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Abstract

We present a new experimentd investigation into the cause of preference reversd. Although
economists and psychologists have suggested a variety of possible accounts, the existing data does
not adequately discriminate between them. Our design has two key novdties a“pure’ ordina
payoff scheme and a probabilistic valuation task. Relative to previous studies, this design offers
enhanced control for economic explanations and new tests of psychological hypotheses. We find
strong and systematic preference reversals that are inconsistent with a broad range of previous
hypotheses. We explore and evaluate the explanatory sirategies that survive exposure to our data.
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Section |: Introduction

A preference reversa arises when the relaive eva uation of two (or more) items by an individua agent
depends systematicdly on the means with which it is dicited. Although first observed by the
psychologists Lichtenstein and Sovic (1971) and Lindman (1971), the potentia significance of the
phenomenon was soon recognised by economists. Grether and Plott, the firg to report preference
reversa in the economics literature, famoudy commented: "Taken a face vadue the data are smply
inconagtent with preference theory and have broad implications about research priorities within
economics. Theincondstency ..... suggests that no optimisation principles of any sort lie behind even

the smplest of human choices ...." (Grether and Plott, 1979, p. 623).

Since the 1970s, both economists and psychologists have conducted a congderable amount of research
on preference reversal, suggesting severd possible explanations of it. However, the two groups of
researchers have pursued quite different explanatory srategies. Economists have not dways taken the
data at face vaue and have proposed explanations of preference reversd which are consstent with the
assumption that behaviour is governed by context-free preferences. Psychologicd theories, on the
other hand, deny this basic assumption of sandard decision theory and instead assume that preferences
are context-sensitive. Since each gpproach has been adapted to explain preference reversd in the
experimental designs that have typicaly been used to observe it, the mgority of existing data does not

discriminate between them.?

In this paper, we present a new experiment whose desgn discriminates between psychologica

hypotheses, whilst incorporating improved controls for economic explanations. To the extent that a



systematic pattern of preference reversds is observed using this design, this would tdll against most
economic accounts of earlier findings and dlow usto assessrivd psychologica hypotheses. The crucid
features of the desgn are the use of a pure form of an incentive mechaniam known asthe ordind payoff
scheme and of anew type of vauation task, which we will cal probabiligtic vauation, dong sde more
conventiond tasks. In addition, the design features rdatively strong incentives and uses dominated

choice options to proxy the extent of subject error.

The remainder of the paper is organised as follows. Section |l characterises the economic and
psychologica hypothesestested in our Sudy. Section 111 sets out our experimental design and explains
the implications of various theorieswithinit. Section IV describes the results. we observe strong and
systemdtic preference reversas which cannot be explained by traditiona economic theories, our results
aso dlow usto rgect three important psychologica explanations. Since none of the theories under
consderation successfully organizes the main patterns in the data, when taken in isolation, we consider

what theoreticd avenues remain open for explaining them. Section V' concludes.

Section |1: Economic and Psychologica Explanations of Preference reversa

The best known cases of preference reversd have involved decisons rdating to pairs of smple
monetary gambles often called P- and $-bets. The P-bet offers arelatively large chance of a modest
prize while the $-bet offers asmaler chance of alarger prize. In thetypica experiment, a given subject
makes a straight choice between the P- and $-bets and dso states a monetary vauation for each of
them. The dassic finding? is a systematic tendency for subjects to choose the P-bet over the $-bet in

the choice task, but to place a grictly higher monetary vaue on the $-bet. We will cal such atendency



standard preference reversal. We will dso cdl atendency in the opposite direction (i.e. $-bet chosen
in the choice task, but P-bet vaued more highly) counter preference reversal. Although they would
be equdly puzzling from the point of view of sandard decision theory, counter reversas have not been

widdy observed.

Standard reversds have often been observed in experiments that use one or both of the following
experimenta procedures. the Becker-De Groot-Marschak mechanism (BDM) and the random lottery
incentive sysem (RLIS). The BDM isadevice intended to provide incentives for experimenta subjects
to reved true cartainty equivaentsin va uation tasks (as opposed to, say, inflated sdlling prices which
drategicaly overgate true vauations)®. The RLIS s often used in experiments, like those on preference
reversal, where subjects must undertake multiple tasks”. It isintended to encourage subjects to think
carefully about each task, while controlling for income effects which might otherwise arise if subjects
were pad for each task. Many of the reported preference reversa experiments have used both of these
mechanisms. As a convenient short hand, we will say that an experiment which does s0 has the

canonical design.

[1.i. Economic Explandtions
Typicdly, economic explanations of observed preference reversals assert the existence, for each
individud, of aset of context-free preferences over gambles, which govern behaviour in both choice and

vauation tasks. How could such atheory account for observations of sandard reversas?

One important subset of economic explanations implicates the incentive mechaniams usad in the



canonicd design. A series of papers published in the late 1980s demondtrated that, unless agents
preferences satisfy the axioms of expected utility theory, preferences recorded using the canonica
design may be biased and that, in principle, the bias could take the form of the standard preference
reversd. For ingance, Holt (1986) has shown that, if the independence axiom does not hold, standard
reversa could arise from a biasinduced by the RLIS. Alternatively, it could arise from digtortion of the
vauations dicited by the BDM, in the presence of violations of the independence axiom (Karni and
Safra, 1987), or in the presence of violations of the reduction principle for compound lotteries (Segd,

1988).

An dternative explanation is provided by regret theory (Loomes and Sugden, 1983; Loomes, Starmer
and Sugden 1989, 1991). It permits a more fundamentd tenet of standard decision theory to be
violated, namely trangtivity. Let P, $and Viy(g) denote, respectively, the P-bet, the $-bet, and the
subject’s monetary vauation of gambleg. Taking the vauations and choices dicited at face vaue, a
subject who displays a standard reversd reved's preferences satisfying Vin(P) ~P 6 $ ~ V() and
vauations satifying Vi ($) > Vim(P). Given an assumption that more money is preferred to less, this

implies a preference cycle over Vi, (P), P, $ and Vi (9).

Whilgt the explanations described in the previous two paragraphs differ by relaxing different axioms of
expected utility theory, each asserts the existence of context-free preferences that satisfy some
properties of coherence. The minima requirement of coherence, imposed by each of them, is that
preferences are describable by a choice function, i.e. a function C(.) which picks out, for any non-

empty feasble set F of gambles, a non-empty preferred subset of F, and that this choice function



governs behaviour in dl tasks. All of the theories which economigs have proposed to explan
preference reversad are so describable, and we will refer to any such theory asa traditional economic

theory.

ILii.  Psychologica Explanations
The psychologica goproach departs more radicaly from standard decision theory than any of those just
mentioned. Rather than smply denying particular axioms on preferences, it denies the very existence
of coherent, context-free, preferences. Instead, it asserts either that preferences are constructed as a
consequence of the performance of particular tasks, with different classes of task potentidly leading to
the congtruction of different preferences, or that, while preferences may exist prior to the tasks, there
are different preferences for different classes of task. We will cdl ether of these assertions an assartion
of the context-sensitivity of preferences. If preferences are context-sendtive then, even if the
preferences applying within (resp. congructed in response to) particular classes of task are themsdves
coherent, this provides no reason to expect coherence between responses to tasks in different classes.
If choice tasks and monetary vauation tasks dicit different preferences, this would explain preference

reversd.

