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Abstract

Much of the evidence supporting the Ellsberg's paradox comes from experiments on individud
choice and judgement.

In this study, we address the issue whether, in market experiments, there is a tendency for
anomaous behaviour to dissppear or to be reduced as a consequence of market experience and
feedback. We empiricdly test the validity of this assumption by running an auction market for the
sde of both risky and uncertain prospects. We compare bidding behaviour and prices in market-like
settings with vauations obtained from individud pricing tasks.

We conclude that, with the repetition of the market experience, there is a tendency for subjective
expected utility to perform better. However, economists generd assumption that, in laboratory
experiments, poor peformance of SEU is due to the lack of financid incentives or to the lack of
market-like settings is by no means supported by our data.

JEL code: D81

Keywords: risk, uncertainty, market, auctions, violation.



Introduction

Many decisons in the market place are generdly taken without knowledge of their outcomes.
The decison to buy stock is made without pevious knowledge of whether dividends will be pad or
cagpitd gains will be redised, the purchase of insurance is made with no definite knowledge of the
likelihood of the lossinsured or of its Sze, and so forth.

Since Knight (1921) economists have drawn a distinction between risk, when probability is
exactly known, and uncertainty, when probability is unknown, unknowledgeable, vague. According
to the sandard theory of individua behaviour under uncertainty, subjective expected utility (SEU)
theory, risk and uncertainty are the same as it is dways possible to recover subjective probabilities
from choice. In particular, rationa decison mekers should be indifferent between uncertain and
risky prospects characterised by equivalent expected probabilities.

Ellsberg's (1961) semind experimental work questioned the descriptive power of SEU for
individual choice by showing that individuals prefer to bet on events having known probabilities of
occurring rather than on equivdent events whose probabilities are vagudy known. Ellsberg's
findings have been widely replicated in the laboratory (see Camerer and Weber (1992) for a
review), thus proving that averson to uncertainty is a robust phenomenon. However, most
experimenta tests of the descriptive performance of SEU have not attempted to recreste the type
of incentives typical of markets and, therefore, are of little guidance for the prediction of market
outcomes in settings characterised by the presence of uncertainty such as securities and insurance
markets.

More recently, the effects of uncertainty on market behaviour have inspired new theoretica
work. Harsen, Sargent and Tdlarini (1999), Hansen and Sargent (2000), Harsen, Sargent,
Turmuhambetova and  Williams (2001), for example, modify rationd expectation modds
acknowledging the idea that models can be misspecified. Agents are supposed to be averse to
misspecification, but they might achieve “robustness’ rendering themsdlves less vulnersble to it
Epstein and Wang (1994), Epstein and Mdino (1995), Chen and Epstein (1998), and Epstein (2000)
have adso introduced ambiguity averson in asst pricing modds. Averson to uncertainty or to
misspecification has the effect of boosting market prices in asset pricing modes and of introducing
precautionary savings in permanent income modes.

In spite of increasing experimentd evidence and of the growing use of the concept of ambiguity
in theoreticd models of the presence of uncertainty, many economists continue to believe that
deviaions from the expected utility modd are due to lack of incentives or to decison frames which
do not replicate those of real markets. The market %2 the argument goes, provides incentives for
individuals to behave rationdly, through the interaction with the other market participants and the
repetition of the experience.

More gspecificadly, the following arguments are generdly used to support the idea that
individuas behave retiondly in amearket setting:



I) Markets produce information which is not avalable in individua decison making frames, such
as prices, and — according to the market inditution — also bids, offers and sdes volumes (Cox
and Grether, 1996).

ii) the interaction between market participants implies that individuds can learn ether implicitly or
explicitly from more rational ones (Camerer, 1987).

lii) The repetition of the experience which takes place in a market implies that individuds may learn
something about the probability distribution of reevant events, and that information about prices
and dlocations in one period may shape their decisons in the next (Cox and Grether, 1996).
Also, through the repetition of the experience, individuals may learn to “live’ with uncertainty.

Iv) Markets provide financid incentives, while this is not aways the case in individud decison
making settings (Camerer, 1987; Cox and Grether, 1996).

v) Findly, irrational agents may be driven out of markets by bankrupcy (Camerer, 1987).

Even if the normative modd of individud behaviour were violated by many individuds
operating in a market, market prices and dlocations may 4ill be conssent with this model. The
following arguments can be used to support this clam (see agan Camerer 1987): (i) mistakes by
individuals will be zero on average; (i) only few rationd individuas are needed to meke market
outcomes rational.*

In markets where both risky and uncertain prospects are traded, two implications of this list of
“invisble hand’” arguments are that individuds willingness to pay/to accept to acquire/sdl risky
assets should approach those for equivalent uncertain assets, and that their equilibrium price should
converge to the same vaue. The corollary for economic theory is the following: if individud-leve
violations of subjective expected utility do not affect the functioning of markets, then modds of
market behaviour may ignore them.

As dready mentioned, laboratory evidence concerning this issue is scarce, as most tests of
individuad behaviour under uncertainty have not smulated a market environment (see for ingtance
the papers by Einhorn and Hogarth, 1985, 1986).

Notable exceptions are the papers by Camerer and Kunreuther (1989) and by Sarin and Weber
(1993) which compare market prices for assets whose outcomes occur with a known probability
(riky assts) with those for assets in which probabilities are not exactly known (uncertain or
ambiguous assats). In Camerer and Kunreuther (1989) a double ord auction is used to build an
experimental market for insurance. Equilibrium prices a which ambiguous ligbilities are insured
tend to converge to those for risky ones, indicating that SEU behaviour prevails in a market setting.
In an experiment in which both risky and uncertain assets (stock) are evaduated using ether a
double ora auction or a sedled bid fifth price auction, however, Sarin and Weber (1993) find that
the equivdlence of risky and uncertain prospects does not hold and that, in particular, ambiguity
averson, i.e. the preference to bet on known probabilities rather than on vague ones, perssts in the

1 on the other hand, counter arguments may be represented by the fact that rationa individuas may not be

identifiable by other market participants or that, in red markets, rationa individuas may need more capitd to impose
their views. Also, in the presence of irrationa individuas, it may not be optima to be rationd (see Camerer (1995) for a

discusson).
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face of market experience when the probability of gain is 50%, while convergence occurs when the
probability is low (5%). Since the two papers use the same types of market incentives, the
difference in their findings & probably due ether to the outcome domain or to the way the concept
of uncertainty is made operational.?

Fox, Rogers and Tversky (1996) give indirect evidence on the reevance of uncertainty in
market settings, by showing that professond option traders exhibit sub-additive decison weights in
the pricing of uncertain assets

Other experimental studies provide mixed evidence about the ability of markets to reduce
violations of the normative model of behaviour under risk and uncertainty. For instance, Cox and
Grether (1996), find that the rate of preference reversals is reduced in a repeated English clock
auction. Evans (1997) finds that prices (but not individuad bids) in a fifth-price sedled bid auction
display a low rate of violations of the betweemness axiom of the expected utility theory. However,
this result is attributable to the datistica properties of the pricing rule adopted, rather than to a
changein preferencesinduced by the market framework.

A relaed issue which has received some attention is that of the updating of judged probabilities.
Camerer (1987) tests whether Bayesan posterior probabilities are formed in the determination of
trading prices for uncertain assets in a double oral auction. Market prices converge to Bayesan
predictions, athough there is dso  some evidence of smdl biases. Smilar evidence is reported in
Duh and Sunder (1986) and in Ganguly, Kagd and Moser (1998), dthough this latter study aso
finds strong biases when a context treatment is used, rather than an abstract bingo cage setting.

In this paper, our am is to explore the following two issues by means of a laboratory
experiment:

(i) whether the operation of markets affectsindividua vauations under uncertainty
(i) whether market prices are affected by the presence of uncertainty.

As in Camerer and Kunreuther (1989), we investigate the impact of vague probabilities in the
market for insurance in which liabilities are traded. In our experiment, subjects evauae both risky
and ambiguous ligbilities with equivalent probabilities of outcomes. Our work departs from the
|atter paper in three directions:

1. In the maket inditution we smulate in the laboratory, an English clock auction, the dominant
drategy for players is to bid ther true reservation price This will dlow us to cary out the
andyss of market-induced behaviour not only through the observation of equilibrium prices, but
aso a theindividua bids leve, by caculating certainty equivaents for the liabilities traded.

2. Preference towards the risky lottery is generdly caled ambiguity or uncertainty aversion,
athough recently the term source preference has dso been used in the literature to indicate the

2 Camerer and Kunreuther use the loss domain and a characterisation of uncertainty in terms of a uniform second order
probability digribution. Sarin and Weber refer to the securities market and moke use of the Ellsberg urn to
operationalize uncertainty.

3 BEven if a maket is not explicitly smulated in this experiment, the use of professionad market traders should shade
some light on the functioning of real markets.
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same phenomenon (Tversky and Wakker, 1995). We test for the presence of ambiguity averson
by checking that the sum of certainty equivadents for complementary ambiguous events is less
than the sum that is obtained when probabilities are exactly known.*

3. We compare subjects vauations in a market setting with subjects responses to a questionnaire
given ether as pat of a clasyoom assgnment in decison theory or in exchange of a fla
payment. Moreover the market experiment is run under two dternative payment schedules in
one treatment, subjects are paid a fraction of their accumulated earning in the auction, while in
the other, subjects receive aflat payment againg their participation in the experiment.

The organisation of the paper is the following: first, we discuss the theoretical background of our

test, second we describe the experimentd desgn and the organisation of the experiment, third, we

discuss the results Findly, we conclude with a discusson of the implications of the results with
respect to the theory of behaviour under risk and uncertainty.

1. Thehypothesestested

Although SEU remains the dominant theory of behaviour under risk and uncertainty, today
svad dtenative modds ae avalable that explan individud behaviours a odds with SEU’s
predictions. In recent years, Cumulative Prospect Theory (CPT henceforward), (Tversky and
Kahneman, 1992 and Tversky and Wakker, 1995) and Choquet Expected Utility models (see
Schmeidler, 1989 among others) have emerged as the main competing paradigms to SEU.

