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LAURE CABANTOUS

AMBIGUITY AVERSION IN THE FIELD
OF INSURANCE: INSURERS’ ATTITUDE

TO IMPRECISE AND CONFLICTING
PROBABILITY ESTIMATES

ABSTRACT. This article presents the results of a survey designed to
test, with economically sophisticated participants, Ellsberg’s ambiguity
aversion hypothesis, and Smithson’s conflict aversion hypothesis. Based
on an original sample of 78 professional actuaries (all members of the
French Institute of Actuaries), this article provides empirical evidence
that ambiguity (i.e. uncertainty about the probability) affect insurers’
decision on pricing insurance. It first reveals that premiums are signifi-
cantly higher for risks when there is ambiguity regarding the probabil-
ity of the loss. Second, it shows that insurers are sensitive to sources
of ambiguity. The participants indeed, charged a higher premium when
ambiguity came from conflict and disagreement regarding the probabil-
ity of the loss than when ambiguity came from imprecision (imprecise
forecast about the probability of the loss). This research thus documents
the presence of both ambiguity aversion and conflict aversion in the field
of insurance, and discuses economic and psychological rationales for the
observed behaviours.

KEY WORDS: ambiguity aversion, conflict aversion, Ellsberg paradox,
insurance.

1. INTRODUCTION

Information imprecision and conflict are prevalent in insurance
decisions, especially non-life insurance, because experts may not
agree on the probability of the risk (e.g. the “mad cow disease”,
global warming) or because of a lack of large, reliable historical
data base (e.g. climatic risks). Since Ellsberg (1961) situations
where decision makers do not know the exact likelihoods of
each potential event are called “ambiguous” situations.
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The impact of such “uncertainty about the probability”
on choices has been well-documented and, contrary to what
the normative Subjective Expected Utility framework predicts
(Savage, 1954), there is much evidence that ambiguity affects
decision-making in some systematic ways: decision makers are
usually “averse to ambiguity” especially in the gain domain (e.g.
Camerer and Weber, 1992; Lauriola and Levin, 2001). In the
loss domain, though ambiguity aversion usually decreases (e.g.
Cohen et al. 1985, 1987; Viscusi and Chesson, 1999), numer-
ous studies have also detected ambiguity averse behaviours.
In the field of insurance for instance, insurers ask for higher
premiums under ambiguity than under risk, and insured per-
sons are willing to pay more to be insured against an ambig-
uous risk than a “risky” risk (Hogarth and Kunreuther, 1989;
Kunreuther et al., 1995).

Several experiments and surveys thus documented the idea
that ambiguity matters and significantly affect market prices.
However, so far, most of experimental studies have focused on
the impact of imprecision1 of the probabilities and/or of the
outcomes on behaviour (Budescu et al., 2002; Ho et al., 2002;
Kunreuther et al., 1995), and few have explored the impact
of ambiguity coming from “precise but conflicting” proba-
bilities (Chesson and Viscusi, 2003; Kunreuther et al., 1995;
Viscusi and Chesson, 1999). Moreover, when ambiguity has
been generated through conflict and disagreement between
sources of information, conflicting ambiguity and imprecise
ambiguity have been supposed “exchangeable”. Actually, apart
from Smithson (1999), we do not know any empirical paper
which clearly studies the sources of ambiguity (e.g. unreliable
probability, conflicting probability, imprecise probability, etc.),
and explores the differentiated impacts of different sources of
ambiguity on behaviours.

This study elaborates on Smithson’s interesting but unex-
plored distinction and considers that ambiguity can have two
different sources: imprecision and conflict. The survey was
designed to test empirically whether sophisticated participants,
i.e., professional actuaries who are experts in insurance, have
a high training in statistics, probability theory and economic



AMBIGUITY AVERSION IN THE FIELD OF INSURANCE 221

theory of decision making (e.g. Expected Utility Theory), have
preferences between those two different sources of ambiguity,
and are more averse to conflicting ambiguity than to imprecise
ambiguity. The main hypotheses to be tested were (a) whether
insurers do set up higher premiums under ambiguity (hereafter
the “ambiguity aversion hypothesis”, Ellsberg, 1961), and (b)
whether they set up higher premiums when ambiguity comes
from conflict and disagreement or from imprecision (hereafter
the “conflict aversion hypothesis”, Smithson, 1999). In line with
Smithson (1999), this article then investigates the concrete con-
sequences of informational preferences for different sources of
ambiguity, but it relies on sophisticated participants (instead of
students) and looks at concrete business decisions (i.e. insur-
ance decisions).

