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Abstract
This paper explores the understudied link between self-consciousness and vaccine
scepticism, combining an experimental approach with causal forests to estimate indi-
vidual treatment effects. Leveraging data from a laboratory experiment with Italian
university students, we find that individuals who are more easily induced to self-
conscious responses (e.g., feeling shame or embarrassment) in response to public
scrutiny tend to hold stronger vaccine misbeliefs. Rather than identifying a causal
effect of self-consciousness elicitation on vaccine attitudes, our results highlight a cor-
relation between pre-treatment attitudes and susceptibility to self-conscious emotions.
This suggests that studying targeted public health communication may be crucial, as
more sceptical individuals could avoid discussing with health professionals or develop
self-conscious emotions as a result of these interactions, further exacerbating their vac-
cine hesitancy.
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1 Introduction

Emotions such as shame, guilt, embarrassment, and pride are self-conscious responses
that arise when individuals evaluate their behaviour against social expectations and the
reactions of others (e.g., Tangney et al. 2007; Tracy and Robins 2007). Among these
emotions, shame has been recognised as a fundamental obstacle to successful doctor-
patient interactions and healthcare provision in themedical literature (reviewedby Jaeb
and Pecanac 2024). In the economic literature, self-conscious emotions (SCEs) are
viewed more broadly as non-monetary drivers of individual decision-making, partic-
ularly relevant when actions are observable to others or when individuals internalise
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social norms (Bénabou and Tirole 2006; Ellingsen and Johannesson 2008). When-
ever such moral emotions, like SCEs, arise from observability, they can be powerful
drivers of behaviour, motivating avoidance of social disapproval and exclusion (e.g.,
Andreoni and Bernheim 2009; Fischbacher and Föllmi-Heusi 2013), and serving as a
disciplinary device (Falk and Ichino 2006).

In this paper, we bridge these separate research strands and provide exploratory
experimental evidence on the understudied relationship between self-consciousness
and the policy-relevant topic of vaccine attitudes. In particular, high emphasis during
COVID-19 and the high risk of future virus-borne pandemics put vaccine attitudes at
the centre of heated and polarised public debate that directly informs public health
policy choices, making social norms around vaccination attitudes and behaviour espe-
cially salient to policymakers relative to other health domains. In the absence of studies
explicitly focused on SCEs (such as shame and embarrassment), a priori expectations
are ambiguous. Self-conscious emotions could work similarly to social norms and oth-
ers’ expectations, which increased willingness to get vaccinated (Betsch et al. 2018),
but may also lead to resistance or reactance (Barron et al. 2026), especially within a
trend of decreasing trust towards scientists, doctors, and vaccines. In contexts where
identity or autonomy is threatened, such as doctor-patient interactions, individualsmay
disengage or reject the underlying norm. This dual nature of self-consciousness, both
as a compliance-inducing and as a defensive emotion, has received limited attention
in the economics literature, and is likely dependent on individual attitudes.

Our analysis proceeds in two steps. First, within a larger and pre-registered lab
experiment conducted on 270 Italian university students, we randomised the elicita-
tion of self-consciousness: for treated individuals, performance in a real effort task
unrelated to health, and beliefs about their performance are made public to a principal.
We find large and consistent effects on two different measures of self-consciousness,
reflecting modesty and confidence bias: the former increases by 23%, and the latter
decreases by 48% relative to the control group. We then use causal forests by Athey
and Imbens (2016), a causal Machine Learning approach that exploits pre-treatment
covariates, to recover the individual causal effect for each study participant,which indi-
cate the individual intensity of self-consciousness. In the second exploratory phase,
we present participants in the treated group with a surveymodule containing questions
on vaccine attitudes, and conclude by asking them how much they would want to be
paid to make those attitudes public to the principal. We then correlate indicators built
on these answers with the individual treatment effects from the first step, uncovering
the relationship between responsiveness in self-consciousness and vaccine attitudes.

We find that participants who were more responsive to public scrutiny report more
sceptical attitudes towards vaccines. Our interpretation is not that the stated vaccine
misbeliefs are evoked by self-conscious emotions such as shame or embarrassment,
but rather that individuals who are more easily influenced already held more vaccine-
sceptic attitudes before treatment. Supporting evidence comes from the result that,
despite holding more sceptical and controversial views, these individuals are less
concerned about making them public to the principal. Given the strong and consistent
results of public exposure in the first phase, if the elicited self-consciousness were
causally related to vaccine attitudes, wewould expect stronger responses to correspond
to higher vaccine self-awareness, rather than lower. This interpretation also aligns with
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previous research linking vaccine hesitancy to conspiracy beliefs, anti-intellectualism,
and cognitive biases, suggesting that a predisposition to manipulation may play a role
(e.g., Miller 2020; Imhoff and Lamberty 2020; Wang et al. 2025; van Prooijen and
Böhm 2023; Callaghan et al. 2019; Farhart et al. 2022; Gagliardi 2025). Yet, the
current design does not allow for disentangling the psychological mechanisms behind
the observed correlation, highlighting these as hypotheses for future research in this
area.

Despite relying on a small sample from a lab experiment, our findings shed light on
a potentially fundamental policy challenge: individuals who are more easily induced
to self-conscious emotions tend to hold stronger vaccine misbeliefs. On the one hand,
this can make them less likely to seek advice from medical professionals, even when
they represent themain target of public vaccination campaigns, especially in the face of
potential future pandemics. Moreover, communication missteps by health profession-
als that inadvertently evoke self-consciousness may further alienate these individuals,
worsening their vaccine hesitancy. We find that susceptibility to self-consciousness is
higher among older students, suggesting that broadening the sample to include older
segments of the population may yield even stronger results.

We contribute by highlighting a possible link between self-conscious emotions and
image concerns in the context of vaccine hesitancy. Given the policy challenge of pro-
moting vaccinations, especially among the more sceptical, this uncovers an important
avenue for future research in health economics and public health. While the medical
literature has investigated SCEs such as shame in missed doctor-patient interactions
for known unhealthy behaviours (such as smoking or drug usage, e.g., Sankar and
Jones 2005), and in relation to physical examination or illnesses (Dolezal and Lyons
2017; Harris and Darby 2009), shame over beliefs or attitudes has received less atten-
tion. In health economics, recent research on framed communication campaigns has
focused on emotional responses to patient–provider distance, yet without explicitly
considering self-conscious emotions tied to image concerns and self-evaluation. For
instance, Alsan and Eichmeyer (2024) found improved flu vaccine uptake from infor-
mational videos when black, lowly educated Americanmenwith typically low vaccine
acceptancewere exposed to race-concordant informants. Armand et al. (2024) focused
instead on the effect of religious faith concordance between informant and recipient
on the uptake of preventive hygiene measures during COVID-19 in India. Closer to
the topic of self-consciousness, Dominici et al. (2025) find that gentle communication
techniques improve the perception of the health professional providing vaccine infor-
mation without translating into higher vaccination uptake, highlighting that vaccine
hesitancy is resistant to these interventions. Dominici and Dahlström (2025) show
that using emotionally or scientifically-framed nudges and language can affect HPV
vaccination uptake differently depending on the recipient’s educational background.
More generally, health economics research has acknowledged the influence of image
concerns and perceived stigma on behaviours such as HIV testing, smoking cessation,
and contraceptive use (e.g., Thornton 2008; Dupas 2011; Ashraf et al. 2014).

A complementary strand of literature on motivated beliefs further illuminates our
findings. Belief distortions may arise both from motivated reasoning that protects
self-image and from cognitive mechanisms such as selective attention and memory,
which overweight salient information (Bordalo et al. 2020). This mechanism has been
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used to explain resistance to climate change mitigation, but it may also help explain
why certain individuals can become more vaccine-sceptical in response to shame-
based messaging. Grossman and van der Weele (2017) formalise related ideas in their
model of wilful ignorance, showing that individuals may strategically avoid informa-
tion tomaintain a positive self-image inmorally loaded contexts. In the health domain,
receiving a message that elicits self-conscious discomfort may compel individuals to
reject the message altogether in order to preserve a coherent, favourable view of the
self. Empirical support for this comes from Norgaard (2006), who describes socially
organised denial of climate change in Norway not as a lack of awareness, but as a cop-
ing mechanism to avoid guilt and moral conflict. Similarly, Nyborg (2011) discusses
how consumers deliberately avoid information about ethical consumption in order to
avoid confronting the moral implications of their choices. These insights reinforce
the idea that moralised messaging—such as evoking self-conscious emotions (e.g.,
shame or embarrassment) to promote health behaviour—can paradoxically provoke
psychological resistance, especially among individuals whose identities are threatened
by the implied moral judgment. Our results contribute to this literature by suggesting
a novel application of these mechanisms in the context of vaccine attitudes, where
emotional discomfort may lead not only to belief distortion but to deeper scepticism
and disengagement.