According to Expected Utility Theory, given the risky prospect (X, p; 0, xp), the vdue of this
prospect to the decison maker is measured by the utilities of the outcomes weighted by their
respective probabilities. According to competing theories, the values assgned to outcomes are
weighed by decison weghts, w(p), which ae not a liner transformation of “objective’
probabilities. Non linearity alows for decison weights which might not be additive, i.e.:

w(p) +w(1- p) * 1°

This property can be extended to uncertain prospects, i.e. prospects characterised by vague or
unknown probabilities. Consder two events, A1 and A2, which are mutudly exclusve and such that
AIEA2 = S, where S denotes the state space. If AL occurs, the individua receives a payoff of X,
whereas if A2 occurs the payoff to the individua is zero. The decison weights assgned to the two
complementary events, W(Ai), i = 1,2, are not necessarily additive:

W(A1) + W(A2): 1

Ellsberg's (1961) well-known experiment showed that people prefer to bet on an urn containing
50 black and 50 red balls (the risky urn), rather than on an urn containing 100 red and black bdls in
an unknown compostion (the ambiguous urn). This pattern of preference, which implies that
individuas prefer to bet on known rather than on unknown probabilities, has been cdled ambiguity

* See K eppe and Weber (1995) and Tversky and Fox (1995a) for Similar testsin anon market setting.

® The condition that the sum of the decision weights must be different from 1 is a sufficient but not a necessary
condition for non linear decison weights If the weighting function Ias a symmetric inverse Sshape, then W(p) + w(l-
p) =1 In this case we have additivity but non linearity in probabilities . On the other hand, pessmism is characterized
by a convex weighting function while optimism by a concave weighting function.
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averson.® Tversky and Wakker (1995) argue that risk and ambiguity can be considered two
different sources of uncertainty, and use the term source preference to refer to the preference of one
source over the other. Henceforward, we shal define source preference for risk the preference to
bet for and againsgt arisky prospect rather than on an equivaent ambiguous prospect.

Source preference for risk implies that, if X>0, the sum of decison weights assgned to drawing

red and black both from the risky urn is greater than the sum of the decison weights assgned to
drawing red and black from the ambiguous urn. Let's define p = probability of red being drawn
from the risky urn; (1-p) = probability of drawing black from the risky urn; A1 = drawing red from
the ambiguous urn; A2 = drawing black from the ambiguous urn. Then, risk will be preferred to
ambiguity if:

W(A1) + W(A2) <w(p) + w(1-p) Q)

In modds which dlow for a different treetment according to the outcome domain (Tversky and
Wakker,1995), when losses are considered, i.e. X<O0, then source preference for risk implies that:

W(A1) + W(A2) > w(p) +w(1-p) 2

The condition that (1) and (2) imply on certainty equivaentsis:

C(X, Al) + C(X,A2) < C(X, p) + C(X,1-p) 3)
where C(¥ denotes the certainty equivaent of the prospect considered (Tversky and Wakker,1995).

Congider now a decision maker who owns a sure sum M and the following risky prospect
R = (M,p;0,1-p): the individud loses M if red is drawn from the risky urn and stays put if black is
drawn.” WTPma, the individua’s maximum willingness to pay to sdl (i.e not to play) lottery R
solves the following equation:

V(M - WTPra) = w(1-p)v(M)° (4)
hence M - WTPn4 is the certainty equivdent of the R gamble. The sum of the certainty equivaents
for the two complementary prospectsis given by:

SUM(CER) = C(M, p) + C(M,1-p) = V' (W(p)v(M)) + V" W(L-p)V(M)) ®)
If the decison maker is instead endowed with a sure sum M and the uncertain prospect A, where
A =(-M, A;1; 0,A2), the sum of certainty equivaents for complementary prospectsin this caseis.

®For the scke of completeness, it must be added that in the literature ambiguity aversion is used more generdly to
indicate preference to bet on a risky prospect than on an equivadent uncertain one. See Camerer and Weber (1992) for a
review.

" Thisisequivaent to a prospect of the type (M, 1-p) whose complementary prospect is (M, p).

8 The value function v(3 is continuous and strictly incressing.



SUM(CE,) = C(M, Aq) + C(M,A2) =V (W(ALV(M)) + V' (W(A)V(M)) (6)

According to SEU, in an Ellsherg-type problem, the sum of certainty equivaents should depend
only on the risk attitude and on the expected probability of X and should not be affected by the
presence of vague probabilities. By the principle of insufficient reason, the expected probability of
drawing red or black from the ambiguous urn is % exactly the same as in the risky urn. Hence,
SEU-consgtent behaviour implies that:

SUM(CE,) = SUM(CER) (7)

However, if individuds prefer risk to uncertainty, i.e. they display a source preference for risk,

the SUM(CE) is lower for uncertain prospects than for risky ones. Hence, source preference for risk
implies

SUM(CE,) < SUM(CER) (8)

The dgn of the above inequdity will be reversed if individuds show source preference for
uncertainty.

If individud reaction to uncertainty is consdered a departure from “rationd behaviour”, then
one can raise the question of whether the provison of gppropriate incentives, such as those supplied
by the market, may lead to a smaler discrepancy between SUM(CE,) and SUM(CER), i.e. may

reduce the source preference effect.

Thus we have two testable hypotheses which can be formulated as follows:

HYPOTHESIS 1 — Source preference in individual behaviour tends to disappear when certainty
equivalents are elicited through a market institution. In particular, with market experience and
feedback:

1.a. the number of source indifferent subjects increases

1.b the average SUM(CER) and SUM(CEA) tend to converge.

As discussed in the introductory section to this paper, even if this hypothess were not verified,
market prices may nevertheless not reflect deviations from rationdity, snce the presence of a few
rationd individuds may be aufficdent to determine the equilibrium price.  Hence, market prices for
risky and uncertain prospects should be the same, or a least they should converge with the
repetition of the experience.

HYPOTHESIS 2 — In a market setting, the difference between the selling prices of the
ambiguous prospect and of the risky prospect tends to disappear with market experience.

The following sections describe the experiment designed to test these hypotheses.



2. Experimental Design

In our expeimentd sudy dl subjects evduated the same risky and ambiguous prospects.
However, we adopted four trestments which differed according to the dicitation and incentive
procedures.

Experiment 1 — Forty-Sx sudents a York Universty were recruited through the EXEC mailing
lis. They paticipated in Sx experimenta sessons which were organised as English clock auctions,
The am of this firg experiment was to test how individua bids and market prices reacted to the
presence of vague probabilities of loss.

In each session, eight subjects’ participated in four markets. In each market, the object of the
trade was one of the following potentid liabilities:

(i) A prospect yidding aloss of £100 with probability p and O with probability (1-p);

(i) aprospect yielding aloss of £100 with probability (1- p) and O with probability p;

(i)  a progpect with the same outcomes as in (i) but with vague probabilities These vague
probabilities were represented through an Ellsberg-type probability digtribution having a mean
probability vaue ( pd equd to the probability of therisky urn (p);

(iv) a prospect with the same outcomes in (ii) but with vague probabilities having mean pt= 1-
P

Prospects (i) and (iii) were complementary to (ii) and (iv) respectively.

We ran three sessons (1.1 to 1.3) in which the reference probability was p = pt= .05, and three
sessons (1.4 to 1.6) in which p = p£= .5. The value of p was not announced to the subjects, who
had to deduce it from the description of smple chance devices which will be discussed later. We
will cdl the ligbilities (i) and (ii), in which the probabilities of loss are exactly known, risky
prospects while we will term the ligbilities (jii) and (iv) ambiguous prospects sSnce probabilities
are not exactly known.°

For illugtration, let us consgder the risky prospect at the probability level of .05. Subjects had to
evauate the following scenario: **

Liability A yields a loss of £100 if a ball drawn from bag A carries number 1 on it, otherwise you
will not lose anything. Bag A contains 20 numbered balls with numbers going from 1 to 20. Each
ball carries a different number, so that each of the numbers from 1 to 20 appears only once.

The complementary prospect was defined as follows:

Liability Cyieldsaloss of £100 if a ball drawn from bag A carries any number but number 1 onit,
otherwise you will not lose anything. Bag A contains 20 numbered balls with numbers going from 1
to 20. Each ball carries a different number, so that each of the numbers from 1 to 20 appears only
once.

° One session was run with six participants only as two subjects did not turn up. The dominant strategy in English dock
auctionsis however robust to smal changesin the number of bidders (see Kagdl, 1995).

19" In the course of the experiment, however, the labdls risky and ambiguous were never used. We simply referred to the
risky prospect as liability A and to ambiguous prospect as liability B. The respective complementary prospects were
cdled Cand D.

1 The equivadent ambiguous scenarios are described in section 3.



Each market was made up of eight market days. In each market day, subjects were endowed with
£100 cash plus one potentid ligbility, and they were asked to participate in an English auction in
which they had to bid their maximum willingness to pay to sdl the potentid liability. Trividly, this
was equivaent to bidding for purchasng complete insurance. Since dl potentid ligbilities lived one
period, their value was determined by their expected |oss.

In each of the eight days which made up a market the same liability was auctioned and only one
participant was dlowed to purchase insurance, i.e. sall the liability.

The vaue of the liability was resolved a the end of each market day: by means of a random
device, which will be fully explained in the next section, the experimenter determined whether the
potential loss occurred or not. Subjects were paid a specified fraction of ther totd earnings (1%),
i.e. earnings accumulated in the course of the four markets. For each market, earnings in pounds
gerling were thus caculated:

E =0.01[S; (100 - L;)]

Where i =1,.....,.8 stands for the market day and L, is the loss that ensued, i.e. either £100 or zero.

The experiment lasted two hours. Average earnings in the experiment were £16, a farly subgtantid
amount for students, as was proven by the high demand to EXEC to get aplace in the sessons.*

Experiment 2 - In this verson of the experiment we run an English auction for the sde of the
potentiad liabilities, but subjects recaived a flat payment which did not depend on their performance
in the auction. We run dx sessons, forty-9x undergraduates in Economics of Catania Universty,
Italy, participated in this group of experiments. They received a reward of £5 in exchange for their
participation, irrespective of ther earnings in the auction. As in experiment 1, each market lasted
elght periods and risk/uncertainty was resolved at the end of each market day.

