed?

o Elementary school (primary school)

o Secondary (first or second cycle of the secondary education)

o Post-secondary but non-tertiary education (professional school or preparatory classes to tertiary
education)

o Tertiary (university or other higher education degree).

What was the range of your monthly net household’s income in September 20227

With "monthly net household’s income" we mean the total of net income of all persons in your
household, but also other monthly revenues such as family allowances, unemployment benefits,
pensions, and any other sources.

e 0- 1,250 euros

e 1,250 - 2,000 euros

e 2,000 - 4,000 euros

e 4,000 - 6,000 euros

e 6,000 - 8,000 euros

e 8,000 - 12,500 euros

e Greater than 12,500 euros
e I prefer not to say

A2.5.2 Attention check question

This is a question for us to check that you are paying attention to the survey. Please let us know
that you are reading all our questions carefully by selecting “1” on the response scale.

[Slider ranging from 1 to 10]

Only participants who selected "1" on both attention check questions were allowed to continue the
survey.

A2.5.3 Bonus payment instructions

When we asked you whether you frequently pay attention to a list of specific actions (such as to
avoid taking the plane), we asked you right after to guess how other respondents behave.

We will ask you 10 guessing questions similar to this one, but from now on you can earn a
bonus depending on the quality of your guesses. Hence to succeed in these guessing games,
you need to focus on what you think are the other respondents’ actions and opinions.

Would you like more details on the bonus scoring? (click)

For these guessing games, the closer your guess will be to the most frequent answer of the other
respondents, the more points you will earn. For each of these 10 guessing games, you can earn up to
10 points. Hence the total survey score is maximum 100. Your bonus will depend on how your total
score is ranked relative to all the other participants. More specifically, your bonus will be:

e an additional 30€ if your score is among the 50 best scores,
o an additional 20€ if your score is ranked between the 51st and 100th position,
e an additional 10€ if your score is ranked between the 101st and 400th position,

Note that, as we aim at getting 1500 participants in this survey, you have more than 25% chance
of receiving an extra bonus.
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A2.5.4 Animal proteins

In the following set of questions, we will talk about consumption of meat, fish or seafood. By
“one meal containing meat, fish or seafood”, we mean a meal containing at least 50 grams of it.

Self-reported behavior

Over the last 7 days, how many meals containing meat, fish or seafood did you eat?

[Slider ranging from 0 to 21]
Empirical expectation
Guessing game

Please guess what will be the most frequent answer in the survey to the question “Over the last 7 days,
how many meals containing meat, fish or seafood did you eat?”

[Slider ranging from 0 to 21]
Interested to know how your score is calculated? (click)

You will obtain a score of 10 if you find the correct answer, and will lose one point for each unit
that separates your answer from the correct answer. Your score cannot go below 0.

e Example 1: if your guess is 10 meals but the most frequent answer is 15 meals, the gap is 5
units, so you will earn 10-5=5 points.

o Example 2: if your guess is 5 meals but the actual most frequent answer is 20 meals, the gap
is more than 10 units, so you will earn 0 points.

Personal norm

Due to the amount of energy needed to produce them, meat, fish and seafood are not a
sustainable source of proteins. With these sustainability concerns in mind, how many meals
per week containing meat, fish or seafood do you think it would be ethically appropriate to eat?

[Slider ranging from 0 to 21]

Normative expectation

Guessing game

Please guess what will be the most frequent answer in the survey to the question “With these
sustainability concerns in mind, how many meals per week containing meat, fish or seafood do you
think it would be ethically appropriate to eat?”.

[Slider ranging from 0 to 21]
Interested to know how your score is calculated? (click)

You will obtain a score of 10 if you find the correct answer, and will lose one point for each unit
that separates your answer from the correct answer. Your score cannot go below 0.

e Example 1: if your guess is 10 meals but the most frequent answer is 15 meals, the gap is 5
units, so you will earn 10-5=5 points.

o Example 2: if your guess is 5 meals but the actual most frequent answer is 20 meals, the gap
is more than 10 units, so you will earn 0 points.
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Policy support

With these sustainability concerns in mind, let us assume (hypothetically) that by 2025, two
new important measures are considered:

» reducing the available quantity of red meat by imposing strict regulations (e.g. only
allowing the sale of meat from cull cows that have reached the end of their milk production or
breeding function, or from farms that adopt strict environmental protocols)

o increase the Value Added Tax rate (VAT) on meat, fish or seafood to 17% (current rate
is 3%)

With the money obtained from this tax on meat, and to compensate the reduced availability of
red meat, a massive plan to promote vegetarian alternatives would be put in place.

Here are some examples of measures that can be implemented under this plan (click)

o Vegetarian alternatives are made more visible than meat in supermarkets stall

o Vegetarian alternatives are subsidized (price reduced by half)

o A label comparing the environmental impact per protein intake of meat and of vegetarian
alternatives

e A label comparing the price per protein intake of meat and of vegetarian alternatives

e Free consultations with nutritionists to ensure that vegetarian meals contain all necessary
nutrients

Under this massive meat substitution plan...

Would you support the reduction of the available quantity of red meat in supermarket stalls,
butcheries and restaurants?

[Yes/No]

Would you support an increase of the Value Added Tax rate (VAT) on meat, fish or seafood
to 17%?

[Yes/No]

Policy support (expectation)
Guessing game

If a massive meat substitution plan is implemented, out of 100 participants, how many do you
think would...

e support regulations reducing the availability of red meat?
o support the VAT increase on meat, fish or seafood?

Interested to know how your score is calculated? (click)

For each of the two questions, you will obtain a score of 5 if you find the correct answer, and
will lose one point for each unit that separates your answer from the correct answer. Your score
cannot go below 0.

A2.5.5 Home temperature

In the following set of questions, we will ask about your housing.

Self-reported behavior
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What is the usual temperature of your dwelling when you are at home when it is less than 10 degrees outside?
(in degree Celsius)

[Slider ranging from 15 to 30]

Empirical expectation

Guessing game

What do you think is the most frequent answer to the question: “What is the usual tempera-
ture of your dwelling when you are at home when it is less than 10 degrees outside?” ?

[Slider ranging from 15 to 30]

Interested to know how your score is calculated? (click)

You will obtain a score of 10 if you find the correct answer, and will lose two points for each °C
that separates your answer from the correct answer. Your score cannot go below 0.
Personal norm

Heating one’s home with fossil energy sources (e.g., oil, coal and natural gas) is not
sustainable in the long term.

From a sustainability viewpoint, what do you think is the maximal temperature that it is
ethically appropriate to set in...

o a well-insulated dwelling when it is less than 10 degrees outside?
e a badly-insulated dwelling when it is less than 10 degrees outside?

[Slider ranging from 15 to 30|

Normative expectation

Guessing game

What do you think are the most frequent answers to the questions

"From a sustainability viewpoint, what do you think is the maximal temperature that it is
ethically appropriate to set in..."

o a well-insulated dwelling when it is less than 10 degrees outside?
o a badly-insulated dwelling when it is less than 10 degrees outside?

[Slider ranging from 15 to 30]
Interested to know how your score is calculated? (click)

For each of the two questions, you will obtain a score of 5 if you find the correct answer, and will
lose one point for each °C that separates your answer from the correct answer. Your score cannot go
below 0.

Policy support

With these sustainability concerns in mind, let us assume (hypothetically) that by 2025, two
new important measures are considered:

« A rationing on fossil energy sources, based on household size and needs (for instance, a
quota on heating oil or gas, depending on the size of the household)

o A tax of 10% on the rental income perceived by landlords who rent out accommodations
with insufficient energy efficiency (EPC rating of D or worse).
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These two policies would facilitate the implementation of a massive housing plan to improve
energy efficiency.

Here are some examples of measures that can be implemented under this plan (click)

e short-term support to reduce energy consumption

o free heating system servicing (tune-up and maintenance inspection)

 personalized support (at home or online) to change habits and reduce consumption
e support to structural renovation and equipment investments

o free energy audits to determine ECT rating and identify necessary investments

e need-based subsidies on insulation investments and renewable energy equipment

e zero interest rates on renovation and energy-eflicient equipment investments

Under this massive housing plan...

Would you support the rationing on fossil energy sources?

[Yes/No]

Would you support a tax of 10% on the rental income perceived by landlords who rent out
accommodations with insufficient energy efficiency?

[Yes/No|

Policy support (expectation)

Guessing game
If a massive housing plan is implemented, out of 100 participants, how many do you think
would...

e Support the rationing on fossil energy sources?
o Support the tax paid by landlords who rent out accommodations with insufficient
energy efficiency?

Interested to know how your score is calculated? (click)

For each of the two questions, you will obtain a score of 5 if you find the correct answer, and
will lose one point for each unit that separates your answer from the correct answer. Your score
cannot go below 0.

A2.5.6 Mobility

In the following set of questions, we will ask about your mobility.

Self-reported behavior

Let us consider a hypothetical trip that you would regularly take and which, if done by car,
would take about 30 minutes (for example going to work).

Now consider that there exists for this trip an alternative mobility solution: public trans-
portation (tram, train, bus), possibly in combination with an alternative transport mode (scooter,
bike, walking). This alternative solution may of course take a different amount of time.

Compared to the 30-minute car trip option, what would be the maximal trip duration that you
would accept if you were to systematically use public transport instead?

I would systematically use public transport if it took (in minutes) at most...

[text box to write]

How frequently do you use public transport (bus, train, tram)?
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e Daily

e Several times a week

e Several times a month
o Several times a year

e Never

How frequently do you walk, cycle or use a (electric) scooter for a trip of 10 minutes or more?

e Daily

e Several times a week
e Several times a month
e Several times a year

e Never

Empirical expectation

Guessing game

What do you think is the most frequent answer given among all the other participants to the
question: “Compared to the 30-minute car trip option, what would be the maximal trip duration
that you would accept if you were to systematically use public transport instead?”

I think that other respondents most frequently state that they would systematically use public
transport if it took (in minutes) at most...

[text box to write]
Interested to know how your score is calculated? (click)

You will obtain a score of 10 if you guess correctly the most frequent answer, and will lose one
point for each minute that separates your guess from the most frequent answer. Your score cannot
go below 0.

o Example 1: if your guess is 30 minutes but the most frequent answer is 35 minutes, the gap is
5 minutes, so you will earn 10-5=5 points.

o Example 2: if your guess is 30 minutes but the actual most frequent answer is 15 minutes, the
gap is more than 10 minutes, so you will earn 0 points.

Personal norm

Let us still consider this regular 30-minute trip by car. It is well established that public
transport and soft mobility have a significantly smaller impact on the environment than
the car. From this perspective, it might be justified to use public transport despite spending more
time.

In your opinion, what is the maximal additional time (on top of the 30 minutes) that would
be ethically appropriate to concede when switching to public transport?

'In view of adopting a more sustainable lifestyle, I think that it would be ethically appropriate
to systematically switch to public transport as long as the additional time (in minutes, on top of
the initial 30 minutes) does not exceed ... ”

[text box to write]

Normative expectation

Guessing game
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What do you think is the most frequent answer given by the other participants when they are
asked: “What is the maximal additional time (on top of the 30 minutes) that it would be ethically
appropriate to concede when switching to public transport?”

I think that the most frequent answer (in minutes, on top of the initial 30 minutes) is...

[text box to write]
Interested to know how your score is calculated? (click)

You will obtain a score of 10 if you guess correctly the most frequent answer, and will lose one
point for each minute that separates your guess from the most frequent answer. Your score cannot
go below 0.

e Example 1: if your guess is 30 minutes but the most frequent answer is 35 minutes, the gap is
5 minutes, so you will earn 10-5=5 points.

e Example 2: if your guess is 30 minutes but the actual most frequent answer is 15 minutes, the
gap is more than 10 minutes, so you will earn 0 points.

Policy support

With these sustainability concerns in mind, let us assume (hypothetically) that by 2025, two
new important measures are considered:

e to ban all cars in densely populated areas
o a 5-euro toll every time one uses Luxembourg’s motorways (i.e. 10 euros per day on a
two-way commute for example)

These two policies would facilitate the implementation of a massive mobility plan based on
public transport and soft mobility.

Here are some examples of measures that can be implemented under this plan (click)

o Giving higher priority to buses in bottlenecks

o Developing the soft mobility infrastructure (e.g., more bike lanes, more rental bikes,. . .)

o Reduce delays / uncertainty about trip duration

o Reduce the duration of trips (fewer connections, provide more public transport hubs)

e Make hubs and public transport safer

o Increase provision in order to prevent overcrowding (increase frequency of services, expand
hours of services early morning and late evening)

Under this massive mobility plan...

