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ABSTRACT

Many theories have been put forward to explain attitudes towards ambiguity. This paper reports on
an experiment designed to test for the existence of Comparative Ignorance when it is tested over
different levels of probahilities. A tota of 93 subjects vaued a series of gambles, one of which was
played out for redl. The results do not lend support to the theory, athough the relationship between
risk and ambiguity does appear to correspond with other theories and previous empirica work.
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1. INTRODUCTION

1.1 Background

Ambiguity has been atopic of research in experimental economics and decision theory ever Snce
Ellsberg's classic paper (Ellsberg 1961), which drew on Keynes (1921) and Knight (1921) for
ingpiration. A variety of experiments have been carried out and many theories have been put
forward (see Camerer and Weber 1992 for areview). The Comparative Ignorance hypothesis
(CIH) represents a departure from most of these other theories. Instead of relating behaviour under
ambiguity to the internd dtate of the decison-maker, it relates behaviour to the context within
which the decision-maker operates. It satesthat agents will exhibit an averson to ambiguity when
they are able to compare their lack of knowledge in one Stuation to their relatively greater
knowledge in another Stuation. Otherwise agents will exhibit ambiguity averson to amuch lesser
extent (Fox and Tversky 1995).

There are, however, severd traditionsin the testing of choice under ambiguity, dl of which are
vaiants of the idess origindly tested by Ellsberg. Many of them use different definitions of ambiguity
and are the result of different interpretations of whet is actudly meant by ambiguity. Theam of this
paper is to combine the ideas coming out of two of these traditions. One isfounded on the
preference-based notion of “ subjective’ ambiguity as defined by Fox and Tversky, and the other on
the notion of ambiguity as being an objective lack of knowledge of the probaility digtribution (eg.
Hogarth and Einhorn 1990, and also Becker and Brownson 1964). In the subjective case, a person
isambiguity averse when she prefers arisky gamble A over ambiguous gamble B and the
complementary risky gamble A’ over the complementary ambiguous gamble B'. According to the
objective tradition, a person is said to be ambiguity averse when she consstently prefers arisky
gamble over an equivadent ambiguous gamble, where ‘equivalent’ means that the risky gamble has a
probability of success equd to the mid-point of the range of probakilitiesin the ambiguous gamble
(see Curley and Yates 1989). In this study, we will test whether ambiguity aversion (that comes out
of ether tradition) varies sysematicdly at differing levels of probability.



1.2 The Comparative | gnorance Hypothesis

The CIH dates that “ ambiguity aversion will be present when subjects evauate clear and ambiguous
prospects jointly, but it will greatly diminish or disappear when they eva uate each prospect in
isolation” (Fox and Tversky 1995). Thisisan extenson of the earlier Competence hypothesis which
daesthat people will be rdatively ambiguity loving in Situations where they believe themsdvesto
have particular expertise or knowledge (Hesth and Tversky 1991).! The CIH is the result of
extending the lack of knowledge on one' s own part as a cause of ambiguity averson to aknown
lack of knowledge in generd. It isthe extent to which people know that they lack knowledge in one
prospect relative to another that is crucia to the CIH. Ambiguity averson in this case is defined
according to the implied preferences emerging from the Ellsberg Paradox (Tversky and Wakker
1995). Ambiguity averson can be said to be present when a person prefers one lottery and its
complementary lottery to another lottery and its complement. This pattern of preferences violates
expected utility. Thisisapurely subjective definition in that it is based on preferences rather than an
objective lack of knowledge of the outsde world.

The CIH is derived from the same generd framework as that set up by Tversky and Kahneman's
(1992) Cumulative Prospect Theory (CPT). CPT was originally atheory of discrete choice but was
extended to cover choice under ambiguity by incorporating the preference structure implied by
Ellsherg's experiments. In developing this further, Tversky and Fox (1995) distinguish between
source sengitivity and source preference. Sour ce sensitivity refers to non-additivity of the decison
weights and, according to Fox and Tversky, thisisthe usud type of expostion of decision-making
risk and uncertainty. By contrast, source preference is the observation that choices between
prospects depend not only on the degree of uncertainty but also on the source of this uncertainty.
For example, people may prefer to bet on an event from one source rather than on an event from
another source. Fox and Tversky argue that ambiguity aversion isamanifestation of source
preference, rather than being the result of source sensitivity. 1t should be noted, however, that CIH

stands as a hypothesis on its own, and does not rely on CPT for any of itstheoretica eements.



Previous evidence on the CIH comes largdly from six studies reported in Fox and Tversky (1995),
the firgt three of which are relevant here, and from areplication studies by Chow and Sarin (2001).
The principa innovation in each of these studies was to examine the difference between va uations of
risk and ambiguity both within and across persons. So, subjects in one group would value both a
risky and an ambiguous lottery. Subjects in two other groups would vaue either arisky or an
ambiguous lottery. Thus, subjectsin thefirst group (the ‘comparative’ group) could compare the
risky and ambiguous gambles, whilst subjectsin the other two groups (the * non-comparative

groups) were unable to do so.