This versgon of the experiment was meant to separate the incentives crested by markets from
those of financid remuneration*>.Although there is evidence that financid incentives do not matter
for smple pairwise choice problems (see for instance Besitie and Loomes (1997)), there is dso the
suspicion that financid incentives may interact with the market setting in reducing departures from
SEU (Camerer, 1995).

Table 1A summarises the sessons run in the market experiments.
[Insert table 1A about here]
Experiment 3 - In this experiment, the same potentia liabilities described in experiment 1 and 2
were evaduated by sx classes of undergraduate students in Economics of Hull Univerdty as part of
a cdasoom assgnment, for a tota of fifty-eight sudents. No financid or market incentive was

12 Of course when subjects are the winner of the lotteries they are given the prize minus the premium (prise) at which

the last person dropped out of the auction.

13 Some smdl participation fee was however necessay to induce students to paticipate in the experiment. The
participation feewas a any rate lessthan 1/3 of the expected payoff in experiment 1.
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used and sudents had not taken any previous class on expected utility and uncertainty. In this
verson of the experiment, our objective was to replicate the kind of dimuli that are typica in
experiments run by psychologists. Since our working hypothesis was that in the absence of a market
inditution, uncertainty has a grester impact on vaudtion, we amed a assessng the extent of this
difference.

Experiment 4 - Ffty undergraduate students in Economics and Politics of the Universty of
Cosenza, Italy participated in this last experiment. Subjects were asked to complete a questionnaire
in which they had to dae ther maximum willingness to pay for the same potentid ligbilities
described in the previous three experiments. Students had not teken any previous class on
uncertainty or on expected utility theory. The am of the experiment was to replicate the results of
Experiment 3 in a gdtuation in which subjects receved a smdl paticipation fee for completing the
task: 5000 Itaian lire (around $2.30).

Table 1B summarisesthe four treatments according to the incentives adopted.
[Insert table 1B about here]

To sum up, in the four experiments uncertainty/risk and the vauation of complementary events
were manipulated on a within-subject basis, as each experimental subject evaluated both risky and
uncertain prospects and their complementary prospects. On the contrary, the reference probability
and the type of incentive were manipulated on a between subjects bas's.

3. The operationalisation of risk and uncertainty

In order for market participants to learn from the interaction with other players and from the
experience of severd market days, it s necessary to determine whether a loss occurred or not at the
end of each market day, i.e the experimenter has to resolve the vaue of the liabilities The
determination of losses, in turn, implies the resolution of risk or uncertainty. In this respect, a
problem we had to face was that of operationdising uncertainty in such a way as to induce expected
probabilities comparable with those for risky prospects.

Risk was made operationd by means of a smple chance device. For prospects in which the loss
occurred with probability .5, al participants, except the winner of the auction, were asked to draw a
bal out of an urn containing 10 black and 10 white bdls. If a black bal was drawn, that person lost
£100 and thus ended up with zero. If a white bal was drawn, the subjects kept ther initid
endowment of £100. The procedure was repeated for every participant. When considering the
complementary event, the prospect obvioudy yielded alossif awhite bal was drawn.

In the case in which the loss occurred with probability .05, al participants, except the winner of
the auction, were asked to draw a bl out of an urn containing 20 bals carrying numbers from 1 to
20 on them. If a subject drew number 1, then she or he lost £100 and thus ended up with zero.
Otherwise, the subject kept the initid endowment of £100. The progpect for the complementary
event yielded aloss if anumber grester than 1 was drawn.

As in Sarin and Weber (1993), the operdive definition of uncertainty we used is the Ellsberg's

urn. Doubts in fact exig concerning whether a second order uniform probability distribution, as
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used by Camerer and Kunreuther (1989) is regarded by experimental subjects as real uncertainty
(see Yates and Zukowski (1976), Bernasconi and Loomes (1993)). As in Ellsberg (1961), in order
to make pt=.5 operationd, subjects were asked to draw a bal out of an urn containing 20 white and
black balls in unknown proportions. The type of scenario subjects were asked to evduate was the
fallowing:

Liability B yields a loss of £100 if a white ball is drawn from bag B, otherwise you will not lose
anything. Bag B contains a total of 20 balls, but you do not know how many of these are black or
how many are white.

The proportion of white and black bdls in the urn was determined by means of the following
random device. At the end of each market day, the winner of the auction was asked to draw a ticket
(we replaced the ticket after each draw) out of a bag containing 21 tickets numbered from O to 20.
The number drawn determined the proportion of white bals. Since this process was repested at the
end of each market day, the amount of ambiguity faced by participants was not diminished as the
experiment proceeded. At the beginning of the experiment, subjects recelved detailed explanations
about how the proportion of white and black balls would have been determined. According to SEU,
by the principle of insufficient resson, a rationd decison maker should act on the bass of the
expected probability of drawing white, which is p¢ =5. Hence, the ambiguous prospect should

receive the same vauation as the risky one,

To make pt=.05 operationa, subjects were asked to draw a ball out of an urn containing 20 balls
bearing numbers from 1 to 20. They were asked to evauate the following scenario:

Liability B yields a loss of £100 if a ball drawn from bag B carries number 1 on it, otherwise you
will not lose anything. Bag B contains 20 numbered balls with numbers going from 1 to 20.
However, there is an unknown number of balls bearing any single number.

To determine the composition of the ambiguous urn we used the following random device we
prepared a bag containing 20 tickets carrying numbers from 1 to 20. We made twenty draws out of
this bag, each time replacing the drawn ticket; the numbers dravn were used to determine the
compodtion of the ambiguous urn. Since every number had 1 in 20 chances of being drawn, the
expected probability of drawing number 1 was p¢ =.05. We prepared eight bags using the same
procedure, one for each market day.*

14 qubjects chose the ambiguous bag a the end of each market day. We replaced the chosen bag each maket day. The
sequences of numbers contained in the bags were recorded by the experimenters and subjects were told that they could
check the composition of the bags after the end of the experiment.
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4. Organisation of market experiments
As mentioned in section 2, experiments 1 and 2 were organised as English clock auctions. The

choice of this market indtitution was motivated by two festures of this type of auction:

1. In English auctions subjects directly interact with easch other, snce information about submitted
bidsis public;

2. the dominant drategy is to revea on€e's true vauation of the good traded, independently of risk
attitude and of the number of players in the auction. Hence, subjects bids in the auction may be
used to build individua certainty equivaents for the prospects traded.

In experiments 1 and 2, two trid auctions (one for a risky prospect and one for an ambiguous
prospect) were staged for 2 periods each in every experimental sesson, prior to the beginning of the
firsd market. This was done in order to make auction participants familiar with the decison task and
with the auction procedure. In this phase of the experiment, subjects aso received detaled
explanations about how risk/uncertainty would have been resolved. This was meant to make the
expected value of the probability distribution of the ambiguous losses as transparent as possible.

The four potentia lizbilities were traded in random order in the six sessions of the experiment.™
Hence, in some sessons the prospects with ambiguous probabilities were traded before those with
known probabilities. Table 1B summarises experiments 1 and 2.

Before the hypotheticd market periods, subjects received detailed explanations as why it was
their best drategy to bid ther true reservation vaue in an English auction. This explanation was
necessary because, in the course of an auction run for severd rounds, subjects may learn the
auction's optimal drategy. This knowledge could be confused with the knowledge about the
probability distribution of the uncertain events. Hence, the provison of detailed explanations about
optima behaviour in an English auction was meant to isolate the learning induced by the market in
the choice under uncertainty from the learning of the auction strategy.

For each of the four markets, subjects received a record sheet with a description of the ligbilities
auctioned in that market, on which their earnings for each day were to be recorded. Subjects bids
were ingtead written by the experimenter on a dide which was clearly visble to dl participants, so
that a every point in the experiment everybody had immediate feedback as to what the other
subjects reservation prices were in the current and previous market days and about how many
participants were il in the auction.

The auction itsdf was run by an auctioneer who caled out prices doud, going from zero up to
100 pounds, one pound a a time. Subjects had to shout out their participation number when they
wanted to leave the auction. When al subjects but one had dropped out of the auction, the
auctioneer declared the market day closed and announced the winner and the sde price, which was
the bid submitted by the last person to drop out of the auction. After the winners and the sde price
of the goods were announced, the experimenter proceeded to resolve the value of the prospects by
means of the risky/ambiguous urns as described in section 3.

5 The random ordering of gambles is standard procedure in economic experiments. However, in the case of comparison
of risky and uncertain prospects, the random ordering has dso the am of controlling for “comparaive ignorance
effects’ (see Tversky and Fox, 1995b).
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In experiment 1 earnings in each market were calculated as the sum of earnings over al market
days. We chose not to have hypothetical, i.e. nontbinding, market days at the end of which asset
vaues were not determined, as this may have led to the building of bargaining postions to be used
by players later on in binding market periods (Gregory and Furby, 1987). Also, for the sake of
greater redism, we chose to pay the sum of accumulated earnings rather than pay subjects on the
bass of one randomly-drawn market day. Participants in red life markets are, in fact, not paid on
the basis of just one experience. The drawback of not using a random lottery sdection procedure is
of course that awedlth effect may build up.*®

In experiment 2 subjects recelved a flat payment of £ 5 for ther participation, dthough at the
beginning of the experiment they were told to teke their decisons as if they were going to be pad
according to their accumulated earnings. Otherwise, experiments 1 and 2 were the same.

5. Results

The andyds of results from the four experiments is divided in two parts fird, in sections 5.1.
and 5.2., we test hypothesis 1, that the sum of the certainty equivaents for complementary events
tends to converge to the same vaue under risk and uncertainty in a market setting. Second, in order
to test hypothesis 2 that prices do not reflect source preference, in sections 5.3 and 5.4 we check
whether sde prices in experiments 1 and 2 display reaction to uncertainty and whether this vanishes
with market experience.

