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Abstract
Uninsurance and underinsurance represent a major policy challenge. A key reason
why agents make mistakes might be ascribed to the ambiguity affecting insurance
decisions. This paper investigates self-insurance decisions when the probabilities of
loss are ambiguous and ambiguity is generated by different sources. We present a
model and a set of lab experiments to address two main research questions: are buyers
willing to pay more in presence of ambiguity with respect to risk? Is the willingness
to pay affected by the source of ambiguity? After measuring subjects’ willingness to
pay for insurance when losses are risky, we relate the probability to face losses both
to ambiguous events that are context-related (‘external’ sources of ambiguity), and to
events that regard the individual ability (‘internal’ sources of ambiguity).We show that
subjects’ willingness to pay for insurance depends on the specific source of ambiguity,
being lower than willingness to pay in case of risk when the source of ambiguity is
internal and decision-makers exhibit overconfidence.
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1 Introduction

The number and percentage of citizens who have no insurance from any private or
public source at all is extremely high, in both developed and developing countries (e.g.
Farley and Wilensky 1985; Link and McKinlay 2010; Magge et al. 2013; Saltzman
2021). As emphasized by the Geneva Association, (2019, p. 3), “Contrary to general
belief, protection gaps are not limited to developed and emerging countries but are
also common in advanced economies. A customer survey of The Geneva Association
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in seven mature economies revealed that people widely understand the fundamental
notion of insurance and its vital role in the economy and society. However, people
have deep misperceptions about the insurance industry and its products. Addressing
this disconnect will be vital to encouraging a wider adoption of insurance in mature
economies”. Underinsurance, or having insurance that does not adequately meet an
individual’s needs, is a problem affecting an estimated 25 million adults in the U.S.
(Schoen et al. 2011).

Uninsured and underinsured people living with the danger of financial ruin in case
of a major negative event (like a serious illness or a natural disaster) represent a key
public concern. Not only uninsured victims may incur severe losses affecting their
future wellbeing; general taxpayers may be forced to share the costs of recovery
(Kunreuther 1984; Baker and Siegelman 2013). A further critical issue with uninsur-
ance and underinsurance concerns strategic decision-making: living in an area with
many uninsured or underinsured people may translate in higher insurance premiums,
reducing individuals’ demand for insurance, and vice versa.

Societies are thus faced with suboptimal protection levels, and practitioners, aca-
demics and policymakers “are struggling to comeupwith plausible explanationswhich
could inform corporate and public decision-making” (The Geneva Association 2019,
p. 3). Among the factors underlying uninsurance, behavioral biases affecting the per-
ception of the value of insurance and the way consumers process information are
increasingly under the lenses as possible explanations of why individuals, households
and firms buy less insurance than is economically beneficial to them (e.g. Cutler and
Zeckhauser 2004). A central element in this respect is the complex decision process
faced by potential insurance buyers. People typically decide to buy insurance to pro-
tect their wealth or well-being (like, for instance, health) in situations that do not
involve risk only, but ambiguity or “Knightian uncertainty” (Knight 1921). Ambi-
guity is defined as “uncertainty about probabilities” (Ellsberg 1961) or as “a state
of mind in which the decision maker perceives difficulties in estimating the rele-
vant probabilities” (Camerer and Weber 1992). Since the demand for insurance has
been shown to persistently depart from the predictions based on the expected-utility
framework (Schlesinger 1997), the role of ambiguity in shaping insurance choices
deserves specific attention. Furthermore, whereas most financial assets’ risk is related
to the marketplace, insurance has a “personal nature” (Schlensinger 2013, p. 2) since
it involves a contract contingent on individuals’ own personal wealth changes.

The aim of this paper is to explore the effects of ambiguity sources on individuals’
insurance choices, finding a rationale for the high levels of underinsurance emerging
from the empirical evidence. The outcome relevant to the agent well-being is often
multidimensional, thus different sources of risk (e.g. health status, the environment,
and so on) interact and affect insurance decisions (Eeckhoudt et al. 2005). Analo-
gously, ambiguity has multiple sources (e.g. Abdellaoui et al. 2011): it can derive from
the ignorance on own features or performance, or depend on the lack of information
about the context where the decision-maker makes her choice. When the probabili-
ties of incurring a loss are ambiguous, an individual’s insurance decision turn to be
affected (also) by own perception on the probability of loss, and this perception is
likely to be biased by over (under)-confidence. This might exacerbate problems of
asymmetric information, such as moral hazard and adverse selection, and shape the
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level of premium and the performance of insurance markets (Hogarth and Kunreuther
1989). Although the effects of ambiguity on market outcomes are considerable and
have been studied extensively (see for instance Rigotti and Shannon 2005; Easley
and O’Hara 2009), the insurance market still represents an unexplored environment
to study in this aspect, with very few exceptions.

We therefore believe that the relationship between ambiguity, confidence and insur-
ance decisions deserves further attention. In this paper, insurance decision are first
addressed from a theoretic point of view, in order to enlighten a set of predictions on
agents’ behavior. Then, these decisions are reproduced in a lab experiment where sub-
jects earn money by completing a real-effort task and face the chance to lose it with an
ambiguous probability. We present subjects with ten scenarios differing on the source
of the ambiguity, and relate the probability to incur in losses both to events that depend
on the situation and thus are ‘external’ to the individual, and to events that regard the
individual performance in a task, i.e. to ‘internal’ sources of ambiguity. We consider
risk as a benchmark, since risk refers to a situation where the probability of loss is
known. Then, we allow for four forms of ambiguity. The first two are related to ambi-
guity on own capabilities: subjects have to estimate the probability of their success
with respect to competitors in two competence-based task where we vary their degree
of confidence by considering a task where subjects self-select into, and a task which
is the same for all competitors. As third type of ambiguity, we consider ambiguity à
la Ellsberg, where there is no information about the probability of loss. Finally, we
allow for ambiguity based on the Bingo Blower, where subjects could see the balls
moving inside a machine called Bingo Blower, and have a rough idea of the relative
proportions of each color, but could not be sure of the probability of getting a ball of
a particular color. Finally, we elicit subjects’ willingness to pay for self-insurance in
case of full vs. partial insurance coverage.

The first research questions we address is the following: is the individual’s will-
ingness to pay for insurance affected by the specific source of ambiguity, being it
“internal” and related to own characteristics, or “external” and dependent on the envi-
ronment? Cases of insurance decisions depending on internal ambiguity are health
insurance, professional liability insurance, or car insurance, where individuals ground
their insurance decisions on the evaluation of their own characteristics or “type” and,
as such can be biased by over or (under)-confidence. On the other hand, insurance can
protect against “external” negative events like thefts, or natural disasters that might
occur independently from their own features, and for which individualsmay have large
difficulties in providing an estimation, at a point that their decision can be assimilated
to a decision under unknown probabilities.

Our second concern is related to the effects of choosing full or partial coverage. Is
the willingness to pay for insurance decreasing/increasing in the level of coverage, or
is it unaffected? A difference in behavior determined by the extent of coverage could
reflect whether subjects’ decisions are motivated by mechanisms like loss aversion.