In this paper, we report tests of three variants of this gpproach, known as the prominence, scde
compatibility and task god hypotheses, respectively. These hypotheses are closdly related to eech other
and have common originsin the work of Paul Sovic, Amos Tversky, their collaborators and subsequent
researchers. Despite this, the reader should not be midead into thinking that the different hypotheses

are equivaent: aswe will show and their proponents have noted, they are logicdly distinct.



As the hypotheses were not formulated specificaly to explain preference reversds between monetary
gambles, we will present them initidly as more generad daims about tasks involving multi-atribute items.

For the purposes of this discusson, we imagine that there is a domain of items each of which is
describable in terms of aset of attributes. The set of attributes is the same for each item in the domain,
but different items may differ in thar qudity with respect to any given dtribute. A maintained hypothess
of the psychologicd approach isthat a subject’ s performance of atask involving two or more itemsin

the domain will depend in some way on their attributes.

The prominence hypothesis (Tversky, Sattath and Slovic, 1988)° is concerned with the relationship
between choice and matching tasks. A matching task is atask in which the subject is faced with two
multi-attribute items. With one exception, dl of the atributes of both items are given. But, thereisone
(quantifigble) attribute for which the vaue of one of the items is unspecified. The task is to st this
missing vaue o that the two items are equdly atractive. The prominence hypothes's presupposes the
existence of an attribute which, in some sense®, is the mogt important.  The hypothesis is thet the

prominent attribute weighs more heavily in choice tasks than in matching tasks.

One explanation for this hypothesis is that a choice task is quditative, whereas a matching task is
quantitative. Thus, it may be that choice tasks cue quditative reasoning strategies designed to find a
decisive reason to choose one way or the other, thereby bringing the prominent attribute to the fore,”
whereas matching tasks cue quantitative reasoning srategies involving tradeoffs between atributes. This

explanation of the prominence hypothesis was initialy suggested by Tversky, Satteth and Sovic (1988);



Fischer and Hawkins (1993) aticulate it in more detall and cdl it the strategy compatibility

hypothesis®. 1t should not be confused with the scale compatibility hypothesis which we discuss next.

The scale compatibility hypothesis (Tversky, Sattath and Slovic, 1988)° focuses on the fact that a
task, of any kind, has aresponse mode. A particular response mode may be compatible with certain
types of atribute; for example, the attribute and the response mode might share the same scde. In
generd, response modesin different tasks may differ in their compatibility with any given atribute. The
hypothesisis that the weight of a given attribute in any task is greater the more compatible thet attribute

iswith the response mode of the task.

The task goal hypothesis (Fischer et al, 1999), like the prominence hypothess, postulates the
exigence of aprominent atribute. 1ts novelty isto suggest that the weight accorded to this atribute in
a task depends upon the god of the task, as perceived by the subject. The hypothesis is that the
prominent attribute is weighted more heavily in tasks whose percelved god is to differentiate between

items than in tasks whose perceived god is to equate them.

The standard pattern of preference reversal between the P-bet and the $-bet can be explained by the
prominence hypothessif “win-probability” is the prominent attribute. According to this view, choices
are more affected by differences in win-probability than are monetary vauations. Thus, there is a
tendency for the P-bet to be chosen even when a higher monetary vauation is put on the $-bet.

However, the same evidence can be explained by the scde compatibility hypothess, given the dam that

the attribute “money-prize’ is more compatible with a monetary vauation scae than it is with the



response mode of achoicetask. On this view, subjects pay more attention to the Sze of the monetary
prizes when putting monetary vaues on gambles than they do when choosing between them. This
induces atendency to vaue the $-bet more highly even when the P-bet would be chosen in agtraight
choice. Findly, the evidence can d 0 be explained by the task god hypothess, provided that subjects
seethe god of choice tasks, but not of vauation tasks, as being to differentiate between the P-bet and
the $-bet. Given this, the task god hypothesis accords with the prominence hypothesisin predicting
standard preference reversal because choices are more affected by differences in win-probability than

are monetary vauations.

It should not be surprising that these psychologica hypotheses yidd identicd predictions in experiments
using the canonicd design: they are dosdly rdated and each was designed to account for abody of data
that incdludes the results of such experiments. However, the hypotheses remain logicdly distinct and can,

in principle, be tested againgt one ancther, as we will explain below.

Section |I: A New Experiment

Before presenting the details of our experiment, it will be hdpful to discuss two ingredients of its design
inisolaion. Eachisimportant for discriminaing between different explanations of preference revers;

and each is an important departure from the canonical design.

[1l.i  TheOrdina Payoff Scheme
The ordind payoff scheme was proposed by Tversky, Sovic and Kahneman (1990) (henceforth,

TSK), though both our use and our andysis of it differ from theirs in important respects. Suppose there



aren parameter sets each of which conssts of a P-bet and a $-bet. The subject istold that she will
face three tasks in relation to each parameter set: she will be asked to choose between the P-bet and
the $-bet; and she will be asked to put avalue on each of them separately. After she has performed
these tasks for all n parameter sets, arandom device will select one of the parameter sets, each with
probability 1/n. Then, another random device will select either CHOICE or VALUATION, each with
probability 2. If it sdlects CHOICE, she will receive whichever gamble she chose in the choice task
for the sdected parameter =t; if it sdects VALUATION, she will receive which ever of the two
gambles she put a higher value on (with a coin-toss as a tibregker, in the event of equa vauations).

Whichever gamble she recaives is then played out for real™®.

The ordind payoff scheme offers consderable improvement in experimental control releive to the
canonica design. The latter usesthe BDM device and the RLIS as incentive mechanisms. While the
combination of these devicesisincentive compatible for the dicitation of absolutevauations, provided
expected utility theory holds, economic explanations have cast doubt on the reliability of the absolute
vauations o dicited, by invoking violations of expected utility theory. However, if we observe any
systematic pattern of preference reversal in an experiment which uses the ordina payoff scheme, this

cannot be explained by any traditiona economic theory™, even one that relaxes expected utility theory.

To understand this property of the ordina payoff scheme, consder firg the specid casein whichn=
1. Consdering al possible responses to choice and valuation tasks in this case, the subject faces the
feesblesst F={P, $, Ly, Ly, L3} whereL; = (P, 0.5; $, 0.5}, L, = (P, 0.5; (P, 0.5; $, 0.5), 0.5) and

L:=($,05; (P,05;$,05),0.5). P(resp. $) can be obtained by choosing P (resp. $) in the choice



task and giving it adrictly higher vaue L; can be obtained by choosing one gamble in the choice task
and giving the other gamble adtrictly higher vaue; L, (resp. L) can be obtained by choosing P (resp.
$) in the choice task and giving equa vauations to the two gambles. To give responsesthat display a

preference reversal between choice and valuation corresponds to selecting L; from thisfeasible set.

Notice that, within this design, the observation of an instance of preferencereversd isnot inconsstent
with a traditiond economic theory. For example, an expected utility maximiser who was indifferent
between P and $ might select lottery L;; and a non-expected utility maximiser whose preferences do
not satisfy betweenness™ might have a strict preference for L, over both Pand $. There are, however,
two digtinct waysin which an agent may sdlect lottery Ly: @ther by choosing P and vauing $ more highly
(the standard reversd); or by choosing $ and vauing P more highly (the counter reversd). Since these
two ways of responding conditute sdlecting exactly the same dement of F, traditiond economic theories
goplied to this feasble set of gambles provide no reason for expecting preference reversds in one

direction to occur more frequently than their mirror image.