Furthermore, this study also examines empirically the
impact of familiarity and knowledge on attitude towards
ambiguity. Indeed, a recent stream of research has emphasised
the impact of individual source characteristics, such as the
competence, on attitude towards ambiguity, and showed that
more knowledgeable people may prefer ambiguous options
(Heath and Tversky, 1991). However, so far this “competence
hypothesis” has been tested in a very specific experimental
design, consisting in choosing between a bet on a general
knowledge question and a bet on a game of chance (Fox
and Tversky, 1995; Fox and Weber, 2002; Taylor, 1995). An
interesting question is then whether the competence hypoth-
esis still holds when participants are asked to price two
different options, both characterised by subjective probabili-
ties (e.g. sources of information give their own subjective fore-
cast about the likelihood of an event) but whose degree of
ambiguity varies (e.g. precise subjective probability vs. impre-
cise subjective probability). The article is then also inter-
ested in the impact of familiarity on insurers’ behaviour, and
the third hypothesis tested in this article is a revised version
of the competence hypothesis. Finally, this research explores
the link between a psychological measure of “intolerance of
ambiguity” and the conventional economic measure. Sherman
(1974), as well as Gosh and Ray (1992) for instance, found a
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modest correlation between Budner’s psychological scale of
“Intolerance of Ambiguity” and ambiguity aversion. Table I
below summaries the predictions regarding insurers
behaviours.

The remainder of the article is organized as follows:
Section 2 describes the survey design and Section 3 reports

TABLE I

Predictions regarding insurers behaviours

P1. Ambiguity
aversion

Insurers will set higher premium for a risk with
ambiguous probability, whatever the source of
ambiguity (i.e. conflict or imprecision) than for
a risk with non ambiguous probability.

P2. Conflict
aversion

P2.1. Insurers will set higher premium for an
ambiguous risk with a conflicting probability
than for an ambiguous risk with a consensual
but imprecise probability
P2.2. Insurers may react more strongly to con-
flict, and instead of charging higher premium for
an ambiguous risk with a conflicting probabil-
ity, they may reject the insurance demand. Then,
insurers will reject more insurance demands in
the conflicting condition than in the imprecise
condition.

P3. Competence
or Familiarity
effect

Ambiguity aversion decreases as familiarity
increases: insurers who are more familiar with
the risks that the scenarios describe, because
they usually deal with such risks, will exhibits
smaller ambiguity aversion.

P4. Ambiguity
aversion and
Intolerance of
ambiguity

Economic measures of “Ambiguity aversion” and
the psychological scale of “Intolerance to Ambi-
guity” will be positively correlated: the more
“intolerant to ambiguity” the decision makers
are, the more they will set high premium for risk
with ambiguous probability.
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the results. Section 4 explores economic and psychological
explanations of conflict aversion behaviour and concludes.

2. SURVEY DESIGN

2.1. Questionnaire design

The questionnaire was designed to ask insurers what
minimum pure premium2 they would charge for a particu-
lar risk. The respondents also had the possibility to refuse
the insurance demand. The risk contexts were an Earth-
quake (insuring a factory against a property damage caused
by an earthquake) and damage due to pollution (insuring a
plant that uses toxic chemicals during the production process),
using scenarios that were similar to ones used by Kunreuther
et al. (1995) and de Marcellis (2000). Both scenarios involved
environmental damages for firms because such damages, con-
trary to life insurance risks, are in general not perfectly mea-
surable (e.g. lack of data base, scientific controversies . . . ) and
thus ambiguous.

