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his paper introduces a method to measure regret theory, a popular theory of decision under uncertainty.

Regret theory allows for violations of transitivity, and it may seem paradoxical to quantitatively measure an
intransitive theory. We adopt the trade-off method and show that it is robust to violations of transitivity. Our
method makes no assumptions about the shape of the functions reflecting utility and regret. It can be performed
at the individual level, taking account of preference heterogeneity. Our data support the main assumption
of regret theory, that people are disproportionately averse to large regrets, even when event-splitting effects
are controlled for. The findings are robust: similar results were obtained in two measurements using different
stimuli. The data support the reliability of the trade-off method: its measurements could be replicated using
different stimuli and were not susceptible to strategic responding.
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1. Introduction

Regret theory (Bell 1982, Loomes and Sugden 1982)
is an important theory of decision under uncertainty.
The theory has intuitive appeal, being based on the
notion that people care not only about what they get
but also about what they might have gotten had they
chosen differently. There exists a large literature in
psychology showing the importance of regret in shap-
ing people’s preferences under risk (e.g., Larrick 1993,
Zeelenberg et al. 1996, Zeelenberg 1999). Regret the-
ory has a relatively simple structure, being based on
two functions only: a utility function capturing atti-
tudes toward outcomes, and a function capturing the
impact of regret. In spite of its simple structure, regret
theory can account for many of the observed devi-
ations from expected utility. The key to explaining
these deviations is that decision makers are regret
averse, the psychological intuition that people are
disproportionally averse to large regrets. The dis-
tinguishing feature of regret theory is that it pre-
dicts violations of transitivity. These violations are
a consequence of regret aversion. They have been
confirmed experimentally (e.g., Loomes et al. 1991)
and cannot easily be accommodated by the other
main nonexpected utility theories, including prospect
theory (Kahneman and Tversky 1979, Tversky and
Kahneman 1992).
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Regret theory also has real-world implications and
can explain field data that are incompatible with
expected utility. For example, Barberis et al. (2006),
Gollier and Salanié (2006), and Muermann et al.
(2006) apply regret to financial decisions, Braun and
Muermann (2004) to insurance decisions, Perakis and
Roels (2008) to the newsvendor model, and Feliz-
Ozbay and Ozbay (2007) and Engelbrecht-Wiggans
and Katok (2008) to auctions. A reason for this surg-
ing interest in regret is the difficulty that other non-
expected utility models have in explaining some of
the field data. Take the disposition effect, for instance,
the widely documented finding that investors appear
reluctant to realize losses but are eager to realize
gains. It was commonly believed that the disposition
effect could be explained by loss aversion, but Hens
and Vlcek (2006) and Barberis and Xiong (2009) have
shown that prospect theory can have trouble explain-
ing it. By contrast, regret theory is consistent with
the disposition effect provided that people are regret
averse (Muermann and Volkman 2007).

To apply regret theory in practical decision analy-
sis requires a feasible method to quantitatively mea-
sure it. No such method exists to date.! A reason
for this absence may be that regret theory allows

!Loomes and Sugden (1982) suggest a method, but their method
confounds regret aversion and event splitting.
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for intransitive preferences. Combining quantification
with intransitivities seems contradictory. This paper
shows that they can be reconciled. We introduce a
method to quantitatively measure regret theory based
on Wakker and Deneffe’s (1996) trade-off method. The
trade-off method was originally introduced to mea-
sure utility under prospect theory, but we show that it
can also be used to measure utility under regret the-
ory. Hence, the trade-off method is not only robust to
probability weighting, but also to intransitivities. The
elicited utilities are then used to measure regret. Con-
sequently, the paper shows that regret theory can be
measured by well-known measurement techniques,
and that its measurement is much easier than has
commonly been thought.

Our measurement method is parameter free in the
sense that it does not require any assumptions about
the regret theory functional. An advantage of avoid-
ing parametric assumptions is that the measurements
are not confounded by violations of the paramet-
ric assumptions made. A second advantage of our
method is that it can be performed at the individual
level, taking account of heterogeneity in preferences.
Individual measurements tend to vary substantially.
To take this heterogeneity into account, decision anal-
ysis needs a method that can be applied at the level
of the individual decision maker.

We implemented our method in an empirical inves-
tigation. The data, for the first time, make it pos-
sible to observe regret theory and to address the
open empirical questions about whether regret aver-
sion really exists and, if so, how strong it is.? Regret
aversion has commonly been assumed in the theo-
retical literature on regret, but as yet there exists no
unambiguous evidence that this assumption is justi-
fied. Several studies have provided qualitative sup-
port for regret aversion (for an overview, see Starmer
2000), but the validity of these studies was challenged
by Starmer and Sugden (1993). They showed that
almost all the empirical support for regret aversion
could be explained by a heuristic called event split-
ting. According to event splitting, an event with a
given probability is weighted more heavily if it is con-
sidered as two subevents than if it is considered as
a single event (see also Humphrey 1995). Our study
controlled for event splitting. Support for regret aver-
sion was observed nevertheless. We included sev-
eral tests to validate our method and to verify that
what we measured was really regret aversion. None
of these tests refuted regret aversion.

The data also allow answering a point of crit-
icism that has been raised repeatedly against the

2Di Cagno and Hey (1988) measured regret theory using Loomes
and Sugden’s (1982) method and, hence, their measurements con-
found regret aversion and event splitting.

trade-off method (e.g., Harrison and Rutstrém 2008).
Because the trade-off method uses chained responses,
i.e.,, previous responses are used as inputs in later
questions, critics have pointed out that subjects have
an incentive to answer strategically. We tested for
strategic responding but found no evidence for it,
providing additional support for the robustness of
measurements by the trade-off method.

In what follows, §2 reviews regret theory. Section 3
describes our new measurement method. Section 4
describes the design of the study, and §5 its results.
Section 6 discusses the main findings, and §7 con-
cludes this paper.

2. Regret Theory

Let & denote a state space. Subsets of & are called
events. A probability measure P is given over the set
of events. An act is a function from ¥ to the set of
outcomes. Our measurement method, described in §3,
requires that outcomes are real numbers. They are
money amounts in the study in §4. Because our mea-
surement method only uses acts with two different
outcomes, attention will be restricted to such binary
acts. We shall denote acts as apB, which means that
there is an event E with probability p such that «
obtains under E, and S obtains under the complement
of E. In what follows, if we compare two acts a,8 and
¥,9, it is implicitly assumed that p refers to the same
event.

A preference relation > is given over the set of
binary acts. The conventional notations > and ~
are used to denote strict preference and indifference
respectively. We assume that higher outcomes are pre-
ferred to lower outcomes. For money amounts, this
assumption is self-evident.