A smilar argument extends to the ordind payoff schemewithn>1. Let P, and $ represent the P-bet
and the $-bet in the ith parameter st (i , {1,...n}). Congder the position of a subject trying to decide
what responsesto give to the tasksinvolving the jth parameter s, given her responses to the other 3(n-
1) tasks. Let L* represent the compound gamble which the subject will faceif the first randomisation
of the ordind payoff scheme selects a parameter set other than j; L* is determined by the subject’s
responses to the tasks involving parameter sets other than j. The subject’ s complete set of responses

in the experiment will determine acompound gamble of the form (., /n; L*, (n-1)/n): the missing term

10



depends on the responses to the parameter set | tasks.

Notice that, unless the indegpendence axiom of expected utility theory holds, it isnot true in generd that
the ordind payoff scheme rdiably dicits choices and (even rdaive) vauations in the jth parameter set.
Consder an agent whose true reltive va uations accord with her choices and who prefersB to §. By
choosing P, and giving it a rictly higher value she could achieve (B, 1/n; L*, (n-1)/n) wheress, by
choosing $ and giving it agtrictly higher value, she could achieve (§, 1/n; L*, (n-1)/n). However, it
does not follow from the fact that she prefers B to $ that she also prefers (P, 1/n; L*, (n-1)/n) to ($,
Un; L*, (n-1)/n). Theclaim that it did so follow, for dl B, $ , L* and n, would be a statement of the
independence axiom of expected utility theory. Thus, any clam that the ordind payoff scheme rdigbly

dictsrdative vauations (or choices) within agiven parameter s&t, when n > 1, rests on independence.

Nevertheless, we may conduct a test for the presence of a systematic preference reversd using the
ordind payoff scheme without invoking independence. To see how, note that the subject’ s responses

to the jth parameter st reved which dement of the set | of compound gambles she will receive, where:

F ={P;, Un; L*, (n-1)/n), (&, Un; L*, (n-1)/n), (Lj1, Un; L*, (n-1)/n), (Lj2, Un; L*, (n-1)/n),
(Ljz, Un; L*, (n-1)/n)}
and

L= (R, %5 §, %2}, L= (R, %2 (B, %5 §, %), %2), Lis=($, %2 (B, ¥2 §, %), ¥2).

Thefirgt (resp. second) listed element of F; can be obtained by choosing B, (resp. $;) in the choice task

11



for parameter st j and giving it adtrictly higher vaue than § (resp. B) in the valuation tasks; the third
listed edlement of F can be obtained by choosing one gamble in the choice task for parameter setj and
giving the other gamble adtrictly higher vaue; the fourth (resp. fifth) listed dement of F; can be obtained

by choosing B, (resp. $;) in the choice task for parameter set j and giving equal valuations.

Giving responses that display a preference reversal in parameter set j corresponds to selecting (Lja, 1/n;
L*, (n-1)/n) from F. If subjects are indifferent between P and $ (or have a strict preference for
randomization between them), preference reversa is possble; but, a traditiona economic theory
provides no reason to expect a systematic tendency for it to occur in one direction rather than the
other. Thus, if one obsarves a sysematic tendency towards preference reversd in a particular direction,
in any parameter set of an experiment that usesthe ordind payoff scheme, this observation cannot be
explained congstently with the claim that subject’ s behaviour is governed by context-free preferences
that are describable by a choice function which gpplies to the feesble set of gambles determined by the

parameters of the whole experiment.

A second important festure of the ordina payoff scheme, for our purposes, isthat it drives a wedge
between the form of the vduation tasks and their god. Each vauation task has the form of a matching
task; but the god of the vauation tasksis to differentiate between the gambles, just as the god of the
choice task is (recdl that the gamble received by the subject depends on chance, her choice, and her
relative vauaions only). Theimplication isthat, provided the subject perceives this, she will regard
the gods of the choice task and of the pair of vauation tasks asidenticd. Given these perceptions, the

task goa hypothesis would not predict preference reversal between choice and vauations®. In

12



contrast, the prominence hypothesis would predict it, because the va uation tasks are matching tasks.

It ispossblethat subjects perceptions of the gods of the va uation tasks might be affected both by their
differentiating function and by their matching form. On this view, and to the extent that perceptions of
the god are influenced by the form of the task, the task god hypothesis would permit some tendency

towards preference reversd in the same direction as the prominence hypothesis.

[Ilii  Monetary and Probabiligtic Vauation

Throughout our discussion of the ordind payoff scheme in the previous sub-section, we have referred
to choice and vauation tasks. Although TSK used monetary vauation tasks, nothing in our discusson
required vauation tasks to use a monetary scae, rather than some other scae of value. The second
diginctive ingredient of our design isthe use, in different groups of subjects, of two types of vauation

task which differ in terms of the valuation scae.

All of the P and $-bets used in our design are what we will cal basic gambles, i.e. each givesasingle
drictly postive monetary prize with some probability and zero otherwise. Any basic gamble g can be
represented by an ordered pair (m, p;) of atributes, whose first and second dements are, repectively,
the money-prize and win-probability of g. In dl of our vauation tasks, the subject is presented with
ayardstick, which isabasic gamble with one of its attributes unspecified. In amonetary vauation task,
the missng attribute of the yarddtick is its money-prize while the win-probability of the yardgtick isfixed
a unity. Thetask of giving a monetary vauation of some gamble g is to set the money-prize in the

yarddtick so that it and g are equdly attractive. The subject’ s response is her monetary val uation of

13



g. (Thus, graghtforwardly, the monetary vauation of g is its certainty equivdent) But, in a
probabilistic vauation task, the missing attribute of the yardgtick isits win-probability and the money-
prize of the yarddtick isfixed & avadue T, where T is congtant across dl probabilistic vauation tasks.
The task of giving a probabilistic vauation of some gamble g is to set the win-probability in the
yardgtick so that it and g are equdly atractive. The subject’s reponseis her probabilistic valuation
of g. Regardless of whether they are monetary or probabilitic, the vauations of any two gambles
elicited by the same type of vauation task can be directly compared to dicit a binary preference

between the gambles.

Our experimental desgn uses the ordind payoff scheme in each of two groups. (Subjects were
assigned to groups by arandom device) Each group faced the same parameter sets but, in one group,
the vauation tasks were monetary wheress, in the other group, they were probabilistic. To our
knowledge, this experiment is the first to examine the incidence of preference reversa comparing

probabilistic and monetary vauaions while exploiting the controls offered by the ordind payoff
scheme™. Aswe now explain, this combination of design features alows particularly well-controlled

tests among various groups of hypotheses.

From the pergpective of the traditiona economic gpproach, each group in our design faces an identical
overdl task. It isto respond to n pairwise choice questions and to assign a number to each of 2n
gambles. The absolute magnitudes of the numbers areirrdevant; dl that mattersisther ordering within
each parameter set. The scde in which vauations are given should make no difference. Thus, no

account of preference reversa which takes the traditional economic approach, and which treats the

14



experiment as asingle whole, would predict a systematic difference between the behaviour of our two
groups, in terms ether of the responses to the choice tasks or of the pairwise preferences implied by

the valuation tasks.

From the perspective of the psychologica hypotheses, it isimportant to note that in our design both
probabilistic and monetary valuation tasks are matching tasks™. Thus, the prominence hypothesis
implies that the prominent attribute should weigh more heavily in choice tasks than in either type of
vauation task. If prominence isthe dominant source of preference reversd, any systematic tendency
towards preference reversd in agiven parameter set should be in the same direction in both groups.
Moreover, if the prominence hypothesisis extended to imply thet the relaive weight of atributesisthe
same in any matching task, then there should be no systematic difference between the two groups, in

terms of the binary preferencesimplied by their vauations.