Table II outlines the three informational conditions that
were introduced. Note that whatever the informational
condition, (a) participants received information about the
probability of the risk from two independent sources of infor-
mation; and (b) there was no disagreement or imprecision
with respect to the size of the loss which was well specified.
In this article, the common “risky” condition is called the
Consensual and Precise probability (or Cs-p) case because in
that condition two sources of information agree on a precise
probabilistic prediction. Compared with this Cs-p condition,
the others two conditions are ambiguous: in the Consen-
sual and Imprecise probability condition (called Cs-i), ambi-
guity comes from imprecision (the probability belongs to a
range), whereas in the Conflicting and Precise probability
condition (called Cf-p), ambiguity comes from disagreement.
Note that generally speaking, conflict “refers to disagreement
over states of real reality that cannot hold true simultaneously”
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TABLE II

Presentation of three informational conditions4

Unambiguous condition Ambiguous conditions

Precise and Imprecise and Precise and
Consensual consensual conflicting
probability (Cs-p) probability (Cs-i) probability (Cf-p)

Both sources of Both sources of Each source of
information information information
agree on the agree on gives a precise
estimated the estimated estimate, but
probability. The probability. But the two
estimated the estimated estimates are
probability is precise probability is different
(a point estimate) imprecise (a range) (disagreement or

conflict on the
probability)

Both source A and Both source A and Source A says
source B say p =2% source B say pA =1% while

p ∈ [1%;3%] source B says
pB =2%

(Smithson, 1999), but in this study, conflict refers to disagree-
ment over the probabilities of the states (rather than over
the list of the states). This is because providing conflicting
probability estimates is one of the conventional way to estab-
lish ambiguity in the literature (cf. Kunreuther et al., 1995,
p. 340; Smithson, 1999; Viscusi and Chesson, 1999, pp. 158–
159).3 Finally, it is noteworthy that in both ambiguous Cs-i
and Cf-p conditions, the estimate ranged from pmin to pmax

such that the mean value of the range was exactly equal to
the probability provided in the unambiguous Cs-p condition.

In the Pollution scenario the loss was 1.5 million C, the
mean probability was p = 0.002 and the range was [0.001;
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0.003]. In the Earthquake scenario, the loss was higher (7.5
million C) and the probability larger (p =2%, p ∈ [0.01; 0.03]).
In both scenarios, the three informational conditions were
established exactly as described in Table II. In the Pollu-
tion scenario for instance, the information provided in the
unambiguous Cs-p condition was the following: “Environmen-
tal studies establish with precision that the probability of pol-
lution damage in the firm is p = 0.002”. Then, the ambiguity
of the situation was manipulated as follows. In the ambigu-
ous Cs-i condition, participants could read: “You have infor-
mation about the probability of the pollution risk, but you don’t
know precisely what the probability of the risk is. Some experts
of your Technical Department and some independent experts
estimate that this probability is imprecise. They agree on the
difficulty of giving a precise point estimate. According to those
experts, the mean probability of the risk is 0.002. More pre-
cisely, they agree on estimating that the probability belongs to
the range p [0.001; 0.003]”. Finally, in the Cf-p condition, the
participants were provided the following information about
the probability of the loss: “Experts estimate it is really diffi-
cult to set up a precise probability. In your opinion, it seems
that p = 0.002 is a ‘good’ point estimate of the probability.
However, you know that this mean probability covers a wide dis-
agreement. One group of experts estimates that the probabil-
ity is smaller and proposes p = 0.001, while the other group of
experts estimates that the probability is greater and proposes
p = 0.003”.

The survey was divided into two parts. In the first part,
the participants were presented with six insurance pricing
tasks (two scenarios × three informational conditions). For
each risk, the participant’s first task was to accept or reject
the insurance demand. Then, when the insurance demand
was accepted, the second task was to set an insurance pre-
mium. The second part of the survey contained several socio-
demographic questions (e.g. sex), questions about the job (e.g.
job description, past experience in the job...), and a psycho-
logical scale measuring intolerance to ambiguity. Questions
about the job (e.g. familiarity with the damages described in
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the survey) were used to compute a “familiarity index” and
to test prediction 3. Finally, the psychological scale was Bud-
ner 16-item “Intolerance of Ambiguity” scale (Budner, 1962).
This scale measures person’s ability to feel comfortable and
accept situations where variables, alternatives, or outcomes are
poorly defined or unclear (Budner, 1962). According to Bud-
ner (1962), ambiguity intolerant persons are uncomfortable
when they face a lack of information (uncertainty) and/or a
new, complex or insoluble situation. Ambiguity intolerance is
defined as “the tendency to perceive (i.e. interpret) ambiguous
situations as sources of threat”and its opposite, ambiguity tol-
erance, denotes “the tendency to perceive ambiguous situations
as desirable” (Budner, 1962, p. 30). Examples of items are for
instance: “People who insist upon a yes or no answer just don’t
know how complicated things really are.”(item 16), “An expert
who doesn’t come up with a definite answer probably doesn’t
know too much.” (item 1). Participants rate each item on a
7-point Likert scale (ranging from 1 = “strongly disagree” to
7 = “strongly agree”), and alternative items have the response
scale reversed such that high scores indicate a greater intoler-
ance for ambiguity (a perfectly tolerant person would score 16
and a perfectly intolerant person 112).