Consider two acts @,8 and v,5. The general for-
mulation of regret theory proposed by Loomes and
Sugden (1987) postulates a real-valued function ¥
such that

@,Bzv0 & p¥(a,v)+(1-p)¥(B,8)=0. (1)

The function W¥(w,7y) can be interpreted as
assigning a real-valued index to the net advantage of
choosing a,f rather than v,6 if event E with proba-
bility p obtains. The function ¥ is unique up to scale,
i.e., it can be replaced by any other function ¥’ =a'p,
a > 0, without affecting preferences, and satisfies the
following three restrictions:

(i) The function ¥ is strictly increasing in its first
argument: for any outcome v, if @ > 8, then ¥(«, y) >
V(B y).

(if) The function W is skew symmetric: for all « and
Bl \I’(a, ﬁ) = _\I,(:B/ a)'

(iii) For all @ > B>y, ¥(a,v) > ¥(, B) + V(B, 7).
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This property was labeled convexity in Loomes and
Sugden (1987). It is also referred to as regret aver-
sion. Skew symmetry entails that for all outcomes
a, ¥(a,a) = 0. Expected utility is the special case
of regret theory in which ¥(«, B) = u(a) — u(B),
and u is a von Neumann-Morgenstern utility func-
tion. Fishburn’s (1982) skew-symmetric bilinear the-
ory resembles the general form of regret theory but
assumes that preferences are defined over prospects
and probability distributions over outcomes, rather
than over acts.

Bell (1982, 1983) and Loomes and Sugden (1982)
considered a restricted form of (1) in which

(e, B) = Q(u(a) — u(p)). @)

Bell (1982) referred to u in Equation (2) as a value func-
tion measuring strength of preference, or incremental
value. Loomes and Sugden (1982) referred to u as a
choiceless utility function, which reflects the utility the
decision maker would derive from an outcome x if he
experienced it without having chosen it. That is, both
Bell (1982) and Loomes and Sugden (1982) refer to
introspection.> Our method explained in §3 is entirely
choice based and does not assume any other prim-
itives like incremental value or choiceless utility. To
emphasize this point, we will refer to u as a utility
function in what follows.

The function Q in Equation (2) is strictly increas-
ing and has the following symmetry property, implied
by skew symmetry: for all @, —Q(a) = Q(—a). Regret
aversion, which generates the distinctive predictions
of regret theory, implies that Q is convex. It follows
from the properties of difference measurement that
u is unique up to scale and location (Krantz et al.
1971). Because we can replace ¥ by any function that
is a positive multiple of ¥, we can replace Q by Q' =
aQ, a > 0. Because of symmetry of Q, Q(0)=0.*

3. Measurement Method
This section explains how regret theory can be mea-
sured. Even though the measurement method can be
used to elicit the general regret model, Equation (1),
as explained below, the intuition behind the method
is clearer if we consider Equation (2), and the focus
will be on this model in what follows.

The method consists of two parts. In the first
part, the trade-off method (Wakker and Deneffe 1996)

% In the appendix to their paper, Loomes and Sugden (1982) explain,
however, how u can be derived solely from choices.

*Some authors used a slightly different expression for regret the-
ory in which the utility of obtaining « and not § is equal to u(a) +
R(u(a) — u(B)), where R is a regret-rejoice function. This formula-
tion of regret theory is equivalent to Equation (2) when we define
Q(u(a) — u(B)) = u(e) — u(B) + R(u(a) — u(B)) — R(u(B) — u(a)).

Convexity of Q corresponds to R being decreasingly concave.

is used to elicit a standard sequence of outcomes
{xg, ..., x;} that are equally spaced in utility units, i.e.,
the elements of the standard sequence are such that
u(x;y) — u(x;) = u(x;) —u(x,) for all jin {1, ..., k—1}.
Hence, the first part elicits the function u, which has
the properties of Bell’s (1982) incremental value func-
tion but without assuming the primitive of incremen-
tal value. In the second part the standard sequence is
used to elicit the function Q.

It is easily verified, by substituting W(x;,,, x;) for
Q(u(xjy;) — u(x;)) in the exposition below, that in
the general regret theory of Loomes and Sugden
(1987) the standard sequence {xi, ..., x;} is such that
W(xjq1,x;) = V(x;, x0) for all jin {1,...,k —1}. The
second part then uses the standard sequence to elicit
W for pairs of elements of the standard sequence. This
shows that our method can indeed be used to elicit
the general regret model, Equation (1).

3.1. Measurement of u

We start by selecting a probability p with 0 <p <1,
two gauge outcomes G and g with G > g, and a starting
outcome x,. Then, we elicit the outcome x; for which
the decision maker is indifferent between x; ¢ and
xo,,G- This indifference yields by Equation (2):

pQu(x;) — ulxp)) + (1 =p)Qu(g) —u(G)) =0.  (3)

Rearranging and using the symmetry of Q gives

Q) —ux) = L Q@) —u(@). )

We then determine the outcome x, for which the
decision maker is indifferent between X8 and x,G.
Writing out this indifference gives

Qu() — ) = — L Q@) ~u(@), ()

and thus, Q(u(x;) — u(xy)) = Q(u(x,) — u(x;)). Because
Q is strictly increasing, it follows that u(x,) — u(x;) =
u(x;) — u(xy). We proceed by eliciting indifferences
Xj:1,8 ~ %;,G, and in so doing we obtain a standard
sequence {x,, ..., x;} for which u(x;,;) —u(x;) = u(x;) —
u(x,), j=1,...,k—1. Because u is unique up to scale
and location, the utility of two outcomes can be arbi-
trarily chosen. We set u(x;) =0 and u(x;) = 1. It then
follows that u(x;) = j/k for j=0, ..., k.

3.2. Measurement of Q

We use the standard sequence elicited in the first
part to measure Q. The function Q was scaled such
that Q(1/k) = 1. Because u(x; ;) — u(x;) = 1/k for
j=0,...,k—1, it follows that Q(u(x;.)—u(x;)) =1
for any two successive elements of the standard
sequence. We chose a probability p and three elements
of the elicited standard sequence, namely, x4, x;, and
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Table 1 Measurement Method
Stimuli
Assessed quantities Indifference Implication Measurement 1 Measurement 2
Part 1 Xiy ey Xg Xjs1,9~ %,G,/=0,....4 U(Xj4q) = U(x;) = u(x;) — u(xp) p=1/3 p=1/2
G=€16 G=€17
g=¢€1 g==¢€13
X, =€20 X, =€20
Part 2 Zy) .0 2 x4p/x0~x3p/z,,j=1,...,4 Qu(z))=p;/(1—p,) py=1/4 py=1/4
P, =2/5 P, =2/5
Py =3/5 p;=3/5
py=3/4 ps=3/4

X,, and then determined the outcome z for which
the decision maker was indifferent between Xy X and
X3 Z. By (2), this gives

pQ(u(xy) — u(x3)) + (1 = p)Q(u(x) — u(2)) =0
< Qu(z))=p/(1—-p). (6)

By varying p, we can determine as many points of
Q as deemed desirable. The utility of z will, in gen-
eral, be unknown. It can be approximated from the
known utility of elements of the standard sequence
using interpolation.