On the assumption that the percaived god of the vauation tasksisindependent of the vauation response
scae, the task god hypothesis dso implies that there should be no systematic difference between
groups. Note that this holds regardless of whether the god of the vauation tasks is seen as
differentiation or equation. Thus, this prediction of the task goa hypothesis does not depend on
subjects perceaiving the god of the vauation tasks as being to differentiate. 1t merdly requires thet there

is no systematic difference between groupsin the perception of the god.

Alone among the hypotheses which we have discussed, the scale compatibility hypothess asserts that

the response scde itsdlf will affect behaviour. On the assumptions that money-prize is more compatible

15



with monetary vauation than with the choice response mode and that win-probability is more
compatible with probabilistic vauation than with choice, the scae compatibility hypothes's predicts a
systematic tendency for preference reversdsto be in the standard direction (P chosen, $ valued more
highly) in the group doing monetary vauations and to be in the opposite direction ($ chosen, P valued

more highly) in the group doing probabiligtic vauation.

The above discussion has emphasised the logicd differences between the psychologica hypotheses.
However, it is possble that psychologicd influences might interact. We will consder this possibility in

Section IV.ii beow.

lILiii  Detalsof design

As explained above, our experiment used an ordind payoff scheme in each of two groups. The
parameter sets were the same in each case; and we set n=6 and T = £10. Thus, each group of
subjects faced atota of 18 tasksinvolving the Sx parameter sets; the choice tasks were common to the
two groups, as were the gamblesto be vaued. The only difference between the two treatments was
the form of the vauation tasks. One group (the MV-group) performed monetary va uations, the other
group (the PV-group) performed probabilistic valuations. All tasks were presented, one a atime, on
acomputer screen. The order was randomised separately for each subject. The Sx parameter setsare
described in Table 1.

TABLE 1 ABOUT HERE

Each row of Table 1 describes a pair of gambles. Each gamble is basic; each win-probability is

expressed as a number of chances, out of 100, of winning the unique grictly postive prize (which is

16



expressed in pounds sterling). Parameter sets 1 to 5 each contain a P-bet and a $-bet. In the interests
of comparability, these five parameter sets were based on parameters used by TSK. We replaced US
dollars with pounds sterling and doubled the nomind amounts. This preservesthe ratios of prizes, whilst
subgtantialy increasing their average red vaue™. Win-probabilities are unchanged from TSK,, except
for rounding. Parameter set 6 is different: notice that its two gambles offer the same prize, but one of
them (the dominating option) gives more chances of winning the prize than the other. We will comment

below on the significance of this parameter set.

For each group, Sx of the tasks were choices between the pairs of bets described in the rows of Table
1. An example screen diplay for achoicetask is.

FIGURE 1 EXACTLY HERE
At the gtart of the experiment, subjects were told that they would play one gamble for red at the end.
They were dso shown abag containing aset of discs numbered from 1 to 100. Thus, in thisexample,
to play option A for red, the subject would draw a disc from the bag: a number from 1 - 31 would win

£32, anumber above 31 would win nothing.

Each subject dso faced twelve valuation tasks. To record a vaue for a particular gamble g, the
subject was required to fill in the missing attribute in an incompletely specified yarddtick lottery in such
away that the yardstick and g; were equaly attractive to them. In the MV-group, the missing attribute
in the yardgtick lottery was its money-prize and its win-probability was fixed at unity; in the PV-group,
win-probability was the missng attribute in the yardstick lottery and its prize was fixed a £10. An

example screen display for avduation task in the MV-group is:
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FIGURE 2 EXACTLY HERE
An example screen display for avauation task in the PV-group is.
FIGURE 3 EXACTLY HERE
Thus, for one group vauations are amounts of money, while for the other they are probahilities,

expressed as chances out of 100.

In each group, the ordina payoff scheme was implemented as follows. Before completing the tasks,
subjects were told that, at the end of the experiment, they would each individudly role adie to select
one of the Sx parameter sts, that they would play for red one of the two betsin this parameter st, and
that which oneit was would be determined by afurther throw of the die. If this second throw produced
1-3, they would play whichever of the sdected parameter set they had chosen when faced with the
pairwise choice between them; if it produced 4-6, they would play whichever of the pair they had

vaued more highly.

As noted above (see footnote 10), TSK used a variant of the ordind payoff scheme in which, for a
subject in one group, al gambles - including the ordind payoff scheme itsdf - were hypotheticd and,
for asubject in the other group, area gamble would be faced with a 15% probability. We used the
schemein its pure form, in which every subject plays for red some gamble, selected by the ordind
payoff schemein the light of their task-responses. We dso subgtantialy increased the average expected
vaue of gambles. While we would not clam that the use of wesker incentives necessarily invaidates
TSK’s conclusions, our implementation of the ordina payoff scheme in its pure form, together with

increased financid incentives, provides atest of the robustness of TSK’s reaults. Thisis Sgnificant,
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given the important role played by the scheme in controlling for explanations of preference reversa

offered by traditional economic theories.

A totd of 230 subjects- predominantly undergraduate sudents from awide range of disciplines a the
Univergty of East Anglia- took part across 22 separate sessons involving up to 13 subjectsin each.
Adjacent sessons were paired and a coin was tossed, in advance, to decide which of the pair would
be in the MV-group and which in the PV-group. As aresult of this randomization, the MV-group findly

contained 114 subjects and the PV-group 116 subjects.

Before discussang the results, we summarize the implications of the various hypothesesin Table 2. The
table identifies whether a systematic tendency towards preference reversd in a particular direction is
dlowed, by each of the hypotheses, in the group whose va uation tasks were monetary and in the group
whose vauation tasks were probabilistic.

TABLE 2 ABOUT HERE

Section 1V Results and Interpretation

V. Tests of individud economic and psychologica hypotheses

The main results from our experiment are summarised in Table 3 each column of the table presents the
resultsfor a particular parameter set and each column is subdivided for the MV- and PV-groups. The
first two rows of datareport subjects responses to choice questions, recording the percentage choosing
the P- and $ bets. Note that, gtrictly spesking, this P/$ terminology does not apply for set 6. To begin

with we focus on the datafor parameter sets 1-5 only. Row three reports the sample size.
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TABLE 3 ABOUT HERE

The last four rows of Table 3 combine data on choice and vauation. Let V() be the vauation that an
individud placeson agamble and let 6. be the rlation “is chosen over”. For agiven parameter set, any

individud’ s responses can then be classified into one of four categories.

l: VIP)$V(@$) adPOo:. $ (consigtent preference for P)
II: V) $SVP) ad$6. P (consistent preference for $)
H:  Vv@®>vV(P) andP6. $ (standard reversd)

IvV: VP >V@$)ad$o. P (counter reversal)

The table gives the number of responses in each category, for each parameter set and each group. A
subject in category | (resp. I1) reveds a consistent preference for the P-bet (resp. $-bet) across the
choice and vauation tasks. A subject in category |11 selects the P-bet in choice, but vaues the $-bet
more highly: thisis the andard reversal which has been frequently observed in other dudies. A subject
in category IV sdects $ in choice but vaues P more highly: thisis the counter reversa. Notice thet in
each parameter set, a Sgnificant proportion of subjects choose each of the options (i.e., a minimum of
around 25%): this is a necessary feature of the data if we are to have the posshility of observing

reversasin each direction.

Thefirg question we addressis whether standard reversd is observed in the MV-group. In this group,
gandard reversals account for around 35% of al patterns; they also occur much more frequently than

the counter reversd (as aproportion of totd reversds, the sandard reversd rate varies between 85 and
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96 per cent).