2.2. Sampling plan

The questionnaire was sent, with the assistance from the
‘Institut des Actuaires’ (French Institute of Actuaries) to 1300
members. The members of the ‘Institut des Actuaires’ were
all students in Actuary Programs of French Universities (e.g.
Euro-Institut d’Actuariat, ENSAE, ISFA). According to the
members of the profession, actuaries are “experts who cal-
culate insurance risks and premiums” (IFSA, http://isfa.univ-
lyon1.fr/); they are “expert in evaluating the likelihood of
future events, designing creative ways to reduce the likelihood of
undesirable events, decreasing the impact of undesirable events
that do occur” (American Academy of Actuaries, http://www.
beanactuary.org). Actuaries are then definitely experts of insur-
ance. Furthermore, since they have a high training in statistics,
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probability, and economic theory of decision making, they
can as well be considered as experts (or “sophisticated partic-
ipants”) of decision making under uncertainty (cf. Shanteau,
1992; Shanteau and Stewart, 1992).

In order to control for potential order effects, two ver-
sions (A and B) of the questionnaire were sent with a cover
letter, that mentioned the support of the Institut des Actu-
aires and stamped return envelope. Three months later, the
French Institut of Actuaries put an advertisement on its web
site to invite members who had received the questionnaire to
answer. The final sample consisted of 78 questionnaires (a
response rate of 6%) (nA =37, nB =41). The fact that the exact
job of the members of the ‘Institut des Actuaires’ was not
given in the database partly explains the low rate of response
(i.e. the mailing reached many members who do not work
in the technical department of Insurance CIEs). Further-
more, since about 2/3 of the members are specialized in “life
insurance”, many members may have thought the question-
naire, which contained scenarios about environmental risks,
was too specific. But the survey contained environmental risks
because imprecision and conflict surrounding probabilities
estimates are much more realistic in the environmental field
than in the life-insurance field. A possible sample selection
bias is another limitation of the survey, and prevents us from
generalizing our results. Actually, since we do not have any
statistical data on the whole sample, we cannot compare
various descriptive statistics of our whole sample with the
subgroup of actuaries who provided answers to our question-
naire. Respondents had an average of 6 years of work expe-
rience (from 6 months to 30 years, Median = 4 years), and a
vast majority (85.9%) were men (11 women). About 46.15%
of the respondent were specialized in life insurance; 29.5% in
non-life insurance, the remaining 24.5% had another special-
ization. About 29.5% were actuaries or underwriters; 19.2%
worked in the research department of insurance companies;
18% were consultants, the remaining 33.33% include respon-
dents who had various jobs in the field of insurance and
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finance (e.g. insurance brokers, finance, managers in insurance
companies . . . ).

3. RESULTS

3.1. Descriptive findings

3.1.1. Order effect

In order to control for potential order effects, the order of
presentation of the informational contexts was varied and two
different questionnaires were sent. A series of t-tests for inde-
pendent samples reveals that the order of presentation does
not have any impact on the dependent variables (i.e. the six
premiums). Subsequent statistical analyses are thus done on
the overall data base.