Our results show that individuals’ willingness to pay for self-insurance is lower in
case of ambiguity than in case of risk, but only when the probability of loss depends
on their own performance (“internal” ambiguity). More specifically, for overconfident
subjects the willingness to pay is lower than in case of risk and in case of external
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sources of ambiguity. This finding is consistent with the high frequency of underinsur-
ance observed in domains like health insurance, or even car insurance that has become
compulsory precisely to prevent this problem (as shown byCamerer and Lovallo 1999,
driving ability is the typical characteristic where the majority of people think to be
“better than average”). Since insurance companies have more realistic evaluation of
clients’ performance (and can diversify across clients), there is room for exploiting the
consequences of widespread overconfidence for those who are able to reshape their
clients’ biased judgements.

Interestingly, our findings enlighten that having full or partial coverage does not
affect the willingness to pay for self-insurance in case of “internal” ambiguity, reflect-
ing subjects’ attention to avoid losses, more than compensating marginal ambiguity
costs and marginal insurance benefits.

The paper is organized as follows. Section 2 presents the literature on insurance
under ambiguity and the role of overconfidence in this domain. Section 3 illustrates
the model, whereas the experimental design and procedure are described in Sect. 4.
Section 5 summarizes the results, Sect. 6 provides a discussion and Sect. 7 concludes.

2 Related Literature

This paper considers decision making in insurance-type problems with ambiguous
loss probabilities. Ambiguity has a tremendous impact on financial decisions in gen-
eral, and insurance decisions do not represent an exception (e.g. Cabantous 2007;
Cabantous et al. 2011; Hogarth and Kunreuther 1989, 1992; Kunreuther et al. 1984).
The negative events we can insure against hardly entail known probabilities: since
Ellsberg (1961)’s seminal work, there is considerable experimental evidence showing
that people treat ambiguous probabilities differently than known probabilities. The
conventional wisdom suggests that individuals tend to prefer well-specified proba-
bilities with respect to ambiguous ones. However, in case of events involving losses,
subjects might be ambiguity seeking when the probabilities of losses are small (Ein-
horn and Hogarth 1985, 1986; Hogarth and Einhorn 1990); people have been shown to
exhibit ambiguity aversion for likely gains and unlikely losses, and ambiguity seeking
behavior for unlikely gains and likely losses (Baillon and Bleichrodt 2015).

The behavioral consequences of ambiguity attitude affect both the demand and the
supply of insurance, shaping either themagnitude of premiums offered by underwriters
or thewillingness to buy and/or pay for insurance.When it comes to insurance demand,
which represents our focus in this paper, the most common effect of ambiguity averse
(seeking) behavior is that an expected utility maximizer would use a more pessimistic
(optimistic) distribution of the beliefs with respect to risk. Di Mauro and Maffioletti
(1996, 2001) use a second-bid auction mechanism where experimental subjects face
a series of “markets” where they can lose their endowment. In their paper, subjects
are asked to place a bid to purchase the right to self-insure (reduce the probability
loss to zero) or self-protect (reduce the loss to zero, given the probability of the loss).
Results show that self-protection is significantly higher than self-insurance in few
experimental conditions. Interestingly, the impact of ambiguity is weak: bids in case
of ambiguous probabilities are not statistically different from risky bids.
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The effects of different sources of ambiguity on insurance behavior has been largely
neglected in the literature. Among the very few contributions on the topic, Cabantous
and Hilton (2006)’s paper deals with different sources of ambiguity in the following
sense: the ambiguity in the probabilities of loss can derive from a disagreement or
conflict about the probability of loss, or from an imprecise forecasts on the probabili-
ties of loss. Their result shows that subjects charge higher premium in the former case,
exhibiting not only ambiguity aversion, but also conflict aversion. Bajtelsmit et al.
(2015) focus on negligence liability insurance and suggests that the source of ambi-
guity surrounding liability losses may explain over or underinsurance: distinguishing
among possible sources of ambiguity could explain the existence of a flourishing lia-
bility insurance market in the United States. Insurance demand may be explained by
ambiguity regarding one’s own risk type (Bajtelsmit and Thistle 2008), the process of
the pooling mechanism (DeDonder and Hindriks 2009), and the risk of momentary
lapses in judgment by oneself or others (Bajtelsmit and Thistle 2013). Although not
explicitly categorized in these terms by the authors, these sources of ambiguity can
be classified as “internal”, i.e. related to the subject’s own characteristics or “type”,
or “external”, i.e. dependent on the context, as we do in this paper. In a recent work,
Cagno and Grieco (2019) consider a set of ambiguity settings to explore the interac-
tion between confidence and ambiguity attitudes in individual decision-making about
lotteries.

The seminal work by Heath and Tversky (1991) has emphasized almost thirty years
ago that individuals’ attitude towards ambiguity is strongly dependent on the way how
the decision-maker perceives the relevant context, especially when her knowledge in
some domain is involved. A large literature demonstrates that people are usually over-
confident and that, in particular, they are overconfident about the precision of their
knowledge (seeOdean 1998, for an overview). The psychology literature also suggests
a tendency to attribute positive outcomes to own internal characteristics and negative
outcomes to external factors: overconfidence may be engendered by the so-called
“self-serving attribution bias”, i.e. the overestimation of the role attributed to internal
characteristics as contributing factors to better performance. When own characteris-
tics or choices are involved, people may be particularly resistant to downward revision
of own self-appraisal (e.g. De La Ronde and Swann 1993; Taylor and Brown 1988).
The theory of cognitive dissonance, going back to Festinger (1957), argues that peo-
ple experience stress when confronted with information that challenges overconfident
beliefs, and thus try to avoid facing such belief-changing information, causing over-
confident beliefs to persist (Malmendier and Taylor 2015). In a related vein, Köszegi
(2006) points out that people are more averse to self-relevant information when they
hold high beliefs about themselves, especially for dimensions along which they have
uncertain knowledge. If the decision maker is satisfied with her present beliefs, she
might decide to protect her self-image by avoiding any information that may challenge
those beliefs.

To the best of our knowledge, these insights have never been applied to the inves-
tigation of insurance decisions. We will describe the specificities of our setup in the
next section.
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3 Our Setup

We introduce amodel and a set of experimentswherewe study individuals’willingness
to pay for self-insurance when probabilities of loss are ambiguous and the sources of
ambiguity are related to the subject’s personal features or to contextual variables. The
way we elicit individuals’ willingness to pay for insurance when probabilities of loss
are known or vague follows Di Mauro and Maffioletti (1996, 2001). Our design relies
on the same second-bid auction mechanism à la Vickrey (1961) used in Di Mauro
and Maffioletti (2001) that represents an incentive mechanism able to induce truthful
revelation of participants’ subjective evaluation.With respect to othermechanisms like
BDM (Becker et al. 1964) auctions, it is more suitable for our purpose of addressing
subjects’ (over)confidence because it consists of a game inwhich a participant interacts
with other players, instead of placing subjects in a situation of individual choice. Our
design differs in several ways. First, the endowment is not fixed and exogenous, but
depends on subjects’ performance on two previous tasks. Second, we focus on self-
insurance only. Third, and most importantly, we compare subjects’ willingness to pay
insurance when ambiguity have different sources.

As in Cagno and Grieco (2019)’s framework, ambiguity is shaped by the context
and/or by the decision-maker’s characteristics and we partly rely on their experimental
design for what concerns the way different ambiguity sources are generated in the lab.
Our model will assume that the decision-maker’s perception of the probability of
incurring a loss is biased by the (over)confidence emerging in the presence of internal
ambiguitywhen the individual is confrontedwith information that calls existing beliefs
on herself into question.