5.1. Analysis of certainty equivalentsin experiments 1 and 2

In this section we address the issue of whether “source preference’ is reduced or disappears
when certainty equivadents are dicited in a maket sfting. As dready mentioned, dthough
equilibrium market prices may not reflect deviations from “rationd” behaviour, this needs not
extend to individuad willingness to sdl/pay. Market prices in an English auction, in fact, may be
determined by few rationd individuas, whereas the ret of market participants vauaions may be
greetly affected by uncertainty. In the following andyss, we will use the term source preference
for uncertainty/risk when the individud sum of certainty equivdents for the two complementary
prospects under risk is smdler/bigger than the sum of the certainty equivadents for the two
corresponding ambiguous prospects. Certainty equivaents for each subject are calculated as (£100
— bid), under the assumption that auction bids reflect the subjects true maximum willingness to pay
to sdl the potentid liability. In order to assess the impact of probability uncertainty on individud
vauations, we compare the sum of certainty equivdents for complementary prospects under risk
and under uncertainty in experiments 1 and 2, and we verify whether this sum is affected by market
repetition and feedback.

16 But Kachemeier and Shehata (1992) and Cox and Grether (1996) do not find evidence of this.
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Figures 1A-2B provide diagramméatic andyss of individud data, while tables 2a and 3a show

repectively summary statistics and individud attitudes for the sum of certainty equivalents’
[Insert table 2, table 3 and figures 1A-2B about here]

The scatter diagram in Figure 1A refers to experiment 1 when the probabilities of the two
complementary events are 5% and 95% (sessons 1.1-1.3). Auction participants in sessions 1.1 to
13 have been pooled. The horizontd axis shows the sum of certanty equivdents for
complementary risky prospects, i.e. SUM(CEg); the verticd axis displays SUM(CE,), i.e. the sum
of CEs of equivalent events for the corresponding ambiguous lottery. Each subject is represented by
a point in the diagram. The diagona line corresponds to the absence of source preference, i.e
subjects SUM(CE)s is the same under risk and under uncertainty. The point (100,100) implies that
the sum of certainty equivaents is exactly equa to the sum of the expected values of the prospects.
Points off the diagond indicate source preference. In  particular, source preference for
risk/uncertainty is represented by points below/above the line. The diagram gives the distribution of
SUM(CE)sfor thefirst and last market day of the auction.

Data points for the first market day show that severd subjects display SUM(CE,) > SUM(CEg),
l.e. a preference for ambiguity. Mean SUM(CE,) is 142.08 while mean SUM(CEy) is 120.17. A
paired t-tet shows that reection to ambiguity is dgnificant snce the mean sum of certanty
equivdents under risk is satisticaly different from that under uncertainty (t = 2.81, p = .01).2® On
the last market day, there is a reduction in reaction to ambiguity, as more subjects cluster around the
(100,100) point. In particular, on the first market day the prevaent atitude is source preference for
uncertainty (16 out of 24 subjects) and only three subjects are source-indifferent® On the last
market day, only five subjects exhibit preference for uncertainty and thirteen show absence of

source preference. The means of the sum of certanty equivadents are fundamentaly the same
mean SUM(CE,) is 114.46 while SUM(CEy) is 116.71, and s0 are the medians (median SUM(CE,)

SUM(CEg) are respectively 101 and 104.5). A paired sample ttest shows no effect of ambiguity on
the last market day (t = -.31, p = .76). Further, a ttest of equality of the means of SUM(CEg) on
day 1 and day 8 leads us to accept the null hypothesis (t = .57, p = .57) while equdity of the means
of SUM(CEx) on day 1 and day 8 is regjected (t = 3.22, p = .04). This result (as well as observation
of Fgure 1A) implies that most of the adjusment of individua bids brought about by market
experience concerns the valuation of uncertain lotteries rather than of risky ones.

Figure 2A shows SUM(CE,) and SUM(CEg) in experiment 2 when the probailities of the two
complementary events are 5% and 95% (sessons 2.1- 2.3). Recdl tha in this treatment subjects
competed in an English auction but their remuneration was fixed and independent of thar
performance. Like in experiment 1, we observe that, on the eighth market day, more individuds

7 In calculating these data we assumed that the eval uation of the winner of the auction was equal tothe price at which

the last person left the auction. Of course her/his evaluation was t least asgrest as thet value.

18 Both sums are atigticdly different from 100, which is the risk neutrality point (one-sample t = 553, p= 0, for
uncertainty; one-samplet = 4.30, p= 0, for risk).

19 |ndifference between sources was defined as a difference of less than + 5 in absolute terms between SUM(CER) and
SUM(CER).
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cluster around the expected vaue point, whereas the sums of certainty equivdents on the first day
are more spread out. On the first day, fifteen market participants preferred ambiguity to risk, eight
exhibited the oppodte pattern, and only one was source indifferent. On the last day, the number of
subjects who display no source preference increased to eleven. Also, as table 2a shows, the mean
and median vaues become dightly closer on day eight. The difference between mean \dues of the
sum of certainty equivdents under risk and under uncertainty, however, is not datidticaly different
both on day 1 (paired t = .45, p = .658) and on day 8 (t =.81, p=.427). Also, comparison of
SUM(CEa) on the first and on the last day show that the means are not Satisticaly different (paired
t =-.81, p=.427), and the same applies to SUM(CEg) (t = -.66, p = .51).

The above results can be summarised by saying that when complementary reference probabilities
are 5% and 95%, both in experiments 1 and 2, the feedback obtained from price and bid information
and the repetition of the experience leads to an increase in the number of subjects who display no
source preference. This paitern of behaviour is common to the two experiments, irrepective of the
payment schedule used. However, adjustment gppears to be dronger in experiment 1. in this
treetment both summary and individua vaues suggest that market experience works in reducing the
effect of uncertainty on certainty equivaents. Besdes, on the last market day, not only reaction to
uncertainty tends to disappear but aso prospects tend to be evauated on the basis of expected
vaues.

Figure 1B shows SUM(CE,) and SUM(CEg) in experiment 1 when the probability is p = .5
(sessons 1.4.-1.6). In Figure 1B, the fird market day shows reaction to uncertainty but risk
neutrality. Comparing SUM(CE,) and SUM(CEg) for each individud we find that the number of
subjects who display no source preference is roughly the same on the firs and on the last market
day (10 subjects in the first day and 8 in the last market day, out of 22), so that market experience
does not seem to reduce the impact of uncertainty on individud vauaions. Note however, tha
whereas with complementary probabilities 5%-95% there were very few source-indifferent subjects
on the first day, with a reference probability of 50%, the number of subjects who exhibited source
indifference from the start was subgantiadly higher. This result can be reconciled with behaviourd
models such as Einhorn and Hogarth's (1985), according to which the attitude towards ambiguity
switches from averson to preference according to the reference probability, so that there shdl be a
probability vaue a which individuds will be indifferent between sources of uncertainty. Summary
datigtics in table 2a show that mean SUM(CE,) is practicdly the same on the firs and on the last
market day. We cannot reject the hypothesis that mean SUM(CE,) is equd to the mean SUM(CER))
bothonday 1 (t=1.59, p=.13) andonday 8 (t = .84, p = .41).

Figure 2B shows the sum of certainty equivaents for complementary prospects of experiment 2,
when p =50%. In this experiment, unlike in experiment 1, source preference for risk prevails both
on the firg and on the last market day. Most data points, in fact, lie below the diagona line. The
number of source indifferent subjects, however, increases dightly from day 1 to day 8 (one subject
on day 1 and five on day 8). Table 2 shows that the mean and median SUM(CEg) and SUM(CE,)
get closer on the last market day (mean SUM(CEg) is 123.91 on day 1 and 108.05 on day 8, while
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mean SUM(CE,) is 101.41 on day 1 and 92.68 on day 8). The SUM(CER) on day 1 is satistically
different from day 8 (paired t = 3,73, p = 0.01) and the same holds for SUM(CE,) (paired t = 1,85,
p = 0.07). The means of sum of certanty equivdents under risk and uncertainty are strongly and
ggnificantly different on day one (t = -5.5, p = 0), but only weekly sgnificant on day eight (t = -
2.94, p = .08). Hence, with respect to experiment 1, in experiment 2 when p = 50% there is more
source preference but competition brought about by the auction mechanism partidly reduces the
impact of ambiguity.

Summing up, the market framework does induce a change in behaviour, regardiess of whether
subjects remunerdtion in the experiment is on the bass of peformance or not. The market
environment in itsdf does not diminate  the effect of ambiguity from individud certainty
equivaents. However, there is evidence that it reduces the source preference phenomenon. When
the difference between complementary probabilities is large (p = 5% and 95%) both in experiment
1 and 2 the number of source-indifferent bidders increases subgtantidly in the last market day with
respect to the first. When complementary prospects have equa odds (p = 50%), in experiment 1 the
difference between SUM(CE,) and SUM(CEg) is daidicdly indgnificant dready on the firs day.
In experiment 2, however, source preference tends to become weeker, exactly like in the sessons
with reference probability equal to 5%. A remuneration based on performance (Experiment 1)
seems to improve the performance of the market as an incentive mechanism.

5.2. Comparison of market values and questionnaire responses.

To further investigate whether markets reduce distortions and violations of SEU, we contrast the
digribution of the sum of certainty equivdents in experiments 1 and 2 agang the results obtained
in experiment 3 and 4, in which no incentive-compatible eicitation mechanism was adopted.
Hypothess 1 implies that in experiment 3 and in experiment 4 the sum of certainty equivaents for
complementary risky prospects will display a greater divergence from the certainty equivalents for
ambiguous prospects with respect to CEs obtained from auction bids of experiments 1 and 2.