3.1.2. Insurance premiums and number of refusals

Insurers were asked what minimum pure premium they would
charge in order to insure the risks described in the scenarios.
Following Kunreuther et al. (1995) analysis, the premiums
were normalized by expected value (EL), which facilitates
comparison across the two scenarios that have different loss
and probability levels and across informational contexts. The
ratio Premium/EL provides a useful way of determining the
impact of the informational context on the prices since it
gives a reference point that facilitates the understanding of
insurers’ behaviour. For instance, a normalized premium of
1.5 indicates that the premium set up is 50% higher than the
expected loss. More interestingly, since the imprecision of the
probability was varied using ranges [mean probability ±50%
of the mean probability], a normalized premium of 1 indi-
cates that respondent computed the expected loss with the
mean value of the probability range, whereas a normalized
premium of 50 (respectively, 1.5) suggests that s/he used the
minimum (respectively, maximum) probability of the range.
For instance, in the Earthquake scenario, given the amount of
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the loss (7.5 million C) and the probability range [0.01; 0.03],
the expected loss is equal to C 150,000. A premium computed
with pmax = 0.003 is equal to C 225,000 and the normalized
premium 1.5. Table III presents the means for the normalized
premiums for the six experimental conditions in the survey. It
shows that the mean normalized premium is greater than 1 in
all the conditions of both scenarios and that the mean pre-
mium increases with the imprecision of the probabilistic infor-
mation and conflict. Two insurers only gave a premium lower
than the expected loss (in the three situations) for the Pol-
lution scenario, but they did not explain their answers. Note
that the maximum normalized premium is 6.67, this is equiv-
alent to a premium of 1 million C. Moreover, since the respon-
dents had the possibility of refusing the insurance demand,
Table III also shows the number of refusals. The mean rate of

TABLE III
Mean normalized premium, by scenario and informational context

Scenario Statistics Cs-p Cs-i Cf-p

Pollution Mean premium 1.35 1.78 1.88
[min premium;
max premium]

[0.65; 6.67] [0.83; 6.67] [0.90; 6.67]

Number of pre-
mium (refusals)

72 (6) 70 (8) 64 (14)

Earthquake Mean premium 1.43 1.89 2.01
[min premium;
max premium]

[0.80; 6] [1; 6.7] [1; 6.7]

Number of pre-
mium (refusals)

68 (10) 65 (13) 60 (18)

All Mean premium 1.39 1.83 1.94
(pollution [min premium; [0.65; 6.67] [0.83; 6.67] [0.90; 6.67]
+ earthquake) max premium]

Number of pre-
mium (refusals)

140 (16) 135 (21) 124 (32)



230 LAURE CABANTOUS

refusals is greater in the Earthquake scenario (17.5%) than in
the Pollution scenario (12%), but in both scenarios, the rate
of refusals increases with imprecision and conflict.

3.1.3. Tolerance of ambiguity

Budner’s (1962) 16-item scale of ambiguity intolerance was
used for this study (called TOLAMB). TOLAMB measure
of attitude towards ambiguity was used for differentiating
respondents with respect to their attitude to ambiguity and
for hypotheses testing. In our sample, the reliability alpha of
the total scale is 0.41 and tolerance to ambiguity mean value
is 50.98 (median value = 52). Since high scores (max = 112,
min = 16) indicate a greater intolerance to ambiguity this
result suggests neutrality towards ambiguity (i.e. respondents
were neither tolerant nor intolerant). Gosh and Ray (1997)
also obtained a mean value of 50 with the same scale using
MBA students.

3.1.4. Familiarity

Since all respondents are members of the French Institute
of Actuaries, they all have great experience in insurance.
However, given the characteristics of the scenarios, some
respondents, specialized in non-life insurance and/or on envi-
ronmental damages, are more familiar than others with the
scenarios of the survey. A “familiarity” index was computed
in order to take this into account and for hypothesis test-
ing. This index allows us to classify respondents in three cat-
egories, given their job characteristics and their answer to a
question about their familiarity with the scenarios. Respon-
dents whose job consists in insuring firms against environmen-
tal risks are in the “Very familiar” category (n = 7), whereas
respondents who work in the life insurance branch of their
Insurance Company are in the “Not familiar” category (n =
55). Finally, the “Familiar” category (n= 16) includes respon-
dents who are familiar with firm’s risks but not specialized
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in environmental risks. Amongst the 78 respondents, few are
specialized in environmental risk, and most of the respon-
dents (70%) are specialized in life insurance. This reflects the
overall distribution at the national level, since around 2/3 of
the actuaries work in the life insurance branch of insurance
companies.