The firgt sudy replicated Ellsberg' s two-urn experiment: one urn contains 50 black balls and 50 red
bals and the other contains 100 ballsin an unknown mix of red and black balls. Subjects were
asked to choose a colour and then to place a certainty equivaent value on one or both urns on the
understanding that they would get a (hypotheticd) prize if abal drawn matched their chosen colour.
Some subjects valued both urns (the comparative condition) while others valued one urn (the non-
comparative condition). The results were consstent with the CIH i.e. the difference between the
vauesfor the risky and ambiguous gambles was sgnificant in the comparative condition but
disgppeared in the non-comparative condition. The second study, which was smilar to the first
experiment except that monetary incentives were used, produced smilar results. Chow and Sarinin
asgmilar experiment found that the difference between the vaues for the risky and ambiguous
gambles did not disgppear in the non-comparative condition, but was till lessthan in the

comparative condition.

Thethird sudy was derived from Ellsberg’ s second experiment in which subjects were faced with a
bag containing 30 balls, ten of which are known to be white and 20 of which could be any mixture of
red and blue. The subjects were asked to value four lotteries based on which ball was picked out of
the bag: lottery 1 had a prize of $50 for awhite ball, lottery 2 had $50 for ared bal, lottery 3 had
$50 for ablue bal or awhite ball, and lottery 4 had $50 for ared or ablue bal. This effectively
gives bets on a sure probability of 1/3, a probability range between 0 and 2/3, a probability range
between 1/3 and 1 and a sure probability of 2/3. Some subjects valued dl four lotteries whilst others

! To support this hypothesis, Heath and Tversky (1991) demonstrated that people were more willing to bet on
their answersto questionsthat they felt relatively confident about than on risky gambles with asimilar chance of



vaued dther both of the sure or both of the ambiguous lotteries. This ensured that the latter two
groups vaued complementary probabilities while the first group valued two sets of complementary
probabilities, one st of which was ambiguous and the other set of which wasrisky.”? Againthe
results were consstent with the CIH, particularly for the higher probability lotteries. Chow and Sarin
again produced quditatively smilar results, but there was Hill a difference between the vaues for the

risk and ambiguous gambles in the non-comparative condition.

1.3 The Relationship between Risk and Ambiguity Attitudes

Much of the research into the relationship between attitudes towards risk and ambiguity revolves
around the notion of aweighting function through which probabilities are transformed into decison
weights. These then take the place of probabilities in decison functions. According to CPT, for
example, the transformations for either risky or ambiguous weights are carried out on cumulative
rather than on individua probabilities. However, rather than focus on the links between probability
and decison weights, this paper is more concerned with the relationships between risky and
ambiguous weights. At atheoreticd level, CPT has very little to say about the shape of this
relaionship.®

Thereis, though, awide range of empirical evidence that provides ingghtsinto what such afunction
might look like. Specificdly, the literature suggests thet the relationship might be one in which risk is
preferred to ambiguity a high and moderate probabilities (Curley and Y ates 1985, 1989; Cohen,
Jaffray and Said 1985, Hogarth and Einhorn 1990, Camerer and Weber 1992) and vice versa
(though to less of an extent) at low probabilities (Curley and Y ates 1985, Kahn and Sarin 1988,
Camerer and Weber 1992).% This literature tends to use the “ objective’ notion of ambiguity where
ambiguity averson occurs smply when arisky gamble is preferred to an equivaent ambiguous

gamble.

winning.

2 Thisdiffersin oneimportant respect from the other experiment in that the subject is not allowed to choose which
ball to play- however, since by stochastic dominance one should always choose the gamble with the highest
probability, this cannot be helped if one wishesto move off 50:50 probabilities.

3 Tversky and Fox (1995) do state that subjects exhibit more non-additivity under ambiguity than under risk but
this does not provide any precise idea about the shape of the risk/ambiguity relationship.



A theoretical modd in the * objective ambiguity’ tradition that produces thiskind of reaionship
between attitudes to risk and ambiguity is Venture Theory (Hogarth and Einhorn 1990). Venture
Theory is based on an anchoring and adjustment modd where the anchor is the true (objective)
probability (Pa) and the adjustment weight is obtained as aresult of a smulation carried out by the
individua. The result of thisis shown in Figure 1 which has a venture function for ambiguous
decisons (with aweight of W’ (Pa)) relative to risky ones (with aweight of W(P,)). Notice that
ambiguous gambles have higher vaues than risky ones when Py islow but that the oppositeistrue
when the probability of winning is middling or high. While we may not necessarily subscribe to the
underlying theory on which Venture theory is based, it is an exemplar of the type of reaionship that
has been found in the empirica and theoretical literature. So, we refer to a Venture Theory-style
relationship only insofar as it may describe the relationship between ambiguity and risk attitudes.

