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Abstract

We propose an extension of the classical regret theory model (Loomes & Sugden, 1982;
henceforth LS) incorporating the notion of a reference point. As in LS, the model can
account for a number of documented deviations from expected utility theory.
Additionally, we show that our model is consistent with a class of behaviors known as
omission bias, for example a reluctance to exchange lottery tickets, and generates
predictions which are consistent with recent empirical evidence on the common-ratio
effect with correlated outcomes. The model also provides a novel interpretation for risk
aversion in small-stakes, equiprobable gambles. The predictive power of the theory, as
well as its relative shortcomings and advantages, are examined and compared to that of
other extensions of regret theory and three alternative reference-dependent models.

Keywords: Regret Theory, Reference Point, Risky Choice, Omission Bias, Lottery
Exchange
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A Reference Dependent Regret Theory
Introduction

Regret theory (Loomes & Sugden, 1982, henceforth LS) is a modification of the
expected utility (EU) model which incorporates the notion that decision makers care
not only about the realized consequences of their choices, but also about counterfactual
outcomes that would have obtained had they chosen differently.! In LS’s model, a
decision maker chooses between two plans of action (i.e., acts) by comparing the
mathematical expectation of their modified utilities. For each possible state of the
world, the utility of a particular act is a function of the outcome obtained in that state
— as in the canonical EU model — and of the difference in the utilities had the other
course of action been chosen instead.

Regret theory has been successful in explaining behaviors inconsistent with the
standard EU model across a variety of decision-making domains. Barberis, Huang, and
Thaler (2006), for instance, use the concept of regret as an explanation for the stock
market participation puzzle, i.e., the observed reluctance to invest in the stock market
despite it being an actuarially favorable gamble. Muermann and Volkman Wise (2006)
develop a model of regret which is consistent with the disposition effect, namely, the
tendency of investors to hold on to losing assets and to more quickly realize gains. In
term of insurance choices, Braun and Muermann (2004) use a regret model to explain
the observed preferences for low-deductible policies. There are also numerous studies on
the importance of regret in the context of health-related decisions (Djulbegovic, Hozo,
Schwartz, & McMasters, 1999; Richard, 1994; Weinstein, 1986).2

Since regret is a counterfactual emotion, its intensity is highly context-dependent
(Kahneman & Tversky, 1981), and can even vary within the same decision problem. For
example, one is more likely to experience an anticipated feeling of regret when less
mental effort is involved in visualizing the outcome of a forgone alternative (Harless,
1992). Furthermore, the feeling of regret associated with a poor outcome is less intense
when brought upon by a “passive” choice (or inaction) rather than an “active” choice

(Kahneman & Tversky, 1982). Put differently, the same unfavorable outcome is deemed

! Fishburn (1982) and Bell (1982) are other seminal contributions to regret theory. We will focus on
the model in Loomes and Sugden (1982), for it is most closely related to the psychological
underpinnings of regret and rejoicing.

2 See Bleichrodt and Wakker (2015), Diecidue and Somasundaram (2017), Somasundaram and Diecidue

(2017) and Zeelenberg (2018) for an extensive list of references on the applications of regret theory.
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more aversive if perceived as resulting from bad choices rather than from bad luck,
leading to a type of behavior known in the literature as omission bias (Baron & Ritov,
1994; Jamison, Yay, & Feldman, 2020; Ritov & Baron, 1992).2

Despite their relevance to the psychology of regret, such factors have yet to be
incorporated in theoretical models of regret aversion. Consequently, in some domains of
decision making under risk, LLS’s model is unable to account for certain behaviors even
though a regret motive appears to be involved in the decision process. A prominent
example is the omission bias mentioned earlier. It has been shown, for example, that
some parents might prefer to refrain from vaccinating their children (i.e., a bias towards
inaction) even if the risk of a deadly outcome from the disease is higher than the risk
from the vaccine (Asch et al., 1994; Ritov & Baron, 1990, 1992). There is also evidence
that people are reluctant to exchange lottery tickets — an act that bears no
implications on the objective probabilities — even when a small monetary incentive is
offered in return (Bar-Hillel & Neter, 1996; Van de Ven & Zeelenberg, 2011).
Additionally, the common-ratio (or certainty) effect, which is a violation of the standard
EU model, is observed even when using correlated, state-contingent payoff tables, which
facilitates the incorporation of counterfactual-based regret and, according to LS’s
model, should moderate this effect (Loomes & Sugden, 1998). Lastly, for a particular
set of decision problems under risk (a gamble with 50-50 chance of winning or losing
different monetary amounts), regret theory generates the same predictions as the EU
model, which renders it susceptible to Rabin’s critique: risk aversion for actuarially
favorable small-stakes gambles results in an implausible amount of risk aversion for
high-stakes gambles (Rabin, 2000; see also Rabin & Thaler, 2001).