The remainder of this paper proceeds as follows. Section 2 describes the experi-
mental setting and our two-steps design. Section 3 introduces the data and methods
used in our empirical analyses, whereas Section 4 presents and discusses the results.
Finally, Section 5 concludes.

2 Context and Experimental Setting

This study draws on a health-related survey module embedded within a larger incen-
tivised behavioural experiment. Our setting is targeted to isolate the effects of two
features common to large-scale public health programs on individual health attitudes.
Public health programs aimed at reducing vaccine hesitancy and promoting preventive
health measures are often launched through personal interactions or targeted infor-
mation programs (e.g., gentle communication techniques applied to doctor-patient
interactions, now recommended by the World Health Organization—WHO 2016). In
these settings, patients’ disclosure of health beliefs and habits exposes them to public
scrutiny that may evoke shame, a self-conscious emotion (Jaeb and Pecanac 2024;
Dolezal and Lyons 2017).

To examine how individual susceptibility to self-conscious emotions relates to
health attitudes, participants were randomly assigned to a control or a treatment group,
both ofwhich completed themain experimental tasks. First, we vary public exposure in
the main task (Module 1) to study individuals’ self-conscious responses, with no men-
tion of any health attitudes. Second, we introduce a supplementary module designed
to measure health attitudes (Module 2). This module was structured as an “add-on”
to the main experimental task and, due to logistic constraints, was presented only to
treated participants. In Module 1, we use causal forests to estimate individual treat-
ment effects of public scrutiny in a novel way, exploiting random assignment between
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the treatment and control groups in the main task. This provides us with individual-
level causal estimates (CATEs) for each treated participant, which—despite the lack
of a control group in Module 2—we can then correlate with their reported health atti-
tudes. As a result, our health-focused analysis is based exclusively on this group. This
modular setup allows us to explore whether individuals who are more responsive to
self-consciousness in the main task also exhibit stronger vaccine scepticism or greater
discomfort in revealing health attitudes.

Self-conscious emotions. Our design elicits behavioural responses to public
scrutiny through exposure, which we interpret as susceptibility to self-conscious
emotions (SCEs). Self-conscious emotions are a family of emotions that arise from
self-evaluation against perceived social standards, and include shame, guilt, embarrass-
ment, and pride (Tangney et al. 2007; Tracy and Robins 2007). Unlike basic emotions,
SCEs require reflection on how one’s behaviour may be seen by others, and are par-
ticularly likely to be triggered in situations involving external evaluation and social
exposure.Meta-analytic evidence suggests that shame and embarrassment are robustly
elicited in evaluative social contexts (Else-Quest et al. 2012). While our design does
not permit measuring shame in a strict psychological sense, the structure of the task—
publicly exposing one’s self-assessment—makes shame or embarrassment the most
plausible drivers of the observed responses. 1 In the analysis that follows, however,
we adopt the broader term self-consciousness to describe the mechanism under study,
while noting that in our setting the most plausible drivers of behaviour are shame- or
embarrassment-related responses to public exposure.

This section is structured as follows: Subsection2.1 describes themain experimental
task (Module 1), where self-consciousness is elicited through public exposure and
scrutiny. We then explain how we estimate individual treatment effects using causal
forests. Finally,we introduce the healthmodule (Module 2) inSubsection2.2, and show
how it is used to connect self-conscious responsiveness to health-related attitudes.
Further methodological details are provided in Section 3.

2.1 Experimental Design: Public Scrutiny in Module 1 (full sample)

This module is designed to elicit self-consciousness by exposing the (in)accuracy of
participants’ self-assessments to an external observer. We vary the degree of observ-
ability across treatments to study behavioural responses to public scrutiny, which we
interpret as reflecting susceptibility to self-conscious emotions. The psychological
mechanism underlying this design is rooted in the social nature of self-conscious
emotions: individuals may experience emotional discomfort when they believe others
can observe a discrepancy between their self-evaluation and objective performance.
In particular, overestimating one’s relative standing—especially when this confidence
bias becomes visible to others—can evoke feelings of shame or embarrassment, which
are SCEs (Tangney and Fischer 1995; Tesser 1988). This tendency is amplified when
self-assessment conflicts with norms of modesty or accuracy, and when individuals
are subject to public scrutiny. By making the inaccuracy of rank beliefs observable

1 By minimising the role of monetary stakes (through the payoff structure) and maintaining anonymity of
absolute earnings, the design isolates public scrutiny as the primary varying factor.
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to a passive authority figure (the principal), we create conditions under which such
self-conscious responses are likely to arise.

The experiment involves two participant roles: principals and agents. Each princi-
pal is paired with three agents, forming a group of four participants. Roles and group
assignments were randomised and remained fixed throughout the experiment. 2 Each
session included 24 participants—18 assigned to the agent role and 6 to the principal
role. Principals play mainly a passive role, observing the decisions of the three agents
assigned to them. Our analysis focuses solely on agents (hereafter referred to as par-
ticipants). Module 1 has a repeated structure, collecting data on agents’ choices across
three identical rounds.We implement two conditions—a control and a treatment—that
vary the observability of participants’ self-assessment accuracy to their principal. 3

The three identical rounds unfold over four stages:
Stage 1: A 4-minute Real-Effort Task.Agents work independently on a real-effort

task (RET), solving as many problems as possible within four minutes. The problems
are unrelated to health attitudes and involve decoding a 5-digit key into a matching 5-
letter string (see Figure 6 in Section A in the Appendix for an example). Each correctly
solved problem adds one point to the total task score, which constitutes one of the two
components used to determine participants’ earnings. 4

Following the real-effort task, agents’ scores within each experimental session are
ranked, but the rank is not revealed to the subjects. 5 In the next stage, we elicit agents’
rank beliefs by having them invest Experimental Currency Units (ECUs) in possible
session ranks, ri , from the list R ≡ {r1, r2, . . . , r18}, in two steps.

Stage 2: An Incentivised Rank-Belief Elicitation Task. Agents are endowed with
19 ECUs, which are non-storable and non-transferable. They can invest their 19 ECUs
in a single rank or distribute them across several ranks, provided that all units are used.

Step A: Agents first choose which rank(s) ri to invest in under the condition that
they select at least one, and at most eighteen ranks, so that i ∈ [1, 18].
Step B: Agents then decide howmuch to invest in the ranks chosen in Step A, with
the requirement that one rank receives at least one ECU more than any other. This
ensures that one rank is clearly preferred among the selected options. Formally, if
a(r j ) denoted the ECU allocation to rank r j , and r̂∗ the most preferred rank, then
the condition requires that a(r̂∗) ≥ a(r j ) + 1, for all r j �= r̂∗. 6, 7

Earnings. The rank-belief elicitation task is incentivised by design: it determines an
agent’s bonus pay jointly on their exerted effort in the real-effort task (RET) and the

2 In the larger experiment of which this study is a part, we adopt a standard labour-market framing: agents
are referred to as “Employees” and principals as “Principal.”
3 This variation serves as the foundation for estimating individual-level self-consciousness effects, later
linked to vaccine attitudes.
4 After the real-effort task, subjects state their score beliefs—knowing the number of problems they
attempted—before their score is privately revealed through an incentivised score-guessing task.
5 We assigned ranks using a dense ranking rule: after a tie, the next item is given the immediately following
rank number. Equivalently, each item’s rank is 1 plus the number of distinct higher scores.
6 Agents can revise their allocations in Step B and return to Step A if preferred.
7 We define r̂∗ as the agent’s most preferred rank belief (the rank to which they allocated the most ECUs)
and r∗ as the agent’s true performance rank, based on their relative score in the session. The difference
r̂∗ − r∗ captures both the direction and magnitude of belief accuracy.
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accuracy of their rank belief. Rather than paying out separately, the two components
are contingent on each other through multiplication. Formally, if an agent allocates
a(ri ) ECUs to rank ri , this amount is multiplied by their RET score: round earnings =
a(r∗) × scoreRET , where r∗ is the agent’s true rank. Although a selected rank yields
a non-zero multiplier only if it matches the agent’s true rank, earnings can come from
any of the selected ranks, not only the most preferred one. If no ECUs are placed on
the correct rank, or if the RET score is zero, the agent receives no bonus.

The principal’s payoff equals the average earnings of their three assigned agents,
thereby aligningmaterial incentives between agents andprincipals. This payoff linkage
is identical in both the control and treatment conditions.

Stage 3: Receiving Private Feedback. Agents privately receive feedback that
summarises their real-effort score and their rank-belief allocations in a table format,
but not their true rank. The table also highlights the rank to which they allocated the
most ECUs.

Stage 4: Observability of Personal Information. In the final stage, we imple-
ment the information treatment. Agents send information to their principal using a
submission form that varies by treatment condition.