Figure 3A shows the sum of CEs in experiment 3 when p = 5%. Comparison with figures 1A and
2A reveds that lack of market and financia incentives leads to severa outliers which reflect high
risk-proneness. However, mean vaues of certanty equivdents under risk and under ambiguity are
very close (SUM(CEg) = 132.13, SUM(CE,) = 136.27), dthough median vaues reflect a marked
source preference for uncertainty. A pared sample ttest for the equaity of means leads us to accept
the null hypothess (t = .64, p = .5). A surprising result is that the proportion of source indifferent
subjects was quite high (12 out of 28) if compared with the proportion observed on the first day of
the market experiments (see table 3b).

As far as Experiment 4 is concerned (no market incentives and a smdl flat payment), Figure 4A
shows the sum of CEs in experiment 4 when p = 5%. Also in this experiment, we have a high
number of outliers the standard deviation is higher in experiment 4 than in experiment 3, and this is
true under both risk and uncertainty. The number of source indifferent subjects is 7 out of 25.
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Contrary to what we find in experiment 3, most subjects display source preference for risk, &it is
reveded aso by median values of the sum of the CEs (median vaues are 180 under risk and 150
under ambiguity). However, as in experiment 3, a pared sample t-tes for the equdity of means
leads us to accept the null hypothesis (t = 0.36, p=.72).

In figure 3B, with complementary prospects having equa odds (p = 50%) data from experiment
3 reflect risk neutrdity but marked source preference. The difference between the mean SUM(CE)s
under risk and under ambiguity is weekly different (t = -1.75, p =0.09). The number of subjects
who display no source preference is 8 over asample of 30.

Figure 4B shows an even higher dispersion of subjects CEs when p=50%. Most subjects exhibit
source preference for risk (15 out of 25) and only 5 subjects are source indifferent. This result is
adso confirmed by the mean and median vaues of the CES under risk and uncertainty. The mean
vaues are respectively SUM(CER) = 148 , and SUM(CE,)=117 while the medians are 160 and 100.
We performed a paired sample ttest for he equdity of means and we reected the null hypothess
for thislevel of probability (t =2.28, p =.03).

In order to compare the difference between SUM(CE,) and SUM(CEg) in experiments 3 an 4
with those observed on the first market day of experiments 1 and 2 we ran a two-way ANOVA in
which the main effects were the type of experiment and the reference probability. When we
compare [SUM(CE,) - SUM(CER)] rdaing to the fird day of experiments 1 and 2 with

[SUM(CE,) - SUM(CER)]  in the quedtionnaire experiments 3 and 4, we find a strong significant
effect both for the type of treatment (F = 4, p = .09) and for the reference probability (F = 11.7, p =
0.01). On the contrary, if the differences of SUM(CE)s in experiments 3 and 4 are compared with
those relating to the last market day of experiments 1 and 2, the treatment no longer appears
significant (F = 1.7, p = 0.16) while the probability il is (F = 5.27, p = 0.02).%°

This result is dso confirmed if we look at the difference in the number of source indifferent
subjects in the four dternative trestments. When p = 5%, while on the firs day of the market
experiments subjects exhibiting source indifference are respectivey 2 and 1, in experiment 3 and 4
they are respectively 13 and 7. When the probability leve is 50%, the number of ambiguity neutrd
subjects in experiment 1 and 2 are respectively 11 and 1, and 8 and 5 in experiment 3 and 4.
Looking at these data we notice that (with the exception of experiment 1, p=50%) the proportion of
subjects showing no source preference is dways higher in the experiments in which no market
setting is used. However tables 3a and 3b show that this is not anymore the case when we compare
the behaviour on the last market day with the one of the experiment 3 and 4.

Given these results we have to conclude that evidence of individua deviations from rationd
behaviour is not necessarily sronger in experiments in which vaues are dicited in a questionnaire
format. Neverthdess, individud WTPs obtained from questionnaires show a higher varigbility with
respect to market values. Finaly, one can ill question whether the repetition and feedback typical

20 This result seems to be contraintuitive. However it is simple due to the fact that participantsin the market experiment
exhibited a higher level of uncertainty reaction on the first market day respect to the participantsin experiment 3and 4 .
However they reaction to uncertainty diminished on the last market day so the test was not any more significant
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of a maket stting may increese the number of ambiguity neutral subjects. Drawing from the
results of experiments 1 and 2 we are tempted to conclude that this would be the case.

5.3. Market prices

In this section and in the following one, we present the results of our market experiments looking
a the effects of uncertainty on market prices. While in this section we andyse the effect of
ambiguity on the sngle market prices, in the next section we concentrate on the exisence of a
source preference bias in equilibrium prices.

To this end, when consdering each price, we shdl identify the presence of ambiguity averson
with a sde price for the ambiguous progpect which is higher than the sdle price of the equivaent
risky prospect. In this case, the equilibrium market price incorporates a podtive “ambiguity
premium”. Ambiguity neutrdity will be defined as identity between the market price under risk and
the market price under uncertainty. Ambiguity preference will be reveded by an equilibrium price
for a risky liddility which is higher than the price for the equivdent ambiguous ligbility, i.e a
negative ambiguity premium.

Let us sart by looking a the sae prices of the liabilities auctioned in each of the sessons of
experiments 1 and 2. Table 4a presents the prices for the risky prospect, ( R), and the ambiguous
prospect, (A), on the firs market day, on the last market day, as wel as the average price in the
eight days of each market. The rowstitled C give prices for the complementary prospects.

[Insert table 4a about here]
Let us condder the firgt three sessons of experiment 1 (1.1-1.3). In these sessons the traded

prospects had a reference probability of p = .05 in the case of risk and an expected probability pt=
05 in case of uncertainty. As shown in the table, on the firda market day, prices display ambiguity
averson. Averson to uncertainty is reduced — but sl persists — on the last market day.?! The
prevdence of ambiguity averson a low probabilities of loss is in line with the predictions of
severd modds of individud behaviour under uncertainty, for insgance Cumulative Prospect Theory
(Tversky and Kahneman, 1992) and “Anchoring and Adjustment” (Einhorn and Hogarth, 1985).22

As for the experimentd sessons in which ligbilities with the complementary reference
probability were evauated, we can see that (see rows corresponding to sessions 1.1C to 1.3C in
table 4a) the prices for the liadilities in which p¢ = .95 display reaction to uncertainty on the first
market day (ambiguity averson in sesson 1.1C, ambiguity preference in sesson 1.2C and 1.3C).
This reection to uncertainty disappears aong with the market days and on the last market day
equilibrium prices do not reved any reaction to uncertainty. The average premium for uncertainty

21 We ds0 cdculated ambiguity premiums as the proportional change of sde prices for the ambiguous ligbility with
respect to the risky one. We peformed a onesample t-test of the hypothesis that the mean ambiguity premium was
satiticaly different from zero. We rejected this hypothesis for sessons 1.1 and 1.2 (t = 228, p = 0057, t =634, p=0
respectively).

22 These models predict that if a prospect is framed as a loss, individuas vauations will exhibit ambiguity aversion a
low probatilities of loss and preference for ambiguity at high probabilities of loss.
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on the eighth market day was in fact zero in the 1.3C and 1.2C sessons and we have a smdl

preference for uncertainty in sesson 1.1C in the last market day.?
[Insert table 4a about here]

When the reference probability of loss is 50% (sessions 1.4-1.6), we find practicaly no reaction
to ambiguity a al: in sessons 1.5. and 1.6. prices for risky and ambiguous prospects not only are
the same, but aso coincide with the expected vaue of the loss, thus displaying risk neutrdity both
on the first and on the last market day. Prices h sesson 1.4. display a smdl measure of ambiguity
averson.

In experiment 2 where subjects were not paid according to their earnings in the auction, the
pattern of sde prices is dightly different from what is observed in experiment 1. On the fird market
day there is a large divergence between prices for risky and for ambiguous prospects when the
reference probability is 5%; in particular, prices reved strong ambiguity preference. However, this
preference disappears in one sesson on the last market day and it is strongly reduced in the other
two. Moreover, in these sessons we also observe higher risk-aversion with respect to experiment 1.

When p = 95%, prices are higher than the expected value and practicaly the same vaues are
observed in dl market days both under risk and under uncertainty. Subjects in al three relevant
sessions (2.1-2.3) behaved as if the loss was certain and hence preferred to bid up to insure rather
than play the lottery. In individua decison meking settings, this sort d “certainty effect” has been
explaned by discontinuous probability weghting functions when the reference probability
approaches one.

When p = 50% (sessions 2.4-2.6), prices show some ambiguity averson on the firsd and last
market day but practicdly no ambiguity reection in the market for the complementary ligbility. A
smal averson gill perssts when we consder the average market pricesfor risk and ambiguity.

Therefore, as far as Experiment 1 and 2 are concerned, the analysis of data on market rices can be

summarised asfollows

a) Reaction to ambiguity is stronger when the probability of loss is 0.05. On the last market day
the ambiguity premium decreases; this convergence processis clearer in experiment 2.

b) When we congder the complementary bet at the 0.95 probability level, we have a very wesk
reaction to ambiguity in Experiment 1. In Experiment 2 market prices do not reved the presence
of ambiguity since the very first market day.

c) At the probability level of 0.5, for both complementary bets, market prices reved a dight
positive ambiguity premium in Experiment 2 and no ambiguity premium in Experiment 1.

From this summary we can conclude that — with market experience — the effect of ambiguity on

prices decreases whichever level of probability we are consdering. We cannot find any remarkable

2 preference for ambiguity, i.e. a willingness to pay to insure againgt an ambiguous loss lower than the willingness to

pay for an equivdent risky loss, is a common result when the probability of loss is high. It has been observed by
Hogarth and Einhorn (1986, 1990) and Di Mauro and Maffioletti (1996) among others.
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difference in market behaviour in the two trestments, except for the higher risk averson when we
use asimple flat payment to reward subjects.

5.4 Source preference biasin prices

The analyss of prices for the first and last market days of experiments 1 and 2 (table 4a) has
shown that prices display very little effect of uncertainty and that a convergence process towards
risk neutraity values seemsto be at work.