In this paper we propose a reference dependent regret theory — henceforth RDRT
— as an extension of LS’s regret theory that is able to accommodate the phenomena
described earlier. The model incorporates the notion of a reference point into the
original formulation of LS to allow for asymmetric feelings of regret and rejoicing. It
rests upon the idea that, following an unfavorable realization, an “active” choice — i.e.,
a choice that leads to an outcome far away from the reference point — generates a

relatively stronger sense of regret than a “passive” choice — i.e., a choice that leads to

3 Barberis et al. (2006) make a similar point using an example of real-life financial decision making:
“Regret is thought to be stronger, however, when it stems from having taken an action, for example,
moving one’s savings from the default option of a riskless bank account to the stock market, than from
not having taken an action, for example leaving one’s savings in place at the bank.” (footnote 15, p.

1084).
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an outcome closer to the reference point. We show that RDRT is consistent with (1)
the omission bias, such as the reluctance to exchange lottery tickets, and (2) the
common-ratio effect with juxtaposed presentation. Moreover, the model provides an
interpretation of Rabin’s critique that does not imply implausibly large risk aversion
levels for high-stakes, actuarially fair gambles.

The rest of the paper is organized as follows. We begin by providing an overview
of LS’s regret theory and discussing some examples that motivate our new theory. We
next introduce the RDRT model and provide a number of comparisons to alternative
models in the literature. We conclude with a general discussion of the theory and

possible future directions.

LS’s Model and Motivating Examples
A Brief Introduction to Loomes and Sugden (1982)

To capture the effect of regret in the decision-making process, LS define an
environment where elements of the choice set are acts with state-contingent
consequences, as opposed to prospects with probability distributions defined over
outcomes. This modeling choice leads naturally to a measure of regret (or rejoicing) via
state-by-state comparisons between the outcomes of any two acts. Formally, let S be a
finite set of possible states of the world with probability measure P on S. Each state is
denoted by s. In addition, let u(-) be an utility function which is unique up to an affine
transformation. LS refer to u(-) as a “choiceless” utility function: the well-being an
individual experiences from an outcome without having chosen it. This is similar to
Bernoulli’s original concept of utility as a psychological phenomenon (Stigler, 1950); for
this reason, we shall refer to u(-) as a Bernoulli utility index.

Feelings of regret or rejoicing are captured by a real-valued function ®(.) — the
regret-rejoice function — which maps differences in well-being from any two outcomes
into the real line. For any two acts x and y, and any state of the world s,

O (u(xs) — u(ys)) encodes the feeling of regret or rejoicing from choosing x over y, where
xs (ys) is the outcome obtained in state s by choosing x (y). It is natural to assume that
®(0) = 0, which means that the decision maker experiences neither regret nor rejoicing
when state s occurs whenever both acts have the same consequence in state s. The
function ®(-) is further assumed to be strictly increasing and three times differentiable.

Suppose a decision maker is facing a choice set with two alternative acts x and y.