In essence, the submission forms differ in whether they reveal the accuracy of
agents’ rank assessments, as expressed through their choices in Stage 2:

Control: Agents send information on their true rank, r∗ (which is unobserved to
them), from that round. Principals, therefore, see the true ranks of all three of their
agents in a table format.
Public treatment: Agents submit information on the true rank, generated by com-
paring the real-effort score amongst agents within a session (just as in theControl).
In contrast to theControl, agents also report the unique rank in which they invested
the most ECUs—their modal rank belief r̂∗. Principals therefore receive a sum-
mary table showing each agent’s true rank, their reported (modal) belief about
their rank, the numerical difference between the two (e.g., –2), and a labelled
interpretation (“Underestimation,” “Overestimation,” or “Accurate estimation”).8

Figure 1 displays how agents disseminate information on rank outcomes and modal
rank-beliefs to their principals in Stage 4. In the left panel, Figure 1a is the Control
in which principals cannot assess the accuracy in agent-beliefs. By contrast, the right
Figure 1b shows agents’ submission form from the Public treatment condition, where
they additionally provide their modal rank-beliefs.

Importantly, we emphasise that agents in neither the Control nor the Public treat-
ment condition ever learn their true rank. They are asked to submit rank-related
information without knowing how their performance compares to the performance
of others, and they never observe the real-effort scores of fellow participants.

Incentive Alignment and Belief Elicitation. As a final note on the experimental
design, we clarify two key design choices. First, our belief-elicitation method allows
participants considerable flexibility to express their beliefs by allocating their endow-
ment across the entire range of ranks to reflect their confidence distribution. 9 We

8 We compute the difference as the true rank number minus the modal rank.
9 This is subject only to the rank space being discrete and a marginal unimodality requirement (agents
distribute 19 ECUs across 18 ranks).
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Fig. 1 Example of experimental instruction in Round 2—by treatment. The left panel Fig. 1a. displays
the submission-form used for the Control condition, in which they submit to the principal their true rank
relative to other agents (unobserved to them). The right panel Fig. 1b. shows the submission form used
for the Public treatment, where on top of the unobserved true rank, agents submit their own incentivised
selfassessment, i.e., a guess of their rank. Agents are only paid if their guessed rank corresponds to their
true rank (on top of an unconditional show-up fee).

impose that one rank be expressed most confidently, receiving at least 1 out of 19
ECUs more than any other. While we acknowledge that this constraint may not per-
fectly capture the beliefs of a completely uncertain participant, it is essential to the
public-exposure mechanism. It produces a unique most-preferred rank that can be
compared to the actual rank and, in the treatment condition, shown to the principal,
while still allowing earnings from any other positively allocated rank. Second, the
incentive structure embedded in this design is twofold: it is non-competitive among
agents and aligns incentives across roles. That is, all agents can, in principle, earn
simultaneously based on their own performance and rank-belief selection, and when
agents maximise their own expected earnings by allocating ECUs in line with their
belief about the true rank, they also maximise their principal’s earnings. At baseline,
principals observe only each agent’s true rank and, at the end of the experiment, their
total earnings from all three agents. In the treatment condition, principals addition-
ally see each agent’s most preferred rank, which enables them to assess the accuracy
of the self-assessment. However, payoffs to both principal and agent can still come
from any rank to which the agent allocated ECUs. We acknowledge that, in theory, an
agent adjusting their allocation to reduce the risk of public exposure as overconfident
may also consider the negative externality this imposes on their principal’s earnings,
in addition to lowering their own potential income. Such “other-regarding” concerns
would work in the opposite direction of the direct self-consciousness effect, dampen-
ing its net impact. However, since earnings can only come from a rank equivalent to
the true rank, the risk is low that agents substantially reallocate to ranks they believe
to be very unlikely. At most, they may adjust the relative amount placed within the
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same set of plausible ranks, in effect changing the exposed most preferred rank. 10

Any such countervailing effect would dampen the direct self-consciousness impact,
making our estimates a lower bound. Moreover, the high degree of anonymity in the
interaction, combined with the fact that income can be generated from any selected
rank, makes it unlikely that this mechanism materially influences our results.

Having described howwe elicit self-consciousness through public exposure of self-
assessed relative performance, we now turn to the health module, where we examine
how these responses relate to vaccine beliefs and willingness to reveal them publicly.

2.2 Non-Experimental Module 2: Health Attitudes and Secrecy (Reduced Sample)

Following the main task in Module 1, participants in the Public treatment completed
an additional exploratory survey module on vaccine attitudes (Module 2). The mod-
ule investigates how individuals with varying self-conscious responsiveness—elicited
through public scrutiny inModule 1—express vaccine-related beliefs, and howwilling
they are to expose those beliefs to others. Our study is embedded in a larger experimen-
tal project in which control and other treatment arms were randomised. For logistical
and timing reasons, Module 2 could only be implemented in a later data-collection
wave consisting only of subjects in the Public treatment arm. This wave was con-
ducted in separate experimental sessions that did not include control subjects. As a
result, answers to Module 2 are not incentivised. Despite these constraints, the mod-
ule provides valuable insight into how private attitudes may be shaped by concerns
about social exposure. This approach is consistent with recent work suggesting that
incentivised belief elicitation mechanisms do not always outperform unincentivised
methods in capturing truthful responses (Danz et al. 2022; Schotter and Trevino 2014;
Trautmann and van de Kuilen 2015).

Participants were asked to respond to three statements presented simultaneously,
each reflecting a distinct dimension of vaccine scepticism. 11 These statements—
referred to as Statements 1–3 below—correspond to widely documented misbeliefs
about vaccines, including concerns about immune system weakening, disease cau-
sation, and severe adverse effects. Similar items have been used in prior studies to
measure vaccine hesitancy across cultural contexts (Betsch et al. 2018; Kata 2010;
Salali and Uysal 2020; Dominici and Dahlström 2025). These responses allow us
to measure heterogeneity in health-related beliefs and explore their correlation with
self-conscious responsiveness to public scrutiny. Responses were given on an 11-point
scale from 0 (“Strongly disagree”) to 10 (“Strongly agree”). We refer to these items
as Statements 1–3 in the analysis that follows:

Statement 1 (S1): “Vaccines weaken the immune system.”
Statement 2 (S2): “Vaccines can cause the illness they are meant to prevent (e.g.,
the flu shot gives you the flu).”
Statement 3 (S3): “Vaccines could cause serious and permanent side-effects.”

10 In our main measures of susceptibility to self-consciousness, such as “modesty” and “self-confidence,”
we focus on differences in rank steps—comparing the most-preferred rank to the actual rank—rather than
on the amount or share allocated to a rank. See Subsection 3.2 for details.
11 A participant could not revise previous responses once recorded.
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After the three statements were answered, we computed the sum of the responses
(ranging from 0 to 30), which was shown privately to each participant on their screen.
To complement the belief items, participants indicated how many ECUs they would
require to make their three responses publicly visible to their matched principal.
Despite the absence of monetary incentives, this question serves as a proxy for pref-
erences about disclosing personal and potentially sensitive health attitudes. In this
exploratorymodule, the reportedwillingness-to-conceal (WTC) captures howstrongly
individuals seek to protect their views from others.

Question 4 (WTC): “How many ECUs in compensation would you accept in
exchange for making your answers to questions 1, 2, and 3 above public to your
principal? Recall that 1 EUR corresponds to 10 ECUs.”

We interpret this “willingness-to-pay for privacy” as a measure of anticipated dis-
comfort or self-consciousness associated with social disclosure. In real-world terms,
it parallels the reluctance some individuals may feel when asked to discuss sensi-
tive vaccine attitudes in public settings or with healthcare professionals. Participants
entered a value between 0 and 500 ECUs (equivalent to e0–50), where 10 ECUs
correspond to e1.