An alternative way to measure Q that does not
require approximating utilities is to select an element
x; of the standard sequence and to elicit the proba-
bility p for which the decision maker is indifferent
between Xy, X and X3, X;- By (2), this gives

pQ(u(x,) — u(x3)) = (1 —p) Q(u(x;) — u(xy))
< p=01-p)Q(j/k)
N 4
g Q(]/k)—m' )

This probability elicitation procedure was used in
extensive pilot sessions, but we finally decided not to
use it. The procedure used in the study, the outcome
elicitation procedure, turned out to have important
advantages over the probability elicitation procedure.
First, the outcome elicitation procedure uses the same
response scale in both parts of the measurement,
whereas the probability elicitation procedure uses dif-
ferent response scales: outcomes in the first part and
probabilities in the second part. It is well known that
different response scales prime different aspects of a
decision problem, a finding known as scale compati-
bility (Tversky et al. 1988). Second, the outcome elic-
itation procedure turned out to be less susceptible to
response error. The measurement of Q by the prob-
ability elicitation procedure was unstable for p close
to zero or to one. Even small response errors then
had strong effects on the elicited value of Q. More-
over, the effect of response error was asymmetric for

p close to 0 or 1. For example, if a subject’s true indif-
ference probability was equal to 0.97, then there was
much more room for error “to the left” of 0.97 than
“to the right” of 0.97, leading to a downward bias
in the elicited indifference probability and, hence, to
a downward bias in Q. Finally, because Q is a convex
transform of p in the probability elicitation procedure,
response error can create artificial support for regret.’

A potential problem for both methods for measur-
ing Q is error propagation. The trade-off method is a
chained method, and errors made in earlier questions
cumulate in later questions. Previous studies that
explored the impact of error propagation on trade-off
measurements and the values derived from these con-
cluded that its impact was small (Bleichrodt and Pinto
2000, Abdellaoui et al. 2005). We performed a similar
simulation exercise, which confirmed that error prop-
agation was not a major cause of concern in this study
either.

Table 1 summarizes the measurement method used.
The second column shows the assessed quantities in
the two parts, the third column shows the indiffer-
ences used to elicit these quantities, the fourth column
shows the implications of the elicited indifferences
under regret theory, and the final two columns show
the stimuli that were used in the study, which is
reported in the next section.

4. Study

4.1. Subjects and Stimuli
Subjects were 55 students (33 female, mean age of
subjects was 20.9 years) from different faculties of the
Pompeu Fabra University, Barcelona, Spain. Before
the actual study, we tested and fine tuned the design
in extensive pilot sessions.

®For example, if the subject’s true indifference value of p is 0.70
and, hence, his true value of Q is 2.33, then an error of —0.05 will
give Q =1.86, but an error of 4-0.05 will give Q = 3. Consequently,
symmetric response errors have asymmetric effects on Q, biasing
the aggregate value of Q in the direction of more convexity.
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Figure 1 Example of a Screen Faced in the First Part
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Source. Microsoft product screen shot reprinted with permission from Microsoft Corporation.

4.2, Incentives

Subjects were paid a flat fee of €15 for their partic-
ipation. In addition, six subjects were selected ran-
domly to play one of their choices for real at the end
of the session. Regret theory predicts that this random
incentive procedure reveals subjects’ true preferences in
the sense that no differences will be observed with
choices that are always played out for real. Empiri-
cal evidence supports this claim (Starmer and Sugden
1991, Beattie and Loomes 1997, Cubitt et al. 1998).

4.3. Procedure
The study was computer run in individual interview
sessions lasting 55 minutes on average. Each session
started with an explanation of the task, read aloud
by the interviewer. Subjects could see this explanation
on their computer screen. Then a practice question
followed. After this practice question, the interviewer
explained the random incentive procedure. The intro-
duction ended with another practice question.
Subjects were not asked directly for their indiffer-
ence values. Instead, indifference values were deter-
mined through a series of binary choices. Each binary
choice corresponded to an iteration in a bisection pro-
cess, described in the appendix. Figure 1 gives an
example of the way the choice questions were pre-
sented. Subjects faced two options, neutrally labeled
A and B, and were asked to choose between these
options by clicking on their preferred option. Indif-
ference was not allowed. After they had made their
choice, subjects were asked to confirm their choice.
If so, they moved on to the next question. If not,
they faced the same question again. The confirma-
tion question was intended to reduce the impact of
response errors.

Both options always yielded different outcomes
under the two events to avoid that event splitting
would confound the results. The two events had
different colors to make their distinction vivid. To
remind subjects of the sizes of the probabilities of the
events and to induce them to pay attention to the
probabilities, we included a pie chart with the col-
ored areas of the pie corresponding to the sizes of the
probabilities involved. To control for order effects, we
randomly counterbalanced what was option A and
what was option B throughout.

Table 1 shows the stimuli used. Two measurements
of regret theory were performed to test the robust-
ness of the findings. If our method is valid and people
behave according to regret theory, then the elicited
utility functions and the elicited Q functions should
be the same in the two measurements. The first mea-
surement used probability 1/3 and gauge outcomes
€16 and €11; the second measurement used probabil-
ity 1/2 and gauge outcomes €17 and €13. The prob-
abilities 1/3 and 1/2 were chosen because the pilot
sessions showed that subjects found these easy to
understand. The starting outcome x, was equal to €20
in both measurements. The two measurements were
interspersed to prevent subjects from forming a match
that would guide answers and to stimulate subjects to
pay attention to the probability dimension. To distin-
guish the two measurements, we will use the super-
scripts 1 and 2 to denote the first and second mea-
surements, respectively, in what follows.

To measure utility, we elicited two standard
sequences {x},xi,...,xt}, i=1,2. Hence, k =5 in
our study. As explained in §3, the measurement

method amounted to finding values x; 41 so that
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x]’: “, ¢' and x; G', i=1,2, were equivalent. To mea-
sure Q, we elicited two sequences of money amounts
z4,...,z,, i=1,2, that led to indifference between
x3 X and xéyz;:. Four values were used for p: p=1/4,
p=2/5, p=23/5 and p = 3/4. These four indiffer-
ences gave rise to four values of Q: Q(u(z})) =1/3,
Q(u(z)) = 2/3, Q(u(z3)) = 3/2, and Q(u(zy)) =3. In
contrast with the first part, the choice-based elicita-
tions of the second part did not have to be performed
consecutively and were randomly interspersed.

4.4. Validity of the Measurements

4.4.1. Internal Validity. We included two tests of
the internal validity of the measurements. A problem
in experiments is that people’s preferences are often
imprecise, and they make errors in reporting their
responses. To test for response error, 12 choice ques-
tions were repeated. At the end of the first part, sub-
jects were presented again with the third choice in the
bisection process of four randomly chosen iterations,
two for the first measurement of the regret model and
two for the second measurement. The third choice
was repeated because the value of the stimulus in
the third choice was generally close but not equal to
the elicited indifference value. Repeating a choice for
which preference was obvious would inflate the sup-
port for consistency. At the end of the second part,
we repeated the third choice in the bisection process
of all eight iterations.