According to regret theory, the utility from choosing = is equal to the expected value of
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the “choiceless utility” and the regret components, which LS refer to as modified utility:

> ps[u(zs) + @ (u(xs) — ulys))]

seSs

Let

Q&) = &+ ®(&) — ¢(=¢)

and note that Q(-) is increasing in &, with Q(0) = 0 and Q(—¢) = —Q(§). For any

two arbitrary acts, x and y, preferences can be represented as follows:

vz y =D psQ(ulzs) —ulys)) =0 (1)

seS

If the function Q(-) is linear, (1) is equivalent to the EU theory representation.
However, the most common assumption about Q(-) in the regret literature is that for

any set of outcomes z, y, z with u(x) > u(y) > u(z),

Quz) —u(2)) > Qu(r) — u(y)) + Quly) — u(2))

which is known as the property of convexity.? Combining the convexity of Q(€),
for £ > 0, with a monotonically increasing utility function u(-), regret theory is able to
predict a number of empirically validated deviations from EU. Specifically, LS show
that, based only on these two conditions (and treating prospects as statistically
independent), regret theory predicts (1) the “common-ratio” (or “certainty”) effect, (2)
the “common-consequence” effect (or Allais’ Paradox), and (3) the “isolation effect”,
which is a violation of the property of reduction of compound lotteries. With additional
constraints, regret theory is also consistent with the “reflection” effect — risk aversion
in the gain domain and risk loving the loss domain — and with simultaneous gambling

and insurance.’

4 This property, also referred to by LS as regret aversion, entails that for all £ > 0, Q(£) is convex.
This, in turn, implies that Q(£) is concave for all £ < 0.

® These results obtain either with (i) a linear utility function or (ii) with a concave utility function

coupled with restrictions on the probability distribution.
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A key insight from regret theory is that the state at which a consequence is
obtained is of key importance to the decision-making process. Consider, for instance,
the decision problem presented in Table 1, with four equiprobable states of the world
(s1, 82, S3,54). Note that acts z and y result in identical distributions over final
outcomes — 25% chance of each of $0, $10, $20 or $30. If analyzed as prospects, rather
than state-dependent acts, x and y are equivalent. As such, both EU theory and other
any prospect-based model, would predict indifference between x and y.

Let us now analyze the choices under regret theory. The preference relation is:

z =y =Y pQur,) —ulys)) >0

s=1

Assume, for simplicity, that u(z) = 2.° We thus obtain:

z =y <= 0.75 x Q(10) — 0.25 x Q(30) > 0 (2)

which, owing to the convexity of Q(-), result in the strict preference y = x.
Intuitively, a regret-averse decision maker would prefer a relative loss of $10 in states
S1, S or s3 to a larger relative loss of $30 in state sy.

An important implication of regret theory is that choices need not be transitive.
Consider the example in Table 2, which extends Table 1 by adding two new acts z and
w. The four acts have identical probability distributions over outcomes. Let us again
assume, for simplicity, that u(z) = z. As shown in (2), y > = due to the convexity of
Q(+). For the same reason, we also have that z > w, w = z, and z > y, which creates a
cycle of preferences that violates transitivity. We should note that LS provide both
positive and normative arguments in support of this implication, which we generally

agree with. We shall return to these points in the discussion section.

Empirical Evidence and Limitations

Testing the empirical validity of regret theory was the natural next step after the
theory was introduced. Though many empirical studies provide supporting evidence
(see Bleichrodt and Wakker (2015) for a review), contradictory findings are also present

in the literature. Harless (1992), for instance, argues that the effect of regret hinges

6 This assumption is made for ease of exposition. The same results are achieved with a concave utility

function, as long as the convexity of Q(+) is large enough.
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heavily on the way decision problems are presented. He shows that regret theory is
mostly consistent with a matrix representation that requires virtually no mental effort
in visualizing the state-by-state implications of forgoing an alternative. A more
“ambiguous” presentation, such as verbal presentations or proportional formats, results
in a much weaker (or even null) regret effect. Further contradicting evidence is provided
by Starmer and Sugden (1993), who argue that results from previous studies were
moderated by an “event-splitting” effect. According to this effect, the weight placed on
an event with a given consequence is subadditive, i.e., splitting the event into multiple

sub-events increases its perceived weight.

Importantly, the two aforementioned papers do not attempt to invalidate the
underlying claim that anticipated feelings of regret or rejoicing affect choice behavior.
Their goal, instead, is to reevaluate the validity of results reported in previous studies,
especially those that use matrix-based presentations with juxtapositions. We take a
similar approach in this paper, maintaining the psychological phenomenon of regret
aversion while focusing on limitations of the regret theory model itself. We now turn to

a discussion of such limitations using three motivating examples.