2.3 Implementation and Procedures

The hypotheses were tested using a fully computerised experiment conducted at the
Bologna Laboratory for Experiments in Social Science (BLESS) during 2023 and
2024. The experiment was implemented in oTree© (Chen et al. 2016), and subjects
were recruited through ORSEE (Greiner 2015), an online recruitment platform for
experimental participants. 12 Prior to participation, all subjects provided informed
consent, covering data use, storage, and anonymity provisions. A total of 270 partici-
pants were assigned to the agent role in either the Control condition (144 participants)
or the Public treatment condition (126 participants). 13 ,14 While Module 1 was pre-
registered on the Open Science Framework as part of a larger project (Alamaa 2023),
Module 2 (on health attitudes) was exploratory, i.e., not preregistered. 15 Module 2 (on
health attitudes) was exploratory, i.e., not pre-registered. The full experimental pro-
cedure took approximately 50 minutes to complete. An additional 20 minutes were
allocated at the beginning of each session for reading instructions and familiarising
participants with the interface. During this phase, subjects completed a 2-minute trial
of the real-effort task, a 4-minute trial of the rank-selection task, and were required

12 At the time of data collection, the ORSEE subject pool at the University of Bologna included approxi-
mately 6,700 registered student participants.
13 The experiment is part of a larger experimental program comprising 768 participants in total. In that
broader structure, the Public treatment is primarily used to examine gender differences in sensitivity to
public exposure. The health attitude module, however, is exclusively analysed in the present study.
14 Randomisation was conducted at the individual level within sessions of 24 participants (18 agents and
6 principals). The allocation aimed to assign either 3 or 6 agents (plus 1 or 2 principals) to each treatment
arm, based on combinatorial feasibility within sessions. Due to a coding error in the information conditions,
data for the Public treatment had to be recollected across eight additional sessions.
15 Pre-registered as: Blind, N. (2023, June 11). “Blind Title”, available at: https://osf.io.link.
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to pass a five-question comprehension check on the belief elicitation mechanism. The
experiment was conducted in Italian. An English translation of the instructions is pro-
vided in Section F of the Appendix. Participants received a flat participation fee of
either e5 or e10. 16 This variation was unrelated to our study design and arose from
scheduling requirements within the larger experiment of which this study is a part
(e.g., to achieve gender-balanced samples and to exclude any retakers); it was effec-
tively random across sessions and applied equally to treatment and control groups.
Bonus payments were determined by randomly selecting one of the three rounds in
Module 1 for payoff, with average earnings of 27.96 ECUs (equivalent toe2.8).While
the average realised bonus was smaller than the fixed show-up fee, the incentives par-
ticipants faced were considerably larger. A simple illustrative calculation based on
typical performance of 16 points gives expected earnings ranging frome1.6–e3.2 for
highly risk-averse allocations (selecting all 18 ranks) to around e6.4 for moderately
diversified choices (selecting about 5 ranks), and up to e30.4 for a fully risk-neutral
strategy allocating all 19 ECUs to one rank.

3 Data, Methods and Conceptual Interpretation

This section describes the dataset and empirical approach used to estimate the effects
of public exposure and self-consciousness on self-assessed rank and health-related
attitudes. We begin by detailing the sample and variables used in the empirical anal-
yses, then present our estimation of average and conditional treatment effects using
OLS regressions and causal forests, respectively. We close the section with a simple
conceptual model linking the two modules, to simplify the interpretation of the results
presented in Section 4.

Our empirical analysis proceeds in two steps. First, we estimate the average treat-
ment effect (ATE) of public scrutiny on two indicators of self-consciousness based
on participants’ self-assessed performance using data from Module 1. Second, we
use causal forests to estimate individual-level conditional average treatment effects
(CATEs), which we then correlate with health attitudes collected in Module 2.

3.1 Sample and Empirical Measures

The dataset includes 262 participants from 39 sessions conducted at BLESS. 17 Each
subject completed three identical experimental rounds inModule 1. TheControl group
(141 participants) was recruited across thirty-two sessions, and the Public treatment
group (121 participants) across seven additional sessions. 18

16 Compensation levels followed the laboratory’s standard practices for session duration and were not
guided by the authors.
17 BLESS refers to the Bologna Laboratory for Experiments in Social Science at the University of Bologna.
18 We exclude 8 participants who strategically hedged their income by distorting effort in both Rounds 2
and 3. These distortions could compromise the incentive compatibility of the belief-elicitation mechanism
(Subsection 2.1). All main results remain robust when these participants are included, though the estimates
are slightly noisier. Full results with the complete sample are available upon request.
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To ensure consistency in the analysis, we exclude all observations from the first
round. This decision is motivated by three considerations. First, the timing and infor-
mation structure in Round 1 differ slightly from subsequent rounds. Because it was
participants’ first exposure to the experiment after reading the instructions and trying
the decoding task, their responses in Round 1may partly reflect adjustment or learning
rather than stable behaviour. Second, Rounds 2 and 3 instead reflect experience-based
responses, after participants had already publicly exposed their choices in Round 1
to their principal. Third, the health-attitude questions in Module 2 were asked only
after all three rounds had been completed, making the later behavioural responses
more salient to those answers. Importantly, all participants completed all three rounds,
implying the absence of attrition. Together, these considerations make Rounds 2 and
3 the most appropriate basis for our analysis. 19

3.2 Estimating Average Treatment Effects (ATE)

We begin our empirical analysis by estimating the average treatment effect (ATE) of
public scrutiny on two individual-level outcomes constructed from Module 1:

1. Modal Rank Belief (mrb), “modesty” [scale: 1–18]: The rank to which the
participant allocated the most ECUs in the incentivised belief elicitation task.
Althoughparticipants could spreadECUs acrossmultiple ranks, theywere required
to assign strictly more ECUs to one rank than any other, thereby revealing a unique
modal belief.We refer to this as the participant’smodal rank belief (mrb). In figures
and throughout the paper, we interpret this as a behavioural measure of modesty.
Only the rank matching the participant’s actual rank yielded a payoff. 20

An mrb (modesty) value of 1 indicates that the participant believed they ranked
first in their session; a value of 18 implies they believed they ranked last. Lower
values of mrb reflect higher self-assessed relative performance.

2. Belief Error (placement), “confidence bias” [scale: −17 to 17]: This variable
measures the difference between an agent’s true rank and their modal rank belief
(mrb). Positive (higher) values indicate overplacement: the participant believed
they ranked better than they actually did, while negative (lower) values indicate
underplacement. We interpret and refer to this variable as a behavioural measure
of confidence bias.

For each participant, we average the modal rank belief (mrb) and belief error across
Rounds 2 and 3. This provides one observation per individual and reduces noise from
within-subject variation. To estimate average treatment effects, we run the following
ordinary least squares (OLS) regression:

Yi = α + τ · Treatedi + βX i + εi

19 Results remain quantitatively comparable, albeit slightly more imprecise, if we do not exclude the first
round.While we do not present estimates from this alternative analysis, its results are available upon request.
20 In the experiment, participants selected among “contracts”, each corresponding to a specific performance
rank. We refer to these as “ranks” throughout the paper for clarity.
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where Yi is either the modal rank belief (modesty) or belief error (confidence bias),
Treatedi is a binary indicator equal to 1 if the participant was assigned to the Public
treatment, and X i is a vector of pre-treatment covariates from the survey. The covariate
vector X i includes the following pre-treatment characteristics:

Female: A gender indicator equal to 1 if the participant is female and 0 if male.
Age: The participant’s age in years.
Higher education: The number of completed years of academic studies in higher
education.
Languages spoken: The total number of languages the participant reports being
able to speak, including Italian.
Risk-tolerance: A binary indicator equal to 1 if the participant chose the riskier
option in a post-treatment lottery.
Learning:The change in real-effort score betweenRound 1 andRound 2, capturing
within-task learning or adjustment.
Field of studies: This category includes three binary indicators for the participant’s
academic study-field major:

STEM major: Indicator for majoring in science, technology, engineering, or
mathematics.
Economics/Statistics major: Indicator for majoring in economics or statistics.
Health Sciences major: Indicator for majoring in medical or health-related
fields.

Covariate balance between treatment and control groups is shown inAppendix Section
B, and summary statistics are reported in Figure 4 (Appendix Section C).

3.3 Estimating Individual Treatment Effects via Causal Forests

To estimate treatment effects at the individual level, we use causal forests—a
supervised machine learning method developed by Athey and Imbens (2016) and
implemented as in Athey and Wager (2019). Causal forests estimate Conditional
Average Treatment Effects (CATEs), allowing us to examine how the effect of public
scrutiny varies with baseline participant characteristics.

In our setting, all participants in the Public treatment group were exposed to pub-
lic scrutiny. However, the behavioural response to that exposure may differ across
individuals. We use causal forests to estimate the individual-level treatment effect for
each participant, using outcomes from Module 1 and the nine pre-treatment covari-
ates described above (sample size: 244). Because Module 2 on vaccine attitudes was
administered only to treated individuals, we cannot compare treated and control out-
comes directly. Instead, we correlate the CATEs obtained from Module 1 with health
attitudes fromModule 2. This allows us to assess whether individuals who were more
responsive to public scrutiny—through stronger self-conscious responses—are also
more sceptical of vaccines or more reluctant to share vaccine-related views.

We estimateCATEs using the “honest” causal forest approach. The data is randomly
split into two subsamples: an estimation sample and an inference sample. A forest of
decision trees is grown on the estimation sample, where splits are chosen to maximise
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heterogeneity in estimated treatment effects across leaves. For each observation in the
inference sample, the CATE is computed as the average treatment effect among the
other individuals in the same leaf. This ensures that no observation is used both to form
the tree and to estimate its own treatment effect, reducing overfitting and bias. Section
D of the Appendix provides a more formal description of the method and reports
effective sample sizes and the share of treated units used to estimate each CATE. The
results show that both our causal forests are characterised by good overlap and the
absence of small leaves.