In the subjective form of ambiguity, we cannot redly talk about “low” probabilities as such, because
we are forced to consider complementary probabilities (so that every “low” probability has a
corresponding complementary probability that is“high”). So, instead, we will ook to seeif thereisa
difference between extreme probabilities and moder ate probabilities, with the sugpicion that the
average differencesin vauation for the latter will be greater than for the former. This reflects Einhorn
and Hogarth's (1986) assumption that, a the extremes, ambiguity is under-weighted at one by the
same amount that it is over-weighted at zero. At probabilities close to one and zero, therefore, one
would expect ambiguity loving and ambiguity averdon to largely cancd each other out. For middling

probabilities, however, one would expect ambiguity averson to dominate.

In fact, thiskind of relationship between ambiguity averson and the level of probability goes againgt
Fox and Tversky’ sidea of Comparative Ignorance, snce their hypothess effectively ignoresthe
probability level, and requires ambiguity aversion to occur at al levels of probability so aslong as
thereislessinformation in the non-comparative condition than in the comparative one. At amore
genera leve, however, Comparative Ignorance, as an idea, need not be redtricted to the definition

given by Fox and Tversky. We can examine Comparative Ignorance in terms of the * objective’

* The empirical results reported in Tversky and Fox (1995) apply primarily to subjective weights and, therefore, it
is uncertain what conclusions can be drawn from thiswhen dealing with objective probabilities with well-defined



definition of ambiguity averson by comparing equivaent risky and ambiguous probabilities at
different levels of probability. Comparative Ignorance in this case would smply predict that, in
generd, subjects would exhibit more ambiguity aversion when vauing risky and ambiguous gambles
together than when they vaue the gambles separately. In this case, it would not be necessary to
vaue the complementary gambles aswell.

The two different traditions of describing ambiguity aversion in economics therefore can give us two
different, but related, predictions about the existence of ambiguity aversion. In onecase,
Compardive Ignorance predicts that ambiguity averson will occur whatever the level of probakility.
In the other, Comparative Ignorance is not the full story, and ambiguity aversion declines at lower (or

more extreme) probabilities.

1.4 Experimental design

One of themain ams of this study isto test the robustness of the CIH through arange of different
probabilities. Although Fox and Tversky's (1995) third study, and Chow and Sarin’s studies three
and four, tested the CIH at probabilities of one-third and two-thirds (and showed that comparative
ignorance was stronger when the chances of winning were higher), they did not test what happens
when the probabilities were closer to O or 1. The experiment given here allows subjects to compare
ambiguous and risky gambles a different levels of probability. The experiment presented below is, in
some respects, an extenson of Fox and Tversky’ sthird study in that it uses objective probabilities
and objective probability ranges to define its gambles® The experiment here gives the subjects a set
of gamblesthat are ordered in terms of the likelihood of winning, either in ascending or descending
order. Aswdl asdlowing for an investigation into any possible interactions between gambles that
are close to one another in probability terms, this design dso dlows for any possible order effectsto

be identified.

ambiguity ranges.
® The breadth of the ambiguity range was a serious experimental problem. We did not wish to be open to the
accusation that the range was too narrow, giving little difference between risky and ambiguous gambles, but, at



2. METHODS

2.1 The Experiment

Subjects were asked to value a number of “risky” and/or “ambiguous’ gambles® They were asked
toimaginea“bag” containing 100 bals, some of which were blue and some of which were green.

For risky gambles, they were told the precise number of blue and green bdlsin the bag. For
ambiguous gambles, they were told that the bag contained a known number of blue balls, a known
number of green balls and anumber of balls that were green and blue in unknown proportions. Each
type of gamble was resolved by picking abal out of the bag such that £10 would be won if the ball
was blue and nothing would be won if the ball was green. The risky and ambiguous gambles had
computerised layouts Ssmilar to those shown in Figure 2. The black area represents the number of
blue balsin the bag, the grey area represents the number of green balls and the white area represents

the unknown mixture of blue and green balls.

The mechanism used to value the gambles was a variant of the Becker-DeGroot-Marschak
preference dicitation device (Becker et al 1964) and was used by Fox and Tversky (1995) in their
second study, and by Chow and Sarin (2001). In each of 100 envelopes was a piece of paper with
asum of money (ranging from £0.10 to £10.00 in 10p increments) written onit. At the beginning of
the experiment, one envelope was chosen at random (without replacement) for each of the gambles.
These envelopes were placed in public view. For each gamble, subjects were asked to enter into
the computer the amount of money they would just be willing to receive in exchange for the gamble.
They did this on the understanding that, at the end of the experiment, the envelope corresponding to
the gamble that they would play out for real would be opened. If the amount of money written on

the same time, we wished to have gambles close to zero and 100% that required narrow ranges. Inthe end, we
compromised with narrow ranges at the extremes, but with the four middle probabilities having wider ranges.

® Ambiguity is defined here as arange of possible probabilities and not a second-order probability (see Camerer
and Weber (1992) for the distinction between the two). This definition has been used by Curley and Y ates (1985),
amongst others, and is used in study 3 of the Fox and Tversky experiment. Asexplained later, using Savage's
assumption, it isrational in such situations to choose the central probability in the range.



the paper in the envelope was greater than or equd to their certainty equivaent vaue then they
would receive the amount on the paper in the envelope. Otherwise they would play out the gamble.