3.1 TheModel

We consider an agent with wealth W who faces the risk of losing an amount L ∈
(K ,W ), where K is the deductible. We denote by p the objective probability of
incurring the loss: with no ambiguity, the agent knows the value of p; in the presence
of ambiguity, she is uncertain about its value.

Through self-insurance, the agent can reduce the amount of loss to K ≥ 0 by
paying a nonnegative amount x , where c(x) denotes the cost she is willing to pay.
Let L(x) � l(x) + K indicate the loss amount, with l(x)being a decreasing function
of x . The parameter K ≥ 0. reflects the type of insurance coverage the company
offers and assumes value equal to 0 in case of full coverage. We assume that partial
coverage implies that the agents faces part of the loss no matter how much she would
pay for insurance (K > 0). In fact, in case of partial coverage the subject loses K if
the negative event occurs, because the reimbursement occurs only for an amount that
exceeds the deductible K .Wedepart from the typical assumption that lower deductible
plans command higher premiums (e.g. Cutler and Zeckhauser 2004).

To capture ambiguity on the probability of incurring the loss, we represent the
agent’s beliefs about the possible values of this probability by a second-order prob-
ability distribution φ(π), where π indicates the agent’s belief on the probability p
of incurring the loss. The peculiarity of this model is assuming π to depend on the

123



Insurance Choices and Sources of Ambiguity 301

source of ambiguity. In particular, we want π to account for the subject’s confidence.
When the probability of incurring the loss is related to the agent’s characteristics
and/or decisions, the agent’s self-appraisal might be involved. Because self-appraisal
is often resistant to downward reconsideration, a confident agent may systematically
underestimate the probability of loss in order to eliminate the behavioral sources of
dissonance between her self-appraisal and her responsibility in determining a negative
outcome, for instance by self-selecting in an unfavorable situation.

We follow Snow (2011) in assuming that, for each value of π , the agent’s expected
utility is evaluated by an increasing function α that captures ambiguity attitude: the
agent is ambiguity averse under the assumption that α is concave, ambiguity neutral
when α is linear, and ambiguity seeking when α is convex. We denote with Eφ[.] the
agent’s expectation with respect to the second order probability distribution φ(π). The
agent chooses x to maximize

Eφ[α(πU (WL) + (1 − π)U (WNL))] (1)

where WL � W − c(x) − l(x) − K is wealth in the state when the loss is incurred,
andWNL � W − c(x) is wealth in the non-loss state. We assume that increasing self-
insurance is always beneficial in the sense that c′(x)+l ′(x) < 0when L(x) > 0, and that
L′′(x) ≥ 0 and c′′(x) > 0 so that expected utility conditional on π is a concave function
of x for any risk-averse or risk-neutral decision maker. Partial coverage implies that,
no matter her choice of x , the agents incurs a loss K>0. In the absence of ambiguity,
Eφ[π ] � p. When ambiguity is in place, we assume

Eφ[π ] � p

γ
(2)

where γ ≥ 1 captures the confidence bias that causes the agents to underweight her
probability of incur a loss and γ � 1 represents the case of an unbiased rational agent,
as in Gervais and Odean (2001).

In the presence of ambiguity and with an ambiguity averse agent, the marginal
value of self-insurance is

Eφ

[
α′(u(π))g(π)

]
(3)

where u(π) � πU (WL) + (1 − π)U (WNL)is the expected utility conditional on the
perceived probability π and g(π) � −πU ′(WL)(c′ + l ′) − (1 − π

)
U ′(WNL )c′is

the marginal effect on u(π) of an increases in x . Since Eq. (1) is concave, when
expression (3) is higher than the optimal self-insurance is higher for ambiguity averse
agents in the presence of ambiguity than in its absence, while the opposite holds if
(2) is negative, thus departing from self-insurance as predicted by a von Neumann-
Morgenstern expected utility.

Given c′(x) + l(x) < 0, the marginal value of self-insurance, g(π), increases as
π increases. With no ambiguity (π � p), the expected value of utility U depends
linearly on p, thus g(p) � 0.
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If the agent is overconfident (γ > 1), the perceived probability of incurring a
loss is lower than the one in a risky situation (π < p), thus a marginal increase in
self-insurance above the optimal level reduces utility u(π). On the other hand, an
underconfident agent suffers the ambiguous situation and perceives the probability of
incurring a loss as “higher” than the objective probability p (π > p): in this case, an
increase in self-insurance increases utility. The opposite is true for ambiguity seeking
agents (when α is convex).

Equation (3) shows that:

1. the optimalwillingness to pay x depends on how the agent perceives the probability
to incur a loss (π );

2. if the agent is ambiguity averse, the higher the confidence bias γ , the lower the
perceived probability to incur a loss and the lower the willingness to pay for
insurance; if the agent is ambiguity seeking, the lower the confidence bias γ , the
higher the perceived probability to incur a loss and the lower the willingness to
pay for insurance;

3. the optimal willingness to pay x does not depend on the deductible K .

The next sections will provide an experimental test of these predictions.

3.2 The Experiment

3.2.1 Experimental Design

Our experimental design is made of two stages. In the former, the subjects perform two
real effort tasks (multiple-choice questionnaires) and are faced with a set of choices
aimed at eliciting in an incentive-compatible way their attitude towards ambiguity
of different sources. In the latter, we elicit their willingness to pay for insurance in
ten scenarios where the probability to incur a loss is ambiguous. We present two
treatments: “high perceived competence” (henceforth “HIGH”) and “low perceived
competence” (henceforth “LOW”) that differ only for how Questionnaire A in Stage 1
is assigned to the subject (more details below). The main features of the experimental
design are summarized in the flow chart In Fig. 1.

To provide a rationale for the experiment, we briefly describe here the two stages
and postpone the details to Appendix A1.

In Stage 1 (“Questionnaires Stage”), subjects take part into two different general
knowledge, multiple-choice questionnaires. The former (Questionnaire A) is assigned
to the subject according to a ranking she made among four questionnaires on differ-
ent topics (Sport, Showbiz, History, and Literature). In Treatment HIGH, the subject
receives the questionnaire she ranked as first (i.e. the favorite) among the four top-
ics; in Treatment LOW, the subject receives the questionnaire she ranked as last (i.e.
less appreciated) among the four topics. To avoid strategic behavior, the subjects are
informed about the use we would made of their ranking only after they made it. The
latter questionnaire (Questionnaire B) is compulsory and equal for all participants.

Before reading and answering the questions, we collect a set of measures of over-
confidence relying on Moore and Healy (2008)’s classification. Subjects are asked to
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Fig. 1 Experimental design

Start 
Topic 

ranking 

Stage 1: 
Ques�onnaires A 

and B 
Treatments 

HIGH OR LOW 

Ex-ante 
measures of 

overconfidence 

Ques�onnaires 
comple�on 

Ex-post 
measures of 

overconfidence 

Measures of 
ambiguity 
a�tude 

Stage 2: 
Insurance 

choices 
     End 

assess their ex-ante estimation of their ability in both questionnaires and of the ex-ante
perceived degree of competition in the selected Questionnaire A (i.e. how many sub-
jects in the session chose that particular questionnaire among the possible four). After
the end of each questionnaire, individuals are asked to provide their ex-post estimation
of her own ability and perceived ex-post placement in both questionnaires. Subjects’
ambiguity attitudes are captured in an incentive-compatible way by asking subjects to
bet on their estimations or choose between pairs of lotteries.