A second concern was strategic responding in the
first part of the study. A potential problem of using
real incentives in the trade-off method is its chained
nature. Answers to utility elicitation questions are
used as inputs in subsequent questions. This may
induce subjects to respond strategically. By overstat-
ing values in the first stages of the measurement
of u, subjects could increase the attractiveness of the
options that they faced in later stages of the elici-
tation. This danger is particularly acute in matching
tasks, where subjects directly state their indifference
values, and these feature in subsequent elicitation
questions. The danger of strategic responding was
reduced in our study by using a choice-based elicita-
tion procedure in which the indifference values used
in subsequent questions never really appeared in the
process of deriving them. This makes it hard to notice
the chained nature of the questions. To test for strate-
gic responding, we repeated the elicitations of x} and
x7 at the end of the first part of the study. Even when
subjects understood the chained nature of the ques-
tions and responded strategically, they could not real-
ize this during the elicitations of x] and x?, because
these elicitations did not use previous answers. If
strategic responding were a problem, the repeated
elicitations should produce higher values of x| and x?
than the original elicitations.

44.2. External Validity. Two tests of external
validity were also included. First, regret theory was
measured twice using different stimuli. In the first
part of the study, the stimuli in the two measurements
were close, but because elements from the elicited
standard sequences were used in the second part,
the stimuli could differ considerably in the measure-
ment of Q. For example, for subject 10 we used the
prospects 110,20 and 79,z in the first measurement
of Q and the prospects 60,20 and 55,z in the sec-
ond measurement of Q. If the two measurements pro-
duced systematically different results, then this would
undermine the external validity of the findings. It
would imply that people did not behave according to
regret theory because new choices could not be pre-
dicted by the elicited utility and Q functions.

We included another test of whether subjects
behaved according to regret theory. It is possible that
even when our findings were consistent with regret
theory, people really behaved according to another
theory, which happened to make similar predictions.
The most obvious candidate is prospect theory, by
now the dominant descriptive theory of decision
under uncertainty. The trade-off method can also be
used to elicit utility under prospect theory, and, as it
turned out, our data were not only consistent with
regret theory with a convex Q function but also with
prospect theory with an inverse S-shaped probabil-
ity weighting function. To distinguish between regret
theory and prospect theory, we elicited the values of
zi, i=1,2, that made subjects indifferent between
xy X% and x3 z{. Under regret theory, this indiffer-
ence implies that

(1/2) % Q(u(x3) —u(x3)) = (1/2)* Q(u(z) —u(x,)),  (8)

and, given the scaling of Q and the properties of u, we
should observe that z, = x;. Under prospect theory,
however, observing z. = x} implies that

w(1/2)u(x;) + (1 - w(1/2))u(x,)
=w(1/2)u(x) + (1 -w(1/2)ulx), )

where w denotes the probability weighting function.
Given the scaling of u, (9) implies that w(1/2) =1/2. It
could of course be that the inverse S-shaped probabil-
ity weighting functions happened to satisfy w(1/2) =
1/2, i.e., that their point of inflection was 1/2, but this
is not in line with the data.® Consequently, these con-
sistency questions help to distinguish between regret
theory and prospect theory. Large differences between
z! and x| would indicate that subjects did not behave
according to regret theory.

® Assuming prospect theory, the elicited answers determined
w(1/4), w(2/5), w(3/5), and w(3/4). These values suggest that the
point of inflection was lower than 1/2 in both measurements.
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4.5. Analyses

We will present aggregate and individual data for u
and Q. In the analysis of the aggregate data, we focus
on the results based on the means and only occa-
sionally report the median results in cases in which
they led to additional insights. Significance of differ-
ences was tested both parametrically and nonpara-
metrically. Because these tests always led to the same
conclusions, only the parametric results are reported.
Differences between proportions were tested by the
binomial test.

4.5.1. Analysis of u. To investigate curvature of u
at the individual level, three classifications were used.
The first classification was based on the evolution of
the slope of the utility function. For each subject, we
computed the differences

A (xg_xh)_(xl_xm)/

g>h, g>1, g—h=I1-m, (10)

gh,Im =

with all X, =8, h, 1, m, elements of the elicited stan-
dard sequence. Because g — h =1 —m, it follows from
the construction of the standard sequence that u(x,) —
u(x,) = u(x;) —u(x,). Concavity implies that the slope
of the utility function decreases, and consequently, a
positive value of A, ,,, corresponds to a concave part
of u. Likewise, a negative value of A, ;,, corresponds
to a convex part of #, and a value of zero to a linear
part. Twenty values of A, ,,, could be observed for
each subject. To account for response error, a subject’s
utility function was classified as concave, convex, or
linear if at least 50% of the values of Ay, ;,, were posi-
tive, negative, or zero, respectively.” Otherwise, a sub-
ject was left unclassified.

The second classification was based on the area
under the utility function. The domain of # was nor-
malized to [0, 1] through the transformation (x]’: —20)/
(xt—20), j=0,...,5 i=1,2. If utility is linear, then
the area under the normalized utility function is equal
to 1/2. If utility is concave (convex) then the area
under the normalized utility function exceeds (is less
than) 1/2. Subjects were classified as concave (convex,
linear) depending on whether the area under the nor-
malized utility function exceeded (was less than, was
equal to) 1/2.

To smooth out irregularities, the data were also ana-
lyzed under specific parametric assumptions about
utility. Two parametric families were examined: the
power family and the exponential family. Both fam-
ilies are widely used in decision theory. The results
were similar for the two families. To facilitate com-
parability with other studies on utility measurement,

7Similar criteria were used by Fennema and van Assen (1998),
Abdellaoui (2000), and Etchart-Vincent (2004).

only the results for the power family are reported in
what follows.

The power family is defined by x” for r > 0, by In(x)
for r =0, and by —x" for r < 0. We scaled the utility
function such that #(20) =0 and u(xs) = 1. It is well
known that » <1 corresponds to concave utility, 7 > 1
to convex utility, and r =1 to linear utility.

Estimations were by nonlinear least squares for
both the mean and the median data and for each sub-
ject separately. The parametric estimates were used to
obtain another, parametric classification of the indi-
vidual utility functions. Using the standard errors
(SEs) of the coefficients, a subject was classified as
concave (convex) if his power coefficient was statis-
tically significantly smaller (larger) than 1. The linear
classification was not used because a coefficient that
does not significantly differ from 1 does not imply
that a linear function fits the data particularly well.

4.5.2. Analysis of Q. To compute Q, the utilities
of the elicited values zj, i=1,2,j=1,...,4, had to be
determined. This was done through linear interpola-
tion. To check the robustness of the findings, we also
used interpolation through the estimated power coef-
ficients. All conclusions were the same under power
interpolation, and we will focus on the results under
linear interpolation in what follows.