Table 4 presents the results of some more formal statisticd tests, for parameter sets 1-5. Tests 1 and
2 in Table 4 examine whether the pattern of behaviour under choice and monetary vauation isthe same.
More exactly, for the MV group, test 1 examines the hypothesis that the proportion of subjects who
vaue the $-bet more highly is the same under choice and vauation. The null hypothesisis rgected at
the 1% levd indl cases, in favour of the dternaive, that the proportion who vaue the $-bet more highly
is greater than the proportion who choose the $ bet. Test 2 is a between-groups test of the same
hypothesis, comparing the proportion of subjects who vaue the $-bet more highly inthe MV group with
the proportion who choose the $-bet in the PV group. Again, in dl cases the null hypothesisisrejected
at the 1% level. These results provide very strong evidence of systematic preference reversal and are
broadly consgtent with the findings of TSK (recdl that the conditions of the MV group closdly replicate
TSK). In short, the results are inconsstent with the implications of any traditional economic theory.

TABLE 4 ABOUT HERE

We now consder the evidencefor the PV-group. Counter reversals are frequent in this group, but only
dightly more common in aggregate than sandard reversals (126 in total againgt 113). For some
parameter sets, counter reversals are more common than standard reversdls, but for other parameter

setsthe pattern is reversed.

Tedsts 3 and 4 in Table 4 examine whether the pattern of behaviour is the same under choice and

probabilistic vauation. For the PV group, test 3 examines the hypothes's that the proportion of subjects
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who vaue the $-bet more highly is the same under choice and vauation, againg the dterndtive thet the
proportion who vaue the $-bet more highly islower under vauation. Test 4 is abetween -groups test
of the same hypothesis, comparing the proportion of subjects who vaue the $-bet more highly in the
PV group, with the proportion who choose the $-bet in the MV group. With both tests, the null

hypothesisis rgected at the 1% leve for two parameter sets, but for two other parameter setsthe test
results have a podtive Sgn. Overdl, therefore, thereis no dear pattern in the difference between choice

and probabiligtic vauation behaviour.

Our datais inconggtent with the implications of traditiona economic theory. Can it be explained by the
three psychologica hypotheses set out above? To answer this question, we begin by consdering

whether the broad patterns observed in the data can be organized by each of the individua hypotheses.

Recdl that the existence of standard reversd in the MV-group is inconsstent with the task god
hypothesis, conditiond on the assumption that the percaived god of vauation tasks is differentiation
between gambles. While thisisin fact the role of valuation tasks in our design, it is of course possible
that subjects did not perceive it as such. Comparison between groups, however, affords us afurther
test of the task god hypothess. On the much milder assumption that perceived task-gods are
independent of the valuation scae, the task goa hypothess predicts no significant difference between
groups with respect to the pairwise preferences implied by vauations. Test 5in Table 4 tests the null
hypothesis thet the proportion who vaue $ more highly in the MV-group is equd to the proportion who

vaue $ more highly in the PV-group. In aone-talled test, againg the dternative thet the proportion who
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vadue $ more highly is greater in the MV-group, the null is decisvely reected in dl cases. The
prominence hypothesis adso predicts that these proportions should be the same, hence prominence
acting alone can adso be rgjected as an explanation for the results. prominence is consstent with the

gandard reversd in the MV-group but it cannot explain any systematic between group effects.

Among the hypotheses that we have congdered, the only theory which predicts a sysematic difference
between our two experimenta groupsis the scde compatibility hypothess. Table 5 summarisestests
of the hypothesisthat subjects reative vauaionsin the PV-group are drawn from the same population
as those for the MV-group. In al cases, except for the dominance parameter s, the null hypothesis
of no sgnificant differenceis rgected at the 1% level. Are these observed differences consstent with
competibility?

TABLE 5 ABOUT HERE

Table 3 reveded some very obvious differences between the patterns of response for the two groups.
In the PV-group, relative to the MV-group, standard reversals occur less frequently, counter reversals
occur much more frequently. The two forms of reversas occur with gpproximeately equd frequency for
the PV-group (aggregating across parameter sets, the relative frequency of the standard reversd is
46%). In some cases, testsin Table 4 reveded a Satigticaly sgnificant difference between choice and
probabilistic vauation, but overal thereis no clear pattern. A naturd interpretation of the compatibility
hypothesis would be to assume: money-prize is more compatible with monetary vauation than with
choice; win-probability is more compatible with probabilistic vauation than with choice. Given this

interpretation we should not observe counter reversas in the MV-group and we should not observe
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gandard reversds in the PV-group. The high frequency of standard reversals in the PV-group,

therefore, cannot be explained by this smple verson of compatibility acting done.

IV.ii  Some Possble Explanations for Our Findings

The foregoing discusson has demondrated that none of the economic or psychologica hypotheses
conddered in isolation can explain our data. The existence of standard reversd in the MV-group is
prime facie evidence againg traditiona economic theories, as are the differences observed between
groups. The between group differences are dso inconsstent with the prominence hypothess and the
task god hypotheses. Finally, dthough the difference between groupsis in the direction predicted by
scae compatibility, that theory does not explain the high frequency of standard reversas among PV-
group subjects. Nevertheless, the patternsin our data are broadly consstent with the findings of related
research including MacCrimmon and Smith (1986) and Sovic et d (1990). In the light of this, in the
rest of this section, we discuss three potentia accounts which strike us a theoretica possibilities for
organizing these patterns. Each account extends some existing theory and, in each case, we offer some
opinion as to the merits of the option, though the reader should keep in mind that, Snce our experiment

was not specificaly designed to test these conjectures, our discussion here is much more speculative.

IV.i.a Conjunctionsof psychologicd effects
Although our data cannot be organized by any of the hypotheses we have presented, consdered in
isolation, it could be explained by some conjunction of hypotheses. As we see it, there are two

particularly striking features of our data in need of explanation: one is the occurrence of standard
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reversd in both groups; the second is the difference between groups. We can characterise the latter
feature as atendency for the frequency of sandard reversd to fdl, and counter reversd to rise, moving
from the MV-group to the PV-group. Thistendency isin the direction predicted by scde compatibility
and sncethat theory is, to our knowledge, the only hypothesis consstent with that observation, anaturd
guestion to ask is whether there is some additiond hypothess which, when combined with scde
compatibility, would explain those fegtures of the data, atherwise inconggtent with it? The fegture of our
data in need of additiond explanation is the occurrence of standard reversd in the PV-group. The
obvious contender for explaining thisis the prominence hypothesis. Referring back to the summary table
at the end of Section 111, recall that scale compatibility predicts the occurrence of andard reversdsin
the MV-group and counter reversals in the PV-group while prominence predicts sandard reversalsin
both groups. A theory which proposed the s multaneous operation of both a scae compatibility and a
prominence effect would predict a rdatively high frequency of sandard reversd in the MV-group
(where both effects operate in the same direction); and, while sandard reversd's should be less frequent
in the PV -group (assuming a non-negligable compatibility effect), they may sill occur asaresult of the
operation of prominence. While there is ongoing dispute concerning the relaive importance of scde
compatibility effects and prominence effects™’, a growing number of psychologists are accepting that
both effects are Sgnificant factors in decision processes. Some researchers— we believe Sovic et al

(1990) were the fird - have explicitly suggested the combination of scale compatibility and prominence

effects as explanations of preference reversd. Our data are broadly consistent with that conclusion.