Each pair of lotteries involves a risky (50–50) lottery and an ambiguous lottery. As
in Ellsberg (1961), the 50–50 risky lotteryworks as a benchmark tomeasure ambiguity
aversion. In fact, in Ellsberg’s two-color problem, subjects were facedwith an urn with
50 red and 50 black balls (the risky urn) and another with 100 balls in an unknown
combination of red and black balls (the uncertain or ambiguous urn). People were
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defined as ambiguity averse when they preferred to bet on the risky urn, regardless
of the winning color. We thus elicit trade-offs between series of pairs of lotteries
presenting contrasts between the 50–50 risky lottery and four alternative ambiguity
lotteries. We follow Chakravarty and Roy (2009)’s methodology, which is aimed to
capture an ambiguity aversion indicator revealed by the switch from the 50–50 risky
lottery to ambiguous ones. Their methodology is consistent with the theory of smooth
ambiguity, proposed by Klibanoff et al. (2005), which enables to distinguish between
attitudes towards risk and towards ambiguity.

We vary the source of ambiguity for the ambiguous lottery in each pair, presenting
four possibilities: bet on a random draw from an unknown urn à la Ellsberg (where the
probabilities are unknown), bet on a random draw from a Bingo-Blower (where the
actual probability to draw the selected color is 50%, but the probability is not known
to subjects), bet on their own relative performance of in Questionnaire A (where
the probability of success reflects the subject’s relative performance in Questionnaire
A), bet on the relative performance of in Questionnaire B (where the probability of
success reflects the subject’s relative performance in Questionnaire B). The order of
the pairwise choices was randomized. Figure 2 below portrays the Bingo Blower used
during the experiment. As shown, the Bingo Blower is a rectangular-shaped, glass-
sides box located in the room where the experiment takes place. Inside the glass walls
there was a set of pink, yellow, and blue balls in continuous motion being moved about
by a jet of wind from a fan in the base, with the number of yellow balls (20) that equals
the sum of pink (12) and blue balls (8). The objective probability of ejecting a yellow
ball is thus 50%.

Stage 2 (“Insurance Stage”) elicits individuals’ willingness to pay for self-
insurance after informing subjects about the tokens they earned. We present subjects
with ten different scenarios where the tokens collected in the previous three stages
can be all lost with a probability that differs according to the scenario. This probabil-
ity can be known (50%) or ambiguous: ambiguity can derive from the four sources
used in Stage 1 (a random draw from an unknown urn à la Ellsberg, a random draw

Fig. 2 The Bingo Blower used in
the experiment
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from a Bingo-Blower, the relative performance of in Questionnaire A, the relative
performance of in Questionnaire B). Five of the ten scenarios reflect the case of full
coverage, where subjects can be fully refunded in case of loss; the other five refer to
partial coverage, where subjects are only partially refunded in case of loss (and pay
a strictly positive deductible). We both randomized the order between full and partial
coverage scenarios, and the order of the five scenarios of each type.

3.2.2 Experimental Procedure

Subjectswere recruited viaORSEE (Greiner 2004).We rannine computerized sessions
with 135 participants in total (nine sessions with 15 subjects each). We had four
sessions of 15 subjects (60 subjects in total) for treatment HIGH, and five sessions of
15 subjects (75 subjects in total) for treatment LOW. Participants were undergraduate
students, with 50% males. We employed a between-subjects design: no individual
participated in more than one session. In each session, the participants were paid a 5e
show-up fee, plus their earnings from the experiment (with average earnings equal to
17.31e, show-up fee included). At the beginning of each session, participants were
welcomed and, once all of them were seated, the instructions were handed to them in
written form before being read aloud by one experimenter. Instructions are presented
in Appendix A2. Sixty-three per cent of subjects classified the experiment as “easy”:
this result confirms that participants were able to understand the instructions and most
of them did not have trouble during it; this is also indirectly confirmed by the fact that
all sessions lasted one hour with no delays.

4 Results

4.1 Overview

We start by presenting the experimental results by observing that subjects were
distributed quite homogeneously across the four topics available for the competence-
based questionnaire (Questionnaire A). For what concerns the first choice (i.e. their
preferred topic), which were relevant in treatment HIGH, 21% of subjects selected
Sport, 32% Showbiz, 16% History, and 31% Literature. On the other hand, the last
choice (i.e. their least preferred topic), which were relevant in treatment LOW, saw
38% of them selecting Sport, 17% Showbiz, 8% History, and 37% Literature.

Forwhat concernsQuestionnaireA,we find a significant difference in actual perfor-
mance between treatments. In treatment HIGH (where the Questionnaire A assigned
is the favorite one), subjects’ average score is significantly higher than in treatment
LOW(where theQuestionnaireA assigned is the one ranked as last): the average scores
are 10.98 vs. 8.90: Mann–Whitney–Wilcoxon two-tailed test: z � 3.753: p < 0.001.
We thus succeeded in introducing two selection procedures that lead to significant
differences in average performance. As expected, there is no significant difference in
Questionnaire B scores across treatments (10.76 vs. 11.31, Mann-Whitney-Wilcoxon
two-tailed test: z � − 0.942: p � 0.346).
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Let us turn to the comparison between scores in the competence-based (Ques-
tionnaire A) and no-competence questionnaire (Questionnaire B) in terms of actual
performance and confidence. In treatment HIGH, there is no significant difference
between Questionnaire A and Questionnaire B scores (average score: 10.98 vs. 10.76:
t-test: t� 0.553, p� 0.582). This suggests that the choice of the topic in Questionnaire
A has a simple effect: subjects are not more competent, but just feel more competent
ex-ante than in Questionnaire B. This is true either in absolute terms (average ex-ante
overestimation: 1.733 vs. − 0.786: t-test: t � 3.658, p < 0.001) or in relative terms
(average ex-ante placement: 54.67% of subjects declare to be “better than average”
in Questionnaire A vs. 41.33 in Questionnaire B: t-test: t � − 1.737, p � 0.021).
On the contrary, in treatment LOW (where the Questionnaire A assigned is the less
preferred) subjects’ average score in Questionnaire A is significantly lower than score
in Questionnaire B (average score: 8.98 vs. 11.31: t-test: t� 4.826, p < 0.001). In both
questionnaires A and B, subjects are very well calibrated in predicting their perfor-
mance ex-ante in absolute terms (average ex-ante overestimation: − 0.05 vs. − 0.50:
t-test: t � 0.609, p � 0.544).

After completing the questionnaires, subjects are asked again to predict their score:
the overestimation observed in Questionnaire A in treatment HIGH disappears and the
difference in overestimation between the Questionnaires A and B vanishes (average
ex-post overestimation:− 1.00 vs.− 0.733: t-test: t�− 0.543, p� 0.588). In treatment
LOW, the difference stays non-significant (average ex-post overestimation:− 0.300 vs.
− 0.883: t-test: t � − 0.998, p � 0.322). These findings suggest that experience has a
positive role on shaping confidence: after directly engaging in the task, subjects update
their beliefs and learn to assess their competencemore precisely, also in situationwhere
they exhibited ex-ante overconfidence.