To investigate the curvature of Q at the individual
level, we computed the differences

(Q(g/5) — Q(h/5)) = (Q(I/5) — Q(m/5)),
g>h, g>1, g—h=1-m, (11)

Vgh, Im =

with g, h,I,me {0,...,5}. Because g —h=1—m, it
follows that a positive value of V,;, ,,, corresponds to a
convex part of Q, a negative value to a concave part,
and a value of zero to a linear part. Twenty values
of Vg, 1, could be observed. A subject was classified
as convex if at least 50% of the values of V, ,,, were
positive, and as concave if at least 50% of the values
were negative.

To analyze the shape of Q at the individual
level, the individual Q functions were normalized to
domain [0, 1] by dividing by u(z}), i =1,2, and to
range [0, 1] by dividing by Q(u(z})) = 3. If the area
under the normalized Q function was less than (equal
to, greater than) 1/2 a subject was classified as convex
(linear, concave). To check for robustness, we also fit-
ted the individual Q functions parametrically through
a power function and classified subjects based on
their estimated power coefficients.

5. Results

One subject was excluded because she did not under-
stand the tasks. This left 54 subjects in the final
analyses.
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The internal validity of the measurements was
good. In the first part of the study, 71.7% of the
repeated choices were consistent in the first measure-
ment of the regret model, and 78.3% in the second
measurement. These rates are comparable to previ-
ously observed consistency rates (for a review, see
Stott 2006). The consistency in the second part of the
study was higher: 86.7% of the repeated choices were
consistent in the first measurement, and 87.6% in the
second measurement.?

No evidence of strategic responding was observed.
Strategic responding predicts that the repeated elic-
itation of xi, i=1,2, will exceed the original elici-
tation. In the first measurement of the regret model,
the mean of the repeated elicitation of x| was indeed
slightly higher than that of the original elicitation
(37.3 versus 34.6) but the difference was not signifi-
cant (p = 0.41). The difference was caused by one out-
lier, who did not display this behavior in the second
measurement of the regret model, suggesting that his
response was due to error. The median of the repeated
elicitation was actually lower than that of the original
elicitation (31.3 versus 32.3).

In the second measurement of the regret model,
both the mean and the median of the repeated elic-
itation were slightly lower than those of the original
elicitation. The mean was 28.3 in the repeated elicita-
tion and 28.5 in the original elicitation, and the medi-
ans were 25 and 26, respectively. The differences were
not significant (p = 0.75). The results on the external
validity of the measurements are reported below.

5.1. Utility

5.1.1. Aggregate Findings. Figure 2 shows the
elicited utility functions based on the mean data. The
dotted line is drawn for comparison and represents
the case of linear utility. The figure shows that at
the aggregate level utility was close to linear in both
measurements. The differences between the step sizes
(%11 —x;) and (x; —x;_y), for j=1,..., 4, give an indi-
cation of the shape of utility. Concavity corresponds
to increasing step sizes, convexity to decreasing step
sizes, and linearity to constant step sizes. The hori-
zontal axes of Figure 2 show that the step sizes were
close, in agreement with linearity of u at the aggre-
gate level. The differences between the step sizes were
not significant (p =0.13 in the first measurement, and
p =0.83 in the second measurement).

Parametric fitting confirmed that the elicited util-
ity functions were close to linear. The fitted power
coefficients based on the mean data were 0.98
(SE = 0.015) in the first measurement and 1.01 (SE =

8 Consistency did not differ much across the different questions;
therefore, we pooled the data.

Figure 2 Elicited Utility Functions Based on Mean Data
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0.006) in the second measurement. Both power coef-
ficients did not differ significantly from 1, the case
corresponding to linear utility. Fitting based on the
median data revealed comparable concavity in the
first measurement (power coefficient = 0.98; SE =
0.026), but more concavity in the second measurement
(power coefficient =0.94; SE = 0.018). The latter coef-
ficient was significantly different from 1 (p =0.02).

The parametric fittings also indicated that the two
utility functions were similar. The estimated power
coefficients were close and not significantly different
(p =0.08 based on the mean data, and p =0.18 based
on the median data).

The absence of significant concavity of utility may
be surprising to decision analysts used to concave
utility and risk aversion. It should be kept in mind
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though that under nonexpected utility, risk aversion
and concave utility are no longer equivalent. Under
regret theory, part of people’s attitude toward risk is
captured by the regret function Q. It is well known
that studies that estimate utility under expected util-
ity find too much utility curvature (Fennema and van
Assen 1998). Under nonexpected utility, less utility
curvature is typically observed. The estimated power
coefficients are close to those reported in other studies
measuring utility by the trade-off method (Abdellaoui
2000, Abdellaoui et al. 2005, Schunk and Betsch 2006)
and also to some studies measuring nonexpected util-
ity using other methods (Tversky and Kahneman
1992, Abdellaoui et al. 2008, and one of the estimates
in Abdellaoui et al. 2007a). However, the estimates of
Gonzalez and Wu (1999), Abdellaoui et al. (2007b),
and two other estimates in Abdellaoui et al. (2007a)
were lower, indicating more concavity of utility.

5.1.2. Individual Data. The individual data pro-
duced more evidence for concavity of utility. In the
nonparametric classifications of utility, this evidence
was modest. Based on the evolution of the slope, 32
subjects were concave in the first measurement and
20 subjects were convex. In the second measurement,
these numbers were 27 concave, 21 convex, and 2 lin-
ear. The remaining subjects could not be classified.
Based on the area under the normalized utility func-
tion, 30 subjects had concave utility, and 24 subjects
had convex utility in the first measurement. In the sec-
ond measurement, these numbers were 27 concave, 23
convex, and 4 linear. The proportion of concave sub-
jects was never significantly different from the pro-
portion of convex subjects.

The parametric classification showed stronger sup-
port for concavity: In the first measurement, 30 sub-
jects had significantly concave utility and 10 subjects
had significantly convex utility; in the second mea-
surement, 31 subjects had significantly concave util-
ity and 12 subjects had significantly convex utility.
Hence, what we observed was that the number of
concave subjects was about the same as in the non-
parametric classification, but the number of convex
subjects was considerably lower. These results sug-
gest that at least part of the convexity observed in
the nonparametric classifications was due to noise. In
both measurements, the proportion of concave sub-
jects was significantly higher than the proportion of
convex subjects (p = 0.002 in the first measurement,
and p =0.004 in the second measurement).

The conjecture that the observed convexity was pri-
marily due to noise is supported if we compare the
classifications of the subjects across the two measure-
ments. Table 2 illustrates. The table shows that only
one subject was significantly convex in both measure-
ments of the regret model. By contrast, 18 subjects
were significantly concave in both measurements.