3.2. Testing the ambiguity aversion hypothesis

In order to look at the impact of the informational context
on premiums a three (informational context) × two (scenario)
ANOVA, with repeated measures on the two factors, was per-
formed.5 It shows that the scenario does not have any sig-
nificant main effect6 on the normalized premiums, F(1;53)=
1,129, p = 0.293, but reveals a significant main effect of the
informational context, F(1.44;76,29)= 45,359, p = 0.000 (with
Greenhouse-Geisser adjustment, sphericity is not assumed).
The interaction effect is not significant. A series of two by
two comparisons (Bonferroni tests) then shows that across
scenarios, the mean premiums for Cs-i (M = 1.83) and Cf-p
(M = 1.94) are significantly higher (p = 0.000) than the mean
premium for Cs-p (M = 1.39). This means, that across sce-
narios, ambiguity aversion is significant. Subsequent statis-
tical analysis performed on each scenario leads to similar
results: the effect of the information is significant in Pollu-
tion, F(1,35;81,53) = 44,192, p = 0.000 (Greenhouse-Geisser
test, sphericity assumed), as well as in Earthquake, F(2;114)=
48,364, p =0.000). Moreover, ambiguity aversion is significant
in each scenario. Indeed, in Pollution (P), as well as in Earth-
quake (E), mean premiums under Cs-i (ME = 1.89;MP = 1.78)
and mean premiums under Cf-p (ME = 2.01;MP = 1.88) are
significantly higher (at p < 0.000 level) than mean premi-
ums under Cs-p (ME = 1.43; MP = 1.35). In this population
of insurers, ambiguity aversion is then pervasive. This result
is consistent with the results of previous survey of insurers
(de Marcellis 2000; Kunreuther et al. 1995 ) that indicate
insurers behave in an ambiguity-averse way and set up higher
premiums under ambiguous risks.
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3.3. Testing the conflict aversion hypothesis

As said before, the informational context has a significant
main effect on premiums. Testing the “conflict aversion”
hypothesis requires to compare the Cf-p premiums with the
Cs-i premiums, and a 2 × 2 comparison (Bonferroni test) was
then performed. It reveals that, across scenarios, the mean
premium under Cf-p (M = 1.94) is significantly higher (p =
0.047) than the mean premium under Cs-i (M = 1.83). This
means that conflict aversion is pervasive in this population of
insurers. Note, however, that this effect is significant at the
aggregate level only (p = 0.301 in Pollution, and p = 0.82 in
Earthquake). In order to better understand whether differ-
ent sources of ambiguity have different impacts on insurers’
behaviour, another series of statistical tests was performed.
This new analysis was based on the premiums of the 53
respondents who did not reject any insurance demand and
who provided a premium in each of the three informational
context in both scenarios. It confirms that conflict aversion is
significant across scenarios (p = 0.047). More interestingly, it
shows that, on that sub-sample of respondents, conflict aver-
sion becomes significant in the Eartquake scenario (2×2 com-
parison, p = 0.042, Bonferroni two-tailed test), and tends to
be significant in the Pollution scenario (2×2 comparison, p=
0.068, two-tailed test). Finally, and in order to test prediction
3.2, and to look at impact of the informational context on
the numbers of refusals, a Cochran test (the Cochran test is a
generalization of McNemar tests for k matched-samples) was
performed. This test reveals that the informational context has
a significant impact on the number of refusals in both scenar-
ios (in the Pollution scenario, Q(2)=11.55, p<0.01 and in the
Earthquake scenario, Q(2)= 8.909, p = 0.05). However, results
of a series of McNemar test (2 × 2 comparisons) show that
the number of refusals under Cf-p is not significantly higher
than under Cs-i (p>0.05 in both scenarios). Actually, the only
significant difference is the difference between the number
of refusals in the Cs-p condition and in the Cf-p condition
(p<0.01 in Pollution and p<0.05 in Earthquake), the number
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of refusals in the Cf-p condition being significantly higher
than the number of refusals in the Cs-p condition in both sce-
narios (cf. Table III).

3.4. Testing P3. The familiarity hypothesis

In order to test the “familiarity hypothesis”, the premiums
under Cs-i and Cf-p were normalized by the premiums under
Cs-p, and, in each scenario, two ratios: Norm Csi = (Cs-i
Premium/Cs-p Premium) and Norm Cfp = (Cf-p Premium/
Cs-p Premium), were computed. These ratios highlight devi-
ations from the Cs-p condition, and give the “size” of the
ambiguity aversion: a Norm Cs-i ratio of 1.2 for instance,
means that the premium charge under Cs-i is 20% higher than
the premium set in the Cs-p. In other words, the higher the
ratio, the higher the intolerance to ambiguity is. Comparing
these ratios across groups of familiarity then allows us to
test whether, as the “familiarity hypothesis” says, ambiguity
aversion decreases with familiarity. A series of ANOVA, with
the four ratios as the dependent variables, and familiarity as
the unique between subject factor, was performed. Contrary
to what Hypothesis 3 predicts, this analysis reveals that the
degree of “familiarity” of the respondent does not have any
significant impact on the premiums (see Table IV). However,
concerning this hypothesis, the small size of the groups pre-
vents us from a generalization of our results.