Would you support the car ban in densely populated areas?
[Yes/No]

Would you support the 5-euro toll on Luxembourg’s motorways?
[Yes/No|

Policy support (expectation)

Guessing game
If a massive public mobility plan is implemented, out of 100 participants, how many do you
think would...

e Support the car ban in densely populated areas?
e Support the 5-euro toll on Luxembourg’s motorways?
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Interested to know how your score is calculated? (click)

For each of the two questions, you will obtain a score of 5 if you find the correct answer, and
will lose one point for each unit that separates your answer from the correct answer. Your score
cannot go below 0.

A2.5.7 Monetary donations

Donation of bonus earnings

Thank you for having answered this survey. Now let us talk about your reward.

Your reward (fixed participation fee plus the bonuses from guessing games) will be sent to you
by Amazon vouchers. You have, however, the option to make a different use of this reward.

To allow individuals and companies to compensate their CO2 emissions, there is a framework for
“carbon offsetting” via a certified market for voluntary “carbon credits”. Want to know how it
works? (click)

Individuals and companies can offset their CO2 emissions by funding certified climate action
projects (reforestation, public investments in renewable energy sources,. .. ). To achieve this, indi-
viduals can purchase “carbon credits” which are issued on the Voluntary Carbon Market” (VCM)
by government bodies and NGO’s. These VCM projects need to obtain certification that they
indeed reduce greenhouse gas emissions. This certification is ensured by independent standards
organizations, such as the world leader VCS (Verified Carbon Standard).

Would you agree to renounce your earnings and have them allocated to the purchase of
carbon offsets? LISER will collaborate with a Luxembourg-based organization which exclusively
proposes green projects that were audited by third parties and that received the highest international
carbon-offsetting standards.

Your personal decision will not be communicated in any way. Only the total amount of the gains
conceded by all participants will be disclosed.

[Yes, I renounce my earnings / No, I want to keep my earnings]

Donation of lottery gains

In addition to the guaranteed payments, 10 participants will be randomly selected and each
will earn an extra 250 euros (lottery rules available on LISER’s webpage). However, we offer the
possibility of making an alternative use of the lottery gains.

With 250€ you might offset 4 months of carbon emissions, and if you give up the 250€ in each
wave of the survey, you might offset a whole year of carbon emissions. Want to know how this is
calculated? (click)

Offsetting the annual CO2 emissions of an average Luxembourg citizen costs about 750€. This
figure is calculated as follows: In October 2022, offsetting 1 ton of CO2 emissions in the European
Union costs about €60 (source: Ember Climate). The Ministry of Environment of Luxembourg
recently declared that 8.08 million tons of CO2-equivalent were emitted by Luxembourg in 2021.
This makes an emission of 12.6 tons per inhabitant.

In this wave, how much of the 250€ would you like to be allocated to the purchase
carbon credits? If you win the lottery, we will allocate the money according to your decision and
provide you the remaining part in the form of an Amazon voucher.

Note: your chances of winning the lottery are not affected in any way by your
responses to the survey.
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[Slider thanging from 0 - All to myself to 250 - All to carbon credits]

Out of the 250€, how much do you think the other participants would donate for carbon
offsetting on average?

[Slider thanging from 0 - All to myself to 250 - All to carbon credits]
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Effectiveness of correcting misperceived social norms: A
longitudinal experimental approach with sustainable
behaviors and policy support

with Francesco Fallucchi (University of Bergamo), Philippe Van Kerm (University of Luzembourg),
and Bertrand Verheyden (Luxembourg Institute of Socio-Economic Research)

3.1 Introduction

Household consumption, particularly in the areas of food, housing, and transportation, accounts
for nearly three-quarters of global carbon emissions. There is broad consensus that systematic and
sustained behavioral change in these domains, along with policies targeting household consumption,
is essential for transitioning to a low-carbon society (Druckman and Jackson 2016, Dubois et al.
2019, Hertwich and Peters 2009). This is especially true in high-income countries, which are not
only the most polluting (Khalfan et al. 2023), but also where individual willingness to act on climate
change is lowest (Andre et al. 2024a).

Misperceived social norms have been identified as a common barrier to climate action (Andre
et al. 2024a,b, Sparkman, Geiger and Weber 2022, Geiger and Swim 2016, Sokoloski, Markowitz
and Bidwell 2018). As shown in past research and discussed in Chapter 2, these misperceptions
are often driven by cognitive biases such as pluralistic ignorance, which occurs when individuals
misperceive the prevalence of an opinion or behavior (Prentice and Miller 1996), and the false
consensus effect, which occurs when individuals overestimate the prevalence of their own opinion
or behavior (Ross, Greene and House 1977). These biases can have significant consequences. A
large body of research shows that our preferences are often conditional on our social expectations
(Bicchieri 2005, 2016), and this applies to sustainable behaviors as well (Cialdini and Jacobson 2021,
Saracevic and Schlegelmilch 2021). Misperceived social norms can therefore be harmful because they
lead individuals to conform to undesirable norms. However, research has also shown that correcting
these misperceptions can have positive effects. For instance, revealing the true extent to which others
are concerned about climate change and support efforts to address it has been shown to increase
individuals’ willingness to discuss climate change with others, donate money, and support climate
policies (Geiger and Swim 2016, Andre et al. 2024b).

In this paper, we examine whether correcting misperceptions about the extent to which others
engage in everyday sustainable consumption, the level of engagement they consider appropriate,

and their support for policies that restrict unsustainable behaviors can promote participants’ own
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sustainable behaviors, personal norms, and policy support.! As in Chapter 2, we focus on the three
behavioral domains with the highest potential for carbon savings: increasing vegetarian consumption,
reducing home heating, and using public or soft mobility options (Hitaj, Igos and Gibon 2022).
We also investigate whether the effects of these interventions persist over the longer term. In
Luxembourg, adopting a vegetarian diet, reducing home heating, and commuting by public transport
instead of by car can save up to 4.8 tonnes of COseq per year, approximately 37% of the 13 tonnes
emitted annually by the average Luxembourger (Hitaj, Igos and Gibon 2022). Thus, sustained
behavioral change in these domains, supported by both individual habit formation and structural
policies targeting personal behavior, can yield significant environmental benefits.

We conducted a three-wave longitudinal survey between November 2022 and July 2023, with
each wave spaced three months apart, involving 912 adult participants from Luxembourg. In Wave
1, we measured participants’ baseline behaviors and empirical expectations by asking about their
weekly frequency of vegetarian consumption, home temperature when it is cold outside, and use of
public or soft transport. We then asked them to estimate the same behaviors for other participants.
To measure baseline personal norms and elicit normative expectations, we asked participants which
levels of these behaviors they considered ethically appropriate from a sustainability perspective,
and then asked them to estimate the most common response given by other participants to that
same question. Participants were also asked whether they would support six hypothetical policies
aimed at restricting or taxing unsustainable behaviors across the three behavioral domains. For
each domain, we included one tax and one regulatory restriction. Finally, participants were asked to
guess the proportion of others in the sample who supported each policy. As described in Chapter 2,
all second-order beliefs were elicited in an incentive-compatible manner. Our findings revealed that
participants systematically and substantially underestimated others’ sustainable behaviors, norms,
and policy support across all domains. Consistent with previous literature, these results reflected
both pluralistic ignorance and the false consensus effect. We also found that social expectations
were strong predictors of individual behaviors, personal norms, and policy support, underscoring the
potential of correcting misperceptions to promote behavioral change. These results are reported in
detail in Chapter 2 of this dissertation.

Following these findings, we introduced an experiment in Wave 2. Participants were randomly

assigned to a Control group (n = 305), a Norms treatment group (n = 304), or a Policy treatment

!Although correcting misperceptions about concern for climate change has proven effective in increasing
support for climate policies targeting businesses and institutions, policies that target individual behavior
are generally less popular and more costly to support (Swim and Geiger 2021). Therefore, it remains an
important question whether the positive effects of correcting misperceptions extend to such outcomes.
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group (n = 303). In the Norms treatment, we revealed to participants the actual levels of behavior
and personal norms reported by the majority in Wave 1. In the Policy treatment, we revealed to
them the actual share of participants who supported each of the six policies in Wave 1. Participants
in the Control group received no information about Wave 1 responses. We chose to present both
descriptive norms (what others do) and injunctive norms (what others find appropriate) in the Norms
treatment because previous research shows that combining these messages is more effective than
presenting either alone (Hallsworth et al. 2017, Schultz, Khazian and Zaleski 2008). Moreover, experts
recommend changing both empirical and normative expectations to achieve successful behavioral
change (Bicchieri 2016).

After exposure to the treatments (or lack thereof, in the case of the Control group), we asked
participants to report again their personal norms, their intended behavior levels for the following
three months, and their support for the six policies, using the same measures as in Wave 1. Three
months later, in Wave 3, participants reported their actual behavior levels, allowing us to assess
whether they had followed through on their intentions. Home heating was excluded from this
assessment, as Wave 3 took place in early summer. We also asked participants again about their
policy support. This design enabled us to examine whether the treatments had lasting effects or
only a short-term impact.

We collected the same post-treatment outcomes across all groups, regardless of treatment
assignment. This allowed us to estimate the effects of both targeted and non-targeted treatments.
We define targeted treatments as those that correct misperceptions directly related to the outcome
(for example, the Policy treatment is targeted at policy support), and non-targeted treatments as
those that correct misperceptions about a different outcome (for example, the Norms treatment
is non-targeted for policy support). A recurring question in the literature is whether sustainable
behavior and support for sustainable policies act as complements or substitutes. Some studies have
found that interventions promoting sustainable behaviors can crowd out support for climate policies,
possibly by shifting attention or perceived responsibility from policy to personal action (Werfel
2017). Other studies, however, find no evidence of such negative spillover effects (Maki et al. 2019,
Sparkman, Attari and Weber 2021). By examining the effects of both targeted and non-targeted
treatments on our outcomes, we can assess whether our treatments could potentially crowd out the
non-targeted outcomes.

Controlling for the baseline values of our post-treatment outcomes measured in Wave 1, we found
that our targeted treatments immediately increased participants’ sustainable personal norms by an

average of 0.25 SD, intended levels of sustainable behavior by an average of 0.15 SD, and policy
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support for regulatory policies (those revealed to be supported by a majority) by an average of 11
percentage points. However, this was true only for the behavioral domains of vegetarian consumption
and home heating. Participants showed no response in behavior and policy support in the domain
of public and soft mobility, and the treatments actually shifted personal norms in a less sustainable
direction (-0.22 SD). Participants were also unresponsive to the treatments in their support for
taxing policies. When asked three months later, the positive effects of the targeted treatments
on actual behavior (0.15 SD) and policy support (10 percentage points) persisted for vegetarian
consumption. We found no evidence of negative spillovers from the non-targeted treatments. In fact,
we either observed no spillover effects or positive spillover effects, providing support for the idea
that interventions to increase sustainable behaviors and interventions to increase policy support do
not act as substitutes in promoting behavioral change.

We also examined whether our treatments had heterogeneous effects depending on participants’
prior beliefs. Since we expect the treatments to operate through positive belief updating, they
should be particularly effective for individuals who initially held pessimistic beliefs about others and
subsequently revised those beliefs upward. For example, Andre et al. (2024b) found that correcting
misperceptions about others’ willingness to fight climate change increased monetary donations only
among individuals with pessimistic prior beliefs. If people tend to conform to their perceived norms
(Prentice and Miller 1993, Bicchieri 2005), then behavior change should be most likely among those
who had underestimated a sustainable norm and needed to update their beliefs positively. To test
this, we replicated our main analyses separately for participants who held pessimistic beliefs about a
given personal norm, behavior, or policy support in Wave 1 and for those who did not.

Similarly, we aimed to examine treatment heterogeneity based on prior behavior. If individuals
change their behavior to conform to the new norm, treatments should be particularly effective for
those who behaved below the norm and need to make an upward behavior adjustment. Therefore,
we replicated our analyses separately for participants who reported a sustainable behavior level
above the average (whom we refer to as sustainable individuals) and those who reported a level
below the average (whom we refer to as unsustainable individuals) in Wave 1. For policy support,
we conducted the analyses separately for participants who supported a given policy and those who
did not.