The questions were answered on an individua basis and the subjects were isolated from each other.
To enable the subjects to familiarise themse ves with what was being asked of them, the experiment
began with a set of ora ingtructions that were read out in conjunction with three practice questions.
Subjectsin Group 1 were presented with three computer screens, each of which had one risky and
one ambiguous gamble on it. Subjects in Group 2a had one risky gamble per screen and thosein
Group 2b had one ambiguous gamble per screen. For al subjects, the three practice questions were
based around probabilities of 0.5, 0.75 and 0.25. As subjects went through each question on each
of the screens, the experiment supervisor talked them through the mechanics of the experiment and
described what the diagrams on the screen represented. The mechanism by which the gambles were
to be vadued was dso explained. The main part of the experiment then involved each subject being
asked to give certainty equivaent values to 16 gambles (in the case of group 1) or 8 gambles (in the
case of groups 2aand 2b). Subjects were told that one gamble would be chosen at random, and

played out for redl.

At the end of the experiment, adie wasrolled by each subject to determine which gamble would be
played out. The certainty equivaent vaue that the subject had entered for the gamble was compared
to the amount in the envelope for that gamble. If the latter was equd to or greater than the former,
the subject was paid the amount in the envelope. But if the certainty equivaent vaue was greater
than the amount in the envelope, then the gamble was played out. For risky gambles, agrid with 100
squares containing ether the letter “B” for blue or “G” for green was used. The lettersfilled the grid
in the proportion of blue and green bals for that gamble. Without seeing the grid, the subject then
marked asquare on ablank grid. If the corresponding square onthefilledingrid had a“B” init,
then the subject was paid £10; otherwise she was paid nothing. A smilar mechanism was used for
ambiguous gambles, but firgt the ambiguity had to be resolved. Each subject wasfirg given two
potentia splits of blue and green balls together with a number between 1 and 6.” A die was then

" The experimenter arbitrarily set this number before the experiment started so that the subjects knew it had been
set previously (but they did not know what it was, of course).



rolled and, if the number was less than the critical number, the firgt split was used; otherwise the

second split was used.

There were three experimenta groups. Group 1 was the comparative group, and so subjects were
presented with arisky and an ambiguous gamble on the screen a the same time. The probability of
the risky gamble was equd to the centre of the range of possible probabilitiesin the ambiguous
gamble. Group 2 was the non-comparative group — subjects in 2a valued only risky gambles and
those in 2b vaued only ambiguous gambles. Each group was split into two subgroups. Thefirgt
subgroup did the tasks in descending order of the likelihood of a blue ball being drawn (referred to
as the “down” subgroup) while the second subgroup did the experiment in ascending order of the
likelihood of ablue bal being drawn (referred to asthe “up” subgroup). Table 1 showsthe
questions presented to the groups. The numbers refers to the number (or range) of blue balsin the
bag, the remainder (i.e. up to 100) being taken up by green balls.

2.2 Hypotheses Tested

Before testing the CIH, a number of tests for procedure invariance were performed (Tversky,
Sattath and Slovic 1988). In the context of this paper, procedure invariance means that subjects
behaviour does not vary with strategically equivaent dicitation procedures. Comparisons can be
made between the vauations given to the risky gambles by Groups 1 and 2a and between the

va uations given to the ambiguous gambles by Groups 1 and 2b to seeif there was a sgnificant
difference in how they were valued. Since subjects in each group were split into “up” and “down”
subgroups, it isaso possible to test whether responses are affected by the order in which questions
are presented to respondents. A further order test was carried out on Group 1. Here, the
differences between the vaues for risky and ambiguous gambles at each risk level were correlated
with one another to see whether the differences between one pair of gamblesinfluenced the

differences between subsequent pairs of gambles.

The CIH can easily be tested across subjects. Subjectsin Group 1 were asked to evaluate risky
and ambiguous gambles together whilst those in Groups 2a and 2b were asked to evaduate them in

isolation from each other. Two sets of tests were carried out, one that tested the subjective view of

an



ambiguity averson and the other that tested the objective view. In the former, and following Fox and
Tversky, the vaues of the complementary risky gambles are added together (e.g. the vaues of the
5% and 95% gambles are added together), and likewise for the ambiguous gambles. The second
test involves comparing directly comparable risky and ambiguous gambles (e.g. the vaues of the 5%
risky gamble are compared with the vaues of the 0 — 10% ambiguous gamble), both within Group 1
and across Groups 2aand 2b. For both tests, according to the CIH, Groups 2a and 2b should
vaue the risky and ambiguous gambles closer together than those in Group 1.