Table 2 Parametric Classification of Subjects

Second measurement

Concave Convex Unclassified Total
First measurement
Concave 18 6 6 30
Convex 6 1 3 10
Unclassified 7 5 2 14
Total 31 12 11 54

The individual data confirmed that elicited utility
was similar across the two measurements, providing
support for the external validity of the measurements
of utility. Table 2 shows that few subjects were signif-
icantly concave in one measurement and significantly
convex in the other. Moreover, the measures of util-
ity curvature did not differ significantly between the
two measurements. The mean area under the normal-
ized utility curve was 0.506 in the first measurement
and 0.501 in the second measurement (p = 0.65). The
mean of the individual power coefficients was 1.00
in both measurements (p = 0.91). The medians were
0.95 in both measurements.” The correlation between
the power function coefficients in the two elicita-
tions was, however, low. The Pearson correlation was
—0.13, and the Spearman rank correlation was —0.15.
This low correlation reflects the error in measuring
the power function coefficients. Neither differs signif-
icantly from O (p > 0.10 in both cases).

5.2. Regret

5.2.1. Selection of Subjects. One of the external
tests examined to what extent subjects deviated from
the predictions of regret theory by comparing z! with
xi, i =1,2. If these differed strongly, then subjects
violated regret theory. The question of what con-
stitutes a strong difference is obviously somewhat
arbitrary. Even if subjects behaved fully in accor-
dance with regret theory, z\ and xi could differ due
to error and rounding. People make errors when
responding to choice questions. A difference between
z! and xi could also be due to the elicitation pro-
cedure used, which only faced subjects with integer
numbers. The final indifference value was rounded
to the next integer. Based on previous experience
with the trade-off method, we took a difference of

? One pilot session involved 56 subjects in which utility was elicited
by a similar method as used in the experiments reported in this
paper except that we used larger stimuli: G = €100, g = €40, and
xo =€200. The value of p was set equal to 1/3. In this pilot, we also
found linear utility at the aggregate level. The mean of the indi-
vidual power estimates was 1.00 (median 0.94) and did not differ
significantly from the power estimates that we found in the two
experiments reported in this paper (p =0.99 and p =0.92 compared
with the first and the second measurements, respectively).
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half the average step size in the first two elicitations
of the standard sequence as being attributable to error
and rounding. By this criterion, seven subjects were
excluded because their responses indicated that they
did not behave according to regret theory, even allow-
ing for error. The conclusions presented below were
not sensitive to using smaller or wider error bounds,
although, obviously, the number of excluded subjects
varied with the size of the permitted error bounds.

There were four more subjects for whom z! and x|
differed by more than 0.75 times the average step size
in the first two elicitations of the standard sequence,
but z? and x7 were (approximately) equal. For these
subjects, we interpreted the difference between z!
and x; as reflecting error, mainly caused by overstat-
ing x{.!° They were deleted from the analysis of Q in
the first measurement of the regret model, but not in
the second, where we had no reason to believe that
error had driven their responses.

Several responses violated monotonicity, requiring
that prospects become more attractive if the prob-
ability of the best outcome increases. Monotonicity
implied that if p > g and x} x, ~x3 z and xj x) ~x} 7/,
then z > z'. Regret theory predicts that z > z’ through
the increasingness of Q."' Allowing for the same error
size as above, 5.3% (4.6%) of the responses in the first
(second) measurement of the regret model violated
monotonicity. These rates of monotonicity violations
are relatively low compared with other studies in the
literature. One subject violated monotonicity several
times and in both measurements. He was excluded
from the analyses. The other subjects violated mono-
tonicity only once. For these subjects, the violating
response was deleted, but the other responses were
retained.

For the subjects remaining in the analyses (42 in
the first measurement of the regret model and 46
in the second measurement), z' and xi, i=1,2, did
not differ significantly. Mean values were 30.7 and
32.2 in the first measurement of the regret model
(p =0.15) and 25.9 and 26.7 in the second measure-
ment, respectively (p = 0.23).!> Under prospect the-
ory, these numbers imply that w(1/2) = 0.47 in both
measurements. This degree of probability weighting
is less than what is commonly observed in the liter-
ature. Both probability weights did not differ signifi-
cantly from 1/2 (p > 0.10 in both cases).

10 This interpretation was confirmed by their other responses in the
elicitation of Q, which were all (much) smaller than x].

1 This also holds true in the more general regret model of Loomes
and Sugden (1987), which assumes increasingness of W in its first
argument.

12 With all subjects included, the evidence was more ambiguous. Val-
ues of z! and x] differed significantly by the parametric t-test (p =
0.04), but not by the nonparametric Wilcoxon test (p = 0.10). Values
of z2 and 7 did not differ significantly (p > 0.10 in both tests).

Figure 3 Elicited Q Functions Based on Mean Data
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5.2.2. Aggregate Results. Figure 3 shows the Q
functions obtained in the two measurements. The dot-
ted lines represent linearity of Q, the special case of
expected utility. As predicted by regret theory, Q was
convex in both measurements. The degree of convex-
ity was slightly more pronounced in the first measure-
ment than in the second measurement. The estimated
power coefficients based on the mean data were 1.89
(SE = 0.047) in the first measurement and 1.73 (SE =
0.037) in the second measurement. The power coeffi-
cients differed significantly at the 5% level (p =0.02).

Under regret theory, the elicited utility differences
in the two measurements should be the same. This
follows from the increasingness of Q. We could not
reject the hypothesis that the utility differences were
equal and, consequently, the hypothesis that sub-
jects behaved in line with regret theory (p > 0.10 in
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all tests). The results were not affected by the use
of linear interpolation. The utility differences were
also not significantly different when interpolation by
the estimated power coefficients was used instead
(p > 0.10).

5.2.3. Individual Analysis. Attheindividuallevel,
convexity was clearly the dominant pattern. Based on
the evolution of the slope of Q, 30 (36) subjects were
convex and 10 (15) were concave in the first (sec-
ond) measurement. Based on the area under the stan-
dardized regret curve, 37 (41) subjects were convex
and 4 (5) concave in the first (second) measurement.
The proportion of convex subjects was always signifi-
cantly higher than the proportion of concave subjects
(p <0.01 in all tests).

The classifications were consistent across the two
measurements. According to the evolution of the
slope, 22 subjects were convex in both measurements.
Only two subjects were concave in both measure-
ments. According to the area under the normalized
curve, 34 subjects were convex in both measurements,
and 2 subjects were concave in both measurements.

The parametric classification confirmed the pre-
dominance of regret aversion and the consistency
across the two measurements. In the first (second)
measurement 35 (35) subjects had a power coefficient
exceeding 1, corresponding to convex Q, and 6 (11)
subjects had a power coefficient smaller than 1, corre-
sponding to concave Q. Twenty-seven subjects were
convex in both measurements, and only two subjects
were concave in both measurements.