Subjects update their beliefs correctly: indeed, there is no effect of the perceived
performance in Questionnaire A on the preference for betting on their performance or
on risk, with subjects who expected to be better than average that behaved in the same
way than subjects who thought to be worse than average (Mann-Whitney-Wilcoxon
two-tailed test: z � − 0.162, p � 0.871). Nonetheless, subjects prefer to bet on their
relative performance in Questionnaire A than betting on risk: subjects on average
prefer the ambiguous lottery - where the probability towin corresponds to their relative
performance (measured by the percentile) in Questionnaire A - than risk (t-test: t �
2.056, p � 0.041). Furthermore, the percentage (66%) raises to 71% among subjects
who rank better than the average (t-test: t � 4.060, p � 0.001). Interestingly, there is
no difference between treatments HIGH and LOW: subjects prefer to bet on their own
performance not only when they feel confident (treatment HIGH) but also when the
assigned questionnaire topic is the one they ranked as the least preferred (treatment
LOW) (Mann–Whitney–Wilcoxon two-tailed test: z�− 0.162, p� 0.872). A possible
explanation is that, when facing uncertain outcomes, subjects prefer to win because
of their own ability than because of chance, in line with the findings on the self-
attribution bias illustrated in Sect. 2. Not only subjects become overconfident because
they attribute success to own ability and failure to external causes, as the literature
shows: our result reveals that subjects do prefer to engage in situations where success
can be attributable to own ability, although this is not increasing their chances to win.
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Table 1 Summary statistics
Questionnaire A Questionnaire B

Choice of topics (% of subjects who chose as first)

Sport 21 Sport 38

Showbiz 32 Showbiz 17

Literature 31 Literature 37

History 16 History 8

Average score (out of 20 questions)

Treatment high 10.98 Treatment high 10.76

Treatment low 8.9 Treatment low 11.31

Ex-ante overestimation

Treatment high 1.733 Treatment high − 0.786

Treatment low − 0.05 Treatment low − 0.50

Ex-post overestimation (% BTA)

Treatment high − 1.00 Treatment high − 0.300

Treatment low − 0.733 Treatment low − 0.883

Ex-ante overplacement (% BTA)

0.5467 0.4133

Perceived competition

5.29 n.a.

For what regards the degree of perceived competition, subjects tend to overestimate
the number of peers they are competing with in Questionnaire A: 5.29 estimated com-
petitors vs. 2.50 actual competitors (t-test: t � − 12.15, p < 0.001), with no difference
across treatments. Although overestimated, competition in Questionnaire A is obvi-
ously lower than competition in Questionnaire B, since in the latter subjects compete
with all their peers in the session (each session has 15 participants). Furthermore, it
is worthwhile noting that in treatment LOW subjects are aware that other participants
are asked to bet on their performance in the task they ranked as worst (as they were),
so they are experiencing the same difficulties peers had. Similarly, in treatment HIGH
subjects know they are competing with peers who self-selected in the preferred task
(so very competent ones). Subjects do not neglect the reference group (see the semi-
nal work by Camerer and Lovallo 1999 on the widespread “reference group neglect”
attitude) and, on average, assess their relative performance taking into account that
competitors were selected in the same way they were. These statistics are summarized
in Table 1 below.

For what concerns subjects’ preference for ambiguity vs. risk, in the “no-
competence” Questionnaire B our participants on average are indifferent between risk
and ambiguity (t-test: t � 0.946, p � 0.345). The percentage of subjects preferring
this type of ambiguity (54%) does not change if we restrict the sample to subjects who
rank better than the average (t-test: t � 1.418, p � 0.159). There is also no significant
difference between subjects who believed to be better than average in Questionnaire B
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and thosewho thought to beworse than average (Mann–Whitney–Wilcoxon two-tailed
test: z � 0.211, p � 0.833).

When considering ambiguity deriving from external sources (unknownurn à la Ells-
berg and Bingo-Blower), subjects prefer on average betting on risk than on ambiguity.
When the source of ambiguity is the Bingo-Blower, 61% of subjects prefer betting on
a risky 50–50 gamble than betting on the draw of a yellow ball (our Bingo-Blower
contained 50%yellow ball and 50% of blue and pink balls) (t-test: t � − 2.546, p
� 0.012). Second, when facing the choice between a risky urn and Ellsberg’s urn of
unknown composition, 75% of them prefer risk, 9% ambiguity, and 16% are indiffer-
ent. This result is consistent with the Bingo Blower resulting a less “suspicious urn”
(Ahn et al. 2014) with respect to urns where the probability of drawn a certain color
is unknown and perceived as unfavorable by participants. In the Bingo Blower, all the
balls can be seen by people outside, but, unless the number of balls is low, the number
of balls of differing colors cannot be counted because they are continually moving
around: while objective probabilities do exist, subjects cannot know them.

Result 1 In case of pairwise choices between lotteries, subjects prefer “internal”
ambiguity to risk when dealing with competence-based tasks, are indifferent between
“internal” ambiguity and risk when the task does not involve competence, and prefer
risk to “external” ambiguity.

4.2 Insurance Decisions

We now turn to the analysis of insurance choices, when the probability of incurring
a loss is risky or ambiguous and the sources of ambiguity are the same used in the
pairwise choices between lotteries illustrated above. The table below summarizes the
average amount of tokens subjects pay for self-insurance in the ten scenarios.

The amount of tokens invested in insurance ranges on average from 25.7 to 36.7%
of the endowment. It is important to recall that, if a loss occurs and the subject has
no insurance, subjects will lose all the tokens they earned. Furthermore, subjects are
“playing” with tokens they have earned, and not with a pure endowment received with
no effort.

Although the literature has emphasized frequent cases of preference reversal when
comparing pairwise choices and investment decisions, our findings on subjects’ insur-
ance choices are quite consistent with the results described in the previous section.
As shown above, when subjects face pairwise choices, on average they prefer internal
ambiguity to risk and risk to external ambiguity. When investing in self-insurance to
avoid losses, subjects appear to be equally disturbed by risk and “external” ambiguity
(and exhibit similar willingness to pay for insurance) and to prefer “internal” ambi-
guity to risk (showing lower willingness to pay). Their willingness to pay is shown to
depend on the source of ambiguity, as emphasized in prediction (I).