The main advantage of conducting our analyses separately based on prior beliefs and behaviors is
that we can assess not only whether the treatments were equally effective across different subgroups
but also whether they backfired for any of them. If individuals tend to conform to perceived norms,

treatments may backfire among those who held optimistic beliefs (and thus revise their beliefs
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negatively) or among those who behaved above the norm (and thus need to adjust their behavior
downward to align with the norm). For example, in a study on household energy conservation,
descriptive norm information prompted high-consuming households to reduce consumption, but also
caused low-consuming households to increase theirs (Schultz, Khazian and Zaleski 2008). This kind
of asymmetric effect based on priors may help explain why norm-based interventions do not always
succeed and can sometimes backfire (e.g. Griesoph et al. 2021, Richter, Thggersen and Klockner
2018, Gravert and Collentine 2021). Our heterogeneity analyses, therefore, help us identify whether
our treatments triggered such unintended effects.

Indeed, our heterogeneity analyses showed that the targeted treatments were more likely to
increase personal norms, sustainable behaviors, and policy support among participants with pes-
simistic beliefs and those who behaved unsustainably. These analyses also helped clarify the negative
effect of the Norms treatment on personal norms related to public and soft mobility. This adverse
effect appeared only among participants who held non-pessimistic beliefs and those who behaved
above average. Although the treatments produced some unintended effects on personal norms, we
did not find any evidence that they led to behavioral or policy support backfiring. The inclusion
of both descriptive and injunctive norms in our treatments may have played a role in preventing
such outcomes. For example, Schultz, Khazian and Zaleski (2008) showed that adding injunctive
information to a descriptive norm message eliminated the negative response previously observed
among low-energy consumers. Our results also align with the findings of Andre et al. (2024b), who
reported no behavioral backfiring in monetary donations among individuals with optimistic prior
beliefs about others’ willingness to fight climate change. At the same time, our findings urge caution.
Although correcting misperceptions can be an effective tool for promoting sustainable behavior and
policy support, it may still lead to unintended negative effects in other areas for certain subgroups,
such as personal norms.

Additionally, we found that positive spillover effects from non-targeted treatments were not
more likely to occur among participants with prior pessimistic beliefs or unsustainable behaviors.
This supports our expectation that targeted treatments operate specifically through positive belief-
updating and upward behavior adjustment to conform to the norm, rather than affecting pessimistic
or unsustainable participants per se, since non-targeted treatments did not correct participants’
beliefs or provide norm-related information for the target outcome.

Finally, we observed that the positive effect of the treatments was consistent across personal
norms, behaviors, and policy support in the domains of vegetarian consumption and home heating,

especially for the first domain, where the effects persisted in the longer term. However, participants
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showed complete inelasticity in behavior and policy support in the public and soft mobility domain,

and even negative elasticity in personal norms. We tested three possible explanations for this:

1. Can the lack of positive treatment effects on public and soft mobility be explained by the fact
that participants, on average, were less pessimistic in this domain? As described in Chapter
2, average misperceptions across all measures were consistently smaller for public and soft
mobility. However, our heterogeneity analyses based on prior beliefs revealed that the lack of
effectiveness cannot be attributed to the prevalence of positive belief updating, as treatments

were no more effective for participants who held prior pessimistic beliefs in this domain.

2. Can the lack of positive treatment effects be explained by the fact that participants, on average,
were more sustainable in this domain? Once again, heterogeneity analyses revealed that the
lack of effectiveness cannot be explained by having fewer participants behaving below the norm
or not supporting policies, as treatments were not more effective for the most unsustainable

participants in this domain.

3. Can the lack of positive treatment effects be explained by the fact that participants were
less likely to remember the treatment content in this domain? In Wave 3, we introduced a
memory task to evaluate how well our participants remembered the content of our treatments
introduced in Wave 2. However, once again, our results reveal that this cannot explain the

lack of effectiveness.

Having ruled out these potential explanations, we propose a remaining plausible interpretation:
correcting misperceptions may be less effective in changing behaviors in domains that are costlier
to adopt. Mobility patterns depend heavily on individual constraints, such as access to reliable
alternatives to cars, place of residence, and commuting needs. This may make behavior and support
for policies restricting car usage more inelastic to policy interventions that do not address these
structural differences. Indeed, despite the Luxembourgish government’s implementation of strong
economic incentives to reduce car use, such as making all public transportation within the country
completely free of charge since 2020 (Rose 2023), car usage in Luxembourg remains among the
highest in the EU (Heindrichs 2024). Hence, behavioral change in this domain may require more
substantial structural support from institutions.

Our study contributes broadly to the literature on norm-based treatment interventions aimed at
promoting sustainable behavior (Schultz, Khazian and Zaleski 2008, Nolan et al. 2008, Schultz 1999,
Ferraro, Miranda and Price 2011, De Groot, Abrahamse and Jones 2013, Goldstein, Griskevicius
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and Cialdini 2007, Reese, Loew and Steffgen 2014, Kormos, Gifford and Brown 2015, Sparkman
et al. 2021). As many studies have shown, while norm-based interventions can be a promising policy
avenue, they do not always work and can even backfire (Griesoph et al. 2021, Richter, Thogersen and
Klockner 2018, Gravert and Collentine 2021). As noted by Bicchieri (2016), a proper diagnosis of the
causal influencers of behavior in a population is necessary before designing interventions to promote
behavioral change. We add sophistication to traditional norm-based interventions by first diagnosing
the causes of barriers to behavioral change (such as underestimations of sustainable norms) and then
designing targeted and customized interventions to address these barriers. Our study also shows
that positive belief updating and the potential for upward behavioral adjustment toward the norm
may be necessary conditions for the effectiveness of norm-based treatments, conditions that are
much more likely to arise in situations of pluralistic ignorance or false consensus effects. In contrast,
norm-based interventions may be less effective in the absence of these cognitive biases.

Our study also contributes to the literature on correcting misperceptions as a way to promote
behavior, an increasingly popular intervention used in other areas such as female labor participation
or support for partisan violence (Bursztyn, Gonzélez and Yanagizawa-Drott 2020, Mernyk et al.
2022). We provide evidence that correcting misperceptions about others’ specific behaviors, personal
norms, and policy support can change participants’ everyday sustainable behaviors, personal norms,
and policy support, and these effects can last in the longer term. However, we also show that
this effect may be moderated by factors such as the potential and direction of belief updating, the
availability of room for upward behavioral adjustment in the community, and other constraints that
may impede behavior change.

We contribute to the literature investigating spillover effects between sustainable behaviors and
support for sustainable policies (Maki et al. 2019, Sparkman, Attari and Weber 2021, Werfel 2017,
Truelove et al. 2014) by providing additional evidence that interventions promoting behaviors and
interventions promoting policy support do not necessarily crowd out each other.

Finally, in line with past research and with preliminary analyses in Chapter 2, we establish causal
evidence that individuals have conditional preferences in their sustainable behaviors and policy
support (Vesely and Klockner 2018, Andre et al. 2024a). Furthermore, consistent with our findings
in Chapter 2, we also provide causal evidence that participants have conditional preferences in their
personal norms, contributing to the literature on how different types of norms can impact and shape
each other (Deutchman et al. 2024, Lindstrom et al. 2018). This is important because personal norms
are strong predictors of behavior (Basi¢ and Verrina 2024). If correcting misperceptions can shift

personal norms in a positive direction, it may lead to behavioral change through the internalization
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of these updated norms.
The remainder of the paper is organized as follows. Section 3.2 describes our study design,
experimental setup, and collected measures, and provides a description of our sample. Section 3.3

presents our model and results. Finally, Section 3.4 concludes.

3.2 Study Design

As described in Chapter 2, this chapter primarily draws on Waves 2 and 3 of the longitudinal
survey study we conducted as part of a larger project in collaboration with the Ministry of the
Economy in Luxembourg (Verheyden et al. 2024). We contacted 3,700 volunteers who had previously
participated in LISER surveys and had consented to be recontacted for future research. We invited
them to participate in a three-wave survey, with approximately three months between each wave:
Wave 1 was launched in November 2022 (the design and findings of which are presented in Chapter
2 of this dissertation), Wave 2 in April 2023, and Wave 3 in July 2023. The volunteers were adult
Luxembourgish residents and cross-border workers (individuals residing in neighboring countries
who work in Luxembourg). A total of 912 participants completed all three waves of the study.

We followed the same protocol across all three surveys: participants were informed that their
participation was voluntary and that they could withdraw at any time. They were assured that their
responses would remain anonymous. Additionally, they were informed that the surveys contained
two attention-check questions and that failing both would result in termination of the survey. The
surveys were translated into English, French, German, and Portuguese. Respondents received a fixed
reward of €10 for participating in each survey. In each wave, participants also had the opportunity
to earn a bonus of €10 to €30 by ranking among the top 30% of scorers on questions that required
them to guess the responses of other survey participants (these results are not discussed in this
chapter). Furthermore, in each survey wave, 10 participants were randomly selected through a
lottery and awarded a €250 prize. Full compensation for participation in the three waves was sent at
the end of the third wave. Therefore, participants were compensated only once for their cumulative
payment, which ranged between €30 and €120 (€10 guaranteed per wave plus a maximum bonus of
€30 per wave), along with the potential €250 prize for each of the three lotteries. Importantly, before
receiving their final compensation, participants had no information about their bonus or lottery
earnings in each wave. These studies received IRB approval from LISER. Detailed information on
the experiment instructions and the post-treatment measures collected in Waves 2 and 3 can be

found in Appendices A3.5 and A3.6. Detailed information on the pre-treatment measures collected
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in Wave 1 is provided in Appendix A2.5 of Chapter 2.

3.2.1 Pre-treatment measures

In Wave 1, we collected a broad set of demographic data on participants, including gender, age,
income, and education. We then gathered data on self-reported sustainable behaviors, personal
norms and policy support across three behavioral domains: vegetarian consumption, home heating
reduction, and the use of public and soft mobility. We used this information to design the information
treatments for Wave 2 and to establish the baseline values for our post-treatment outcomes. We also
elicited participants’ social expectations to measure their underestimations of others’ sustainability.
In other words, participants had to guess the most common responses given by all participants for
each of the aforementioned measures, and they could receive an additional bonus of up to €30 if
their guesses were accurate. Finally, we created two additional prior variables based on the data

collected in Wave 1:

Prior behavior. We created a dummy variable that takes the value 1 if a participant reported
a sustainable behavior level above the average in Wave 1 and 0 if they reported a level below the
average. We use the terms "sustainable individual" and "unsustainable individual" throughout the
text to refer to those individuals with above-average and below-average sustainable behavior in
Wave 1. Note that this classification applies only to the specific behavior in question. For example,
the same participant could be classified as sustainable in vegetarian consumption but unsustainable

in home heating.

Prior beliefs. We created a dummy variable equal to 1 if a participant underestimated a given
behavior, personal norm, or the share of policy supporters in Wave 1, and 0 otherwise. Specifically,
we consider a participant to have underestimated a measure if they reported a social expectation
lower than the mean response across all participants for a given behavior, personal norm, or share of
supporters. We use the terms "pessimistic individual" and "non-pessimistic individual" throughout
the text to refer to those who underestimated or did not underestimate a sustainable measure. As
before, this classification is tied to the specific behavior, personal norm, or policy in question. For
instance, the same participant could be classified as pessimistic about vegetarian consumption but

not about home heating reduction.

Additional details of our pre-treatment measures are provided in Chapter 2.
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3.2.2 Experimental treatments

In the second survey wave, we introduced an experiment featuring two information treatments.
Participants were randomly assigned to either the Norms treatment (n = 304), the Policy treatment
(n = 303), or the Control group (n = 305). The information treatments were presented before any
post-treatment outcomes were measured. The remainder of the study was then identical for all

participants.

Norms treatment. In the Norms treatment, we informed participants about both the actual
and the appropriate behavior levels reported by the majority in the first wave, regarding vegetarian
consumption, home heating reduction, and the use of public and soft transport. We began by
reminding them that, in Wave 1, we had asked about their typical levels of consumption and the
levels they considered "ethically appropriate," given the environmental impact, across three domains
of everyday behavior: meat consumption, home heating, and car use.

We then explained that we had analyzed the data and would now inform them about the
behaviors and attitudes of the majority. We clarified that “behaviors and attitudes of the majority”
referred to those adopted by more than 50% of the population. Participants were also informed that
the statistics were based on data from Wave 1 and had been adjusted to be representative of the
Luxembourgish population in terms of age and gender.

Specifically, they learned that:

e The majority ate six or fewer meals containing meat, fish, or seafood per week and believed it
would be ethically appropriate to eat four or fewer such meals per week.

e When the temperature outside was below 10°C, the majority kept their home temperature at
20°C or lower, and considered this level ethically appropriate. They were also informed that
lowering home temperature by 1°C could reduce energy consumption by 3% to 10%.