3.5. Testing P4. Intolerance to ambiguity and Ambiguity
aversion

Prediction 4 predicts a positive correlation between the
economic measures (cf. the Norm Csi and Norm Cfp ratios)
and the psychological measure for ambiguity aversion. Since
high scores of TOLAMB indicate a greater intolerance to
ambiguity, and that higher Norm Csi and Norm Cfp scores
indicate higher intolerance to ambiguity too, we can predict
a positive correlation between the economic measures and the
psychological measure. Statistical analysis reveals that, in our
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TABLE IV
Mean premiums (SD) and size of the sample, by familiarity

Scenario Ratio Not familiar Familiar Very familiar

Pollution Norm Csi 1.35 (0.26) 1.35 (0.17) 1.30 (0.28)
n=49 n=15 n=6

Norm Cfp 1.39 (0.38) 1.42 (0.24) 1.30 (0.23)
n=44 n=14 n=6

Earthquake Norm Csi 1.34 (0.27) 1.39 (0.31) 1.45 (0.51)
n=42 n=12 n=7

Norm Cfp 1.43 (0.35) 1.43 (0.18) 1.47 (0.49)
n=38 n=12 n=7

sample, the economic measure and the psychological measure
are correlated in one condition only: the Norm Csi ratio in
the Earthquake scenario is significantly and positively cor-
related with TOLAMB (r = 0.311, p = 0.015, n = 60). But, in
the other conditions (Norm Cfp in Earthquake, Norm Csi
and Norm Cfp in Pollution), the correlation between the two
measures is not at all significant.

4. DISCUSSION

Ellsberg noted that ambiguity may come from different sources
(e.g. imprecision, conflict). But, apart from Smithson (1999)’s
study, experimental studies about attitude towards ambiguity
(e.g. Chesson and Viscusi, 2003; Lauriola and Levin, 2001;
Maffioletti and Santoni, 2005) have not compared the impact
of different sources of ambiguity on behaviours. This arti-
cle, which presents the results of a survey realized with pro-
fessional actuaries, is then the first one that tests Smithson’s
conflict aversion hypothesis and examines the effect of differ-
ent sources of ambiguity on behaviours (setting of insurance
premiums).
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The data show support for the two main hypotheses of the
study. First, it confirms previous findings on ambiguity aver-
sion in the insurance field (de Marcellis, 2000; Hogarth and
Kunreuther, 1989; Kunreuther et al., 1995) since it shows that
the insurers set up higher premiums for ambiguous risks (i.e.
Cf-p and Cs-i risks) than for unambiguous risks (i.e. Cs-p risks).
Second, the data also support the conflict aversion hypothesis.
Indeed, in this survey, the respondents reacted more strongly to
conflicting ambiguity than to imprecise ambiguity. This result
means that for our professional actuaries, ambiguity coming
from conflict was more aversive than ambiguity coming from
imprecision.