Lottery Exchange. Consider the following scenario. You are given the option
to choose between two doors, x and y. Behind one door rests a monetary prize of one
million dollars, while nothing lies behind the other door. The location of the prize has
been previously determined by a flip of a fair coin. Suppose you have chosen door x and
have been told to wait one hour before opening the doors. After 59 minutes of waiting,
you are asked to make another choice: keep your original decision (i.e., door z) or
switch to door y. Would you be willing to switch? Clearly, the chances to win the prize
remain the same (50%). However, we suggest that the feeling of regret would be
stronger if the zero-dollar outcome were to occur following a decision to switch to door
y compared to staying with door x. Envisioning such feelings of regret might lead you
to strictly prefer to stay with door x. We shall refer to this scenario as one of “bad
luck” versus “bad choice”, where bad luck occurs when you do not win the money after
keeping with the status quo (door x), while a bad choice happens when you do not win

the prize after making an active choice (switching to door y).

Examples of similar behaviors are found in a number of studies (Bar-Hillel &
Neter, 1996; Kogler, Kiithberger, & Gilhofer, 2013; Van de Ven & Zeelenberg, 2011).
Bar-Hillel and Neter (1996), for example, conducted an experiment in which students

received lottery tickets, each with the same probability of winning, and were then
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offered a small monetary incentive to exchange their ticket for another one. More than
50% of the students turned down the offer, with some treatments reporting over 70%
refusal. The authors then applied the same procedure using pens instead of lottery
tickets, yielding significantly different results: less than 10% of students were reluctant
to exchange their pens. This suggests that regret rather than a pure endowment effect

was the source of the exchange aversion.”

The Common Ratio Effect with Juxtaposition. In their seminal paper,
Kahneman and Tversky (1979) report on a series of (hypothetical) decisions between
pairs of prospects. In one such decision, ninety five subjects were asked to choose
between a certain amount of 3,000 pounds or a lottery that pays 4,000 with 80% chance
(0 otherwise). Seventy six participants (80%) chose the certain amount. The same
participants were then offered a choice between two lottery tickets: 3,000 with 25%
chance or 4,000 with 20% chance. In this case, 65% preferred 4,000 with 20% chance.
Such preferences are inconsistent with EU, as the latter options are obtained by simply
multiplying the initial prospects by 25%. This pattern of preferences is known as the
certainty or common-ratio effect.

As previously mentioned, regret theory can account for the common ratio effect
under general assumptions — convex () and monotonically increasing u(-) —
provided the relevant acts are generated from statistically independent prospects. When
the above-mentioned decision problems are displayed in a correlated way using
juxtaposition, however, regret theory predicts the nullification of the common-ratio
effect. Table 3 illustrates this assertion.

Let us again assume, for simplicity, that u(z) = 2.8 From Panel A of Table 3, a

regret-averse decision maker prefers x over y if and only if:

Zi:psQ(u(xs) — (ys)) = 0.2Q(3,000) + 0.8Q(—1,000) > 0 (3)

Note that a decision maker that prefers x over y would also choose x’ over y'. To
see this, let us write the modified utility from choosing " over 4’ — Panel B of Table 3
—, again assuming that u(z) = x:

7 See also Kogler et al. (2013) for a discussion of endowment and regret effects and Risen and Gilovich

(2007) for a discussion of regret effects and perceptions of objective probabilities.

8 As before, this assumption is used for ease of exposition and is not necessary for the result.
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-y = ipsQ(u(:cs) — (ys)) = 0.05Q(3,000) + 0.2Q(—1,000) > 0 (4)

which is greater than or equal to 0 whenever (3) holds.

Is there empirical support for the common ratio effect when choice alternatives are
juxtaposed? Loomes and Sugden (1998) provide evidence in this direction, weakening a
central prediction of regret theory. In their experiment, participants (N = 46)
responded to a series of 45 binary choice problems in two rounds — the paper’s primary
goal was to study the stochastic nature of choice behavior. Each binary choice was
taken from a Marschak-Machina triangle and presented to subjects as two correlated
acts in a particular way as to control for the event-splitting effect. Figure 1 provides an
example of the problem visualization, whereas Table 4 presents four decision problems

as acts in the usual matrix format.