By dlowing subjectsin Group 1 to compare each risky gamble with a corresponding ambiguous one
and by asking subjectsin Groups 2a and 2b to value gambles across a wide range of (decreasing or
increasing) probability levels, it is possible to undertake within-subject and across-subject tests of the
kind of relationship between attitudes to risk and ambiguity underlying the choices made. According
to an “objective’ viewpoint, if there is a Venture Theory-type relationship, anbiguous gambles
should be vaued higher than risky ones at low probabilities but risky gambles should be vaued
higher than ambiguous ones theresfter. From a*“subjective’ point of view, the values of the risky
complementary gambles should be higher than the vaues of the ambiguous complementary gambles
a middling probabilities, and this difference should be smdler a extreme probakilities.

Expected utility (EU) theory is used asthe null hypothesisin dl tests of the CIH. For procedure
invariance, it is sufficient as a null hypothess to assume that the dicitation procedure makes no
difference, whatever the underlying mode. In those gamblesinvolving ambiguity, EU initsbasic
formis not a sufficient null hypothesis because of the vagueness of the probabilities and hence of the
probability distributions underlying them within the ambiguity ranges. Inthese cases, EU is
supplemented with the idea (first proposed by Savage 1954) that, when faced with ambiguity,
subjects place equd likelihood on there being elther ablue or agreen bdl inthe mixture. This
effectivdy splits the ambiguity range in haf, thus making it equa to the corresponding risky gamble
(seedso Curley and Y ates 1985)°.

8 Fox and Tversky do not actually set anull hypothesisin study 3. This makes their background assumptions
about the tests they perform rather vague.

11



To test for normdity, the Kolmogorov-Smirnov goodness-of-fit test was gpplied to the various
subgroups of data. Generdly speaking, the ditributions of valuesin Group 1 passed the test, whilst
those in Groups 2a and 2b faled the test. There were many cases of multiple peaks in the frequency
distributions and there was considerable clustering around whole numbers (£1, £2, £3 etc) despite
the fact that subjects could value the gamblesin 10p increments. For these reasons, non-parametric
dsatisticswere used. Therefore, if i and j are the groups (or subgroups) being compared, thetest is:

Ho: M; = M,

Hi: M 1 M,
where M, (a=1,)) isthe median vaue for a particular group or subgroup. All tests were performed
using the Wilcoxon Test (in within-subject comparisons) and the Mann-Whitney U Test (in between-
subject comparisons). Significant differences are reported at the p<0.05 level.  When assessing
correlations between two variables, Spearman’s Rank Correlation coefficient (Rho) wasused. A
two-way ANOVA with interaction effects was used in order to look at the interaction between the
type of gamble vaued (risky or ambiguous) and the experimenta condition (comparetive or non-

comparative).’

3. RESULTS

3.1 The Sample and Data Quality

The subjects were undergraduate students at the University of Newcastle. The experiment took
place in March 1998 over a period of two weeks. The subjects were recruited via an e-mail
database and consisted of students from al subjects across dl three years. The sample did include
some students who had done economics or psychology but most of these would not have taken a
course in decision theory. A total of 99 subjectstook part in the experiment. Six subjects were
excluded on the grounds that they had a pronounced tendency to vaue the gamblesinversely to the
probability of picking ablue bal, thus leaving 93 in the findl dataset. Because of different numbers of
subjects turning up to each experimental session, there were between 28 and 34 subjects in each of

the three groups and between 13 and 17 subjectsin each of the “up” and “down” subgroups.

11



The relatively low number of exclusons suggests that, on the whole, the experiment was well
understood by the subjects. To look at this more closdly, the vauations for each question were
ranked in order and the Spearman’s Rank Correlation Coefficient was used to show how each
individual’ s rankings are correlated with one another across questions. It would be expected that if a
subject gave ardatively high (low) vaue to one question, they would give ardatively high (Iow)
vaueto other questions. Overdl, the results suggest that thisisindeed the case, particularly in Group
1 where 84% of dl correlation coefficients are Sgnificant a the 5% level. The comparable figures
for Groups 2aand 2b are 55% and 44%, respectively. Aswould be expected, the rankings that are
not significantly correlated with one another involve comparisons of questions that are separated by a

number of other questions.

3.2 Procedure Invariance

Thefirg test of procedure invariance involved comparing evauations of identical gamblesin
comparative and non-comparative stuations. When comparing the certainty equivalent values of the
risky gambles from Group 1 with those from Group 2a, there was only one sgnificant difference (in
question 5) between thetwo. There were no significant differences between the vaues given to the
ambiguity gambles by Groups 1 and 2b. Overdl, then, the subjects displayed procedure invariance

when evaluating identica gambles in comparative and non-comparative conditions.