¢ When faced with a 30-minute car trip, most people were willing to increase their travel time by
15 minutes or more to switch from using a car to public transport, and considered it ethically
appropriate to increase travel time by 20 minutes or more. Additionally, participants were
told that 69% of the sample used either public transport (bus, train, or tram) or engaged in

soft mobility (e.g., walking or cycling for at least 10 minutes) several times a week or daily.

Policy treatment. In the Policy treatment, we informed participants about the actual share of
supporters for each of the six policies presented in the first wave. We began by reminding them that,

in Wave 1, we had asked questions about three areas of everyday life, meat consumption, housing,
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and mobility. For each of these areas, we presented two hypothetical policies (a tax and a regulatory
restriction) and asked whether they would support their introduction by 2025. We also reminded
participants that the tax revenues from these policies would be used by the government to develop
action plans offering alternative solutions to the population. We then informed them that, although
respondents believed that none of the six policies would be supported by the majority, four out of
the six were in fact supported by a majority. As in the Norms treatment, we explained that the
statistics were based on data from Wave 1 and adjusted to be representative of the Luxembourgish

population in terms of age and gender. Subsequently, participants learned that:

o 64% supported a tax of 10% on the rental income of landlords who rent out accommodations
with poor energy efficiency

o 63% supported a strict regulation on red meat production

e 53% supported a rationing on fossil energy sources

e 50% supported a car ban in densely populated areas

e 37% supported a 17% VAT on meat

o 21% supported a 5-euro toll on Luxembourg’s motorways

Control. The Control group did not receive any information about the responses from the first
wave. They were given the same reminders as the Norms and Policy treatments about the questions

asked in Wave 1, but were not informed of the response results.

Additionally, similar to the Control group, participants in the Norms treatment received the
same reminders about the policy support questions, and participants in the Policy treatment received
the reminders about the questions related to behavior and personal norms. Importantly, we did
not repeat the information treatments in the third wave of the survey. All participants were simply

reminded of the questions asked in the previous waves.

3.2.3 Post-treatment measures

In Waves 2 and 3, we collected two types of post-treatment outcome measures: immediate
outcomes, measured in the second wave immediately after exposure to the reminders and treatments,
and longer-term outcomes, measured three months later in the third wave. All participants provided
the same outcome measures, regardless of treatment assignment. Additionally, in Wave 3, we
presented participants with a set of questions aimed at testing their memory of the treatments.

Specifically, we collected:
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Personal norms (immediate). We asked participants to report the level they considered
ethically appropriate for animal protein consumption ("From a sustainability viewpoint, how many
meals per week containing meat, fish or seafood do you think it would be ethically appropriate
to eat?"; scale ranging from 0 to 21),2 home heating ("From a sustainability viewpoint, what do
you think is the maximal temperature that it is ethically appropriate to set in a dwelling when
it is less than 10 °C outside?"; scale ranging from 15 to 30), and use of public and soft mobility
("Please complete the following sentence: «In view of adopting a more sustainable lifestyle, it would
be ethically appropriate for me to systematically switch to public transport or soft mobility as long
as the additional time (in minutes, on top of the initial 30 minutes) does not exceed ... »; open-text
box"). These questions were identical to those used in Wave 1 to elicit participants’ personal norms.
In both waves, the question on public and soft mobility was framed as a scenario in which all
participants faced the same sacrifice, expressed as additional minutes compared to a 30-minute car
trip. This approach is more effective for eliciting normative views than asking about the appropriate
frequency of using public or soft mobility, as mobility patterns in Luxembourg are highly dependent
on individual constraints (e.g., place of residence, workplace location, and access to reliable public
transport). To ensure consistency in the directionality of our measures, we reverse-coded responses
on animal protein consumption (21 - response) to obtain a measure of vegetarian meals per week.
Similarly, we reverse-coded responses on home temperature (30 - response) to capture “degrees below

the maximum.” This approach ensures that higher values consistently reflect more sustainable norms.

Intended behaviors (immediate). We first reminded all participants of the levels of animal
protein consumption, home heating reduction, and use of public and soft mobility that they had
personally reported in Wave 1. We then asked them about their likelihood of changing these
behaviors over the next three months, using a 4-point scale ranging from "0 - Completely certain
of not changing" to "4 - Completely certain of changing." The only exception was home heating:
since the survey was launched in early April and data collection lasted a month, with temperatures
in Luxembourg typically becoming significantly warmer by the end of May, we asked participants
about their intentions for the upcoming month instead. If participants selected any option above 0,

they were then asked to indicate their intended behavior levels:

e Animal protein consumption: "How many meals containing meat, fish or seafood do you think

you will eat per week in the upcoming 3 months?" (scale ranging from 0 to 21)

2We further informed participants that by “one meal containing meat, fish or seafood,” we mean a meal
containing at least 50 grams of it.
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o Home heating: "What do you think will be the usual temperature of your dwelling when you
are at home when it is less than 10 °C, in the upcoming month? (in °C)" (scale ranging from
15 to 30)

e Public transportation and soft mobility: "How frequently do you think you will use public
transport (bus, train, tram) in the upcoming 3 months?" and "How frequently do you think
you will use soft mobility (walk, cycle or use a (electric) scooter for a trip of 10 minutes or

more) in the upcoming 3 months?" (5-point scale ranging from 1 - "Never" to 5 - "Daily")

We then created a single variable for each of the three intended behaviors (one for each behavior)
by assigning participants the same behavioral level they reported in Wave 1 if they indicated being
completely certain of not changing their behavior; otherwise, we used the new value reported in
Wave 2. Additionally, we computed a single index of "public and soft mobility" by averaging the
responses to both mobility questions. Finally, we reverse-coded the variables on meat consumption

and home heating in the same way as we did for personal norms.

Actual behaviors (three months later). In Wave 3, we asked participants to report again
their current levels of animal protein consumption ("Over the last 7 days, how many meals containing
meat, fish or seafood did you eat?") and use of public transportation and soft mobility ("How
frequently have you been using public transport (bus, train, tram) over the past two months?" and
"How frequently have you been walking, cycling or using a (electric) scooter for a trip of 10 minutes
or more, over the past two months?"). We used the same scales as those used for intended behaviors
and reverse-coded responses on animal protein consumption. We also averaged responses to both
mobility questions to create a single index of "public and soft mobility." We did not ask again about

their home heating reduction, as Wave 3 was launched in July.

Policy support (immediate and three months later). In Wave 2, we provided all
participants with detailed reminders of each of the six hypothetical policies presented in Wave 1
(and in the Policy treatment). We then asked participants again whether they would support each

policy. In Wave 3, we gave a briefer reminder and asked the same question.

Memory about treatments (three months later). For participants assigned to the Norms
and Policy treatment in Wave 2, we administered a memory task in Wave 3 to assess how well
they recalled the information treatment. These memory tasks were presented after all outcomes of
interest had been collected. For participants in the Norms treatment, we reminded them that in
Wave 2 we had shared information about the sustainability-related behaviors and attitudes of other

participants. We then presented three statements based on that information (one for each behavioral
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domain) and asked them to indicate whether each statement was true or false. For those in the
Policy treatment, we reminded them that in Wave 2 we had revealed which policies were supported
by a majority in Wave 1. They were asked to indicate, for each of the six policies, whether it had

been supported by a majority.

3.2.4 Addressing experimenter demand effects, social desirability
bias and self-selection concerns

Similar to the protocol in Andre et al. (2024b), providing all groups with reminders about the
Wave 1 questions during Wave 2 helps mitigate experimenter demand effects by ensuring that all
participants, regardless of treatment assignment, are primed to think about similar issues. This
approach also allows us to frame the information treatments as feedback on whether participants’
previous responses were accurate, particularly since their social expectations were incentivized and
eligible for a bonus based on correct guesses. As noted by Andre et al. (2024b) and Haaland, Roth
and Wohlfart (2023), presenting information treatments as performance feedback tied to potential
rewards is considered good practice to reduce experimenter demand effects. Notably, in Wave 3, all
participants were exposed to the same information prior to the collection of our outcome measures.
That is, we did not repeat the content of the information treatments provided in Wave 2, but simply
reminded all participants of the questions asked in the previous waves and informed them that we
would like to ask about these again. Thus, all participants were once again primed to think about
the same issues, and any differences observed should reflect the lasting impact of belief updating
that occurred in Wave 2. In line with this, there is consensus that conducting heterogeneity analyses
by prior beliefs is a valuable strategy for identifying whether treatment effects are driven by belief
updating (Andre et al. 2024b, Haaland, Roth and Wohlfart 2023).

Moreover, the same arguments presented in Chapter 2 of this dissertation apply here. According
to De Quidt, Haushofer and Roth (2018), participants in online studies making incentivized and
non-incentivized choices responded similarly to experimenter demand. In addition, non-representative
online samples were no more prone to these effects than representative ones. The authors concluded
that, in general, concerns about experimenter demand effects are limited in anonymized online
surveys.

As noted by Reisinger (2022), anonymity in self-reports greatly decreases social desirability
bias. Consistent with this, we assured participants that their responses would remain anonymous.

Finally, as previously mentioned, a large-scale meta-analysis by Kormos and Gifford (2014) found
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that self-reported pro-environmental behaviors are strongly correlated with objective behavioral

measures.

To mitigate concerns about self-selection bias and the potential overrepresentation of participants
with strong pro-environmental preferences, as stated in Chapter 2, we obscured the true purpose
of the study when inviting participants to take part in Wave 1. Specifically, we informed them
only that the survey would address their perceptions and behaviors related to societal challenges
facing the Grand Duchy of Luxembourg. Although we could not control for sample attrition across
waves, strong monetary incentives to participate in each wave help mitigate concerns that only
individuals with strong social or pro-environmental preferences would remain in the study. Moreover,
existing evidence suggests that the use of volunteer samples has a negligible impact on participants’
social preferences and behavioral patterns (see, for example, Anderson et al. (2013); Falk, Meier and

Zehnder (2013); Abeler and Nosenzo (2015)).

3.2.5 Sample

Table 3.1 shows the demographic characteristics of our sample. Income information was collected
using intervals of €2,000. The median total net household monthly income falls within the €6,000-
€8,000 interval. Based on this, we define "low income" as less than €6,000 and "high income" as
more than €8,000. Since our sample is not representative of the Luxembourgish population, we
applied weights to adjust for the population’s age structure and gender composition in Table 3.1

and in all our subsequent analyses.

Table 3.1: DEMOGRAPHIC DISTRIBUTION (WEIGHTED)

Summary

(N=912)
Low income (< €6,000) 0.429 (0.495)
High income (> €8,000) 0.275 (0.447)
Aged below 35 0.323 (0.468)
Aged above 65 0.154 (0.361)
Female 0.493 (0.500)
Higher education 0.654 (0.476)
Living in urban area 0.482 (0.500)

Mean proportion (SD in parentheses).

Table 3.2 shows the demographic characteristics of our sample by treatment.
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Table 3.2: DEMOGRAPHIC DISTRIBUTION, BY TREATMENT (WEIGHTED)

Control Norms treatment Policy treatment Total

(N=305) (N=304) (N=303) (N=912)
Low income (< €6,000) 0.460 (0.499) 0.398 (0.490) 0.429 (0.496) 0.429 (0.495
High income (> €8,000) 0.272 (0.446) 0.300 (0.459) 0.250 (0.434) 0.275 (0.447
Aged below 35 0.298 (0.458) 0.336 (0.473) 0.335 (0.473) 0.323 (0.468
Aged above 65 0.181 (0.386) 0.166 (0.373) 0.111 (0.315) 0.154 (0.361
Female 0.510 (0.501) 0.509 (0.501) 0.458 (0.499) 0.493 (0.500
Higher education 0.620 (0.486) 0.648 (0.478) 0.699 (0.459) 0.654 (0.476
Living in urban area 0.508 (0.501) 0.417 (0.494) 0.528 (0.500) 0.482 (0.500

Mean proportion (SD in parentheses).

3.3 Results

We now present the results of our information treatments. As described earlier, all our analyses
were conducted using weights to adjust our sample to be representative of Luxembourg in terms
of age and gender.? As shown in Table A3.1 in Appendix A3.1, participants’ behaviors in Wave 1
(baseline) did not differ significantly between the treatment and control groups, indicating that the
randomization of treatment allocation was successful. A post-hoc power analysis determined that,
with our sample size, we had over 80% power to detect treatment effect sizes as small as Cohen’s

f? =0.01 with a = 0.05 in all of our main analyses (Cohen 1988).%

3.3.1 Model

As described in Section 3.2.3, we have four types of post-treatment outcomes of interest: (i)
personal norms, measured immediately after the treatment in Wave 2; (ii) intended behavior in the
upcoming months, measured immediately after the treatment in Wave 2; (iii) self-reported behavior,
measured three months after the treatment in Wave 3; and (iv) policy support, measured in Waves
2 and 3.