As emerges from Table 2, subjects pay on average the highest amount of tokens
in self-insurance against Bingo-Blower ambiguity (labelled as Amb. B.B. in Table 1).
The result on Bingo-Blower ambiguity holds both in case of full coverage and in case
of partial coverage. In the former case, the average amount (408) is significantly higher
than the average amount they invest in case of risk (358) (t-test: t� 2.604, p� 0.005);
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Table 2 Willingness to pay for self-insurance (tokens invested)

Scenario Coverage Description Avg. % of endw. Std. dev. Min Max

1 Full Risk 50–50 358 28.3 242 0 1121

2 Full Amb. E. Urn 399 31.5 320 24 1710

3 Full Amb. B.B. 408 32.3 311 0 1596

4 H Full Amb. Quest. A (HIGH) 288 22.7 255 0 1209

4 L Full Amb. Quest. A (LOW) 353 27.9 254 0 1638

5 Full Amb. Quest. B 335 26.5 310 0 1811

6 Partial Risk 50–50 410 32.4 346 0 2018

7 Partial Amb. E. Urn 425 33.6 314 0 2270

8 Partial Amb. B.B. 466 36.7 362 0 2270

9 H Partial Amb. Quest. A (HIGH) 316 25.0 279 0 1520

9 L Partial Amb. Quest. A (LOW) 357 28.2 278 0 1638

10 Partial Amb. Quest. B 373 29.5 309 0 1897

The average amount of endowed tokens is 1265. For Amb. Quest. A we provide the average amount of
tokens in both treatments (rows 4 H and 4 L, 9 H and 9 L respectively, where H refers to treatment HIGH
and L refers to treatment LOW). E. Urn refers to the Unknown Urn à la Ellsberg, whereas B.B. stands for
Bingo-Blower

in the latter, the average amount (466) is significantly higher than the average amount
they invest in case of risk (410) (t-test: t � 1.705, p � 0.046). The willingness to pay
in case of ambiguity on the composition on an unknown urn à la Ellsberg (labelled
as E. Urn in the Table) does not differ significantly from risk. The average amount
of invested token with unknown urn is non-significantly different from the average
amount in case of risk both in case of full coverage (399 vs. 358, t-test: t � − 1.356, p
� 0.177) and in case of partial coverage (425 vs. 410, t-test: t � − 0.666, p � 0.506).
We interpret such a high willingness to pay in the Bingo Blower scenario as follows:
since the yellow balls are more abundant (20) with respect to pink (12) and blue (8)
balls in the Bingo Blower (although being half of the total number of balls), subjects
may perceive the probability of incurring a loss as higher than it actually was (50%).
Figure 2 above can give an idea of the perceptions our experimental subjects might
have had.

Consistently with what emerges with pairwise choices, subjects appear to pre-
fer “internal” ambiguity to risk when ambiguity is related to the competence-based
task (Questionnaire A). In fact, the willingness to pay in case of performance in the
competence-based task is significantly lower than in case of risk. However, this occurs
only in case of the HIGH treatment (288 vs. 358, t-test: t � − 2.086, p � 0.020 with
full coverage; 316 vs. 410, t-test: t� − 2.782, p� 0.006 with partial coverage). In the
LOW treatment, there is no difference between willingness to pay in case of “internal”
ambiguity and in case of risk, both with full coverage (353 vs. 358, t-test: t � 0.080,
p � 0.936 with full coverage; 357 vs. 410, t-test: t � 0.965, p � 0.338 with partial
coverage). In case of pairwise choices, we observed no significant difference between
treatments, suggesting that perceived competence did not play any role in shaping
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the preference for “internal” ambiguity with respect to risk. On the contrary, when
insurance decisions are concerned, we find on average a significantly lower willing-
ness to pay for insurance against losses determined by own performance, but only in
treatment HIGH, i.e. when they ensure against a potential loss whose probability is
related to a domain where they feel competent on average, in line with prediction (II).
In treatment LOW, their willingness to pay is as high as in case of risk.

When considering Questionnaire B, i.e. the no-competence task, we find no signif-
icant difference in the willingness to pay between risk and “internal” ambiguity (358
vs. 335, t-test: t � − 0.924, p � 0.356 with full coverage; 410 vs. 373, t-test: t � −
1.368, p � 0.173 with partial coverage). As expected, there is no difference between
treatments.

Result 2 In case of insurance decisions, subjects who completed a task where they felt
competent exhibit a lower willingness to pay for insurance. When subjects do not feel
competent or with no competence-based task, their willingness to pay is the same they
exhibit in case of risk. “External” ambiguity is perceived as disturbing as risk or even
more threatening than risk: the average willingness to pay in case of ambiguity is not
significantly different from risk (unknown urn à laEllsberg) or higher (Bingo-Blower).

Interestingly, in all the five scenarios the willingness to pay with partial coverage is
never significantly different fromwillingness to paywith full coverage, as predicted by
the model in prediction (III). Subjects seem to be more interested in avoiding ending
up with zero tokens, than to their expected earnings. In particular, it turns to be even
higher in case of risk (358 vs. 410, t-test: t � − 2.090, p � 0.038) and in case of
Bingo-Blower ambiguity (408 vs. 465, t-test: t � − 2.144, p � 0.033). In the other
cases, the difference is not significant: in case of unknown urn: 398 vs. 425, t-test: t
� − 0.880, p � 0.380; in case of Questionnaire A: 324 vs. 338, t-test: t � − 0.606,
p � 0.545; in case of Questionnaire B: 335 vs. 373, t-test: t � − 1.628, p � 0.097
in case of Questionnaire B). This finding cannot be due to any” order effect”, since
our subjects received the ten scenarios is a randomized sequence. The result seems to
suggest that subjects exhibit some “fixed” willingness to pay that reflects their desire
not to end up with zero tokens, without much sensitivity to how much is paid.

Result 3 The willingness to pay for insurance is not affected by the level of insurance
coverage.

4.3 Regression Analysis

This section provides a further exploration of the determinants of subjects’ insur-
ance choices in case of “internal” ambiguity. Since the non-parametric tests have
enlightened a crucial difference between subjects’ behavior when the probability of
loss reflects their percentile in the competence-based task (Questionnaire A) with
respect to their behavior when the probability of loss reflects their percentile in the no-
competence task (Questionnaire B), we compare the results on “internal” ambiguity in
the two questionnaires and also account for potential differences between willingness
to pay for full and partial coverage.
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The non-parametric tests shown above have emphasized the presence of a treatment
effect in the presence of insurance decisions thatwas not atwork in the pairwise choices
framed in terms of wins: when dealing with losses, subjects who feel competent in
a task are willing to pay significantly less for insurance. We can explore this issue
further using the information gathered in the first part of the experiment, where we
elicit subjects’ (over)confidence in absolute and in relative terms, ex-ante and ex-post.
Results are summarized in Table 3.

Table 3 reports OLS estimation of the ratio between the tokens invested in insur-
ance when the probability of loss is risky 50–50 and when the probability of loss is
respectively the subject’s percentile in Questionnaire A (columns 1–2) and the sub-
ject’s percentile in Questionnaire B (columns 3–4). The ratio represents a proxy for
the parameter γ characterized in Eq. (2) and can be thus interpreted as a measure of
how the perceived probability of incurring a loss is affected by confidence. Columns 1
and 2 refer to the competence-based Questionnaire A, whereas columns 3 and 4 to the
no-competence Questionnaire B. Moreover, columns 1 and 3 refer to full coverage,
and columns 2 and 4 to partial coverage.

The regression analysis shows an interesting result that complements the ones
emerged in non-parametric tests on the treatment effect: the treatment (HIGH versus
LOW) entails a significantly lower willingness to pay for insurance (with respect
to risk) for Questionnaire A only for subjects who think they are better than the
average, i.e. subjects who overplaced their performance in relative terms. This result
holds also once controlling for performance, which we measure by using the actual
score in Questionnaire A, that turns out to be negatively and significantly related
to the willingness to pay. In case of Questionnaire B, neither placement nor actual
performance play any role.

Result 4 In case of insurance decisions, subjects who believe to be “better than the
average” showa significantly lowerwillingness to pay for insurance in the competence-
based task. This result holds when controlling for performance and do not depend on
the type of coverage.