3.4 Linking Self-Consciousness to Health Attitudes

To explore whether self-conscious responsiveness to public scrutiny is associated with
vaccine attitudes, we correlate individual-level treatment effects estimated via causal
forests (CATEs) with responses from theModule 2 health questionnaire. This analysis
is limited to treated participants, as Module 2 was administered only to those in the
Public treatment condition. Since CATEs already account for observed heterogeneity
through the covariates used in the forest, we run bivariate OLS regressions of the
following health-related outcomes on CATEs.

1. Misbelief: illness causation, [scale: 0, 1]: Equals 1 if the participant agreed with
Statement 2, that vaccines can cause the illness they are intended to prevent. We
code agreement equal to 1 if the subject selects a value strictly greater than the
midpoint (i.e., > 5, on an 11-item Likert scale).

2. Misbelief: adverse effects, [scale: 0, 1]: Equals 1 if the participant agreed with
Statement 3, that vaccines can cause serious and permanent side effects. We code
agreement equal to 1 if the subject selects a value strictly greater than the midpoint
(i.e., > 5, on an 11-item Likert scale).

3. Aggregate misbeliefs: sum score, [scale: 0–30]:The total sum score of agreement
with the Statements 1, 2, and 3, each measured on a 0–10 Likert scale, yielding a
total ranging from 0 to 30.

4. High health-secrecy [scale: 0, 1]: Equals 1 if the participant’s requested compen-
sation to make their vaccine attitudes public (Question 4) falls in the top quartile.
We refer to this measure as health-secrecy—a behavioural proxy for participants’
desire to conceal their vaccine-related attitudes.

Together, these outcome measures capture both vaccine-related misbeliefs and
participants’ willingness to conceal their views, corresponding to the belief and
vaccine-secrecy items introduced in Section 2.2. We exclude Statement 1 (“Vaccines
weaken the immune system”) as an independent outcome because of low response
variance. 21 To minimise the influence of skew and outliers in a relatively small sam-
ple (N = 121), we use binary indicators for agreement rather than the full 11-point
scale. In fact, responses to each belief statement are concentrated on one or two values,
while rare values risk exerting disproportionate leverage, which could bias estimates.
In our main analysis, we define agreement as choosing values strictly above the mid-
point (i.e., > 5), where the midpoint was clearly visible to participants (Figure 39 in

21 In the case of Statement 1, only six participants agreed, making it impossible to estimate any meaningful
regression.
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Fig. 2 Full distribution of health-secrecy measure. Notes: The figure shows the distribution of health-
secrecy,measured as the amount ofmonetary compensation participants would require tomake their vaccine
attitudes—defined as the aggregate sum score of misbeliefs (Statements S1, S2, and S3)—public to their
principal

Table 1 Vaccine attitudes outcomes: summary statistics

Likert-score > 5

Statement % who agreed N who agreed

(S1): “Vaccines weaken the immune system” 5% 6

(S2): “Vaccines can cause the illness they are meant to prevent” 17% 19

(S3): “Vaccines could cause serious and permanent side-effects” 26% 29

NOTES: Agreement with each statement is measured on a 0–11 Likert scale, where 5 is visualised as the
midpoint, indicating indifference. We code agreement in case of answers strictly above 5

the Appendix shows the screen visual). As a robustness check, we repeat the analysis
on single misbelief scales excluding the value of 6 (i.e., agreement defined as > 6),
and find qualitatively and quantitatively comparable results (reported in Table 7 in
the Appendix). Similarly, these considerations negatively affect the reliability of the
misbelief sum score; first, the three statements are included not as binary agreements
but across the full Likert scale, and the high concentration on a few values is likely to
reduce the variance of the sum score, hence its effectiveness in detecting differences
in beliefs; second, the sum score assigns equal weight to the three statements, even
though Statement 1 suffers from extremely low variability—as discussed—and, in
theory, the association between CATEs and the sum score may be primarily driven
by some specific statements. We nevertheless report the sum score for the sake of
completeness, alongside the results for Statements 1 and 2. Figure 2 illustrates the
distribution of willingness to pay for vaccine-secrecy, and Table 1 reports summary
statistics for all vaccine-related outcomes. Full response distributions are shown in
Appendix Section C.
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3.5 A Simple Conceptual Framework

We present a stylised one-shot model to contextualise the empirical results in Module
1. The agent’s overall utility combines two elements: a monetary payoff linked to
accuracy in beliefs, and a social cost that may arise if miscalibration becomes publicly
visible. Each agent has a true rank r∗ and reports amodal rank r̂ , derived from a subjec-
tive belief allocation I (r) over all possible ranks. Monetary payoffs are proportional
to the belief mass placed on the true rank:

U m(r∗) = κ · I (r∗),

where κ > 0 is a scale factor. Thus, even if r̂ is incorrect, the agent earns as long
as I (r∗) > 0. When belief accuracy is publicly revealed, visible miscalibration can
generate a perceived cost stemming from an altered social-image (a reputational cost).
We capture this with a single penalty that is active only under public exposure:

U social(r̂ , r∗) = −
[
γ + (r∗ − r̂)2 · 1{r∗ > r̂} + γ − (r̂ − r∗)2 · 1{r̂ > r∗}

]

· 1{public exposure}.

where γ ± ≥ 0 are “mismatch sensitivities” (susceptibility to self-conscious emotions)
for overplacement versus underplacement. 22 The indicator functions ensure that a
reported modal rank cannot be both overplacing and underplacing; only one of the two
costs can apply in any given case. The agent chooses I (r) (and thus r̂ = argmaxr I (r))
to maximise

U (r̂ , r∗) = U m(r∗) + U social(r̂ , r∗).

Interpretation and implications. In the control condition (with no public exposure),
the social term is turned off, and reporting follows monetary incentives; while under
public exposure, the perceived social penalty is active. Under public exposure, the
social penalty is active. If over-placement is reputationally the most costly (γ + > 0),
agents optimally “shade” their modal report towards safer (more conservative) ranks
or diversify belief mass away from overconfident peaks; if instead underplacement is
perceived the most costly (γ − > 0), the shading reverses. Hence, higher susceptibility
to self-conscious emotions (larger γ +) implies a higher (worse) reported r̂ in the public
condition.

Two points follow for the empirics. First, the observed change in reported rank
under public exposure is a net behavioural adjustment to self-consciousness (and may
be dampened by other factors, e.g., other-regarding concerns), so it should be read as
a conservative lower bound. Second, heterogeneity in γ ± across individuals naturally
maps into heterogeneous treatment effects (CATEs): more susceptible agents exhibit
larger downward adjustments of overconfident reporting under public exposure. These
implications motivate our focus on (i) modesty and confidence bias in Module 1 and

22 Formally, the utility expression is written in net terms. While an agent may fear both being seen as
overconfident and underconfident, in practice only the dominant perceived cost applies to the chosen modal
rank, which determines the behavioural adjustment.
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Table 2 Average Treatment Effects (ATE) of shame elicitation

mrb placement
“modesty” “confidence bias”

(1) (2) (3) (4)

Public treatment 1.515*** 1.210*** -1.580** -1.442**

(0.534) (0.516) (0.686) (0.701)

N 244 244 244 244

Covariates - � - �
Control mean 5.22 5.22 3.03 3.03

Notes: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01. Robust standard errors in parentheses. Each column reports anOLS
regression estimating the effect of being assigned to the Public treatment condition (i.e., public scrutiny)
on two outcomes. In Columns (1) and (2), the outcome is modal rank belief (mrb), a measure of modesty,
defined on a scale from 1 (highest self-assessed rank) to 18 (lowest). In Columns (3) and (4), the outcome
is placement (true rank minus modal rank belief), a measure of confidence bias, defined on a scale from
−17 to 17; higher values indicate greater overestimation of relative standing. Columns (2) and (4) control
for gender, age, number of completed university years, number of languages spoken, an indicator for risk
tolerance, a learning indicator based on changes in real-effort task scores across rounds, and three binary
indicators for whether the participant reports majoring in STEM, Economics/Statistics, or Health Sciences

(ii) correlations between responsiveness inModule 1 and health attitudes inModule 2.
23 A possible extension of the framework is to incorporate how susceptibility to self-
consciousness affects untruthful communication (e.g., by introducing an additional
parameter for misreporting incentives), but such an extension is beyond the scope of
this paper, as we do not have a concrete vaccine scenario or target population in mind.
The latter are necessary to inform cost-benefit and welfare analyses that would derive
from such an extension. In what follows, we turn to the empirical results, showing
how the effects of public scrutiny on self-consciousness manifest in average treatment
effects (ATEs) and heterogeneous individual responses (CATEs).