For ease of interpretation, we standardized the outcome variables in (i)-(iii) to have a mean of
zero and a standard deviation of one. Policy support is expressed as a binary variable taking values
0 and 1.

Following McKenzie (2012)’s recommendation, we estimate the following model:

3We did not consider additional demographic variables when creating our weights for two reasons: 1) data
were not always readily available, and 2) each additional variable would inflate the variance of our weights
and estimates, and we wanted to avoid excessive increases in variance.

4According to standard conventions, f2 = 0.02 is defined as a small effect size (Cohen 1988).
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yi = a+ BT + BT + vz + ¢ (3.1)

Our outcomes of interest are contained in y;. 7" is a dummy variable taking value 1 for
individuals in the Norms treatment group and 0 otherwise, and 77 is a dummy variable taking value
1 for individuals in the Policy treatment group and 0 otherwise. Finally, x; is a vector of controls
including age, gender, income, education, and the baseline values of our outcome variables measured
in Wave 1. Outcomes (ii) and (iii) use the same baseline values as controls: self-reported behaviors

in Wave 1. The error term is captured in e;. The treatment effects are estimated here by /3, and .

3.3.2 Main results

3.3.2.1 Personal norms

As shown in Table 3.3, correcting misperceptions about others’ behaviors and norms influenced

participants’ personal norms regarding these behaviors.

Table 3.3: PERSONAL NORMS FOR ETHICALLY APPROPRIATE BEHAVIORS (WAVE 2)

Vegetarian meals (PN) Lower home temperature (PN) Public mobility time (PN)

(1) (2) (3)

Norms treatment 0.265** 0.232** -0.216*
Policy treatment 0.207** 0.082 -0.064
Controls Yes Yes Yes
Observations 912 912 912

* p<0.05, ** p<0.01, *** p<0.001.
Results from OLS regressions with weighted data. The dependent variable is a given personal norm.

Dependent variables are standardized: coefficients are expressed as SD.

Compared to the Control group, and controlling for baseline personal norms measured in Wave
1, participants in the Norms treatment increased the frequency of vegetarian consumption they
considered ethically appropriate by 0.27 SD (p = 0.001) and the appropriate reduction in home
temperature by 0.23 SD (p = 0.009). However, we also observed a negative effect: participants in
the Norms treatment reduced the appropriate number of minutes they were willing to sacrifice to
switch to public and soft mobility by 0.22 SD (p = 0.029). This negative effect is further explored in
our heterogeneity analyses in Section 3.3.3.

Additionally, we found positive spillover effects: participants exposed to the Policy treatment

also increased their appropriate vegetarian consumption frequency by 0.21 SD (p = 0.008).
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3.3.2.2 Behaviors

As shown in Table 3.4, correcting misperceptions about other participants’ behaviors and norms
was effective in influencing participants’ behaviors, both intended and actual, with the exception of

the use of public and soft mobility.

Table 3.4: INTENDED AND ACTUAL BEHAVIORS

Vegetarian meals Lower home temperature  Public & soft mobility

(1) (2) (3)
Panel A: Intended behaviors
Norms treatment 0.112%* 0.197** -0.035
Policy treatment -0.019 0.092 -0.014
Panel B: Actual behaviors
Norms treatment 0.145%* 0.034
Policy treatment 0.064 0.060
Controls Yes Yes Yes
Observations 912 912 912

* p<0.05, ** p<0.01, *** p<0.001.
Results from OLS regressions with weighted data. The dependent variable in Panel A is a given intended behavior measured
immediately in Wave 2, and in Panel B is a given self-reported behavior measured three months later in Wave 3. Dependent

variables are standardized: coefficients are expressed as SD.

As observed in Panel A of Table 3.4, compared to the Control group, participants in the Norms
treatment intended to increase their weekly vegetarian consumption frequency by 0.11 SD (p =
0.038, Column 1) and their home heating reduction efforts by 0.20 SD (p = 0.005, Column 2). There
were no differences in the intended use of public and soft mobility between the Control and Norms
groups (Column 3), nor were there spillover effects from the Policy treatment.

Three months after the initial exposure to the treatments, participants in the Norms group
upheld their intentions and reported a significantly higher weekly vegetarian consumption frequency
compared to the Control group (0.15 SD, p = 0.039, Column 1 in Panel B). Again, consistent with
their intentions, no differences were found between the Norms and Control groups in public and soft

mobility, and no spillover effects from the Policy treatment were observed.

3.3.2.3 Policy support

As confirmed by Table A3.2 in Appendix A3.2, the treatments did not affect the likelihood of
supporting the policies that were revealed in the Policy treatment to be supported by a minority
in Wave 1, either when asked immediately after the treatments or three months later. Table 3.5,

however, shows that correcting misperceptions about others’ policy support increased participants’
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likelihood of supporting policies that were revealed to be supported by a majority in Wave 1,

particularly in the domains of vegetarian consumption and home heating.

Table 3.5: POLICY SUPPORT: POLICIES SUPPORTED BY MAJORITY

Regulation on Fossil fuel Rental tax on  Ban on cars

red meat rationing poor insulation in city center

(1) (2) (3) (4)
Panel A: Immediate
Norms treatment 0.061 0.012 -0.008 -0.082
Policy treatment 0.134** 0.092* 0.066 0.022
Panel B: After 3 months
Norms treatment 0.100%* 0.060 -0.002 -0.002
Policy treatment 0.097* 0.082 -0.020 -0.003
Controls Yes Yes Yes Yes
Observations 912 912 912 912

* p<0.05, ** p<0.01, *** p<0.001.

Results from OLS regressions with weighted data. The dependent variable in Panel A is support for a
given policy measured immediately in Wave 2, and in Panel B is support for a given policy measured
three months later in Wave 3. Dependent variables are expressed as binary variables with values 0

and 1. Coefficients, hence, can be interpreted as probabilities.

Participants in the Policy treatment group were immediately 13 percentage points more likely
to support a regulation on red meat (p = 0.001, Column 1 in Panel A) and 9 percentage points
more likely to support a fossil fuel rationing (p = 0.041, Column 2 in Panel A) compared to the
Control group. No differences were found between the Policy and Control groups for the other two

hypothetical policies. No spillover effects from the Norms treatment were found either.

When asked again three months later in Wave 3, the positive treatment effect on the likelihood of
supporting a regulation on red meat persisted: participants in the Policy treatment group were still
10 percentage points more likely to support the policy compared to the Control group (p = 0.018,
Column 1 in Panel B). However, the increase in the likelihood of supporting fossil fuel rationing
was no longer significant and, consistent with the immediate effects, neither was the likelihood of
supporting the remaining two policies. Interestingly, although no spillover effects were observed in
Wave 2, by Wave 3, participants in the Norms treatment group were also 10 percentage points more
likely to support a regulation on red meat compared to the Control group (p = 0.025, Column 1 in

Panel B).
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3.3.3 Treatment heterogeneity

We examined whether our treatments had heterogeneous effects based on prior beliefs by
replicating our previous analyses separately for participants who held pessimistic beliefs about a
given personal norm, behavior, or policy support in Wave 1, and for those who did not. This
approach is similar to that followed by Andre et al. (2024b).

We also examined whether our treatments had heterogeneous effects based on prior behavior by
replicating our previous analyses separately for participants who reported a sustainable behavior
level above the average and those who reported a level below the average in Wave 1. For policy
support, we conducted the analyses separately for participants who supported a given policy and
those who did not. In this case, we could not use baseline policy support as a control variable in our
regression analyses, as it served as a source of heterogeneity.

The main advantage of conducting our analyses separately based on prior measures is that we
can observe not only whether the treatments were equally likely to be effective across all subgroups

of participants, but also whether the treatments backfired for a given subgroup.

3.3.3.1 Personal norms

As shown in Table 3.6, the Norms treatment was particularly effective at increasing the appropriate
vegetarian consumption frequency among participants who underestimated others’ personal norms
on this dimension in Wave 1 (0.38 SD, p < 0.001, Column 1). The same pattern applied to home
heating reduction efforts (0.45 SD, p = 0.001, Column 3). In both cases, the treatment had no effect
among those who did not hold pessimistic prior beliefs. Conversely, the Norms treatment decreased
the appropriate time sacrificed to switch to public and soft mobility only among the non-pessimistic
(-0.36 SD, p = 0.036, Column 6), while those with pessimistic prior beliefs were unaffected.

We also find evidence of a positive spillover effect from the Policy treatment on appropriate
vegetarian consumption frequency among participants who did not hold pessimistic prior beliefs
(0.28 SD, p = 0.013).

As shown in Table 3.7, the Norms treatment was effective in increasing the appropriate vegetarian
consumption frequency for both sustainable (0.34 SD, p = 0.009, Column 1) and unsustainable
participants (0.22 SD, p = 0.022, Column 2). It increased appropriate home heating efforts only
among the unsustainable participants (0.44 SD, p = 0.006, Column 3). Mirroring the results of
our heterogeneity analysis by prior beliefs, the Norms treatment backfired in the appropriate time

sacrificed for public mobility, but only among the sustainable participants (-0.33 SD, p = 0.012,
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Table 3.6: PERSONAL NORMS FOR ETHICALLY APPROPRIATE BEHAVIORS (HETEROGENEITY
BY PRIOR BELIEFS)

Vegetarian meals (PN) Lower home temperature (PN)  Public mobility time (PN)
Pessimistic Non-pessimistic Pessimistic =~ Non-pessimistic =~ Pessimistic Non-pessimistic

(1) (2) (3) (4) (5) (6)
Norms treatment  0.379%** 0.146 0.449** -0.070 -0.101 -0.364*
Policy treatment 0.144 0.285* 0.148 0.001 0.029 -0.177
Controls Yes Yes Yes Yes Yes Yes
Observations 476 436 492 420 560 352

* p<0.05, ** p<0.01, *** p<0.001.
Results from OLS regressions with weighted data. The dependent variable is a given personal norm. Data is subset by
prior beliefs. Dependent variables are standardized: coefficients are expressed as SD.

Column 6).

Table 3.7: PERSONAL NORMS FOR ETHICALLY APPROPRIATE BEHAVIORS (HETEROGENEITY
BY PRIOR BEHAVIOR)

Vegetarian meals (PN) Lower home temperature (PN) Public mobility time (PN)

< mean > mean < mean > mean < mean > mean
(1) (2) (3) (4) (5) (6)

Norms treatment 0.340** 0.219* 0.437** 0.090 -0.061 -0.328*

Policy treatment 0.219 0.201 0.152 0.029 -0.082 -0.073
Controls Yes Yes Yes Yes Yes Yes
Observations 392 520 349 563 361 551

* p<0.05, ** p<0.01, *** p<0.001.
Results from OLS regressions with weighted data. The dependent variable is a given personal norm. Data is subset by

prior behavior. Dependent variables are standardized: coefficients are expressed as SD.

3.3.3.2 Behaviors

While the Norms treatment did not affect intentions to increase vegetarian consumption differently
between pessimistic and non-pessimistic participants, it increased intentions to reduce home heating
only among the pessimistic (0.19 SD, p = 0.038; Column 3 in Table 3.8, Panel A). Similarly, it
increased actual vegetarian consumption in Wave 3 only among the pessimistic (0.24 SD, p = 0.009;
Column 1 in Panel B).

We also detected positive spillover effects from the Policy treatment, again among the non-
pessimistic, for vegetarian consumption in Wave 3 (0.22 SD, p = 0.02; Column 2 in Panel B).

Replicating our results with prior beliefs, the Norms treatment increased intentions to reduce
home heating (0.30 SD, p = 0.011; Column 3 in Table 3.9, Panel A) and actual vegetarian consumption
in Wave 3 (0.26 SD, p = 0.035; Column 1 in Panel B) only among the unsustainable.
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Table 3.8: INTENDED AND ACTUAL BEHAVIORS (HETEROGENEITY BY PRIOR BELIEFS)

Vegetarian meals Lower home temperature Public & soft mobility
Pessimistic Non-pessimistic Pessimistic Non-pessimistic Pessimistic Non-pessimistic

(1) (2) (3) (4) (5) (6)
Panel A:
Intended behaviors
Norms treatment 0.098 0.118 0.187* 0.197 0.097 -0.119
Policy treatment -0.021 -0.006 0.144 -0.001 0.013 -0.035
Panel B:
Actual behaviors
Norms treatment 0.237** 0.040 0.025 0.054
Policy treatment -0.025 0.223* 0.126 0.027
Controls Yes Yes Yes Yes Yes Yes
Observations 553 359 541 371 393 519

* p<0.05, ** p<0.01, *** p<0.001.
Results from OLS regressions with weighted data. The dependent variable in Panel A is a given intended behavior measured
immediately in Wave 2, and in Panel B is a given self-reported behavior measured three months later in Wave 3. Data is

subset by prior beliefs. Dependent variables are standardized: coefficients are expressed as SD.