5 Discussion

Uninsurance and underinsurance are highly widespread in developing and developed
countries and represent a major problem for individuals but also for collective welfare.
If in some situation governments can make insurance compulsory, there is a set of lim-
itations that prevents these “paternalistic” interventions. Theory-driven experiments
as the ones presented in this paper can provide some hints to understand why uninsur-
ance and underinsurance occur in a controlled environment and provide a guidance
for stimulating changes in insurance buyers’ behaviors.

The original contribution of this paper consists of shedding light on the role of
ambiguity in shaping insurance decisions, and in particular in addressing the effect
of the source (internal versus external) of ambiguity on subjects’ willingness to pay.
Individuals can insure against a plethora of negative events that are often treated as
unique in the literature but differ on several aspects. Some of these occurrences require
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Table 3 Ratio in WTP between risk and internal ambiguity

Variables (1)
Full A

(2)
Part A

(3)
Full B

(4)
Part B

Treatment 1.001 0.987

[0.488] [0.332]

Score quest. A 0.067 0.042

[0.078] [0.051]

Placement quest. A 0.118 0.115

[0.438] [0.245]

Treatment* placement quest. A 0.167** 0.198**

[0.059] [0.119]

Perceived competition quest. A 0.007 0.001

[0.002] [0.001]

Earnings 0.035 0.041 0.009 0.097*

[0.044] [0.057] [0.052] [0.054]

Score quest. B 0.182 0.341

[0.686] [0.012]

Placement quest. B 0.918 1.215

[0.889] [0.935]

Treatment* placement quest. B 0.023 0.167

[0.002] [0.124]

Order effect − 0.059 0.019 0.003 - 0.073

[0.045] [0.049] [0.044] [0.044]

Constant 2.117 2.005 3.820 3.046

[2.630] [2.619] [2.412] [2.345]

Observations 135 135 135 135

R-squared 0.341 0.321 0.236 0.324

OLS estimation. Robust standard errors in parentheses. The dependent variable is the ratio between the
tokens invested in insurance when the probability of loss is risky 50–50 and when the probability of loss
is: the subject’s percentile in Questionnaire A (columns 1–2) and the subject’s percentile in Questionnaire
B (columns 3–4). Columns 1 and 3 refer to full coverage, columns 2–4 to partial coverage. Treatment is a
dummy variable equal to 0 when the Questionnaire A assigned is the one ranked as first (treatment HIGH),
and equal to 1 when the Questionnaire A assigned is the one ranked as last (treatment LOW). Placement
Quest. A and Placement Quest. B are dummy variables assuming value equal to 0 if subjects state they
are better than average, and value equal to 1 when subjects state they are worse than average. Unreported
controls: gender, age, experience in previous experiments, Major. ***p < 0.01, **p < 0.05, *p < 0.1

the subject to evaluate her own characteristics, on which she possibly has more—but
potentially biased—information, for instance in presence of overconfident judgements.
Others depend on external causes but still entail the need for the subject to estimate the
likelihood of the loss. Addressing this difference could lead to a better comprehension
of the reasons why people tend to neglect some dangers and to be extremely sensitive
to others.
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We propose a model that captures the ambiguity on the probability of incurring the
loss by representing the agent’s beliefs about the possible values of this probability
by a second-order probability distribution. The peculiarity of this model is assuming
this probability to depend on the source of ambiguity and account for the subject’s
confidence about her ability or characteristics. We test the model predictions through
a set of lab experiment where subjects have to reveal their willingness to pay for
insuring against events that may cause them incur losses. They face ten scenarios
differing on the probability of loss, which can be known or ambiguous. Ambiguity
can alternatively depend on their characteristics (namely their ability in two previous
tasks) or on events that are unrelated to them. To gather further information, we explore
participants’ attitude towards both types of ambiguity also when subjects’ decisions
are framed in terms of wins, where they have to choose between pairs of lottery.

Our results show that, both in case of insurance and pairwise choices, individuals
prefer “internal” ambiguity to risk, when “internal” ambiguity is related to their per-
formance in a competence-based task where they self-select. It means that they seek
ambiguity and do not contrast it by buying insurance when their probability to win or
loss depend on their ability in a task where they feel confident. Furthermore, dealing
with a no-competence task is perceived like dealing with risk.

Interestingly, whereas in case of pairwise choices, feeling overconfident or under-
confident does not play any role in shaping their preference for internal ambiguity
versus risk, in case of insurance decisions overconfidence determines a significantly
lowerwillingness to pay. This finding is supported by a regression analysis that enlight-
ens the effect of perceived placement (we rely on the definition of overconfidence in
sense of placement, seeMoore and Healy 2008) on willingness to pay. The conclusion
we draw is that a remarkable reason why people underinsure is their tendency to be too
optimistic in evaluating their abilities or characteristics. This might be the case of pro-
fessional liability, health and car insurance, which are typically mandatory. However,
compulsory provisions are generally partial and complemented by voluntary devices:
individuals might react by reducing the level of voluntary self-insurance (Ehrlich and
Becker 1972), but this depend crucially on their risk attitude (Pannequin et al. 2015).

For what concerns losses that do not depend on the subject’s characteristics but
on exogenous events, we observe that, in presence of insurance choices, “external”
ambiguity and risk entail a similar level of willingness to pay; with pairwise choices,
subjects prefer risk to “external” ambiguity. The message we get is that, in the loss
domain, people donot account for their possible imprecision in estimating the probabil-
ity to lose and treat ambiguity exactly as risk, somehow overestimating their capability
to anticipate the correct probability that a negative event would imply. This result is
consistent with the phenomena of widespread underinsurance or even uninsurance in
case of natural disasters, which subjects treat as case of “measurable risk” with very
low probability to occur.

As ancillary research question, we compare willingness to pay for insurance in case
of full and partial coverage: if subjects buy insurance, the whole loss is refunded in
the former case, or just half of it in the latter, respectively. Surprisingly, although the
expected payoff is lower in case partial coverage, we do not find evidence of a lower
willingness to pay. This finding is in line with the model prediction that reveals agents’
optimal willingness to pay as not dependent by the deductible level. This result is in
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line with Pannequin et al. (2014)’s experiment, which shows that individuals do not
choose their levels of coverage (insurance and prevention) to equalize the marginal
benefits from the two instruments, but follow a mental accounting model where they
pursue a strongly stable global amount of coverage across insurance tariffs.

6 Conclusions

This paper investigates individuals’ self-insurance choices through a model and a lab
experiment that elicit subjects’ willingness to pay in a set of scenarios differing on
the type of uncertainty involved (ambiguity vs. risk) and its source (“internal” vs.
“external”). In general, our results provide support to the evidence that the demand
for insurance persistently depart from the predictions based on the von Neumann-
Morgenstern expected-utility framework. This occurs in a least two aspects. First, we
find that individuals do not treat ambiguity as risk, and do not treat ambiguity gen-
erated by different sources in the same way. Overall, they appear to be much more
disturbed by ambiguity stemming from the context (what we call “external” ambigu-
ity) than by ambiguity related to their performance or traits (“internal” ambiguity).
We compare pairwise choices between lotteries involving gains only, and insurance
decisions aimed at avoiding losses, finding that a preference reversal occurs in case of
internal ambiguity for overconfident subjects. Providing full or partial coverage does
not affect the willingness to pay for insurance. Our findings provide a new explanation
for the widespread evidence on uninsurance and underinsurance.
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Appendix

Detailed Description of the Experimental Design

This section illustrates the details of the experimental design. Subjects are randomly
assigned to two treatments (HIGH and LOW); in both treatments, subjects will be
involved in a one-shot game composed by the two stages described below. The exper-
imental currency we use is called “token”: each token is worth 0.01 euros.