On this psychologica account of preference reversal, subjects reveded preferences violae procedure

invariance: that is, they vary with the procedure used to dicit them. As explained above, economists
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have in the past presented theoretica reasons for ressting this concluson by pointing to possible
dternative explanaions consstent with traditional economic theory. Our experiment was explicitly
designed to control for the effects postulated in traditiona economic explanations. Consequently, our
results renew the chdlenge which preference reversd presentsto traditional economic theorids. It thus
seems naturd to ask, on the supposition that our results are robugt, what options remain for explaining
the data congstent with context-free preferences? We can think of two possibilities and these are

discussed in the next two sub-sections.

IV.ii.b Stochagtic preference models

Of late, there has been condderable interest among economigtsin stochadtic theories of decison making
(see for example, Loomes and Sugden 1995). One surprising product of this research has been to
demondtrate that patterns of behaviour which violate slandard theories of preference, like expected
utility theory, might nevertheless be consstent with stochastic versons of those preference modds.

Might some stochastic version of atraditiona economic theory explain our data?

Any explanation of our findings must account for the systemdtic difference between groups. In principle,
we can imagine how a stochadtic verson of a traditiond economic theory might achieve this, even
though the conditions faced by the two groups were formaly equivdent from the point of view of any
(non-gtochedtic) traditiona economic theory. For example, suppose that subjects have true preferences
which can be represented by some traditional economic theory, but they may make errors in tasks
which lead them to mis-record their preferences. This could generate systematic differences between

groups if subjects in one group are more prone to mistakes than the other. For example, this could
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happen if, notwithstanding the forma equivaence of the tasks faced by the two groups, their perceived
difficulty differs between groups, leading to differencesin the frequency and/or paitern of errorsreaive

to underlying preferences.

The extent to which subjects choose (or vaue) adominated option over adominating option arguably
provides some indicative measure of the relative propendty for error across groups. So consider
responses to parameter set 6 tasks. Notice that very few subjects salect the dominated option in choice
tasks (4.4% in the MV-group, 1.7% in the PV-group) while dominance is violated more frequently in
vauation tasks (18% in the MV-group; 13 % in the PV-group). To the extent that violations of
dominance reved ‘error’, we conclude that errors are more likdly in vauation, reative to choice, but
there is very little difference between the rates of error in the MV- and PV-groups. Moreover, the
differences that are observed look to be in the ‘wrong’ direction: in the aggregate, most reversals
(standard+counter) are observed in the PV-group. It seems plausible to think that if the between group
differencein reverang isto be explained by errors rdative to atraditiond economic theory, error rates
will need to be higher in the PV-group. That is the opposite of what we observe. So while we are
generdly impressed by the advances being made in modelling stochestic preferences, we conjecture that

thisis not apromiang line of attack for explaining differences between our two experimenta groups.

IV.ii.c Regret theory and bounded rationdity
In Section 111, we argued that no traditiona economic theory can explain systematic preference reversa
in any parameter set of our experiment because our design uses the ordind payoff scheme. We defined

traditiond economic theories as the class of modelsin which preferences are describable by a choice
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function defined on the feasible set of gambles. We showed that, in an experiment which usesthe ordind
payoff scheme, an individuad who commits a preference reversal salects the same lottery regardless of
the direction of the reversdl. Recdll, for example, the andyss of the ordind payoff scheme with asingle
parameter st (i.e. n=1): the individua who records incondstent rankings between choice and vauation
isultimately sdecting thelottery L; = {P, 0.5; $, 0.5} regardless of whether their reversd is standard
or counter; consequently, no traditionad economic theory can explain a sysematic pattern of reversd.
The concluson holds, for this case, s0 long as we interpret traditional economic theories as moddsto
be gpplied to the feasible set of gamblesinduced by both choice and vauation tasks combined. For
n>1, the conclusion holds so long as we assume that agents behave asif they consder the choice and
vauation tasks in the experiment as a sngle choice anong compound gambles. While thisis formdly
the problem that subjects actudly confront, thinking of the whole experiment as a Sngle choice between
compound gambles may be too taxing for a red subject, in terms of the computation required, its
demands on memory, and so on. Our analysis of traditional economic theoriesin Section |11 did not
recognize any such congraints and so, implicitly, invoked the assumption of unbounded rationality.
As such, our andysis is in the spirit of traditional economic theories, but it is not the only possble

approach.

An dternative would be to assume bounded rationdity. While we offer no forma modd of bounded
rationdity here, we can think of one obvious account of how a boundedly rationd agent might gpproach
the tasksin an experiment like ours. Suppose that subjects consder each task in isolation and do thelr
best to give honest and considered responses. Experimenta economists often interpret the data from

experiments using the random lottery incentive system by meking some such background assumption®.
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Wewill cal agentswho behavein thisway well-meaning and myopic agents (WAM for short). The
andysis of Section 11l has established that no traditional economic theory can explain sysematic
preference reversd in our desgn, given unbounded rationdity, but does a amilar concluson hold if we

assume WAM agents?

For alarge subset of traditiona economic theories the answer isyes. In mogt traditional economic
theories, preferences over |otteries can be represented by a monotonic vaue function Q(.) which assgns
a unique value to each progpect (see Starmer, 2000). Observing preference reversal in our design
cannot be explained by any such theory, if agents are WAM. To see why, consder the monetary
vauation part of our design. If g and @ are any two basic gambles, to observe a preference reversd
istoobsarve gy 6. and V(@) < V(). We caninfer Q(g) > Q(gp) from the subject’ s choice and,
sance WAM agents reved true vauations, Q(Vm(g)) = Q(g) (i = 1,2). It follows that Q(Vm(ar)) >

Q(Vm(w)), which violates monotonicity. A smilar argument applies for probabilistic vauation.

There is, however, one traditional economic theory which might explain preference reversd in our
design, given WAM agents, and that is regret theory. In the Appendix, we demondtrate that, given
WAM agents, regret theory would be consstent with (though would not necessarily predict) the
occurrence of sandard reversasin the MV-group and the occurrence of counter reversasin the PV-
group; it would not alow counter reversdsin the MV-group, or standard reversds in the PV-group.
Onthisinterpretation of it, regret theory provides one possible explanation for the asymmetry between
standard and counter preference reversal observed among MV-group subjects; it also provides a

reason to expect some difference between the behaviour of the two groups, though it cannot explain
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why standard reversals continue to be observed in the PV-group. Thus, even granted the additiona

assumption of boundedly rationd agents, regret theory only provides a partid fit to our data.

We take this observation to be in line with the results of other empirica studies of regret theory (e.g.
Loomes, Starmer and Sugden (1991) and Starmer and Sugden (1998)). These studies have found
evidence of nove patterns in choice behaviour predicted by regret theory, yet inconsistent with other
traditiona economic theories. On the other hand, these experiments dso reved systematic failures of
regret theory. We are inclined to agree with the authors of these earlier sudies who have concluded
that regret might be ared influence on decison under risk but that, if it is, current formdizations have

yet to modd its operation accurately.

Section V: Concluson
Taken at face val ue, the phenomenon of preference reversd isincons stent with models of behaviour
that are based on the assumption of context-free preferences, which is centra to most of economics.
Economists provided good theoretica reasons for scepticiam about this face vaue interpretation. For
example, some theorigts (among them Holt, Segd and Karni and Safra) pointed out that the typica
experiments reporting preference reversal do not embody satisfactory controls: in the designs which
these authors criticised, preference reversa could arise if agents have context-free, but non-expected
utility, preferences. However, Tversky, Sovic and Kahneman (1990) casts some doubt on the practica

sgnificance of most of these theoretica defences of the context-free preference assumption.