The measurements of Q were more noisy than
those of u as reflected in larger standard errors of
the estimated power coefficients. Because of these
and the relatively low number of observations, many
power coefficients failed to reach statistical signifi-
cance. In the first (second) measurement, 10 (19) sub-
jects were significantly convex, and only 1 (1) subject
was significantly concave. Of the 10 subjects who
were significantly convex in the first measurement,
9 were also significantly convex in the second mea-
surement. No subject was significantly concave in
both measurements. The proportion of convex sub-
jects was significantly larger than the proportion of
concave subjects in all comparisons (p < 0.001).

The finding that fewer subjects were significantly
convex in the first measurement of the regret model
than in the second measurement reflects that the data
from the first measurement were more noisy. It is not
clear why this was, because the two measurements
were randomly interspersed. The finding is the more
puzzling because, by the nature of the measurement
method used, errors have more impact the smaller the
step size of the elicited standard sequence. The step
size was, however, considerably smaller in the second
measurement than in the first, as shown in Figure 2.

The measures of the curvature of Q were simi-
lar across the two measurements, providing support
for the external validity of the measurements. It was
already mentioned that most subjects were classi-
fied the same in the two measurements. Moreover,
the mean areas under the normalized Q curves were
close: 0.301 in the first measurement and 0.299 in
the second measurement, with the difference being
insignificant (p = 0.94). The means of the individual
power coefficients were also close, and their differ-
ence was not significant: 1.73 in the first measurement
and 1.65 in the second measurement (p = 0.71). The
medians of the individual power coefficients were
even closer: 1.53 in the first measurement and 1.51
in the second measurement. The correlations between
the power function coefficients were low, reflecting
the error in measuring these: the Pearson correlation
coefficient was 0.02, and the Spearman rank correla-
tion coefficient was 0.15. Neither differs significantly
from 0 (p > 0.10 in both cases).

5.3. Decreasing or Increasing Convexity?

It is of interest to explore how the degree of con-
vexity of Q evolves with the size of the utility dif-
ferences. Do deviations from linearity, i.e., deviations
from expected utility, occur primarily for low util-
ity differences or for larger utility differences? Under
regret theory, the more convex a subject’'s Q func-
tion, the more likely the subject is to display intran-
sitive choice behavior. Empirical studies often have
difficulty uncovering intransitive choice patterns (e.g.,
Birnbaum and Schmidt 2008). One explanation could
be that the differences in payoffs are too small to
give rise to regret effects. That is, it might be that
deviations from expected utility primarily occur when
the difference in attractiveness, i.e., the difference in
utility, is large enough. This section explores this
possibility.

Two measures of the change in convexity were
used. The first compared the increase in slope between
Q(0) and Q(u(z,)) with the increase in slope between
Q(u(z,)) and Q(u(z,)). The difference between the
slope between Q(u(z,)) and Q(u(z;)) and the slope
between Q(u(z;)) and Q(0) was compared with
the difference between the slope between Q(u(z,))
and Q(u(z;)) and the slope between Q(u(z;)) and
Q(u(z,)).” If the former was larger than the latter, the
subject was decreasingly convex; if it was smaller, the
subject was increasingly convex.

The second measure was based on the (normalized)
area between the diagonal and Q. The area between
Q(x,) and Q(z,) was compared with the area between

BThat is, we compared (Q(u(z,)) — Qu(z))/(u(z,) — u(z,)) —
Qu(z))/(u(z,)) and (Q(u(zy) — Qu(z3)))/(u(zy) — u(z3)) —
(Q(u(z3)) — Q(u(z2)))/ (u(z5) — u(z,))-
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Q(z,) and Q(z,). Decreasing convexity means that the
former exceeds the latter. Increasing convexity corre-
sponds to the latter exceeding the former.

The results based on both measures were broadly
similar and indicated no unequivocal support for
either decreasing or increasing convexity of Q. Of
the subjects who had a convex Q in the first (sec-
ond) measurement of the regret model, 20 (17) were
decreasingly convex, and 12 (20) were increasingly
convex, based on the evolution of slope. Based on
the area between the diagonal and Q, 17 (18) subjects
were decreasingly convex, and 16 (19) subjects were
increasingly convex in the first (second) measure-
ment. Decreasingly convex subjects tended to deviate
more from linearity, but the difference was generally
insignificant.

6. Discussion

This paper has introduced a new and tractable
method to measure regret theory. Using regret theory
in practical decision analysis requires such a method,
but it did not exist as yet. We have shown that our
method is feasible and valid in the sense that two
measurements produced similar results. The method
made it possible for the first time to observe regret
theory and thereby to answer the open empirical
questions of whether regret aversion really exists and
how pronounced it is. This paper has also provided
new evidence on the validity of the trade-off method.
We showed that the trade-off method is robust to vio-
lations of transitivity and is not vulnerable to strategic
responding.

The data revealed substantial regret aversion. The
function Q, which captures regret, was convex both
at the aggregate level and for most subjects even
when event splitting was controlled for. Moreover, the
observed convexity was robust. It appeared in both
measurements of the regret model that we performed
using different stimuli. What is more, the degree of
regret aversion was similar in the two measurements.

One might retort that even though the two mea-
surements were close, this may have been caused by
something other than regret. We observed no evi-
dence for this conjecture. Two tests were included to
explore whether our subjects behaved according to
regret theory. The tests particularly tried to separate
regret aversion and probability weighting, an impor-
tant cause of deviations from expected utility mod-
eled by prospect theory. Both tests indicated that a
substantial majority of the subjects behaved in line
with the predictions of regret theory.

The data provided support for the validity and reli-
ability of the trade-off method. First, different elici-
tations using different stimuli yielded similar results.
Second, the two tests of strategic responding that we

included showed no evidence of strategic responding.
Previous studies already showed that the impact on
the trade-off method of error propagation, another
potential drawback of using chained responses, was
small (Bleichrodt and Pinto 2000, Abdellaoui et al.
2005). Taken together, the available evidence suggests
that the trade-off method is a reliable method for mea-
suring utilities.

At the aggregate level, utility was close to linear.
This finding is consistent with earlier studies using
the trade-off method. At the individual level, how-
ever, more evidence for concave utility was found.
Subjects who were concave in one measurement gen-
erally were also concave in the other measurement.
By contrast, only one subject was significantly con-
vex in both measurements, suggesting that part of the
observed convexity was due to noise.

A possible heuristic that subjects could have
applied in the trade-off method would be to select
a fixed difference between x; and x;,; and to choose
one option if the difference was less than this value
and the other if it exceeded this value. Applying
this heuristic consistently throughout the elicitation
would result in linearity of u. There was no indication
that subjects applied this heuristic: none of the sub-
jects displayed constant differences between succes-
sive elements of the standard sequence. The heuristic
did not show up in the classification of the individ-
ual subjects either, because hardly any subjects were
classified as having linear utility. It could of course
be that subjects did not base their answers solely
on this heuristic but that it nevertheless biased their
responses in the direction of linearity of u. Abdel-
laoui et al. (2007a) compared the utilities elicited by
the trade-off method with those of other elicitation
methods that are less vulnerable to this heuristic and
observed no significant differences.