Stage 1 (“Questionnaires Stage”). Subjects will face two questionnaires or tasks.
Questionnaire A is assigned according to a ranking the subject submits and can deal
with one among four topics (sport, showbiz, history, and literature). Questionnaire
B is a general knowledge task that is compulsory and equal for everybody. To avoid
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strategic behavior, subjects are asked to provide a ranking of the topics before know-
ing how the specific Questionnaire A will be assigned to them. Both questionnaires
involve twenty multiple-choice questions with four possible answers, where only one
is correct. To ensure subjects put proper effort in picking the correct answer, both
questionnaires are monetarily incentivized: they will earn a certain 40 tokens for
each correct answer. Since they are supposed to order the topics of Questionnaire A
according on their perceived competence in the four topics, we can consider Ques-
tionnaire A as a “competence-based” (high or low, according to the treatment) task
and Questionnaire B as a “no-competence” task. We elicit subjects’ beliefs about their
competence in answering both the questionnaires (on a 0–20 scale, being 20 the max-
imum score they can reach) before they face them. This answer captures subjects’
ex-ante self-evaluation of competence in absolute terms (ex-ante “estimation” in the
competence-based task and in the no-competence task). Furthermore, since the num-
ber of other subjects completing the same questionnaire is unknown, and with it the
number of peers the subject’s performance will be compared to, for Questionnaire A
subjects have to guess how many participants in the session chose the same question-
naire they received. This is to identify the number of expected competitors. For both
(incentivized) guesses, they earn W1 and W2 tokens (both W1 and W2 are set equal
to 50 tokens) respectively if they are correct or they over/underestimate the correct
number of 1 unit.

Subjects have then to evaluate their absolute performance in the questionnaire of
type A (ex-post “estimation” in the competence-based task) they selected: the closer
to the effective score their prediction is, the higher number of tickets they receive for
taking part into a lottery called “Alpha”. Subjects can choose between playing lottery
Alpha -where all the tickets earnedby the participants in the session are pulled together,
only one wins W3 and the others get zero - or another lottery (Beta) where they win
both W3 or zero with probability 1/n where n is the (fixed) number of participants in
the session (including also the ones who did not choose Lottery Beta). This choice
identifies subjects’ preference for internal ambiguity (based on relative precision) in
the competence-based task with respect to risk. W3 is set equal to 200 tokens, based
on our conjecture that we had sessions of 15 subjects and subjects were equally likely
to choose one of the four questionnaires A.

Second, subjects have to evaluate their absolute performance in the task of type B
(ex-post “estimation” in the no-competence task) and choose between betting on the
correctness of their answer (they win if they over/under estimate of one correct answer
at the maximum) or on a 50/50 lottery. In both lotteries, they win W4 or get zero. This
choice identifies subjects’ preference for internal ambiguity (based on placement) in
the low-competence task with respect to risk.

Third, subjects have to guess whether their score in task B is higher, equal or lower
than the average score in the session. They earn W5 if they are correct. This guess
identifies subjects’ ex-post placement in the no-competence task. Both W4 and W5
are set equal to 50 tokens.

Fourth, subjects have to estimate the composition of an unknown urn à la Ellsberg
and choose between betting on it or on a 50/50 lottery, earningW6 if right. This choice
captures subjects’ preference for external ambiguity (based on an exogenous source)
with respect to risk. W6 is set equal to 50 tokens.
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Fifth, subjects have to estimate the number of yellow balls in the Bingo-Blower and
choose between betting on the correctness of their answer (they win if they over/under
estimate of one ball at the maximum) or on a 50/50 lottery. In both lotteries they win
W7 or get zero, with W7 equal to 50 tokens. This choice captures another subjects’
preference for external ambiguity (based on an exogenous source, this time the Bingo-
Blower) with respect to risk.

Stage 2 (“Insurance Stage”). Subjects receive a feedback on their earnings in Stage
1. Then, they are presented with ten possible scenarios where they take part in lotteries
that can determine the loss of their whole endowment, i.e. the amount of money they
have earned in the first three stages of the experiment.

In scenarios 1 to 5, subjects can avoid the risk of incur the loss of their endowment
by buying insurance: they have to reveal their willingness to pay by stopping a clock
showing a price increasing from zero tokens to their endowment according to a second-
bid auction à laVickrey (as inDiMauro andMaffioletti, 1996; 2000). Thefive scenarios
differ on the probability to loss the endowment, that is: (1) unknown (purely ambiguous
lottery); (2) equal to 50% (risky lottery); (3) equal to the probability to draw a non-
yellow ball in the Bingo-Blower (ambiguity lottery based on Bingo-Blower); (4) equal
to one minus the subject’s percentile in Questionnaire A; (5) equal to one minus the
subject’s percentile in Questionnaire B. The five scenarios are presented to subjects
in a randomized order.

In scenarios 6 to 10, subjects are presented with the same probabilities of incurring
in losses but they can pay to have half of their endowment refunded. The aim is
contrasting full insurance coverage (scenarios 1 to 5) to partial insurance coverage
(scenarios 6 to 10). As above, the scenarios are presented to subjects in a randomized
order. To avoid any priming effect between full or partial coverage, we made a double
randomization. First, we randomized the order between full coverage scenarios and
partial coverage scenarios. Second, we randomize the order between the scenarios 1–5
and 6–10 (1–5 and 6–10 are just labels used here for sake of simplicity, but do not
reflect any implementation order).

At the end of Stage 2, the computer randomly selects one of the ten scenarios
to count, selecting any scenario with equal chance: Cox et al. (2014) show that this
mechanism of payment effectively elicits subjects’ true preferences by limiting the
influence of confounding factors such as wealth effects and cross-task contamination.

Experimental Instructions

Good morning, thank you for participating in this experiment. You are taking part into
a study on economic decisions. During the experiment, you can, depending on your
decisions and on other participants’ decisions, earn a considerable amount of money
in addition to the 3 euros you will receive anyway. The answers you give and the
choices you make will be totally anonymous. The experimenters will not be able to
associate your choices and your answers to your name.

During the experiment you cannot communicate with other participants (otherwise
youwould be excluded from the experiment) and you should be very careful in reading
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the instruction that will appear on your screen and will be read out by one of the
experimenters. If you have any questions, please ask the experimenters.

Your earnings will be calculated in tokens; each token will be converted in euros at
the following ratio: 1 token � 0,01 euros.

At the end of the experiment, you will be asked to fill a short questionnaire; after-
wards, we will proceed with the payment, that will occur in cash.

The experiment consists of 2 stages.
In Stage 1, you will be asked to take part into two Questionnaires (A and B).

Each questionaire will be made of 20 multiple-choice answers. Before and after the
questionnaire, you will be asked to make some evaluation on them.

In Stage 2, you will be asked to invest the earnings you made in the previous stage.
You will be presented with ten different scenarios: after a brief description of each
scenario, you will have to made your investment choice. Before starting Stage 2, you
will be informed about your earnings (in tokens).

Youwill receive more detailed instructions before completing each step. Please feel
free to ask any question or clarification once needed.

Enjoy!
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