Given that this survey shows insurance decisions made in
the presence of ambiguous risks depend not only on the pre-
cision of the probability, but also on the degree of agreement
between the sources of information (i.e. consensus), a rele-
vant question concerns the reasons why conflict aversion hap-
pens. A first explanation will certainly refer to the variance
and will explain that the Cf-p situation is dispreferred because
it covers a wider probability range, and is more “uncertain”.
Suppose for instance, that two sources give you the same
imprecise prediction that event E will occur with probability
p∈ [25%; 35%]. You may interpret that prediction as follows:
both sources think event E will occur with probability 30%
and the range is the confidence interval. In the Cf-p situation
however, the two experts say it is really difficult to set up a
precise probability and one source predicts p = 25%, whereas
the other predicts p = 35%. Consequently, you may ratio-
nally believe that the probability belongs to a larger range
[25% − εi ; 35% + εl] because you can consider that the first
(respectively, second) expert believes the probability belong to
the range [25% − εi;25% + εj ] (respectively [30% − εk;30 + εl]).
When you frame the situation in that way, the conflicting sit-
uation exhibits a “greater volatility” than the imprecise one.
If ambiguity aversion is an aversion to variance of the prob-
ability, it is obvious that ambiguity averse decision makers
are also conflict averse. This variance explanation is interest-
ing, but the results of a series of experiments designed to
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test it (e.g. Becker and Brownson, 1964; Curley and Yates,
1985) do not support it. Furthermore, from a cognitive point
of view such a sensitivity to variance is perhaps not realistic.
Some psychological studies indeed support the idea that prob-
abilistic judgments are not precise (Budescu and Wallsten,
1995), and this may explain why an increase of ε may not
be sufficient to being perceived.7 Consequently, we believe that
it is more fruitful to explore the psychological specificities
of the Cf-p condition to explain why conflict is avoided. As
Viscusi and Chesson (1999) noticed “the agreement between
the experts suggests more confidence in the risk estimate”.
Smithson (1999) precisely tested the hypothesis that conflict
affects the perceived credibility of the sources of informa-
tion more strongly than imprecision, and he found strong
support for this cognitive explanation. Attribution theory,
which is concerned with the attempts of decision makers
to explain (find the causes) of the situations they face (see
Hilton et al., 1995) is also particularly relevant to the study
of attitudes towards ambiguity. Indeed, since causal expla-
nations involve giving an explanation for why an event has
occurred, and mark DM’s attempt to better understand a sit-
uation (through the attribution of causes to effects), they are
likely to be produced in face of uncertainty. Cabantous et al.
(2004) precisely develop an attributional explanation for atti-
tude towards ambiguity. Their framework suggests that ambi-
guity aversion and conflict aversion are the consequence of
social perception which favours precision and consensus, espe-
cially when the sources of information are experts (Shanteau,
2001), and it also supports the idea that different sources of
ambiguity generate different patterns of causal attributions.

In spite of some limitations and its exploratory nature
(e.g. small number of valid answers), this survey thus pro-
vides clear evidences concerning the way real decision-mak-
ers react to different sources of ambiguity. It clearly shows
that scientific controversies (i.e. conflict between experts), such
as the ones relative to global warming or the so-called “mad
cow disease” crisis, can have effective consequences in the
market place, and larger economic impacts than scientific
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imprecision. This article also presents some rationales for
conflict aversion, and suggests to pursue the study of the atti-
tude towards different sources of ambiguity so as to gain more
insight into the type of reasoning used by individuals faced with
imprecise probabilities and conflicting estimates of risks.
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NOTES

1. Budescu and Wallsten (1995) argue that economic studies about
“ambiguity aversion” have not studied behaviour under ambiguity
(in its usual and linguistic meaning) but behaviour under imprecise
probabilities. We agree with this remark but we still use the word
ambiguity in its “Ellsbergian” meaning i.e. ambiguity is “uncertainty
about the probability” and following Ellsberg, we consider that there
is ambiguity when the information is “scanty or obviously unreliable
or highly conflicting” or “when there are questions of reliability and
relevance of information, and particularly where there is conflicting
opinion and evidence” (Ellsberg, 1961, p. 659).

2. Pure premium is the actuarial value i.e. it is the expected loss.
3. Note that since the Cf-p conditions in this study are potentially

“low” conflict situations, this means that using another kind of con-
flict (e.g. “About half the experts say studies show that there is a link
between aluminium and Alzheimer’s disease, while the other half say
studies do not show there is such a link”, Smithson, 1999), could only
increase the feeling of conflict, and then conflict aversion.

4. The French version of the questionnaire can be downloaded on my
website: http://www.l.cabantous.freeuk.com/

5. Kunreuther et al. (1995) employed the log (Premium/Expected value)
because the distribution of the premium was highly skewed. Such
a transformation was performed on our data that gave very similar
results to the ones reported in the article.
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6. The main effect of a variable would be whether there was an effect
of that variable, collapsing across levels of the other variables.

7. Two recent articles however found that decision makers are sensitive
to the range of probability (Du and Budescu, 2005; Maffioletti and
Santoni, 2005). In these articles, however, the difference between two
range is larger than ε.
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