In this section, we cary out a more comprehensve andyss of this convergence process by
sudying whether there exists a source preference bias in prices anaogous to the one we analysed
for cetanty equivdents, and whether this bias disgppears with the repetition of the market
experience.. For this reason we are going to cal this effect “source preference bias in market
prices’.

To mantain a drict andogy to the analysis carried out for certainty equivaents, and to dlow a

graghtforward comparison with the sum of cetainty equivalents reported in table 2, we do not
define a source preference price bias as the difference between the sum of prices of complementary
assets under uncertainty and under risk. Ingtead, we build some sort of “market sum of certainty
equivalents’ caculated as (E200 — SUM(PR)) for risk and (E200 — SUM(Pa)) for uncertainty, and
compute the difference between the two. If market repetition and feedback brings about some form
of learning of the raiond behaviour, the price bias should disgppear as the number of market
periods increases.

In an experimentd market in which two complementary lotteries (such as A and C) ae
smultaneoudy traded, owning both assets gives a sure payoff. Arbitrage should, therefore, make
the sum of prices for the two lotteries equal to that payoff, irrepective of the trader’s risk attitude.
However, Rietz (1999) and Weber, Keppe and Meyer-Ddius (1999) find that thisis not so even in a
double auction market, and that the sum of prices for complementary lotteries is higher than the
sure  payoff, a result called over-pricing. Also, Weber, Keppe and Meyer-Ddius find that the
degree of over-pricing is amplified when a negative frame is used. In our experiment, no arbitrage is
possible as lotteries are sold independently; nevertheless, we think it is Hill interesting to look & the
sum of prices for complementary lotteries to test whether the degree of over/funder pricing with
respect to the aggregate payoff is affected by uncertainty.

Table 4B shows the vaues thus caculated for the fird, the last, and the average of market days.
When looking at the table, we have to keep into mind that each cell has been calculated as (200 -
price — price complementary bet) and that, consequently, if the sum for market prices for
complementary bets under ambiguity is bigger than under risk then we have a source preference

towards risk.
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When we look a the sum of sde prices in experiment 1 with complementary bets a the 0.05
and 0.95 probability levels, we can see that we have no source preference on the last market day
and very little on average. Source preference is dightly higher when we consder the 0.5 probability
level and thisis so irrespective of the market day.

In the second market experiment, however, source preference is more evident, and over-pricing
is present both under risk and under uncertainty. Market experience reduces the degree of source
preference in those sessions in which the reference probabilities are 0.05 and 0.95. As far the 0.50
probability is concerned, we find that some source preference for uncertainty perssts on the lagt
market day. Findly, with respect to experiment 1, there is clearly a higher varigbility in the pattern

of prices across auction sessons.

In order to formaly test the hypothess that the price bias disappears with market experience, we
follow Camerer (1987) and consder — for each of the 12 market sessons, the time series of price
biases in the eight market days. Since prices in various market periods tend to be autocorrelated,
we estimate the long run price bias from asmplefirg order autoregressve mode!:

[SUM(Pa) — SUM(PR)]: = a + b[SUM(Pa) — SUM(PR)]t-1 + €

where SUM(Pa) — SUM(PR) is the price bias. The above formulation entails that the equilibrium
bias can be measured as b = a ¢(1-b 9 where a ¢and b¢are OLS estimatorsof a and b.

The cdculation of the standard error of b must, however, be obtained from a Taylor series
goproximation using the variances of a ¢and b ¢and their covariances®*

Reaults of the estimates are presented in table 5. Unless otherwise stated, estimates reported are
OLS and errors are uncorrelated and homoschedastic.?® The t test reported is a test that the long
term price bias is zero. This t is smply cdculated by dividing the estimate of b by its approximated
gandard error. In four out of twelve sessions, however, results cannot be consdered reliable, as
standardised residuals exceeded the hypothesis of normdity at the 5% leve.

Looking at table 5, we see that the price bias is sgnificantly differert from zero in nearly dl the
experimenta sessons. The fact that the long term bias is Sgnificantly different from zero suggests
that markets do not eiminate violations of source preference completely. Biases dso tend to be
negative in mogt experimertal conditions (in 8 sessons out of 12): thus source preference for
uncertainty (ambiguity proneness) isthe market long-run attitude.

However, it must dso be observed that the vaue of biases is smdl.?® The price bias in our
expeiment is even gndler in the expeiments in which auction paticipants were rewarded
according to performance (sessons 1.1-1.6). Thus, the ability of markets to induce a more rationd

24 See Camerer (1987), p.987. Thevariance of bis approximated by V(b) = V(a)/(1- b)?> + a® V(b)/(1-b)* + +2a
Cov(a,b)/(1- b)* evauated a a¢and bt

25 Where first-order serial correlation was detected, the equation was re-estimated using GLS,

26 This result parallels that of Camerer (1987) with reference to learning of the Bayesian posterior.
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behaviour actualy seems to be tied not only to the repetition of the market experience but iether to
the financid incentives of the market.

6. Discussion of results and relation with previous studies

The results concerning market prices do not differ subgtantidly from those obtained comparing
the sum of the certanty equivaents over complemertary bets. Both andlyses dlow us to conclude
that market feedback and learning — especidly in experiment 1 - induce a change in subjects
behaviour, reducing reaction to ambiguity. Source preference tends to disgppear and the difference
between ambiguous and risky prices decreases. The andyss of the long run source bias which we
have applied to prices has shown that the bias remains sgnificant, athough its magnitude is small.

Moreover, even in experiments 3 and 4 on average there is a very dight ambiguity reaction and
a subgtantid number of subjects is ambiguity neutrd. Therefore, we can conclude tha incentive
compatible mechanisms are not necessary to achieve a low rate of violations of the rationd model
of behaviour. In other words, the “economist’s prgudice” that markets do predict rational modes
of behaviour better is not supported by our data.

The issue whether markets induce a better performance of Expected Utility (EU) or Subjective
Expected Utility has been addressed by few other dudies. For example, Evans (1997) argues that
the superiority of markets over individua behaviour may be due to a Satidicd atifact, i.e the fifth-
price rule used in her experiment. This author also casts doubts over the good performance of EU
with other pricing rules”” In our experiment the price is set by the second highest bid; nevertheless
prices for risky and ambiguous prospects tend to converge. Also certainty equivaents are affected
by the repetition of the auction, showing that repetition nds to change individua preferences. Cox
and Grether (1996) suggest that “.the repetitive nature of the task in market experiments in
conjunction with feedback” (page 401) can be a crucid factor in reducing violations of EU. In ther
experiment, the observed violations of EU in markets fals irrespective of the payment schedule
(fixed payment or payment according to performance).

In our experiments, a wesk amount of violation of Subjective Expected Utility was performed by
the group with individud pricing task and no financia incentive. Therefore, we can conclude that
markets tend to reduce violations of Subjective Expected Utility, but they do not necessarily
perform better.  In another experiment in which behaviour revedled by a questionnaire is directly
compared with market behaviour, Myagkov and Plott (1997) find “strong consistency between
answers to the questionnarie and experimental market behaviour (p.816)”.

It is possble that market inditutions and incentives play different roles according to the decison
tak peformed in the expeiments In an experiment on the role of financid incentives on
individuad choice/judgement experiments, Beditie and Loomes (1997) reach the concluson that,
"incentives make no dgnificant difference’ (p.166) when smple choices are involved. In our
experiments, indeed, subjects were asked to perform quite asmple task.

27 Smith and Walker (1993) show that financial incentives and market-like-settings reduce “noise” or reduce violations
without eliminating them completely.
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The impact of market-like sdtings and financid incentives may dso differ according to the
context used in the experiment. In an experiment on the insurance market, for ingtance, Camerer
and Kunreuther (1989) find no impact of ambiguity on prices. Our results too suggest thet, in a
loss frame, reection to ambiguity is wesk. Markets indtitutions reduce reaction to uncertainty, but
theinitid degree of biasisrdaivdy smdl.

When prospects evauated involve gains ingead of losses, reection to uncertanty is usudly
dronger. Fox, Rogers and Tversky (1996) find that option traders exhibit subadditive decison
weights under uncertainty but not under risk.  Evidence of the presence of reaction to uncertainty is
found in a study by Sarin and Weber (1993) who use a market setting. Their data show that asset
prices display ambiguity averson a the 50% probability level, and convergence to ambiguity
neutrality at a probability level of 5%. Evidence of reaction to uncertainty is obtained regardiess of
the different incentive systems used in the two sudies®®

The above andyss seems to reinforce the concluson that the influence of market incentives
might strongly depend on the tasks that individua are asked to perform in the experiment.

Conclusions

We have presented an experimental sudy which has investigated individud bids and prices in a

market for a potentid liability characterised either by known or ambiguous probability of loss. We
have compared bidding behaviour and prices in a market-like setting with vauaions obtained from
individua judgement. In the market experiment, the inditution used was an English auction. In one
treatment subjects were rewarded according to their performance in the auction, while in another
ubjects received a flat payment. In the individua judgement experiment, subjects performed a
pricing task; they had to dtate ther willingness to pay to sdl the same prospects vaued in the
auction.
We find that prices for the ambiguous prospects tend to converge to those for risky prospects. The
andyss of the sum of certainty equivaents shows that the reduction in the source preference  effect
is a work dso for individud values. On the last market day of the auction, the sums of certanty
equivdents under risk and under uncertainty get closer, dthough the convergence effect is stronger
for prices.

These results may be interpreted by saying that market forces tend to reduce the impact of
uncertainty on trade prices and to change individuad preferences. However, we find tha there is
srong Smilarity between the data obtained in market experiments and the data obtained from the
answvers to smple questionnaires without incentive compatible mechanisms.  Hence, we cannot
conclude that SEU performs better in markets, dthough the market reduces deviations from the
rationa modd.
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APPENDIX

INSTRUCTIONS OF EXPERIMENT 1

(Probability levels 0,05 and 0,95)

You are about to participate in an experiment about decison making under risk and uncertainty. The
purpose of the experiment is to gain insight into certain features of economic behaviour. If you follow
the ingtructions carefully you can earn a considerable amount of money. You will be paid in cash a the
end of the experiment. The mechanism according to which you will be paid is explained below.