4 Results and Discussion

4.1 Module 1: Public Scrutiny and the Elicitation of Self-Consciousness

Table 2 shows that the Public treatment effectively elicits self-consciousness in the
full sample (N = 244), according to both outcome measures. First, public exposure
to the principal increases agents’ modesty: participants lower their self-assessed rank
(modal rank belief) by more than one position. Second, overestimation of relative
standing (confidence bias) decreases by more than one position. When controlling
for pre-treatment covariates (Columns 2 and 4), these changes correspond to a 23%
increase inmodesty and a 48%decrease in confidence bias relative to the control group.
Next, we compute individual-level conditional average treatment effects (CATEs)
for both outcome measures: modal rank belief (modesty) and placement (confidence

23 A more detailed theoretical exposition, including belief updating, private feedback, and additional het-
erogeneity analyses, is provided in Chapter 1 of Alamaa (2025).
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Fig. 3 Distributions of CATEs. The figure shows the distribution of CATEs estimated on the two measures
of self-consciousness: mrb (“modesty”) and placement (“confidence bias”), and their summary statistics.
Dashed vertical lines indicate the mean

bias). The distributions of the two CATEs, shown in Figure 3, are consistent with
the average treatment effects estimated by OLS and underline the strong statistical
significance of the public scrutiny effect. Indeed, the distribution formodesty is entirely
positive, and the distribution for confidence bias is entirely negative. Both exhibit
substantial variation across individuals, providing statistical power for the correlations
with vaccine-related outcomes estimated in the next section.

For confidence bias, the distribution shows two notable concentration peaks, with
the most frequent values located beyond the average treatment effect. We also find a
strong negative correlation between the twoCATEs. As shown in Figure 4, the Pearson
correlation coefficient is−0.603 and statistically significant at the 1% level, confirming
that participants who become more modest also tend to become less overconfident in
their self-assessments. Figure 15 in the Appendix also shows that the distributions
of both CATEs are comparable across Control and Public treatment participants,
consistent with successful randomisation, and implying that those exposed to vaccine
questions in Module 2 are representative of the full sample.

Section E in the Appendix reports correlations between individual CATEs and
pre-treatment characteristics. Two key patterns emerge. First, susceptibility to self-
consciousness under public scrutiny is not correlated with being enrolled in a
health-related major, suggesting that health expertise does not systematically affect
emotional responsiveness in our setting. This is consistent with the fact that our Public
treatment is not focused on health, implying conservative estimates of the correlation
betweenCATEs and vaccine attitudes. Second, few covariates show statistically signif-
icant associations with CATEs. The most consistent correlate is age, which also maps
onto the number of completed university years. In contrast, there is little evidence that
field of study or task learning (as measured by improvements in real-effort task scores
over successive experimental rounds) strongly predicts individual treatment effects.
One exception is the CATE for confidence bias, which is negatively associated with
having studied game theory in one’s university coursework. These participants exhibit
less confidence bias following treatment, potentially reflecting greater familiarity with
laboratory experiments or strategic reasoning. Overall, however, the significant cor-
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Fig. 4 Correlation of CATEs for twomeasures of self-consciousness. The figure shows a scatterplot and lin-
ear regression fit between the CATEs estimated on the twomeasures of self-consciousness: mrb (“modesty”)
and placement (“confidence bias”). The text reports the Pearson correlation coefficient and its statistical
significance (1%)

relations are modest in size—approximately half a standard deviation of the CATE
distribution.

4.2 Module 2: Correlating Self-Consciousness Intensity and Health Attitudes

The correlations between individual treatment effects (CATEs) and vaccine-related
attitudes are reported in Table 3. Although statistical significance varies due to the lim-
ited sample size, the direction of the coefficients is consistent across both measures of
self-consciousness—modesty and confidence bias—when interpreted in terms of the
strength of individual responses to public scrutiny. This suggests that public scrutiny
does not causally affect vaccine attitudes, but that individual susceptibility to self-
consciousness instead correlates with pre-existing misbeliefs.

If the correlation were driven by a causal effect of public scrutiny, we would expect
individuals with stronger self-consciousness responses to be less willing to express
controversial views and to demand higher compensation to reveal them. We find the
opposite: participants with larger absolute CATEs (i.e., stronger responsiveness to
public scrutiny) are more likely to endorse vaccine misbeliefs and are less preoccupied
with concealing them.By contrast, thosewith smaller absoluteCATEs (i.e., individuals
less emotionally affected by public scrutiny) express more accurate beliefs and are
more interested in keeping their beliefs private.

Among the outcomes, statistical significance is achieved only for the belief that
vaccines can cause the illness they aremeant to prevent (Statement 2). Compared to the
misbelief about adverse effects, this itemmay provide a clearer test of misinformation:
it is objectively false and less value-laden, making it easier to measure cleanly with a
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Table 3 Correlation of CATEs and health attitudes

Health attitude measure Coefficient s.e.

Correlation with CATE for mrb (“modesty”)

Misbelief: illness causation 0.253* (0.137)

Misbelief: adverse effects 0.080 (0.163)

Aggregate misbelief: sum score (0-30) 1.690 (2.248)

High health-secrecy -0.278 (0.180)

Correlation with CATE for placement (“confidence bias”)

Misbelief: illness causation -0.148* (0.076)

Misbelief: adverse effects -0.074 (0.090)

Aggregate misbelief: sum score (0-30) -0.885 (1.242)

High health-secrecy 0.201** (0.098)

N 112

Notes: Correlations are estimated by bivariate OLS models between the CATEs (individual causal effects
of self-consciousness elicitation that embed covariates in their estimation) and different health attitude
measures. “High health-secrecy” equals 1 for individuals who demand more than 45 euros to make their
health beliefs public. The reduced sample size relative to Table 1 reflects that only treated individuals were
surveyed on health attitudes. ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Likert scale. Themagnitude is meaningful: agreement with this misbelief is associated
with a one standard deviation increase in the CATE for modesty (0.25), and about
half that size for confidence bias. These results are confirmed—and strengthened
in the case of the misbelief that vaccines cause illness—when using an alternative
and stricter definition of agreement (values above 6 on the 11-point Likert scale);
results are presented in Table 7 of the Appendix. The direction of correlation is further
confirmedby themisbelief sum score; however, this variable does not display statistical
significance, as it reflects the cumulative contribution of all three misbelief systems—
of which only illness causation displays significance—and the aggregation issues
already discussed in Section 3.4.

We interpret these results as suggestive evidence that individuals who are more
susceptible to self-consciousness also tend toholdmore sceptical views about vaccines.
In other words, the observed misbeliefs appear to reflect pre-treatment attitudes rather
than being caused by the elicitation of self-consciousness through public scrutiny.
Notably, these individuals do not seem more reluctant to share their attitudes: instead,
those who exhibit stronger responses to self-consciousness are just as likely, or even
more likely, to express controversial views.

This interpretation is further supported by the relationship between confidence bias
and health-secrecy.24 Participants with higher CATEs for confidence bias—reflecting
heterogeneous responses to public scrutiny along the placement dimension—are also
more likely to request very high compensation to make their vaccine attitudes public.
Because vaccine attitudes are self-reported, they may partly reflect concerns about
disclosure; we therefore interpret this evidence in conjunction with our separate

24 For the placement (confidence-bias) measure, the CATEs are directional, with larger absolute values
associated with more negative placement adjustments in response to public scrutiny.
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Fig. 5 Own vs. perceived vaccine scepticism. Notes: Each dot represents one participant. The x-axis
plots participants’ own vaccine scepticism score (0-30), and the y-axis plots the difference between their
estimate of others’ average scepticism and the true sample mean. A positive value on the y-axis indicates
overestimation. The blue line shows a linear fit with 95% confidence interval. Pearson correlation = 0.548
(*** p < 0.01)

measure of health-secrecy. If self-consciousness elicitation had a causal effect on
health-secrecy, we would expect individuals exhibiting stronger responses to public
scrutiny along this dimension to be more reluctant to disclose their attitudes. Instead,
we observe a positive correlation, consistent with the interpretation that differences in
disclosure behaviour reflect underlying heterogeneity rather than treatment-induced
concealment.

In addition, we find that participants with higher levels of vaccine scepticism tend
to overestimate the extent to which others hold similar misbeliefs. As shown in Figure
5, there is a strong and statistically significant correlation between a participant’s
own scepticism score and their overestimation of the group’s average score (Pearson
coefficient = 0.548, p < 0.01). This pattern is consistent with a false consensus
effect: individualswho endorsemisbeliefs project those views onto others, normalising
their beliefs through perceived social support. Such a pattern may contribute to the
persistence of vaccine hesitancy by reducing the perceived deviation from prevailing
social norms.