A potential drawback of the study performed in
this paper is the use of forced choices: subjects always
had to choose one of the options, and indifference
was not allowed. This was done to stimulate sub-
jects to think hard about the choices and to avoid
“lazy responses”: if indifference were allowed, sub-
jects might just state it because it is an easy option
that reduces cognitive effort. The problem with the
use of forced choices is that if subjects are truly indif-
ferent, they still have to choose one of the options. To
encourage breaking ties in a random manner, we var-
ied what was option A and what was option B. Hence,
breaking ties by consistently choosing A or B did not
affect the findings. If subjects nevertheless used a spe-
cific rule to break ties, then the use of forced choices
may have biased the results. It turned out that select-
ing a specific rule for breaking ties had no effect on
u. For the measurement of Q, however, it might have
had an effect, but its overall direction is ambiguous.
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One plausible rule for breaking ties is choosing the
less risky option given that most subjects were risk
averse. This will bias Q in the direction of convexity
on [0,1/5]. On [1/5, =), on the other hand, the bias
will be in the direction of concavity.

Regret theory allows for intransitive behavior. The
more Q deviates from linearity, the more a deci-
sion maker is prone to display intransitive choices.
Previous studies had to use ingenious designs to
find intransitive choice patterns (Loomes et al. 1991)
and often were unable to uncover these (Birnbaum
and Schmidt 2008). An advantage of the method
of this paper is that it is applied at the individual
level, and thereby allows for a straightforward iden-
tification of individuals who are particularly prone
to intransitive behavior. Once intransitive individu-
als are identified, regret theory immediately predicts
choices that are likely to lead to intransitive prefer-
ences. For instance, suppose a standard sequence x,,
Xy, X,, X5 is elicited, and Q is found to be convex.
Let (1/3:x3, 1/3:x,, 1/3:x,) denote the prospect that
gives x; with probability 1/3, x, with probability 1/3,
and x, with probability 1/3. Then, regret theory pre-
dicts the following intransitive cycle: (1/3:x,, 1/3:x;,
1/3:x,) > (1/3:x5, 1/3:x,, 1/3:x) > (1/3:x;, 1/3:x5,
1/3:x) > (1/3 :x,, 1/3 : x;, 1/3:x,). Testing whether
these cycles indeed obtain and are more likely for sub-
jects with a more convex Q is a topic worthy of future
research.

7. Conclusion

Nearly 30 years after its introduction, regret theory
remains a popular model of decision under uncer-
tainty. There seems to be a recent increase in the inter-
est in regret theory with various theoretical papers
using regret in decision theory. This paper is the first
to make regret theory quantitatively observable. It
shows that a quantitative measurement of regret the-
ory is feasible and can be performed at the individual
level and by familiar measurement tools. The mea-
surements have good internal and external validity.
Showing that such a quantification and smooth mea-
surement are possible in spite of the absence of tran-
sitivity is the main contribution of this paper.

Substantial regret aversion was found both at the
aggregate and at the individual level even when event
splitting was controlled for. Regret aversion was sim-
ilar in the two measurements that we performed. The
trade-off method was robust to violations of transitiv-
ity and a valid method for measuring utility. It was
not affected by strategic responding.

The provision of a tractable and valid method
that takes account of preference heterogeneity will
hopefully foster future applications of regret theory
in decision analysis and will facilitate research into
intransitive preferences.
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Appendix. Bisection Method for Eliciting the
Indifference Values

In the measurement of u, Xj4q was elicited through choices
between A=x; G and B=x;,, &, j=0,...,4." The initial
value of x;; was a random integer in the 1nterva1 [xj, x; +
5% (G — g)]. There were two possible scenarios:

(i) If A was chosen we increased x;,; by D=5% (G- g)
until B was chosen. We then decreased x;,, by D/2. If A (B)
was subsequently chosen we increased (decreased) x;,; by
D/4, etc.

(ii) If B was chosen we decreased x;; by D' =
(xj31 — xj)/2 until A was chosen. We then increased x;,
by D'/4. If A was subsequently chosen then we increased
(decreased) x;,; by D'/8, etc.

We stopped the elicitation when the difference between
the lowest value of x;,; for which B was chosen and the
highest value of x;,; for which A was chosen was less than
or equal to 2. The recorded indifference value was the mid-
point between these two values. Table A.1 gives an example
of the procedure for the elicitation of x; through compar-
isons between A = €20, ,€17 and B = €x; /2€13. In this exam-
ple, the initial random value for x; was 26. We recorded
as indifference value the midpoint between 34 and 36, that
is, 35.

The procedure in the second part was largely similar.
We elicited the value of z for which indifference held
between A = €x, €20 and B = €x; €z, 15 where p was one of
1/4,2/5,3/5, 3/4 and x, and x; were the outcomes of the
standard sequence elicited in the first part.

The initial stimulus z was a random integer in the range
[zey — 3, zgy + 3], where zg, is the value of z that makes

4 Note that in the experiment we varied what was option A and
what was option B. For clarity of exposition, we keep them the
same here.

15 Again, what was A and what was B varied across the steps in
the iteration process, see Footnote 5.
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Table A.1 p=1/2: Example of the Elicitation of x,
Iteration Xy Choice
1 26 A

2 46 B

3 36 B

4 31 A

5 34 A
Table A.2 Example of the Elicitation of z When

X, =70and x; =50

Iteration z Choice
1 28 B

2 24 A

3 26 A

A and B equal in expected value. There were two possible
scenarios:

(i) As long as A was chosen we increased z by D =
(x4 —zpy)/2if p<1/2; D= (x5— zgy)/2 if p > 1/2. We used
a different adjustment for p < 1/2 to avoid violations of
stochastic dominance. We kept increasing z by this amount
until B was chosen. Then we decreased z by D/2. If A (B)
was subsequently chosen we increased (decreased) z by
D/4, etc. A special case occurred if the difference between
z and x4 (for p < 1/2) or between z and x5 (for p > 1/2)
was less than 5. Then we increased z by 10 and subse-
quently kept increasing z by 5 until B was chosen. Then we
decreased z by 3.

(ii) If B was chosen we decreased z by D' = (z — 20)/2
until A was chosen. We then increased z by D’/2. If A (B)
was subsequently chosen we increased (decreased) z by
D'/4, etc.

The remainder of the procedure was the same as in the
elicitation of u. We stopped the elicitation when the differ-
ence between the lowest value of z for which B was chosen
and the highest value of x;,; for which A was chosen was
less than or equal to 2. The recorded indifference value was
the midpoint between these two values. Table A.2 gives an
example of the procedure for the elicitation of z through com-
parisons between A = €70, ,,€20 and B = €50, ,,€28, where 28
was selected as the initial stimulus value from the interval
[26.6 — 3,26.6 + 3]. We recorded as the indifference value the
midpoint between 26 and 28, that is, 27.
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