During the experiment you are not allowed to communicate with the other participants. Communication
between participants will lead to an automatic end of the session.

This is a market experiment. You will participate in 4 markets plus 2 practice markets. The practice
markets will consist of 2 market periods. Each real market will be composed of 8 market periods. At the
beginning of each market period you will receive a cash endowment of £100 and one potentia ligbility.
This ligbility lives only one period and cannot be carried over to subsequent market periods. It involves
either a potentia loss of £100 or £0 with some probability. The cash endowment is meant to alow you to
sl the potentid liability if you want to.

Try to think of each liability and of each market as of ared Stuation.

For each liability you will be asked to state the maximum amount you are willing to pay in order to get rid
of the potentid ligbility.

For each liability and in each market period, you will indicate your maximum willingness to pay through
the following auction mechanism.

An auctioneer will shout an ascending price for the liability on the market. The auctioneer will start with
the lowest price of £0 and will increase the price till £100. You will indicate your willingnessto pay (i.e.
the price a which you no longer want to be in the auction) by raising a hand and shouting your subject
number and shouting the price out (i.e. subject no.1 out at £45).

Y our best course of action isto go out when the price reachesthe most that you are willing to pay; that
is, when you want to leave the auction. The experimenter will record on a transparency sheet your
maximum willingness to pay.

A market period ends when only one participant is left in the auction. The last participant left in the
auction will acquire the right to sdl the potentia liability and he or she will pay a price equa to the
price a which the last person dropped out of the auction.

At the end of each market period, the winner of the auction will receive 1% of his total earnings as
profits. Earnings for the winner are given by the initial cash endowment, £100, minus the price a which
the last person dropped out of the auction.

For example, if you are the winner of the auction and the maximum willingness to pay of the last person
who dropped out of the auction was £45, your earnings are £(100 — 45) = £55. Y our profit is 1% of £55,
i.e. 55 pence.

The other participants keep their own ligbility. The ligbility, however, expires a the end of the
market period and its vaue (i.e. ether -£100 or £0) is thus resolved at the end of each period for
each market. Subjects will be paid accordingly.

For example assume that your potentid liability involves a probability of 10% of losing £100 and a
probability of 90% of not losing anything. Y ou will be presented with a bag containing 20 numbered balls
with numbers going from 1 to 20. Each ball carries a different number, so that each number from 1 to 20
appears only once. If you draw a ball that carries number 1 or number 2 you will lose £100, otherwise
nothing will happen. If a ball that carries number 1 or 2 is drawn you will have to pay £100 (which
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corresponds to your endowment), so you will end up with zero earnings. If a bal that carries any number
but number 1 or 2 is drawn you will not lose anything, so you will get 1% of your initia endowment for
that market period, that isto say £1.

[In the experiment with complementary probability at 0,5 the instruction differ in the following
section:

For example assume that your potentid ligbility involves a probability of 90% of losng £100 and a
probability of 10% of not losng anything. You will be presented with a bag containing 20 bdls, 2
of which are black and 18 are white. If you draw a white bal you will lose £100, otherwise nothing
will happen. If a white bdl is drawn you will have to pay £100 (which corresponds to your
endowment), so you will end up with zero earnings. If a black bdl is dravn you will not lose
anything, so you will get 1% of your initid endowmert for that market period, that to say £1.]

The experiment is organised as follows:

Step 1

At the beginning of the experiment, the experimenter will explain the auction procedure. Two practice
markets each made up of two periods will take place. These practice markets take place in order to help
you become familiar with the problem, the auction procedure, and the payment procedure.

Step 2
You will be given the first potentia liability and the corresponding cash endowment. You will be alowed
a few minutes to think about what you are willing to pay to get rid of it.

Step 3

The auction for the first scenario will take place. You will be asked to raise your hand and shout your
number and the price a which you are leaving the auction. This price should correspond to your
maximum willingness to pay in order to get rid of the potentid liability.

Step 4
At the end of the each period the winner of the auction will acquire the right to sell the potentia liability.
He or she will be paid accordingly.

Step 5
The potentia liability is played out for real and uncertainty is resolved. All the subjects are paid
accordingly.

Step 6
Another market period starts. The above procedure is repeated.

Step 7
After 8 periods the first market trade is terminated.

Step 8
A new market trade starts. Y ou will be given a different liability to trade and a new cash endowment.

Y ou will participate in 4 markets of 8 periods each plus two practice markets of two periods each.

The trade mechanism as well as the payment procedures followed are the same for each market. The
liability traded will differ from market to market.

The mechanisn whereby the uncertainty will be resolved for the different liabilities will be
explained in greater detail at the end of the practice markets periods. Please note that you will be
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free to check whether the stated probability corresponds to the combination of balls inside the opaque
bag.
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INSTRUCTIONS Experment 3and 4

You are about to participate in an experiment about decison making under risk and uncertainty. The
purpose of the experiment isto gain insght into certain features of economic behaviour. At the end of the
experiment you will receive 5000 lire as participation fee. The experimental session will last 10 minutes and
you will be asked to answer four questions.

During the experiment you are not alowed to communicate with the other participants.
During the experiment try to consider the decision problem as redl life situations.

In this experiment you will be asked to evaluate four assets. Each asset (potentia liability) involves ether a
potential loss of £100 or £0 with some probability. The potentia loss depends on whether some specific
event described in the asset occurs or does not occurs.

For each potentid ligbility, you are endowed with an initid amount of 100 pounds. each time you have to
make the decison whether to keep your potentia liability or to get rid of it. If you decide to keep your
liability you run the risk of loosing 100 pounds. If you get rid of your potentid ligbility you will not loose
anything whichever event will occur.

For each liability you will be asked to state the maximum amount you are willing to pay in order to get rid
of the potentid lighility.

Look carefully at the scenarios and try to think of each liability as areal situation.

When you finished to fill in your questionnaire , please give it back to the experimenter and you will receive
immediately 5000 lire in cash as participation fee. Take care that the experimenter will put a number on each
questionnaire (This last sentence was just for experiment 4 )

Thank alot for you participation

Instructions given to students in experiment 1 and 2 to explain the best strategy in
auction

PLEASE READ CAREFULLY!!

WHAT IS YOUR BEST COURSE OF
ACTION IN THE AUCTION?

In the auction your best course of action is to drop out when the price reaches the mogt that you
are willing to pay, i.e. when the price announced by the auctioneer corresponds to the maximum
vaue you assgn to sling the potentid ligbility.

Wetry to explain briefly why bidding your vaue is your best Srategy.

Assume that the maximum vaue you assgn to sdlling the potentid liability is£50.

If you bid less that £50, you cannot increase your earnings, since the price you pay is determined
by the bid a which the last person dropped out of the auction. Rather, a bid beow £50 would
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amply lower your chances of winning the auction, without changing the price pad in the event
of awin.

| you bid higher than £50, you will raise the probability of winning the auction, but in the case
you win, you would regret purchasing & the bid price that exceeded your vaue.

Congder this example. Suppose you are the bst person left in the auction and the last player who
dropped out placed a bid higher than £50, say £60. Then you would win the auction and you
would pay aprice (E60) which is£10 higher than what you vaued the sde of the lighility.
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DESCRIPTION OF PROSPECTS EVALUATED IN THE EXPERIMENT
Prospects at probability level 0.05 and 0.95

Market 1
Y ou are endowed with the following potentid lighility:

Liability A yields a loss of £100 if a bal drawvn from bag A caries number 1 on it, otherwise
you will not lose anything. Bag A contains 20 numbered bals with numbers going from 1 to 20.
Each ball carries a different number, so that each of the numbers from 1 to 20 appears only once.

You ae asked to gate which is the maximum amount of money you are willing to pay to sdl this
potentid ligbility.

Market 2
Y ou are endowed with the following potentid lighility:

Liability B yidds a loss of £100 if a bal drawn from bag B carries number 1 on it, otherwise
you will not lose anything. Bag B contains 20 rumbered bals with numbers going from 1 to 20.
However, there is an unknown number of bals bearing any single number.

You are asked to gate which is the maximum amount of money you are willing to pay to sdl this
potentid ligbility.

Market 3

Liability C yieds aloss of £100 if a bdl drawn from bag A carries any number but number 1 on
it, otherwise you will not lose anything. Bag A contains 20 numbered bals with numbers going
from 1 to 20. Each bdl caries a different number, so that each of the numbers from 1 to 20

appears only once.
You are asked to gate which is the maximum amount of money you are willing to pay to sl this
potentid liability.

Market 4
Y ou are endowed with the following potentid liability:

Liability Dyidds aloss of £100 if a bdl drawn from bag B carries any number but number 1 on
it, otherwise you will not lose anything. Bag B contains 20 numbered bals with numbers going
from 1 to 20. However, thereis an unknown number of bals bearing any single number.

You are asked to gae which is the maximum amount of money you are willing to pay to sdl this
potentid ligbility.
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Prospects at probability level 0.5
Market 1
Y ou are endowed with the following potentid lighility:
Liability L2A vyidds a loss of £100 if a white bdl is drawn from bag C, otherwise you will not
lose anything. Bag C contains 20 white and black bdls 10 bdls ae white and 10 bdls ae
black.
You ae asked to gate which is the maximum amount of money you are willing to pay to sdl this
potentid liability.
Market 2
Y ou are endowed with the following potentid liability:
Liability L2B yidds aloss of £100 if a white bdl is drawn from bag D, otherwise you will

not lose anything. Bag D contains a total of 20 bals, but you do not know how many of these are
black or how many are white.