3.3.3.3 Policy support

Table 3.10 shows that the Policy treatment increased the likelihood of supporting a regulation
on red meat both immediately (15 pp, p < 0.001; Column 1 in Panel A) and three months later (10
pp, p = 0.016; Column 1 in Panel B) only among the pessimistic. It also increased the likelihood
of supporting fossil fuel rationing in Wave 3 again only among the pessimistic (11 pp, p = 0.029;
Column 3 in Panel B).

We also observe positive spillover effects from the Norms treatment: although it had no immediate
effect, three months later it increased support for red meat regulation among the pessimistic (10 pp,

p = 0.028; Column 1 in Panel B).

Finally, heterogeneity analyses based on prior support show similar patterns to those observed
with prior beliefs. The Policy treatment increased the likelihood of supporting a regulation on red
meat only among those who previously did not support the policy, both immediately (23 pp, p =
0.002; Column 1 in Table 3.11, Panel A) and three months later (15 pp, p = 0.025; Column 1 in
Panel B).

We also observed positive spillover effects from the Norms treatment: in Wave 3, it increased
the likelihood to support a red meat regulation among prior detractors (20 pp, p = 0.008; Column 1
in Panel B) and increased the likelihood to support a fossil fuel rationing among prior supporters

(13 pp, p = 0.038; Column 4 in Panel B).
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Table 3.9: INTENDED AND ACTUAL BEHAVIORS (HETEROGENEITY BY PRIOR BEHAVIOR)

Vegetarian meals Lower home temperature Public & soft mobility

< mean > mean < mean > mean < mean > mean
(1) (2) (3) (4) (5) (6)

Panel A: Intended behaviors
Norms treatment 0.176 0.080 0.304* 0.116 0.038 -0.060
Policy treatment 0.039 -0.052 0.033 0.102 -0.015 -0.007
Panel B: Actual behaviors
Norms treatment 0.264* 0.093 -0.064 0.073
Policy treatment 0.007 0.116 0.048 0.049
Controls Yes Yes Yes Yes Yes Yes
Observations 392 520 349 563 361 551

* p<0.05, ** p<0.01, *** p<0.001.
Results from OLS regressions with weighted data. The dependent variable in Panel A is a given intended behavior measured
immediately in Wave 2, and in Panel B is a given self-reported behavior measured three months later in Wave 3. Data is

subset by prior behavior. Dependent variables are standardized: coefficients are expressed as SD.

3.3.4 'Treatment memory

Finally, we examined whether participants were more likely to increase their sustainable behaviors
and policy support in Wave 3 if they better remembered the content of the treatments. Overall, most
participants demonstrated poor recall of the treatment content (see Appendix A3.3 for details on
their performance in the memory task). However, participants were more likely to correctly identify
the Norms treatment information about animal protein consumption (37%) than about public and
soft mobility (19%; Wilcoxon signed-rank test: p < 0.001). This prompted us to explore whether
memory of a treatment could help explain the asymmetric treatment effects observed between
vegetarian consumption and the use of public and soft mobility.

As shown in Table A3.3 in Appendix A3.4, correctly answering the memory question about animal
protein consumption is indeed associated with an increase in self-reported vegetarian consumption
frequency of 0.27 SD (p = 0.006). However, we did not find a significant association between correctly
recalling the information about public and soft mobility and self-reported use of such mobility.
Thus, while treatment memory appears to amplify the Norms treatment’s effects on vegetarian
consumption, it does not fully account for its differential effectiveness across behaviors.

On the other hand, as shown in Table A3.4 in Appendix A3.4, correctly recalling that a given
policy was supported by the majority increased participants’ likelihood of supporting that policy by
21 to 30 percentage points (all p < 0.001). Consistent with our expectations that treatment effects
operate through positive belief updating, correctly remembering that the highway toll policy was
supported by a minority in Wave 1 is associated with a 33 percentage point decrease in support for

that policy (p < 0.001). No such association was found for the VAT on meat policy, however.
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Table 3.10: POLICY SUPPORT: POLICIES SUPPORTED BY MAJORITY (HETEROGENEITY BY
PRIOR BELIEFS)

Regulation on Fossil fuel Rental tax on Ban on cars
red meat rationing poor insulation in city center
Pess. Non-pess.  Pess. Non-pess. Pess. Non-pess. Pess. Non-pess.
(1) (2) (3) (4) (5) (6) (7) (8)
Panel A: Immediate
Norms treatment 0.074 -0.022 0.022 -0.002 0.006 -0.055 -0.067 -0.118
Policy treatment 0.146***  -0.074 0.092 0.132 0.078 0.009 0.016 0.071
Panel B: After 3 months
Norms treatment 0.100* 0.190 0.048 0.134 0.002 -0.031 -0.027 0.071
Policy treatment, 0.103* -0.013 0.111* 0.037 -0.054 0.064 -0.014 0.015
Controls Yes Yes Yes Yes Yes Yes Yes Yes
Observations 827 85 736 176 679 233 717 195

* p<0.05, ¥* p<0.01, *** p<0.001.
Results from OLS regressions with weighted data. Data is subset by prior beliefs. The dependent variable in Panel A is support for a
given policy measured immediately in Wave 2, and in Panel B is support for a given policy measured three months later in Wave 3.

Dependent variables are expressed as binary variables with values 0 and 1. Coefficients, hence, can be interpreted as probabilities.

Despite this positive association, participants were no more likely to remember that a regulation
on red meat, the policy for which we observed the strongest increase in support in response to the
Policy treatment, was supported by a majority, compared to the other policies. In fact, the share
of participants who correctly remembered that this policy was supported by a majority (28%) was
lower than the share who correctly remembered that the other three policies were supported by
a majority (31%, 36%, and 30%). Hence, once again, while treatment memory seems to amplify
the positive effects of the Policy treatment on policy support, it cannot explain the variation in

treatment effectiveness across policies.
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Table 3.11: POLICY SUPPORT: POLICIES SUPPORTED BY MAJORITY (HETEROGENEITY BY
PRIOR SUPPORT)

Regulation on Fossil fuel Rental tax on Ban on cars
red meat rationing poor insulation in city center
Detract Support Detract Support Detract Support Detract Support
(1) (2) (3) (4) (5) (6) (7) (8)
Panel A: Immediate
Norms treatment 0.093 0.036 0.027 0.002 0.021 -0.027 -0.101 -0.052
Policy treatment 0.226**  0.070 0.078 0.097 0.127 0.028 0.007 0.053
Panel B: After 3 months
Norms treatment 0.196**  0.046 -0.015  0.134*  0.128 -0.069 0.008 -0.007
Policy treatment, 0.150* 0.073 0.105 0.066 0.078 -0.063 0.013 -0.028
Controls Yes Yes Yes Yes Yes Yes Yes Yes
Observations 343 569 448 464 317 595 458 454

* p<0.05, ** p<0.01, *** p<0.001.

Results from OLS regressions with weighted data. Data is subset by prior support. The dependent variable in Panel A is support for a
given policy measured immediately in Wave 2, and in Panel B is support for a given policy measured three months later in Wave 3.
Dependent variables are expressed as binary variables with values 0 and 1. Coefficients, hence, can be interpreted as probabilities.
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3.3.5 Discussion

The targeted treatments immediately increased participants’ sustainable personal norms, intended
behaviors in the upcoming months, and support for regulatory policies that had majority support
in Wave 1, but only in the domains of vegetarian consumption and home heating. For vegetarian
consumption, the effects on policy support persisted for at least three months, and participants
followed through on their intentions by reporting an actual increase in the frequency of vegetarian
consumption in Wave 3. In contrast, participants did not respond to the treatments in the domain
of public and soft mobility in terms of behavior or policy support and showed a negative response
in terms of sustainable personal norms. As expected, the treatments did not increase support for
policies that had minority support in Wave 1. Overall, taxation policies appear to be less popular

than regulatory policies and less responsive to our treatments.

Our results align with our expectation that the effectiveness of the treatments stems from
positive belief updating and upward norm adjustment. Indeed, our heterogeneity analyses based on
prior beliefs and behavior show that our targeted treatments were more likely to increase personal
norms, behaviors, and policy support among participants who had previously underestimated the
sustainable norm, reported below-average sustainable behaviors, or did not support the policy. In
contrast, the targeted treatments generally had no positive effect on participants who either did not
update their beliefs or updated them negatively (i.e., those who had previously overestimated the
sustainable norm). Similarly, the targeted treatments rarely had a positive effect on participants
who already behaved sustainably in Wave 1. Our heterogeneity analyses also provide more insight
into the backfiring effect of the Norms treatment on personal norms related to public and soft
mobility. The treatment decreased personal norms only among participants who did not hold prior
pessimistic beliefs (and thus possibly updated their beliefs negatively) and who previously reported

above-average behavior in this domain.

However, we did not observe this backfiring effect on personal norms in the other two behavioral
domains. Importantly, we also did not observe any backfiring for behaviors or policy support. That
is, non-pessimistic and sustainable participants did not reduce their sustainable behaviors to conform
to the perceived norm (consistent with the results of Andre et al. (2024b)), nor did they decrease
their likelihood of supporting a policy. In fact, our participants did not decrease their likelihood to

support a policy even when the policy was revealed to be supported by a minority.

Further evidence that updating participants’ social expectations was a necessary condition for

the effectiveness of our targeted treatments, rather than pessimistic and unsustainable participants
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being more sensitive to treatments overall, comes from our observation that whenever we detected
positive spillover effects from the non-targeted treatment, this pattern no longer applied. That
is, non-targeted treatments were not more likely to increase behaviors, personal norms, or policy
support among pessimistic participants or those who behaved unsustainably. This result aligns
with the fact that non-targeted treatments did not correct participants’ beliefs about the specific
behavior, norm, or policy, nor did they provide information about a norm for participants to conform
to regarding the specific outcome measure.

Our results also provide evidence that interventions promoting sustainable behavior and those
promoting policy support do not necessarily act as substitutes in promoting behavioral change in a
community. Specifically, we found no evidence of negative spillover effects from the non-targeted
treatment in any of our outcomes of interest. Instead, we observed either no spillover effects or
positive ones.

Finally, it is noteworthy that vegetarian consumption was the behavioral domain in which
participants were most open to changing their behaviors, personal norms, and policy support,
whereas public and soft mobility was the domain that faced the greatest resistance to positive change
across all outcome measures. Through our analyses, we rule out three possible explanations for why

the treatments were ineffective in this particular domain:

1. The lack of effectiveness cannot be attributed to the prevalence of positive belief updating, as
treatments were no more effective for participants who held prior pessimistic beliefs about

public and soft mobility.

2. It cannot be explained by the availability of upward behavior adjustment, as treatments were
not more effective for the most unsustainable participants in this domain, either in terms of

behavior or policy support.

3. It also cannot be explained by participants’ likelihood of remembering the treatment content

(and thus the norm).

Having ruled out these potential explanations, we propose a remaining plausible interpretation.
Correcting misperceptions may be more effective in changing behaviors within domains that are less
costly to adopt, such as increasing vegetarian consumption. In contrast, behaviors that are more
difficult to change and involve greater personal constraints, such as mobility patterns, may require
more substantial structural support from institutions. Mobility patterns may depend on access

to reliable alternatives to cars or specific commuting needs. Indeed, despite the Luxembourgish
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government’s implementation of strong economic incentives to reduce car use, such as making all
public transportation within the country completely free of charge since 2020 (Rose 2023), car usage

in Luxembourg remains among the highest in the EU (Heindrichs 2024).

3.4 Conclusion

This study demonstrates the potential of norm-based interventions, and more specifically,
interventions that correct misperceived social norms, to promote structural behavioral and policy
change in support of a transition toward a low-carbon economy. Using a three-wave longitudinal
design over nine months in Luxembourg, we show that participants systematically underestimated
the sustainability of their peers. Providing corrective information through targeted treatments led
to meaningful and lasting changes in personal norms, behaviors, and policy preferences, particularly
in domains where behavioral change is relatively low-cost, such as vegetarian consumption.