The second test of procedure invariance involved a comparison of the values given by “up” and
“down” subgroups. Theresults are summarized in Table 2. In Group 1, the “up” subgroup gave
sgnificantly higher values than the “down” subgroup to 10 of the 16 questions. Thereisone
sgnificant difference (out of eight comparisons) in Group 2a and three (out of eight) in Group 2b.
The “up” subgroup produced higher median vaues than the “down” subgroup in 27 of the 32
comparisons and the difference was £1 or more on 14 occasions. On only one occasion (in Group
2d) did the “down” subgroup produce a higher median vaue than the “up” subgroup. All of this
suggedts that there is a powerful order effect in the data

° A non- parametric version of the interaction effect is not available for unbalanced sets of data (see Sawilowsky
1990 for examples of non- parametric interaction statistics), so parametric statistics are the best alternative

11



A test was carried out for the effects of order on the differencesin vauein Group 1. In generd
there were no signs of a systematic order effect — only two of the 32 correlations were significant
(the coefficient between the eighth and seventh questions and that between the fifth and fourth
questions). This showed that while there was indeed an order effect in vauations between the "up”
and "down" subgroups, there was no such effect between questions when it cameto vauation

differences.

3.3 Compar ative Ignorance

The median certainty equivaent values and inter-quartile ranges, together with the results from the
(‘subjective’ and 'objective) tests of the differences between the risky and ambiguous gambles are
shown in Tables3 and 4. In Table 3, the median differences for the compartive and non-
comparative conditions are broadly comparable. In Table 4, acomparison of the differencesin
median vaues for individua questions (in columns 4 and 8) shows that, for gambles with a high and
middling probability of winning, the differences are larger in the non-comparative case than in the
comparative case. For gambles involving alow probability of winning, where the median differences
are broadly comparable across conditions. These results do not support the CIH, which suggests
that the differences between the vaues of risky and ambiguous gambles should be greeter in the
comparative condition, whatever the level of probability. The ANOVA testsfor interaction effects
for each summed valuation and for each leve of probability showed that there were no sgnificant
interaction effects. This demondrates that the effect of the experiment itsdf is the samein the

comparative and non- comparative conditions.

3.4 Thereationship between risk and ambiguity

In relation to "subjective’ ambiguity, the results shown in Figure 3 (and the results of the Mann-
Whitney testsin Table 3) tend to refute a Venture Theory-type relaionship for Group 1. For
example, for one of the more moderate probabilities (80% and 20%), there is an inggnificant
difference between risky and ambiguity vauations. However, the resultsin Figure 4 for Group 2 (as

well the resultsin Table 4) show some support for the "Venture' hypothesisin that the extreme

available.
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probabilities do have indgnificant differences in vauation, while the more moderate probabilities tend
have sgnificant differences.

In relation to "objective" ambiguity, Figure 5(i) shows a boxplot of the differences between the vaues
given to risky and ambiguous gambles by subjectsin Group 1. It can be seen that the fird five
differences have their 95% confidence intervals above zero whereas the last three are around zero.
These results suggest ambiguity aversion a high and middling probabilities and ambiguity-neutrdity a
low chances of winning. Figure 5(ii) shows al pairs of vaues for risky and ambiguous gambles
(ranked according to the vaue of the risky gamble). The generdly higher vaues given by group 1 to
risky as compared to ambiguous gamblesis clear. These results provide mixed support for a
Venture Theory-type relationship which predicts that risky gambles will be valued more highly at high
and middling probatilities (which they are) and that ambiguous gambles will be vaued more highly at
low probahilities (which they are not)™.

The results of the Mann-Whitney test to compare Groups 2a and 2b are quaitatively smilar to the
Wilcoxon test results for Group 1 (refer back to Table 4). The risky lotteries with the second to fifth
highest probatilities of winning have higher vaues than their ambiguous counterparts. The remaining
comparisons do not reach datistica sgnificance but al point in the same direction; that is, subjects
tend to place a higher vaue on risky as compared to ambiguous gambles. Figures 6(i) and 6(ii)
show the distributions of dl values given by subjectsin Groups 2a and 2b, respectively. It can be
seen that the two digtributions are different from one another. Group 2a s vauations (for risky
gambles) are rather evenly spread with multiple pesks whereas group 2b's vauations (for ambiguous
gambles) are highly skewed to the left, indicating relaively lower vaues. The results of the between-
subject comparisons, then, provide limited support for aVenture Theory-type relationship at high
and middling probabilities and, as in the within-subject comparisons, no support for it at low
probabilities.

% This, interestingly, isasimilar empirical result to that gained by Hogarth and Einhorn (1986) at the 0.1 level of
probability. However, they do not interpret this as being a problem for their theory. This may mean that they
believe that the ambiguity-loving effect will become more pronounced at even lower levels of probability. Our
results (with a probability level of 0.05) do not support this belief.
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4. DISCUSSION

The main am of this paper has been to test the CIH at different levels of probability. The range of
probabilities chosen dlowed for the shape of the function which compares the vaue of risky and
ambiguous gambles to be investigated. 1t dso dlowed for the possibility of an order effect to be
tested. The data presented here show evidence of an order effect between the “up” and “down”
subgroups. Specificaly, the results suggest that the subjects used an “anchoring and adjustment”
heurigtic (see Kahneman, Slovic and Tversky 1982), by which they are bounded away from
certainty or impossibility and then adjust in relation to their previous vauation. Since the gap
between the two subgroups tends to remain constant, this does not have a mgor effect on the rest of
the results that involve the comparison of relative differences across questions. However, it does
raise questions about how subjects formulate their responses to questions of this kind and suggests
that there is aneed for other such tests of procedura invariance in future studies.