You are asked to state which is the maximum amount of money you are willing to pay to sdl this
potentid liability.
Market 3
Y ou are endowed with the following potentid lighility:
LiabilityL2C vyidds a loss of £100 if a black bal is drawn from bag C, otherwise you will not
lose anything. Bag C contains 20 white and black bdls 10 bdls ae white and 10 bdls ae
black.
You ae asked to gate which is the maximum amount of money you are willing © pay to sl this
potentid liability.
Market 4
Y ou are endowed with the following potentid liability:

Liability L2D yiddsalossof £100 if a black bdl is drawn from bag D, otherwise you will

not lose anything. Bag D contains a totd of 20 balls, but you do not know how many of these are
black or how many are white.
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You are asked to gate which is the maximum amount of money you are willing to pay to sl this
potentid ligbility.
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Table 1A — Summary of market experiments

Experimental session

Sequence of
trade

Reference
probability

Number of
subjects

Experiment 1 — Second- price auction with payment according to performance

Session 1.1 RA,CR,CA .05 8
Session 1.2 ARCA,CR .05 8
Session 1.3 CR,CARA .05 8
Session 1.4 RA,CR,CA 5 8
Session 1.5 A,RCA,CR 5 8
Session 1.6 CR,CARA 5 6

Experiment 2 — Second- price auction with flat payment

Session 2.1 RA,CR,CA .05 8
Session 2.2 A,R,CACR .05 8
Session 2.3 CR,CARA .05 8
Session 2.4 RA,CR,CA 5 8
Session 2.5 AR,CACR 5 8
Session 2.6 CR,CARA 5 6

Table 1B - Incentive schemes adopted in the experiments

Experiments Mar ket institution Kind of Payment

Y ork- Experiment 1 English Auction According to performance
Itay- Experiment 2 English Auction Flat participation fee

Hull- Experiment 3 Absent Absent

Italy-Experiment 4 Absent Flat participation fee
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Table 2A — Certainty equivalents for complementary lotteries in market
experiments (Means, Mediansin italics, and St.dev. in parenthesis)

Type of prospect Sum (CER) Sum (CEA)
EXPERIMENT 1
Day 1 Day 8 Day 1 Day 8
P =50% 108.05 108.73 113.64 113.68
(sample size 22) 107.5 102 110 110
(11.42) (28.29) (23.06) (17.09)
P=5% 120.17 116.71 142.08 114.46
(sample size 24) 113 104.5 134.5 101
(23) (30.51) (37.26) (28)
EXPERIMENT 2
Day 1 Day 8 Day 1 Day 8
P =50% 123.91 108.05 101.41 02.68
(sample size 22) 129.5 100 98.5 89
(29.79) (28.80) (26.42) (26.38)
P=5% 87.17 93.33 92.04 05.71
(sample size 24) 81.5 94.5 95.5 98.5
(47.81) (7.42) (21.42) (10.48)
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Table 2B— Certainty equivalents for complementary lotteries
(Means, Mediansin italics, and St.dev. in parenthesis)

Experiment 3

P=50% CER CEA
Mean 113 101.6
Median 100 100
St.Dev. (25.03) (48.77)
N. 30

P=5%

Mean 132 136
Median 106 132
St.Dev. (41.4) (39.36)
N.28

Experiment 4

P=50% CER CEA
Mean 148 117
Median 160 100
St.Dev. (44.49) (53.83)
N. 25

P=5%

Mean 151 147
Median 180 150
St.Dev. (54.80) (53.01)
N.25




Table 3a - Individual attitudes towards uncertainty (Market experiments)

Experiment 1
Market Day |DAY 1 | DAY 8
Probability 5%-95%
level
Source Number of | Source Number of | Totd
preference | subjects preference | subjects number of
atitude dtitude subjects
AU AA 5 AA 7 24
Payment AN 2 AN 11
accordingto [AP 17 AP 6
performance
Probability 50%
level
AA 4 AA 3 22
AN 11 AN 7
AP 7 AP 12
Experiment 2
Market Day |DAY 1 |DAY 8
Probability 5%-95%
level
AU Source Number of | Source Number of | Totd
Fat preference | subjects preference | subjects number of
Payment atitude atitude subjects
AA 8 AA 5 24
AN 1 AN 11
AP 15 AP 8
Probability 50%
level
AA 16 AA 13 22
AN 1 AN 5
AP 5 AP 4
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Table 3b - Individual attitudestowar ds uncertainty (questionnair e experiments)

Experiment 3
Probability Level
5% -95% 50%

Source Number of | Source Number of subjects
No AU preference subjects preference
No attitude attitude
Payment

AA 6 AA 14

AN 13 AN 8

AP 9 AP 9
Totd 28 31
subjects

Experiment 4
Probability level
5%-95% 50%

Source Number of | Source Number of subjects
No AU preference subjects preference
Flat attitude attitude
Payment

AA 9 AA 15

AN 7 AN 5

AP 9 AP 5
Totd 25 25
subjects
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Table4A — Market pricesin experiments 1 and 2

EXPERIMENT 1

Session R day R adau A day As day Raveraqe Aaveraqe
1.1 (5%) 2 7 9 10 4.88 7
1.2 (5%) 6 8 12 14 7.63 13
1.3 (5%) 1 3 5 5 4.25 4.25
1.1C (95%) 86 98 96 94 96.25 95.88
1.2C (95%) 95 95 85 96 96.25 93.88
1.3C (95%) 95 98 90 98 97.50 96.38
1.4 (50%) 95 52 62 99 95.75 57.25
1.5 (50%) 50 49 49 49 49.50 47.13
1.6 (50%) 50 50 50 50 51.88 50.75
1.4C 50 60 ) 50 55.25 52.12
1.5C 49 49 30 50 49.13 47.88
1.6C 95 50 50 95 59.13 56.75
EXPERIMENT 2
R 1day R sday A 1day A 8 dav Raveraqe Aaveraqe
2.1 (5%) 70 18 14 11 28.64 14.63
2.2 (5%) 30 12 10 5 1350 6.13
2.3 (5%) 96 20 45 22 42.88 31.50
2.1C (95%) 98 99 99 99 98.87 99
2.2C (95%) 9 99 98 99 98.87 98.87
2.3C (95%) 99 99 99 99 99 99
2.4 41 55 51 55 92.75 56.63
2.5 65 70 72 75 68.5 72.88
2.6 44 65 62 70 55.9 65.25
2.4C 48 51 32 70 5 5/.88
2.5C 69 66 65 68 63.75 67.13
2.6C 50 50 52 60 53.13 58
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Table4B - Sum of market pricesfor complementary lotteries

Session | First day price | Last day price Average all days
EXPERIMENT 1
Rigy | Algy | R 8 day A 8 gay Raverage Aaverage
1.1 (5%) 112 95 95 96 100 93
1.2 (5%) 99 103 97 90 97 %!
1.3 (5%) 104 105 9 97 9 9
1.4 (50%) 95 83 88 95 A 93
1.5 (50%) 101 101 102 101 102 104
1.6 (50%) 95 100 100 95 92 A
EXPERIMENT 2
R | day AI day R 8 day A 8 day Raverage Aaverage
2.1 (5%) 32 87 83 90 74 87
2.2 (5%) 72 92 89 96 89 96
2.3 (5%) 5 56 81 79 59 70
2.4 (50%) 111 97 A 75 A 87
2.5 (50%) 66 63 64 57 69 61
2.6 (50%) 106 86 85 70 92 77
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Table 5 — Estimates of bias in buying prices

Experimental Reference Bias Standard error | t-dtatistic
Session Probability | (" denotes

GLS

estimates)
1.1(8) 5% - 0.0448 772 - 0.058*
1.2 (8) 5% 4.016 1.075 3.736
1.3(8) 5% -1.141 0.912 -1.252
1.4 (8) 50% - 3.006 " 1.401 - 2.146
1.5(8) 50% - 4.145 1.936 - 2.14*
1.6 (8) 50% -5205" 6.71 - 0.775*
2.1(8) 5% -3.81 1.919 -1.99
2.2 (8) 5% 5.46 0.739 7.389
2.3(8) 5% 6.31" 2.242 2.814
2.4 (8) 50% - 6.862 3.37 - 2.036
2.5(8) 50% 8.52 1.26 6.757
2.6 (8) 50% - 13.419 2.55 - 5.26*

* Agterisk denotes standardized resduas greater than + 2 standard errors.
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Table 4 (old) — Average Ambiguity Premium in prices (P, — P,)/P,
(t-vaue shown in parenthesis when null hypothesis of zero mean premium is rejected

ap£ .05)

Session 1.1 - 5% 1.01 (t=2.28, p=.057)
Session 1.2 - 5% .76 (t=6.34,p=0).
Session 1.3 - 5% 48
Session 1.1C - 95% 0

Session 1.2C - 95% -.01
Session 1.3C - 95% -.02
Session 1.4 - 50% .03
Session 1.5 - 50% -.05
Session 1.6 - 50% -.02
Session 1.4C - 50% -.05
Session 1.5C - 50% -.03
Session 1.6C - 50% -.04
Session 2.1 - 5% 27
Session 2.2 - 5% -51(t=-9.61,p=0)
Session 2.3 - 5% -.13
Session 2.1C - 95% 0.0
Session 2.2C - 95% 0.0
Session 2.3C - 95% 0.0
Session 2.4 - 50% .08

Session 2.5 - 50%

.06 (t=3.28, p = .01)

Session 2.6 - 50%

18 (t=3.99, p = .05)

Session 2.4C - 50%

.08

Session 2.5C - 50%

.05 (t=2.86, p=.02)

Session 2.6C - 50%

10 (t=3.02, p=.02)
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Figure 2.A

Sum of complementary CEs

Experiment 2 (p = 5%)

200
180 4
160
140 4

120 9

100 4 o ® ‘.~ p'i

2]

o
a

v

[o2]
o
a

Ambiguity neutrality

N
o
Y

> day 8

N
o
a

SumCE uncertainty

® day 1

o

20 40 60 80 100 120 140 160 180 200

o

SumCE risk

Figure2.B

Sum of complementary CEs

Experiment 2 (p=50%)

200

180 9

160 9 ®

140 9 ®
[

120 4 o
> ) P
100 4 >

@
o
Py

[o2]

o
a

v
v

Ambiguity neutrality

N
o
Y

> day 8

SUM CE uncertainty

® day 1

o

. . . . .
20 40 60 80 100 120 140 160 180 200

o

SUM CE risk



Figure 3.A
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Figure 4A
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Figure 4B
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