Our findings suggest that the success of these interventions depends on positive belief updating
and the potential for upward behavioral adjustment, conditions that are more likely to occur in
contexts characterized by pluralistic ignorance (Prentice and Miller 1996) or false consensus effects
(Ross, Greene and House 1977). Notably, we find no evidence of behavioral and policy support
backfiring effects, even among individuals who may have updated their beliefs negatively, were
already behaving sustainably, or learned that the policy had only minority support. However, we did
observe a backfiring effect on personal norms related to public and soft mobility among participants
who did not hold prior pessimistic beliefs and reported above-average sustainable behavior. These
findings call for caution: while correcting misperceptions can serve as an effective policy tool to
promote behavioral change, it is important to examine potential unintended effects on non-behavioral
measures, such as personal norms.

Furthermore, we find that interventions promoting sustainable behaviors and those encouraging
policy support are not substitutive. This finding supports the potential of integrated strategies
and contributes to the broader discussion on spillover effects and crowding out between sustainable
behaviors and sustainable policy preferences (Truelove et al. 2014, Maki et al. 2019, Sparkman,
Attari and Weber 2021, Werfel 2017). At the same time, the domain-specific nature of our positive
treatment effects highlights the need for additional structural support in sectors where individual
behavioral change faces greater barriers, such as mobility, which is often constrained by infrastructure
or limited access to viable alternatives.

Taken together, our results offer practical insights for the design of norm-based interventions
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and add to the growing body of evidence on the role of social expectations in shaping sustainable
preferences and decision-making (Andre et al. 2024a,b, Ferraro, Miranda and Price 2011, Geiger
and Swim 2016, Vesely and Kléckner 2018). These insights are valuable both for policymakers
seeking to promote behavioral change and support the transition toward a low-carbon society, and
for researchers studying social norms and their influence on individual and collective preferences.
Future research could continue to explore the boundaries and limitations of norm-based inter-
ventions and deepen our understanding of their mechanisms, for example, by examining spillover
effects across different sustainable behaviors. Although our study investigates longer-term impacts, it
covers only a three-month period; future studies could assess the durability of these effects over more
extended time frames. Another promising direction is to test interventions that correct misperceived
social norms using more robust behavioral measures, such as administrative data, rather than relying

on self-reports, to better evaluate the robustness and replicability of our findings.
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Appendix

A3.1 Baseline behaviors, by treatment

Table A3.1: BEHAVIORS IN WAVE 1, BY TREATMENT

Vegetarian meals Lower home temperature Public & soft mobility
(1) (2) (3)
Norms treatment 0.147 0.076 -0.049
Policy treatment 0.135 0.094 0.041
Controls Yes Yes Yes
Observations 912 912 912

* p<0.05, ** p<0.01, *** p<0.001. Outcome variables standardized with a mean of 0 and standard deviation of 1.
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A3.2 Treatment effect on support for policies that were revealed
to be supported by a minority

Table A3.2: PoLICY SUPPORT: POLICIES SUPPORTED BY MINORITY

VAT on meat Toll on highways

(1) (2)
Panel A: Immediate
Norms treatment -0.004 -0.052
Policy treatment 0.032 0.023
Panel B: After 3 months
Norms treatment -0.011 -0.016
Policy treatment 0.034 -0.014
Controls Yes Yes
Observations 912 912

* p<0.05, ** p<0.01, *** p<0.001.

Results from OLS regressions with weighted data. The dependent variable in Panel A is support
for a given policy measured immediately in Wave 2, and in Panel B is support for a given policy
measured three months later in Wave 3. Dependent variables are expressed as binary variables

with values 0 and 1. Coefficients, hence, can be interpreted as probabilities.
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A3.3 Memory of treatments

Participants assigned to the Norms treatment in Wave 2 were asked in Wave 3 to indicate
whether three statements, related to the information they received in Wave 2, were true or false
Figure A3.1 presents a histogram showing the average proportion of correct responses. Only 12.8%
of participants answered at least two statements correctly, while 35.5% answered none correctly.

Memory task for Norms treatment
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Figure A3.1: PERCENTAGE OF CORRECT RESPONSES IN MEMORY TASK
Participants assigned to the Policy treatment in Wave 2 were asked in Wave 3 to identify which

four out of six policies had majority support in Wave 1. Only 3 out of 303 participants (1%) correctly
identified all four policies. Additionally, 38.61% of participants selected “I really don’t remember.”

151



CHAPTER 3

A3.4 Does remembering the content of the treatments predict
behavior and policy support?

Table A3.3: DOES REMEMBERING THE NORM PREDICT BEHAVIOR?

Vegetarian meals Public & soft mobility

(1) (2)

Correct recall 0.274** 0.084
Controls Yes Yes
Observations 304 304

* p<0.05, ** p<0.01, *** p<0.001.

Results from OLS regressions with weighted data. The dependent variable
is a given self-reported behavior measured in Wave 3. The independent
variable is whether the participant gave the correct answer in the memory
task about the given behavior. Dependent variables are standardized:

coefficients are expressed as SD.

Table A3.4: DOES REMEMBERING THE NORM PREDICT POLICY SUPPORT? POLICIES
SUPPORTED BY MAJORITY

Regulation on Fossil fuel Rental tax on ~ Ban on cars

red meat rationing poor insulation in city center
(1) (2) (3) (4)
Correct recall 0.212%%* 0.247#%* 0.295%+* 0.230**
Controls Yes Yes Yes Yes
Observations 303 303 303 303

* p<0.05, ** p<0.01, *** p<0.001.

Results from OLS regressions with weighted data. The dependent variable is support
for a given policy measured in Wave 3. The independent variable is whether the
participant gave the correct answer in the memory task about the given policy.
Dependent variables are expressed as binary variables with values 0 and 1.

Coefficients, hence, can be interpreted as probabilities.

152



Effectiveness of correcting misperceived social norms: A longitudinal experimental approach
with sustainable behaviors and policy support

Table A3.5: DOES REMEMBERING THE NORM PREDICT POLICY SUPPORT? POLICIES
SUPPORTED BY MINORITY

VAT on meat Toll on highways
(1) (2)
Correct recall -0.037 -0.334***
Controls Yes Yes
Observations 303 303

* p<0.05, ** p<0.01, *** p<0.001.

Results from OLS regressions with weighted data. The dependent
variable is support for a given policy measured in Wave 3. The
independent variable is whether the participant gave the correct
answer in the memory task about the given policy. Dependent
variables are expressed as binary variables with values 0 and 1.

Coefficients, hence, can be interpreted as probabilities.
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A3.5 Wave 2 questionnaire instructions

This appendix presents the instructions of our treatments and our main outcomes of interest
from Wave 2.

A3.5.1 Attention check question

This is a question for us to check that you are paying attention to the survey. Please let us know
that you are reading all our questions carefully by selecting “1” on the response scale.

[Slider ranging from 1 to 10]

Only participants who selected "1" on both attention check questions were allowed to continue the
survey.

A3.5.2 Norms treatment

During Wave 1, we asked questions about three domains of everyday consumption (meat, heating,
and car use).

In particular, we asked you, for each of these 3 domains, what are your usual level of consumption
and what levels of consumption you consider to be "ethically appropriate", given their impact on the
environment.

Now that we have analyzed the information collected in the first wave of this survey, we can
inform you about the behaviors and attitudes of the majority™.

*The statistics we provide here are based on wave 1, and are adjusted to be representative of the
Luxembourgish population in terms of age and gender.

What do we mean by “behaviors and attitudes of the majority”?
Those adopted by more than 50% of the population.

[next page]

Home heating
For the majority, when it is less than 10 °C outside:

e the temperature of the home is 20°C or less.
¢ the home temperature considered ethically appropriate is 20 °C or less.

In other words, only a minority heat their homes and consider it appropriate to heat one’s home
above 20 °C.

[next page]

Did you know? Only decreasing home temperature by 1°C can decrease energy
consumption by 3% to 10% (Fraunhofer Institute for Buildings Physics, UK Energy Saving
Trust).

[next page]

Meat, fish or seafood consumption
The majority:

e eat 6 meals containing meat, fish or seafood per week or less.
o feel that it would be ethically appropriate to eat 4 meals per week or less.
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In other words, only a minority eat more than 6 meals containing animal proteins per week and
consider appropriate to eat more than 4 meals per week.

[next page]

Car versus public transport for a regular trip
To switch from a 30-minute car trip to public transport (bus, train, tramway) or to soft mobility
(walking, cycling, electric bikes, scooters), the majority:

o would be willing to increase their travel time by 15 minutes or more.
o would consider ethically appropriate to increase their travel time by 20 minutes or more.

In other words, only a minority would not be willing to put up with an extra 15 minutes and
would consider the appropriate extra time to be lower than 20 minutes.

[next page]

Use of public transport and soft mobility
69% use either public transport (bus, train, tram) or (at least 10 minutes of) soft mobility
several times a week or daily.

A3.5.3 Policy treatment

In wave 1, we asked you questions about 3 areas of everyday life (meat, housing and mobility).
For each of these 3 areas, we presented 2 hypothetical policies (a tax and a regulatory restriction).
Thus, in total, we presented to you 6 hypothetical policies and asked you if you would support
their introduction by 2025. We explained that the tax revenues from these policies would be used by
the government to develop action plans providing alternative solutions to the population.

On average, respondents believe that none of the 6 policies would be supported by the
majority.

In fact, 4 out of the 6 policies are supported by the majority*.

*The statistics we provide here are based on wave 1, but are adjusted to be representative of the
Luxembourgish population in terms of age and gender.

Here are the 4 policies, and the proportion of people who supported them:

A tax of 10% on the rental income of landlords who rent out accommodations with poor energy efficiency
(64%)

o A strict regulation on red meat production (63%)

o A rationing on fossil energy sources (53%)

o A car ban in densely populated areas (50%)

[next page]

Here are the 2 policies that were not supported by the majority, and the proportion of people
who supported them:

o 17% VAT on meat (37%)
o A 5-euro toll on Luxembourg’s motorways (21%)
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A3.5.4 Personal norms

If participants were not allocated to the Norms treatment:

In the first wave, we asked about 3 areas of current consumption (meat, heating and cars).

In particular, we asked you, for each of these 3 areas, what levels of consumption you considered
to be "ethically appropriate", given their impact on the environment.

We would like to ask you this question again. There is no right or wrong answer, please express
your opinion at the time without trying to remember what you answered in wave 1.

If participants were allocated to the Norms treatment:

In this second wave, we have revealed to you what the majority considers ethically appropriate
in three domains of everyday consumption (meat, heating, and car use).

Now, we would like to ask you again what you consider as ethically appropriate.

There are no right or wrong answers, please express your opinion of the moment without trying
to remember what you had replied in wave 1.

From a sustainability viewpoint, what do you think is the maximal temperature that it is
ethically appropriate to set in a dwelling when it is less than 10 °C outside?

[Slider ranging from 15 to 30]

As in wave 1, we define “eating meat, fish or seafood” by having a meal that contains at least 50
grams of either of these animal proteins.
Are you uncomfortable with the grouping of meat, fish or seafood? (click)

Some respondents argued that the lack of distinction between these three types of animal proteins
is too constraining and that there are significant differences between them. While this is true,
please consider that this aggregation is based on the fact that all these types of animal proteins are,
in various ways, detrimental to the environment when they are produced on an industrial scale.

From a sustainability viewpoint, how many meals per week containing meat, fish or seafood do
you think it would be ethically appropriate to eat?

[Slider ranging from 0 to 21]

In the first wave, we presented you with a hypothetical scenario in which you regularly make
a journey that takes 30 minutes by car.

We asked you to consider the additional time you would be willing to devote to using public
transportation (bus, train, tramway) and/or soft mobility alternatives (walking, cycling, electric
bikes, scooters).

Based on this scenario, please complete the following sentence:

"In view of adopting a more sustainable lifestyle, it would be ethically appropriate for me
to systematically switch to public transport or soft mobility as long as the additional time (in
minutes, on top of the initial 30 minutes) does not exceed ... "

[text box to write]

A3.5.5 Policy support
If participants were not allocated to the Policy treatment:

In wave 1, we asked you questions about 3 areas of everyday life (meat, housing and mobility).
For each of these 3 areas, we presented 2 hypothetical policies (a tax and a regulatory restriction).
Thus, in total, we presented to you 6 hypothetical policies and asked you if you would support
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their introduction by 2025. We explained that the tax revenues from these policies would be used by
the government to develop action plans providing alternative solutions to the population.
We would like to ask you again if you would support these policies under these circumstances.