With regards to the CIH, the "subjective’ results do not lend much support to the hypothesis, with
some differences being higher (not lower) for the non-compartive condition than for the
comparative one. In generd, the lack of any interaction effect suggests thet there is no systematic
difference as aresult of using different trestments. In "objective’ terms, for high and middling
probabilities, the vauation differences are aso in the opposite direction to those predicted by the
theory; that is, the non-comparative situation produces greater differences between the vaue of
risky and ambiguous gambles than the comparative Stuation does. For low probabilities, the two
Stuations produce smilar differences. These results arein contrast to those presented by Fox and
Tversky (1995) and Chow and Sarin 2001 who show strong support for the CIH but report a
greater comparative ignorance effect when there was a high (two-thirds) probability of winning as
compared to alow (one-third) probability of winning.

The reasons for these contradictory and surprisng findings are unclear. However, thereis one
gartling difference between the experiment as carried out by Fox and Tversky and our experiment.
In study 3 of their paper, dl of the participants of the experiment know that it is possible to have both

an



ambiguous and non-ambiguous gambles congtructed from the thirty balls. Indeed Fox and Tversky
explicitly gate: “this problem differs from the two- color problem because here the description of the
bets... involves both clear and vague probabilities. Consequently we expect some ambiguity
averson even in the non- comparative context in which each subject evauates only one bet.
However we expect a stronger effect in a comparative context in which each subject evauates both
the clear and vague bets’. In our study, neither Group 2a or 2b knew anything about each others
gambles, and this might go some way towards explaining the difference between our results and

those of Fox and Tversky.

Another experiment- Chow and Sarin's study 4- examines the non- comparative condition only. In
this case dl of the gambles were vaued separatdly without any knowledge of the other gambles. The
result was that there was sill a Sgnificant amount of ambiguity averson present. Although no
treatment was done for the comparative condition the resultsin this sudy are consgstent with the
experimental results presented here™. In the other studies by Chow and Sarin where gambles are
known to everyone the result is that ambiguity averson is less pronounced in the non- comparetive

condition.

Therefore, if subjects are aware of dternative gamblesin both the comparative and non-comparative
conditions but, in the non-comparative condition, are only asked about one type of gamble then the
Comparative Ignorance Hypothesis seems to hold. If oneis unaware of these dternative gamblesin
the non-comparative condition, then Comparative Ignorance does not seem to hold. Thisisanironic
Stuation given that Fox and Tversky’s claim for Comparative Ignorance was that: “We propose that
peopl€ s confidence is undermined when they contrast their limited knowledge about an event with
their superior knowledge about another event...”. Asit turns out, Comparative Ignorance seemsto

be more about what is vaued rather than what is known.

In relation to the relationship between risk and ambiguity at different levels of probability, the
subjective verson of the Venture theory relation does not seem to hold. There is some evidence of
ambiguity aversion, but none of it related to the extremity of the probabilities. Thereis some support
for “objective’ ambiguity averson a high and middling probabilities but no support for ambiguity

™ Curiously Chow and Sarin do not seem to spot this result of their experimental manipulations.

1



loving at low probabilities. From these results, we can conclude that, if Comparative Ignorance does
hold, then it might to be modified to take account of the probability level involved but thereis no
strong evidence of aVenture Theory-type relationship between ambiguity and risk evauations. All

of thisleadsto at least two avenues for future research. First, more research needs to be done on
what causes ambiguity averson under different knowledge states. And second, more research needs

to be conducted on how differing probability levels cause different levels of ambiguity averson.
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Table 1. Question parameters

Thenumbersrefer to the probability of picking a blue ball, and hence of winning £10

Risky Gambles Ambiguous Gambles
Group 1 and 2a Group 1 and 2b

95 90-100

90 80-100

80 60-100

60 40-80

40 20-60

20 0-40

10 0-20

5 0-10




Table 2: Differences between “up” (starting with alow probability first) and “down”

(starting with a high probability first) subgroups.

Numbers are median certainty equivaent vaues for gambles shown in Table 1

Statigtics are asymptotic normal z-statistics (those marked * are significant at p<0.05)

Group 1
Group 1 Group 1 Group 1 Group 1
Risk Leved Risk Risk Z-Satigic| Ambiguity | Ambiguity | Z-Statigtic
“Up” “Down” “Up” “Down’”
95 9.00 8.50 -1.974 9.30 8.40 -2.733"
90 9.00 8.35 -1970* 8.00 7.50 -1319
80 8.00 7.25 -2.258* 7.00 5.50 -1.988
60 6.00 4.50 -2.833* 6.00 4.00 -2.965¢
40 5.00 3.50 -3.082 4.00 2.25 -2.456*
20 3.00 2.00 -2.210 3.00 2.00 -1.833
10 1.50 1.00 -1417 1.50 1.00 -1212
5 1.50 1.00 -1433 1.00 1.00 -1516
Groups2aand 2b
Risk Group 2a Group 2a Z- Group2b Group 2b Z-
Leve Risk Risk Satigic | Ambiguity | Ambiguity | Statistic
1] Upﬂ “ Dwvn” 1] Up” “ Da/vn”
95 9.10 8.50 1134 8.00 8.00 -0.363
90 8.60 7.00 -1.455 6.50 6.00 -0433
80 6.00 7.00 -0.255 5.00 4.00 -1.040
60 5.10 4.60 1294 4.00 2.60 -1.850
40 4.00 3.00 -2.600 3.50 1.80 -2.125%
20 2.00 2.00 -0.714 2.50 1.00 -2.389¢
10 1.00 1.00 0.743 2.00 0.70 -2.548¢
5 1.00 0.80 0472 1.00 0.70 -1.737