This interpretation aligns with existing findings that link vaccine hesitancy to con-
spiracy beliefs and anti-intellectualism (e.g., van Prooijen 2018; van Prooijen and
Böhm2023; Callaghan et al. 2019; Farhart et al. 2022;Gagliardi 2025), andwith recent
evidence on conspiracy-related thinking in the context of COVID-19 (Miller 2020;
Imhoff and Lamberty 2020). Taken together, our results are consistent with a broader
predisposition toward being manipulated—both emotionally and informationally—
which may help contextualise the observed alignment between self-consciousness
responsiveness and vaccine scepticism, in line with evidence that conspirational mind-
set is associated with several cognitive biases (for a recent review, see Gagliardi 2025).
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4.3 Limitations and Policy Implications

While this paper has a number of limitations, we believe the results offer insights that
could drive future research in the understudied and policy-relevant topic of doctor-
patient interactions, for the promotion of preventive healthcare. Some limitations stem
from the fact that Module 2, which presented subjects with questions on health atti-
tudes, was nested within a larger, pre-existing experimental study. In particular, this
had three implications. Because Module 2 was added while the larger study was
already underway, the corresponding analysis is exploratory, meaning that it was not
pre-registered, and we were not able to secure additional funding to incentivise the
revelation of health-secrecy. However, vaccine attitudes are generally not thought to
be influenced by monetary incentives.

Moreover, because Module 2 was only added in experimental sessions comprising
treated subjects, our empirical analysis does not include control units and therefore
does not neatly identify the causal effect of self-consciousness on health attitudes.
Instead, it shows how susceptibility to self-consciousness correlates with health atti-
tudes. We believe that our observed results mitigate this design concern: indeed, they
suggest the absence of a causal relationship, and indicate, as a relevant avenue for
future research, a possible positive correlation between a conspiratorialmindset, poten-
tially characterised by higher vaccine hesitancy, and greater susceptibility to poor
doctor-patient communication. In other words, those who may become more self-
conscious when exposed to disparaging comments from doctors are also those who
hold negative views on vaccines, making policy interventions more salient.

In this regard, another limitation is that we conducted a laboratory experiment rather
than addressing our question in the field. Indeed, our results are based on a limited
sample of Italian university students, who are young and generally more educated than
the general population. Older and less educated individuals tend to be more responsive
to vaccine communication campaigns (e.g., see Dominici et al. (2025) for the flu
vaccine in Italy and Dominici and Dahlström (2025) for an HPV vaccine campaign
in Sweden). In our data, the magnitude of individual treatment effects (CATEs) is
positively correlated with age. While we cannot guarantee that the results apply to
the general population or to countries with different health policies, these elements
suggest that, if anything, our estimates may be conservative. Future studies in the
field could also aim to disentangle actual vaccine attitudes from preferences over
revealing them, which in our setting are elicited through separate questions.While this
approach already provides partial insight, it still relies on self-reported data; a clearer
disentanglement would require comparing revealed behaviour in the field with survey
responses.More generally, ourmain contribution lies in highlighting the co-occurrence
of susceptibility to self-conscious emotions and vaccine hesitancy as an avenue for
future research that should be pre-registered, replicable, and ideally conducted in field
settings or in health-related contexts that more directly elicit self-conscious emotions.

Another consideration concerns the way our main measures of self-consciousness
are constructed from the belief-elicitation task. In the literature, belief-elicitationmeth-
ods vary considerably and can differ in the precision, interpretability, and behavioural
meaning of the measures they produce (e.g. Schlag and van der Weele 2015; Char-
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ness et al. 2021). We selected our measures for three reasons: they richly capture
beliefs about relative position, they are directly comparable to the actual rank, and
they are comprehensible to the principal in the treatment condition. Nevertheless,
we recognise that the behavioural response we capture may reflect a combination
of self-conscious adaptation to public exposure and “other-regarding” considerations
toward the principal’s payoff, or, more generally, strategic adjustments that work in the
same countervailing direction. As such, our estimates should be interpreted as conser-
vative, or lower-bound, measures of the pure self-consciousness response, implying
that in applied settings—such as doctor-patient communication—any missteps that
inadvertently induce self-conscious emotions (such as shame) could have a stronger
behavioural impact than our estimates suggest.

A further possibility is that sensitivity to public scrutiny may not only represent
a situational self-conscious response but may also reflect other underlying traits. For
example, low self-esteem or identification with alternative social norms might pre-
dispose individuals to adopt belief systems that provide compensatory anticipatory
utility, such as alternative truths or conspiracy theories. Although our design cannot
disentangle these deeper mechanisms, this interpretation aligns with our findings in
Module 2 and highlights an important avenue for future research.

While our correlations show a consistent pattern across different measures of both
self-consciousness and health attitudes, they are based on a small sample, resulting
in large variances and low statistical power. At the same time, the brevity of Module
2 relative to Module 1, in our setting, restricts our ability to pinpoint specific emo-
tional mechanisms behind self-consciousness. Our evidence is not conclusive, and a
complete mechanism analysis is beyond the scope of our exploratory analysis, but it
sheds light on an important psychological dynamic with potentially significant pol-
icy implications, suggesting this field as a relevant avenue for more structured future
research.

5 Conclusion

This paper contributes to a growing literature on the emotional underpinnings of vac-
cine scepticism by exploring how individuals’ susceptibility to self-consciousness
correlates with their health attitudes. Using a randomised laboratory experiment, we
estimate both average and individual-level effects of public scrutiny on the emer-
gence of self-conscious emotions, measured in terms of rank beliefs. We then link
these responses to a follow-up survey on vaccine-related misbeliefs and the willing-
ness to conceal them. We find that individuals who are more emotionally responsive
to self-consciousness—measured through changes in self-assessed relative rank and
confidence bias—are also more likely to endorse misbeliefs about vaccines. Impor-
tantly, this self-consciousness was not evoked in a health context, but through a task
unrelated to health attitudes. This makes the observed correlation particularly strik-
ing, and likely conservative: if we had induced self-consciousness more directly tied
to health beliefs, the alignment may have been even stronger.

Furthermore, the experimental context reflects a one-time interactionwith an anony-
mous observer and includes only university students. Participants had no ongoing
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relationship with the principal evaluating them, and their high education level and
young age position them among the least responsive to health communication nudges,
according to the existing literature. In real-world settings—characterised by a wider
population range and interactions with family doctors or community health workers—
susceptibility to self-consciousness may be heightened by the perceived relational or
reputational cost. Our findings, therefore, raise questions about how self-conscious
individuals communicate with others about health topics and whether these dynam-
ics contribute to disengagement from medical conversations. We interpret our results
as correlational rather than causal; however, the pattern is robust across two distinct
measures of self-consciousness and multiple belief outcomes. The results suggest that
susceptibility to self-consciousness may be a behavioural marker of deeper psycho-
logical traits—such as defensiveness or suggestibility—that also shape resistance to
scientific information.

Taken together, these findings underscore a policy challengemade especially salient
by the danger of future virus-borne pandemics, for which vaccines represent the main
protection for public health. Individualswhoaremost susceptible to self-consciousness
may simultaneously hold the strongest misbeliefs and be the least willing to seek
guidance from medical professionals. Communication strategies that inadvertently
evoke self-conscious emotions—such as authoritative or dismissive tones—may there-
fore risk having counterproductive effects on vaccine-hesitant populations. Future
research should examine manifestations of emotional responses to health messaging
across different population segments and consider how self-consciousness interacts
with identity, trust, and the perceived credibility of the messenger, thereby providing
policymakers with further evidence, based on pre-registration, that supports replicabil-
ity and a thorough analysis of the psychological mechanisms that inform behavioural
interventions in the health domain.

Appendix

A Experimental Module 1: Real-Effort Task and Rank-Elicitation Task

Real-Effort Task. Each correctly solved problem is rewarded with one point, and
there are no punishment for wrong answers. The clock in the top-left corner is a timer
counting down from the allotted time duration of 4:00 minutes. The Decoding-Task
involves decoding the 5-digit number, using the Key to a 5-letter string that should be
inserted in the answer-box. In the example the problem is to decode “42793” as 4 to
X; 2 to V; 7 to T; 9 to A; and 3 to P and submit “XVTAP” as an answer. The answer
was not case-sensitive Fig. 6, 7, 8
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Fig. 6 Real-Effort Task: Example Screen. Notes: The figure shows an example screen of the real-effort
task used in all three rounds in Module 1

Fig. 7 Rank-Selection Task - Step A: Example Screen. Notes: The figure shows an example-screen of the
first step of the rank-investment selection, in which agents select which ranks they would like to allocate
any endowment larger than zero

Fig. 8 Rank-Selection Task - Step B: Example Screen. Notes: The figure shows an example-screen of the
second step of the rank-investment selection, in which agents select how much they would like to allocate
to each of the selected ranks from step 1 (Step A)
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B Balance

See. Fig 9

Fig. 9 Covariates’ balance. Notes: The figure shows OLS coefficients obtained by regressing, in the full
sample, the binary public treatment indicator on all covariates (i.e., conditional balance)