In this paper, we have reported a new experiment whose design embodiesimproved controls, a new
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vauation task and enhanced incentives. It extends the investigation of whether the economists sandard
assumption of context-free preferences can be defended againg the dternative view suggested by
psychologica theories that preferences are context-sensitive. We find strong evidence of systematic
preference reversas which are inconsstent with a broad range of economic explanations of previous
findings. However, none of the three leading psychologica theories which we condder, when taken in

isolation, can fully account for the patternsin our data either.

Given these findings, we have reviewed the explanatory strategies which remain open. The behaviour
of our subjects would be consgtent with a theory which adlowed two or more psychologicd effectsto
operate smultaneoudy, as long as those effects include one — for example, a scde-compatibility effect
—which can explain the difference between groups. We have dso suggested two possible accounts that
retain some of the spirit of traditiond economic theories, though we have strong reservations about thelr
vdidity. Although we do not discount these theories, it ssems clear that our results renew the chdlenge

to those who seek explanations of preference reversal based on moddls of context-free preferences.
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Figure 1. The Display for aChoice Task

Option A: You get £32.00 for numbers 1 to 31
Option B: You get £ 8.00 for numbers 1to 97

Choose A or B:
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Figure 2: The Digplay for aMoney Vauation Task

Set the missing amount so that the yardstick
and the option are equdly attractive to you

yarddtick: You get £ ??7? for numbers 1 to 100
option: You get £18.00 for numbers 1 to 19

Pounds; Pence:
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Figure 3: The Digplay for a Probability Vauation Task

Set the missing number of discs so that the yardstick
and the option are equdly attractive to you

yarddtick: You get £10.00 for numbers 1 to ?7?2?
option: You get £18.00 for numbers 1 to 19

Enter anumber in the range 1 to 100:
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Table 1: Parameters

$ - bet P — bet
Winning numbers Winning numbers

Set Prize (£) (out of 100) Prize (out of 100)
1 32 1-31 8 1-97
2 18 1-19 4 1-81
3 13 1-50 6 1-94
4 17 1-39 5 1-94
5 10 1-50 4 1-92

Dominated Option Dominating Option
6 7 1-36 7 1-41
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Table 2: Summary of Predictions of Economic and Psychological Hypotheses

STANDARD Pref. Rev. Allowed? COUNTER Pref. Rev. Allowed?

Maintained ﬂ

Hypothesis Monet. Vduation | Prob. Vauation | Monet. Vauation | Prob. Vauation
(MV) (PV) (MV) (PV)

Traditiona

Economic No No No No

Theory

Prominence' Yes Yes No No

Scde

Compatibility? Yes No No Yes

Task Goal® No No No No

Notes

! Conditiond on the assumption that win-probability is the prominent attribute.

2

Conditiona on the assumption that money-prize is more competible with monetary vauation

than with choice and that win-probability is more compatible with probabilistic vauation than with

choice.

3 Conditiond on the assumption that the percelved god of vauation tasksin an ordind payoff
schemeis differentiation.
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Table 3: Outline Results

Setl Set 2 Set 3 Set4 Set 5 Set 6

P dominates
CHOICE MV PV MV PV MV PV MV PV MV PV MV PV
% choosing P 5175 5172 5789 5431 4035 3966 3158 4224 2456 2500 9561 98.28
% choosing $ 4825 4828 4211 4569 5965 60.34 6842 5776 7544 7500 4.39 1.72
Sample Sze 114 116 114 116 114 116 114 116 114 116 114 116
CHOICE & VALUATION
Congstent, prefer P 9 29 16 44 11 27 4 18 3 16 92 100
Consigtent, prefer $ 53 34 43 29 62 37 74 47 84 60 4 1
Standard Reversal 50 31 50 19 35 19 32 31 25 13 17 14
(P chosen, $ vaued more highly)
Counter Reversal 2 22 5 24 6 33 4 20 2 27 1 1

($ chosen, P vaued more highly)

Note

P6 dominates $6 ..... V($6) > V(P6) for 21 out of 114 subjects (18.4%), V($6) > V(P6) for 15 out of 116 subjects (12.9%)
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Table 4. Hypothesis Tests

Set 1l Set 2 Set 3 Set 4 Set 5

Choice Tasks MV PV MV PV MV PV MV PV MV PV
P chosen 59 60 66 63 46 46 36 49 28 29
(No. of subjects)

$ chosen 55 56 48 53 68 70 78 67 86 87
(No. of subjects)

Sample Size 114 116 114 116 114 116 114 116 114 116
Vduation Tasks

$ Vaued more highly 102 60 89 41 94 52 107 76 109 73
Test 1t-stat. 8.20** 6.26** 4,32%* 5.44** 4.31**

Test 2 t-dtat. 7.52%* 5.34** 3.81** 7.04%* 4.08**

Test 3t-stat 0.52 -1.55 -2.58** 0.52 -2.93**

Test 4 t-dtat. 0.53 -1.05 -2.26** 1.01 -3.84**

Test 5t-stat. 6.89** 7.22%* 6.42** 6.29** 8.14**
Notes

** = ggnificant a 1% leve (one-tailed test).

Test 1.

Test 2:

Test 3:

Test 4:

HO: Percentage who vaue $ more highly, MV-group = Percentage who choose $, MV-group
H1: Percentage who value $ more highly, MV-group > Percentage who choose $, MV-group
HO: Percentage who vaue $ more highly, MV-group = Percentage who choose $, PV-group
H1: Percentage who vaue $ more highly, MV-group > Percentage who choose $, PV-group
HO: Percentage who vaue $ more highly, PV-group = Percentage who choose $, PV-group
H1: Percentage who vaue $ more highly, PV-group < Percentage who choose $, PV-group
HO: Percentage who vaue $ more highly, PV-group = Percentage who choose $, MV -group
H1: Percentage who vaue $ more highly, PV-group < Percentage who choose $, MV-group
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Test 5: HO: Percentage who vaue $ more highly, MV-group = Percentage who vaue $ more highly, PV-group
H1.: Percentage who vaue $ more highly, MV-group > Percentage who vaue $ more highly, PV-group

41



Table 5. Do the PV-group relative valuations come from the same population asthe MV-group relative valuations?

Parameter set | 1 2 3 4 5 6

%3 258.5** 145*%* 162.2** 122.9** 381.5** 3.48

** = Ggnificant a 1% leve

42



Appendix: implications of regret theory with boundedly rational (WAM) agents.

In the version of regret theory presented by Loomes and Sugden (1987), preferences are defined over
pairs of acts (where an act is amapping from states of the world to consequences). Let A; and A; be
two acts which result, respectively, in monetary consequences %s and Xs in state of the world s.
Preferences between such acts are determined by the expression:

. >

A~AU § psY (xs %9 =0 1)

< <
where p; is the probability of state s, and R(Xs, Xs) iS @ measure of the "net advantage’ of having
consequence ;s and missng out on X;s. Thefunction R(., .) is skew symmetric by construction, so thet,
for dl consequencesx andy, R(x, y) = -R(y,X) and R(X, X) = 0. Loomes and Sugden assume that
agents are regret averse by imposing the restriction R(x,z) > R(x,y) + R(y,2), fordl x>y >z

To examine the implications of regret theory in our design (given WAM agents), consder Table Al
which is an act/event matrix describing three acts $, P and M defined over five Sates with probabilities

g through u; x,y and ¢ are money consequenceswithx >y >0,c> 0.