Table 3: Differences between responsesto risk and ambiguity questions-" Subjective" test of ambiguity aversion

Numbers refer to median (and inter-quartile range) vaues - (z-gtatistics marked * are significant at p<0.05)

Risk level Gl Risk G1 Ambiguity Difference Z-Statistic G2aRisk G2b Ambiguity Difference Z-Statigic
95+5 10.00 10.00 0.00 —2.889* 9.90 9.25 0.65 -0.920
(9.00- 11.50) | (8.90-11.30) (8.47- 10.50) (4.95-10.93)
90 + 10 10.00 9.00 1.00 -3.649* 9.50 8.00 1.50 -1.905
(8.50-11.50) (7.50-11.00) (7.73-10.37) (5.30-9.90)
80 + 20 10.00 9.30 0.70 -0.993 8.45 6.90 1.55 -2.181*
(9.00-11.00) (8.00-11.00) (6.85-10.00) (3.87-9.13)
60 + 40 10.00 8.30 1.70 -3.138 85 6.00 1.50 2435
(7.00-10.90) (6.00-10.00) (7.00-10.00) (3.00-9.00)

25




Table 4: Differences between responsesto risk and ambiguity questions-" Objective" test of ambiguity aversion

Numbers refer to median (and inter-quartile range) vaues - (z-gtatistics marked * are significant at p<0.05)

Risk level Gl Risk G1 Ambiguity Difference Z-Statistic G2aRisk G2b Ambiguity Difference Z-Statigic

95 9.00 9.00 0.00 -2.283* 9.00 8.00 1.00 -1.350
(8.00-9.50) (8.00-9.50) (7.50-9.50) (4.00-9.30)

90 8.50 8.00 0.50 -3651* 8.00 6.00 2.00 -2.436%
(8.00-9.00) (6.00-8.60) (6.13-9.00) (3.00-8.00)

80 8.00 6.00 2.00 -4.194* 6.20 4.00 2.20 -2.611*
(6.00-8.00) (4.00-7.50) (4.50-7.58) (2.00-6.00)

60 6.00 5.00 1.00 -2.526* 5.00 3.50 1.50 -3.043*
(4.00-6.60) (4.00-6.00) (4.00-6.00) (2.00-5.00)

40 4.00 3.00 1.00 2.4 3.40 2.10 1.30 -2037
(2.50-5.00) (2.00-4.00) (2.85-4.00) (1.00-4.00)

20 2.40 2.00 0.40 -0.879 2.00 2.00 0.00 -0.386
(1.50-4.00) (1.00-3.50) (1.00-3.38) (1.00-3.00)

10 1.00 1.20 -0.20 -0.648 1.00 1.25 -0.25 -0.307
(0.70-2.50) (0.50-2.50) (0.53-2.42) (0.50-2.60)

5 1.00 1.00 0.00 -2.002* 0.90 0.95 -0.05 -0.228
(0.50-2.00) (0.50-2.00) (0.43-1.95) (0.50-2.00)

26




Figure 1. The Venture Theory relationship function for risky and ambiguous gamblesin the
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Figure 2: Thelay-out of the gambles used in the experiment
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Figure 3: complementary summed valuations - differ ences between risk and ambiguity
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DIFF2 = Difference between summed complementary 90%-10% risk and ambiguity valuations
DIFF3 = Difference between summed complementary 80%-20% risk and ambiguity vauations
DIFF4 = Difference between summed complementary 60%-40% risk and ambiguity valuations



Figure 4(i) All summed complementary valuationsfor group 2a
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Figure4(ii) All summed complementary valuationsfor group 2b
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Figure5(i): Difference between risk and ambiguity:
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Difference = risk-ambiguity
2.0
1.5
-1 [x1]
1.0 1 —_ [
o N
4 o -
5 4 -1 1
i) -
1 u1] %
95 004 —— H
% | —=
Cl 5
N = 31 31 31 31 31 31 31 31

DIFF1  DIFF2 DIFF3  DIFF4 DIFF5 DIFF6 DIFF7  DIFF8

DIFFn = difference between nth pair of gambles (from 95% risk level to 5% risk level)

Figure 5(ii) : All Group 1 valuations (ranked according to value of risky gamble)
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Figure 6(i): All valuationsfor Group 2a
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