C Summary statistics

See Table 4 and 5 and Fig. 10, 11, 12

Table 4 Covariates in the full sample: summary statistics

Scale Mean St.dev Min Max

Female 0/1 0.514 0.501 0 1

Age 18–50+ 24.873 4.462 18 51

Higher educ. (yrs. completed) 0–6 3.348 1.823 0 6

No. of spoken languages 1–7 3.143 0.91 2 7

Risk-tolerance 0/1 0.551 0.498 0 1

Learning (real-effort task) -4–9 1.037 1.999 -4 9

Study-field majors

STEM 0/1 0.131 0.338 0 1

Econ./Stat. 0/1 0.22 0.415 0 1

Health/Medicine 0/1 0.078 0.268 0 1

Notes: The full sample described in this table is used to compute the overall ATE of self-consciousness
elicitation and individual CATEs
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Table 5 Covariates and outcomes among the treated: summary statistics

Mean St.dev Min Max

Covariates

N. of languages 3.143 0.91 2 7

Years of university 3.348 1.823 0 6

Female (dummy) 0.514 0.501 0 1

Age 24.873 4.462 18 51

Risk aversion score (dummy) 0.551 0.498 0 1

STEM studies (dummy) 0.131 0.338 0 1

Econ/stat studies (dummy) 0.22 0.415 0 1

Medical studies (dummy) 0.078 0.268 0 1

Learning 1.037 1.999 -4 9

Health attitudes outcomes

Agrees that vaccines weaken the immune
system [0-10]

1.214 1.896 0 10

Agrees that vaccines cause illness [0-10] 2.634 2.935 0 10

Agrees that vaccines cause serious and
permanent adverse effects [0-10]

3.661 3.074 0 10

Skepticism score (sum of agreements) 7.509 6.089 0 29

Guess of avg scepticism score 11.545 6.221 0 28

Health secrecy [ECUs] 291.795 198.333 0 500

Misbelief immune (agreem. immune> 5) 0.054 0.226 0 1

Misbelief illness (agreem. illness> 5) 0.17 0.377 0 1

Misbelief adverse effects (agreem.
adverse> 5)

0.259 0.44 0 1

Extreme Health shame (>75th percentile) 0.393 0.491 0 1

NOTES: Treated units described in this table are used to correlate the CATEs (individual effect of self-
consciousness elicitation) andvaccine beliefs.Health secrecy ismeasured by askinghowmanyExperimental
Credit Units (ECU) each subject would require in order to make their aggregate vaccine misbelief score
public to the principal. 10 ECU = 1 EUR
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Fig. 10 Misbelief illness: full distribution

Fig. 11 Misbelief weakened immune system: full distribution

Fig. 12 Misbelief adverse effects: full distribution

D Causal Forests

Causal forests are a supervised machine learning technique designed by Athey and
Imbens (2016) to expand random forest in the context of causal inference. Originally
intended for heterogeneity analysis, causal forests estimate individual causal effects
exploitingobservable individual-level covariates, opening awide rangeof possibilities.
In our case, we exploit the availability of individual causal estimates from the first stage
of our analysis to overcome the absence of a control group in the second exploratory
stage Table 6.
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Table 6 Effective neighborhood sizes and treated/control weight shares

Min. 1st Qu. Median Mean 3rd Qu. Max.

Panel A: CATE for mrb (“modesty”)

Effective neighbourhood size (eff_n) 138.5 154.6 165.7 164.7 174.8 191.4

Treated weight share 0.4038 0.4428 0.4545 0.4579 0.4747 0.5259

Control weight share 0.4741 0.5253 0.5455 0.5421 0.5572 0.5962

Panel B: CATE for placement (“overconfidence”)

Effective neighbourhood size (eff_n) 137.3 153.9 166.2 164.4 174.8 195.4

Treated weight share 0.4080 0.4404 0.4523 0.4563 0.4709 0.5186

Control weight share 0.4814 0.5291 0.5477 0.5437 0.5596 0.5920

Notes: The table summarizes the distributions of sample sizes and treatment/control unit shares effectively
used to compute CATEs. eff_n = 1/

∑
j w2

i j , where wi j is the out-of-bag prediction weight assigned to
training unit j when estimating the Conditional Average Treatment Effect (CATE) for unit i

More formally, causal forests estimate Conditional Average Treatment Effects
(CATE), allowing us to understand how the effects of a given intervention vary across
different individuals. For a binary treatment scenario, the CATE is defined as:

E[Y1i − Y0i | Xi = x]

Here, Y1i and Y0i denote the potential outcomes under treatment and control con-
ditions, respectively, while Xi represents the vector of observable characteristics for
individual i . Following the methodology outlined by Athey and Wager (2019), we
implement an “honest” approach to causal forest estimation. Specifically, we split the
sample into two equally sized parts: the first half is utilised to construct a forest of
10,000 trees, while the second half is reserved for CATE estimation.

Each tree within the forest partitions the covariate space recursively, aiming to
maximise heterogeneity in treatment effects. The algorithm selects splitting variables
based on their contribution to heterogeneity, employing a loss function that prioritise
predictive accuracy. The final leaves—representing the smallest partitions—contain a
minimum of five observations to ensure robustness. After constructing the forest, the
second half of the sample is used to estimate CATEs based on the covariate importance
identified during the tree-building process.

In practice, we use a sample of 244 subjects and estimate CATEs based on 9
covariates. To verify the absence of small leaves, we compute the effective number
of observations contributing to each individual’s CATE estimate (the effective neigh-
bourhood size), along with the proportion of predictive weight coming from treated
and control units, respectively. This is done using the estimated forest weights wi j ,
which quantify how much each training unit j contributes to the prediction for unit
i . Table 6 below reports the distributions of (i) the effective neighbourhood size, and
(ii) the treated and control weight shares, for both CATEs (mrb “modesty” and place-
ment “overconfidence”). It shows that effective sizes are consistently well above 100,
and that the weight shares are centred around 0.5, indicating strong overlap between
treated and control observations in each prediction neighbourhood.
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E CATEs by Baseline Characteristics

See Fig. 13, 14, 15

Fig. 13 CATE on mrb (“modesty”) by baseline covariates. The figure shows the correlation between the
individual causal effect onmrb (“modesty”) and baseline covariates, estimated by separate OLS regressions.
Bars indicate 95% confidence intervals

Fig. 14 CATE on placement (“confidence bias”) by baseline covariates. The figure shows the correlation
between the individual causal effect on placement (“confidence bias”) and baseline covariates, estimated
by separate OLS regressions. Bars indicate 95% confidence intervals
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Fig. 15 CATEs by health outcomes observability. The figure shows the value of the two CATEs (for mrb
“modesty” andplacement “confidencebias”) colored bywhether the individual is asked about vaccine beliefs
(i.e., whether they were subject to the Public treatment and are present in Module 2 of the experiment)

F Experimental Instructions

See 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37,
38, 39, 40, 41, 42, 43

Fig. 16 page 1
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Fig. 17 page 2

Fig. 18 page 3

Fig. 19 page 4

123



Emotional Susceptibility to Public Scrutiny and Vaccine…

Fig. 20 page 5

Fig. 21 page 6

Fig. 22 page 7
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Fig. 23 page 8

Fig. 24 page 9

Fig. 25 page 10

Fig. 26 page 11

Fig. 27 page 12
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Fig. 28 page 13
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Fig. 29 page 14

Fig. 30 page 15
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Fig. 35 page 20
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Fig. 38 page 23
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G Robustness check: alternativemisbelief scales

Table 7 below the correlation between CATEs and binary misbeliefs about vaccines
measures, where the latter are constructed excluding values closer to the midpoint. In
practice, from the full 11-item Likert scale of agreement, we consider subjects to agree
if they selected values equal to or greater than 7 (the corresponding threshold in the
main analysis is 6). All the results are qualitatively confirmed and, for the misbelief
that vaccines cause illness, the statistical significance is improved from 10% to 5%,
and the magnitude of the correlation with the CATE for placement (“overconfidence”)
increases from -14.8 percentage points to -18.7 percentage points.

Table 7 Correlation of CATEs and misbeliefs: alternative scales

Agreement with Coefficient s.e.

Correlation with CATE for mrb (“modesty”)

Misbelief: illness causation 0.253** (0.128)

Misbelief: adverse effects 0.022 (0.150)

Correlation with CATE for placement (“confidence bias”)

Misbelief: illness causation -0.187** (0.070)

Misbelief: adverse effects -0.058 (0.083)

N 112

Notes: Correlations are estimated by bivariateOLSmodels between theCATEs (individual causal effects of
self-consciousness elicitation that embed covariates for their estimation) and an alternative binary measure
of agreement with vaccine misbeliefs (coding agreement for values equal to or above 7 on an 11-item Likert
scale). ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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