If participants were allocated to the Policy treatment:

In wave 1, we presented to you 6 hypothetical policies and asked you if you would support
their introduction by 2025. In this survey we revealed the results to you.
We would like to ask you again if you would support these policies.

For housing, the 2 hypothetical policies were:

o A rationing on fossil energy sources (for instance, a quota on heating oil or gas, depending
on the size of the household)

o A tax of 10% on the rental income perceived by landlords who rent out accommodations
with insufficient energy efficiency (EPC rating of D or worse).

These two policies would facilitate the implementation of a massive housing plan to improve
energy efficiency (click)

e short-term support to reduce energy consumption

o free heating system servicing (tune-up and maintenance inspection)

 personalized support (at home or online) to change habits and reduce consumption
e support to structural renovation and equipment investments

o free energy audits to determine EPC rating and identify necessary investments

¢ need-based subsidies on insulation investments and renewable energy equipment

e zero interest rates on renovation and energy-efficient equipment investments

Under this massive housing plan...

Would you support the rationing on fossil energy sources?

[Yes/No|

Would you support a tax of 10% on the rental income perceived by landlords who rent out
accommodations with insufficient energy efficiency?

[Yes/No|

For meat, the 2 hypothetical policies were:

o stricter regulations on red meat production (e.g. only allowing meat from cull cows that
have reached the end of their milk production or breeding function, stricter environmental
protocols in farms,...)

o increasing the Value Added Tax rate (VAT) on meat, fish or seafood to 17% (current
rate is 3%)

These 2 policies would facilitate the implementation of a a massive plan to promote vege-
tarian alternatives (click)

o Vegetarian alternatives are made more visible than meat in supermarkets stalls

o Vegetarian alternatives are subsidized (price reduced by half)

o A label comparing the environmental impact per protein intake of meat and of vegetarian
alternatives

o A label comparing the price per protein intake of meat and of vegetarian alternatives
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e Free consultations with nutritionists to ensure that vegetarian meals contain all necessary
nutrients

Under this massive meat substitution plan...

Would you support the reduction of the available quantity of red meat in supermarket stalls,
butcheries and restaurants?

[Yes/No]

Would you support an increase of the Value Added Tax rate (VAT) on meat, fish or seafood
to 17%7?

[Yes/No]

For mobility, the 2 hypothetical policies were:

e a car ban in densely populated areas
o a 5-euro toll for every use of Luxembourgish highways.

These two policies would facilitate the implementation of a massive mobility plan based on
public transport and soft mobility (click)

o Giving higher priority to buses in bottlenecks

o Developing the soft mobility infrastructure (e.g., more bike lanes, more rental bikes,...)

o Reduce delays / uncertainty about trip duration

o Reduce the duration of trips (fewer connections, provide more public transport hubs)

e Make hubs and public transport safer

o Increase provision in order to prevent overcrowding (increase frequency of services, expand
hours of services early morning and late evening)

Under this massive mobility plan...

Would you support the car ban in densely populated areas?
[Yes/No]

Would you support the 5-euro toll on Luxembourg’s motorways?
[Yes/No|

A3.5.6 Intended behaviors

In wave 1 you stated that the usual temperature at your home is [response from Wave 1] °C
when it is less than 10 °C outside.

In the upcoming month, what is the likelihood that you will change your house temperature
when it is less than 10 °C?

e 0 - Completely certain of not changing
e 1 - Unlikely to change

e 2-50-50

e 3 - Likely to change

e 4 - Completely certain of changing

If participants did not select 0 in the previous question:

What do you think will be the usual temperature of your dwelling when you are at home
when it is less than 10°C, in the upcoming month? (in °C)
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[Slider ranging from 15 to 30|

In wave 1 you stated that, over the last 7 days, you ate [response from Wave 1] meals containing
meat, fish or seafood (out of 21).

In the upcoming 3 months, what is the likelihood that you will change your meat, fish and
seafood consumption?

e 0 - Completely certain of not changing
e 1 - Unlikely to change

e 2-50-50

e 3 - Likely to change

o 4 - Completely certain of changing

If participants did not select 0 in the previous question:

How many meals containing meat, fish or seafood do you think you will eat per week in the
upcoming 3 months?

[Slider ranging from 0 to 21]

In wave 1, you stated that you use public transport (bus, train, tram) at a frequency of "[response
from Wave 1]" and soft mobility (walk, cycle or use a (electric) scooter for a trip of 10 minutes or
more) at a frequency of "[response from Wave 1]".

In the upcoming 3 months, what is the likelihood that you will change your use of public
transport?

e 0 - Completely certain of not changing
e 1 - Unlikely to change

e 2-50-50

e 3 - Likely to change

o 4 - Completely certain of changing

If participants did not select 0 in the previous question:

How frequently do you think you will use public transport (bus, train, tram) in the upcoming 3
months?

e Daily

e Several times a week

e Several times a month
o Several times a year

e Never

In the upcoming 3 months, what is the likelihood that you will change your use of soft mobility?

e 0 - Completely certain of not changing
e 1 - Unlikely to change

e 2-50-50

e 3 - Likely to change

o 4 - Completely certain of changing

If participants did not select 0 in the previous question:

How frequently do you think you will use soft mobility (walk, cycle or use a (electric) scooter for
a trip of 10 minutes or more) in the upcoming 3 months?
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e Daily

e Several times a week

e Several times a month
o Several times a year

e Never

A3.6 Wave 3 questionnaire instructions

This appendix presents the instructions of our main outcomes of interest from Wave 3.

A3.6.1 Attention check question

This is a question for us to check that you are paying attention to the survey. Please let us know
that you are reading all our questions carefully by selecting “1” on the response scale.

[Slider ranging from 1 to 10]

Only participants who selected "1" on both attention check questions were allowed to continue the
survey.

A3.6.2 Self-reported behaviors

In the same spirit as the first two waves, we would like to ask you briefly about your recent
practices related to home life, meat consumption, and transportation over the past two months.

There are no right or wrong answers. For the benefit of the study, please try to answer with
complete honesty.

Over the last 7 days, how many meals containing meat, fish or seafood did you eat?

[Slider ranging from 0 to 21]

How frequently have you been using public transport (bus, train, tram) over the past two
months?

e Daily

e Several times a week

e Several times a month

¢ Once or twice over the past two months
e Never

How frequently have you been walking, cycling or using a (electric) scooter for a trip of
10 minutes or more, over the past two months?

e Daily

e Several times a week

e Several times a month

e Once or twice over the past two months
e Never

A3.6.3 Policy support

In the previous waves, we asked you whether you would support 6 hypothetical policies in
the domains of housing, food consumption and mobility. For each domain, tax revenues from these
policies would be used to fund massive public plans to improve citizens’ access to sustainable
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solutions. We would like to ask you one last time whether you would support the following
policies.

o A rationing on fossil energy sources

o A 10% tax on rental income from energy-inefficient properties
o A strict regulation on red meat production

e 17% VAT on meat

e A 5-euro toll on Luxembourg’s motorways

e A car ban in densely populated areas

[Yes/No]

A3.6.4 Treatment memory tasks
If participants were allocated to the Norms treatment in Wave 2:

In the second wave of the survey, we shared information about the sustainability-related
behaviors and attitudes of other participants. Do you remember?

Below are 3 statements based on that information. Please indicate whether each statement is
true or false.

Please note, your responses will not affect your compensation, but we appreciate your
best effort to recall.

e For the majority of respondents, their home temperature is 21°C or higher when the
outside temperature is below 10 °C.

e The majority of participants eat at least 8 meals containing meat, fish or seafood per week.

o Less than 50% of participants use either public transport or soft mobility several times a
week or daily.

[True/False]
If participants were allocated to the Policy treatment in Wave 2:

In wave 2 we revealed to you which policies were supported by a majority in wave 1. Do
you remember which?

Please note, your responses will not affect your compensation, but we appreciate your
best effort to recall.

Please mark the policies that were supported by a majority of participants in wave 1.

o A rationing on fossil energy sources

o A 10% tax on rental income from energy-inefficient properties
e A strict regulation on red meat production

e 17% VAT on meat

e A 5-euro toll on Luxembourg’s motorways

e A car ban in densely populated areas

e [ really don’t remember
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Conclusion

This dissertation investigates the role of social incentives in shaping prosocial behavior. Specifi-
cally, I focus on two kinds of social incentives, social esteem and social norms, and their relationship
with COVID-19 vaccination uptake and proenvironmental behaviors. Across three chapters, I offer
both theoretical and empirical contributions to our understanding of how individuals respond to
social incentives, how accurately they perceive these incentives, and how such incentives can be
leveraged in public policy.

Chapter 1 addresses a key theoretical claim in the literature on image crowding-out effects: that
monetary incentives may reduce prosocial behavior by undermining the social esteem associated with
it. To test this empirically, we introduce a novel, incentive-compatible methodology to measure social
esteem based on vignettes and incentivized second-order beliefs. Applied in the context of COVID-19
vaccinations, our experiment reveals that rewards can significantly reduce social esteem; however,
we do not find this effect for penalties. These results are consistent with our theoretical framework.
Beyond contributing to the literature, this work provides a practical tool that policymakers can use

to predict when monetary incentives might crowd out prosocial behavior.

In Chapter 2, using incentivized second-order belief elicitation, we show that individuals substan-
tially and systematically underestimate how sustainable others are by misperceiving their behaviors,
personal norms, and policy support. These underestimations are consistent with both pluralistic
ignorance and false consensus effects. Furthermore, we demonstrate that social expectations predict
not only behavior and policy support but also personal norms, suggesting that social norms may

serve as levers for behavioral change.

Building on this, Chapter 3 tests whether these misperceptions can be corrected and whether
doing so leads to lasting changes in behavior, personal norms, and policy support. In a longitudinal
experiment spanning nine months, we implemented norm-based information treatments to correct
the misperceptions identified in Chapter 2. We show that our treatments can increase sustainable
behaviors, personal norms, and support for restrictive policies. These effects are driven by positive
belief updating and upward behavioral adjustment.

Taken together, the three chapters of this dissertation offer a unified contribution to the study
of social incentives and prosocial behavior. By combining theory and empirical testing, I aim to
contribute both to the academic literature and to policymaking by providing informed guidance to

practitioners.

164



Conclusion

Future Research Directions

This dissertation opens several avenues for future research. Perhaps the one I find most interesting
is extending my studies to contexts of heterogeneous norms and polarization (te Velde 2022). Society
is increasingly transitioning toward a state where there may not be a single, universal normative
view of what constitutes correct or morally acceptable behavior; rather, a pluralism of normative
views has emerged (Panizza et al. 2024). Political polarization can also influence beliefs about what
is socially desirable (Bursztyn, Egorov and Fiorin 2020).

Behaviors that some groups consider prosocial, such as maintaining a vegetarian diet, engaging in
environmentally friendly actions, or receiving a COVID-19 vaccine, may not be viewed as prosocial or
desirable by others. For instance, Bénabou and Tirole (2006)’s framework on incentives and prosocial
behavior assumes a common normative view within society of what constitutes prosocial behavior.
However, this assumption may not hold in many contexts. People who hold strong anti-vaccine
attitudes, for example, may not perceive someone who takes the vaccine as more prosocial; rather,
they may see the opposite (Gallegos, de Castro Pecanha and Caycho-Rodriguez 2023, Mylan and
Hardman 2021). This can occur even if anti-vaxxers do not actively view vaccination as harmful
to society per se, but because vaccination may signal to them that the individual does not belong
to their group and therefore does not share their general normative beliefs (Iyengar et al. 2019,
Moore-Berg et al. 2020).

If we were to extend the studies in this thesis to contexts where social incentives pull in opposite
directions for different groups, surprising findings might emerge. The recent U.S. elections, for
example, provide a unique opportunity to explore several polarized norms, such as climate change
mitigation behaviors, vaccination uptake, marijuana use, and discrimination against vulnerable
groups (Panizza et al. 2024). In such contexts, Democrats and Republicans may react very differently
to the introduction of monetary incentives aimed at promoting or discouraging these behaviors.
Likewise, the effectiveness of norm-based interventions may depend heavily on the specific reference
group being targeted: right-wing supporters may be indifferent to the norms of left-wing groups,
and vice versa.

In a society with increasingly polarized norms, policymakers and scholars need to understand
the interplay between political identities, ideologies, narratives, and social incentives, and how these
factors, in turn, influence behavior. Recognizing that populations are not only becoming more
heterogeneous but also increasingly divided by opposing beliefs is not just essential but perhaps

unavoidable for the future of social research and policymaking.
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