Table Al q r S t u
$ X 0 0 0 0
P y y y 0 0
M c c 0 c 0

We can represent dl of the tasks faced by subjectsin our groups MV and PV as specid cases of Table
A1l. To characterise the tasks facing the MV-group, in agiven parameter set, sets=u=0,x>y>c
>0 andtakeq, r and t to be strictly positive congtants. The tasks are: choose between $ and P, select
¢ = cgsuchthat M ~$; and sdlect ¢ = co such that M ~ P. If we are to observe a sandard reversd, we
need (&) PO $and (b) c; > c,. Given (b), there will be some c*, with ¢s > c* > ¢, suchthat M 6 P
and $6 M. To characterise the tasks faced by the PV-group, in agiven parameter set, sstt=0,x $
c=T>y>0 (where T isthe money prize of the yardstick) and take g and (r + ) to be dtrictly
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positive congtants. In this group, the tasks are: choose between $ and P, sdlect r = rg such that M ~
$; and sdlect r = rp such that M ~ P. Probaiility vauetion is effectively setting the relative Szes of r and
s, but we can think of it as setting just r (or S) Sincethe vadue of r + sisfixed, for agiven parameter
set. If we areto observe astandard reversal in this group, we need P 6 $ and that there exists some
r*, withrg > r* > rp, suchthaa M 6 Pand $ 6 M. Hence, we can examine whether regret theory
explans preference reversd in our design by examining whether the theory permits cyclesin pairwise
choiceamong $, P and M for some c* (MV-group) or some r* (PV-group), given the gppropriate
redtrictions, in each case, on the parameters of Table Al

Regret theory implies that we may observe such cydlica choices. Equations (2)-(4) below result from
the gpplication of regret theory to pairwise comparisons of the actsin Table Al.

P6(6) $2> ay(yx) + ry(y0 + sy(y.0 >(<)0 ()
$6(0) M> aqy(xc) + ry(0c +ty 00 >0 ©)
MO (©)P> aqy(cy) + ry(cy) + sy(Qy) +ty(c0 >(0 4

If each of (2)-(4) is poditive (resp. negative), regret theory predicts acycle of choices consstent with
the standard (resp. counter) reversal. Summing across the left hand side of these three inequalities

generates expression (5):

aly (yx) +y xc)+y eyl +riy (v.0) +y (0.0) +y (cy)} (5

It is a necessary condition for observing the cycle consstent with standard (resp. counter) reversa that
(5) is pogitive (resp. negetive). Inthe MV-group, X >y > c¢ > 0. Rearranging (5) gives g.[y (x,C) -
y (xy)-y (y,0] + r{y (y,0) -y (c,0) -y (y,0)}. Since both bracketted terms are positive (by regret
averson), the cydeimplied by standard reversd is congstent with (though not necessarily predicted by)
regret theory. Notice, however, that the opposite cycle (implied by counter reversal) would not be
alowed by regret theory.

Inthe PV-group, x = ¢ >y > 0. Rearranging (5) gives a.[y (x,c) +y (cy) -y (xy)] + r{y (cy) +
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y (y,0) -y (c,0)}. Inthis case, regret aversonimpliesthat both bracketted terms are negative (except
when x = ¢, asin parameter set 5, then[....] =0, and{.....} <0). Hence, the cycle of choicesimplied
by counter reversa is permitted, while that in the opposite direction (standard reversd) is not.
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Notes

! An important exception is the experiment of Tversky, Sovic and Kahneman (1990), who
interpret their results astelling in favour of the psychologists approach. We comment further on
their paper below.

2 Reviews of this evidence are contained in Tversky and Thaer (1990) and Hausman (1992, ch.
13).
3 In an experiment that uses the BDM device to icit asdling price for some item, the subject
isfirg given an entitlement to that item and then asked to state the minimum price a which she would
be prepared to sdll it back to the experimenter. After this, arandom deviceis used to generate a
price. If, and only if, this price exceeds the price Sated by the subject, the subject isrequired to sdll
the item to the experimenter at the randomly generated price.

4 In an experiment that uses the random lottery incentive system, each subject performs a number
of tasks, knowing from the start that at the end of the experiment exactly one task will be selected at
random to befor red, i.e. that it will be played out for red usng the response that the subject has given.
For discussion, see Cubitt, Starmer and Sugden (1998, 2000).

> Theformulation of the hypothessby Tversky, Sattath and Sovic (1988) built upon earlier work
by Sovic (1975). For more recent discussions, see Fischer and Hawkins (1993), Sovic (1995) and
Fischer et al (1999).

6 The hypothes's does not necessaxrily require thet this attribute is initidly recognised by the
subject asthe most important. It is consistent with the cdlaim that a subject, faced with a choice between
items, focusses primarily on one atribute as part of a process of preference construction.

! An example of such areasoning srategy isthe dom-DA-lex strategy described by Fischer and
Hawkins (1993).

8 See as0 Sovic, Griffin and Tversky (1990) and Fischer et al (1999).

o See ds0 Tversky, Sovic and Kahneman (1990), Sovic, Griffin and Tversky (1990) and Sovic
(1995).

10 We take it that this is part of the definition of the ordind payoff scheme. It is part of the
definition presented by TSK in their theoretical discussion of dicitation procedures. However, we note
that in their actua experiment, one group were asked to imagine that they would play a gamble,
sdected asin the ordind payoff scheme. The other group were told that 15% of subjects redly would
play such agamble. We comment on this further below.

1 In demondrating this proposition, we will assume that the choice function implied by any

traditiona economic theory isto be gpplied to the feasible set of compound gambles determined jointly
by the possible responsesto dl tasksin the experiment. In Section VLiii we examine the implications
of rdaxing this assumption.
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12 Betweenness is aweakening of the independence axiom of expected utility theory, satisfied
by some but not al generdisations of that theory (see Starmer (2000) for discussion). In the present
context it impliesthat, if Pisdrictly preferred to $, then any compound gamble defined only on P
and $, and giving gtrictly positive probakility to each of them, is drictly preferred to $ and drictly
dispreferred to P.

13 Fischer et al (1999) discuss other designs in which matching tasks are used for differentiation
purposes and argue, like us, that the task god hypothesis implies that, to the extent that the god of
differentiation is trangparent to the subject, behaviour in these tasks will accord with choice behaviour.

14 Related work is reported in Hershey and Schoemaker (1985), MacCrimmon and Smith
(1986), Tversky, Sattath and Slovic (1988), Sovic, Griffin and Tversky (1990), Fischer and
Hawkins (1993), and Delquié (1993, 1997). We contrast our findings with some of these results
later in the paper.

B The yardstick and dl of the gambles to be vaued are basic. Thus, the task of putting a
monetary vauation on g = (m, p;) isameatching task of the form: select a money-prize m such that the
basic gambles (m, p)) and (m, 1) are equdly attractive. Similarly, the task of putting a probabilistic

vaudionon g = (m, p) isamatching task of the form: select awin-probability p such that the basic

gambles(m, p;) and (T, p) are equdly attractive.

16 The expected vaue of gamblesin our experiment ranged from gpprox. UK £2.50 to UK
£10 (with £1@$1.5 at the time of writing). The average expected value was £5.20.

o For example, Slovic, Griffin and Tversky (1990) interpret their findings as indicating the
primary importance of scae compatibility, whilst accepting that prominence playsarole. Onthe
other hand, Fischer and Hawkins (1993) argue for the primary importance of prominence,
according the minor role to scde compatibility. Fischer et al (1999) provide evidence in support of
the task god hypothesis over itsrivas. See, also Delquié(1993, 1997).

18 For an empirica investigation of the rdiability of this assumption see Cubitt, Starmer and
Sugden (1998).
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