Note that options 2’ and vy’ are proportional to options x and y, respectively, by a
factor of 1/4; and options 2z’ and w’ are proportional to z and w by a factor of 1/3. As
discussed previously, regret theory as in LS would predict that decisions makers who
choose = over y should also choose x’ over y — similarly for z, w, z’ and w’. In Loomes
and Sugden (1998), however, the majority of respondents (twenty nine) chose x over y
in both rounds, while twenty two of them also chose 3’ over 2’ in both rounds. Similar
patterns were also recorded for the third and fourth decision problems. These results
lend support to the common ratio effect with correlated acts presented with

juxtaposition, but runs contrary to the predictions of regret theory.

Regret Premium with Equiprobable Outcomes. Regret theory can
accommodate various deviations from EU-based behavior in a tractable way. The
model’s parsimony is partly obtained by the symmetric treatment of regret. That is, any
given combination of outcome and counterfactual yields the same measure of regret (or
rejoicing) irrespective of the chosen alternative. However, in a narrow, yet important,
class of choice problems under risk, this built-in symmetry generates predictions which

coincide with the standard EU model, as the following proposition suggests.

Proposition 1 Let x be an arbitrary act with two equiprobable consequences xy and xs.
Let z be a constant act such that z1 = zo = z. Then, for any monotonically increasing

regret-rejoice function ®(-),
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U2) 2 5 Y ule) = 53 QM) ~u(a.) 2 0
u(z) < ; > u(r) < ;Z_:l@(u(z) —u(z.)) <0

Proposition 1 states that if z is an EU certainty equivalent for an act with two
equiprobable outcomes, it is also the certainty equivalent under the regret theory model.
Following Diecidue and Somasundaram (2017), we decompose the risk premium

under regret into regret premium and risk premium under expected utility, as follows:

Risk Premium = Regret Premium + Risk Premium under EU 5)
5
= (CEgy — CEgrr) + (EV — CEgy)

The first component is the regret premium, i.e. the extra amount that a decision
maker pays to avoid regret as compared to an EU maximizer. Under LS’s regret theory,
the regret premium is determined by the convexity of Q(§) and the concavity of u(-).
The second component is the risk premium under expected utility. The concavity of the
Bernoulli utility function u(-) determines the risk premium under EU. Proposition 1
suggests that the regret premium is zero with equiprobable outcomes, such that a
regret-averse decision maker will behave just like an EU maximizer when faced with
such lotteries.

The immediate implication is that, for this class of choice problems, regret theory
fails to capture the reflection effect, by which risk-averse preferences prevail for
prospects with positive payoffs, while risk seeking behavior is observed for prospects
involving losses of the same magnitudes. Furthermore, it exposes regret theory to
Rabin’s critique; i.e. with essentially any (continuously differentiable) concave utility
function, the existence of first-order risk aversion for small-stakes gambles amounts to
implausible levels of risk aversion for large gambles (Rabin, 2000). Tversky and
Kahneman (1991), for instance, found in one of their many experiments that “a 50-50
bet to win $25 or lose $10 USD was barely acceptable.” (Tversky & Kahneman, 1991,
p. 2). This naturally implies a rejection (at least on average) of a 50/50 win $11 or lose
$10 gamble. If this rejection holds for any level of initial wealth, then, according to EU
theory (and standard regret theory), it implies the reluctance to accept a prospect with
a 50/50 chance of losing $100 or gaining any sum of money due to the very high
curvature of the utility function.? Bleichrodt et al. (2019) shows experimentally that

9 The rejection of the gamble over a fairly small range of wealth levels is already sufficient to force
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Rabin’s critique underscores the importance of reference dependence which, as detailed
later in the paper, is our key improvement upon original regret theory.

The examples discussed above emphasize some of the main shortcomings of regret
theory in its current form. We shall now present a reference-dependent regret model
that is able to address these issues. After introducing the model, we will discuss the
extent to which three alternative generalized EU models can also overcome these

shortcomings and compare their predictive power with that of RDRT.

A Reference-Dependent Regret Model

In LS’s regret model, choices are determined by the state-by-state utility
differences between any two acts. That is, the measure of regret (or rejoicing) for a
fixed util loss (or gain) is independent of the chosen alternative. It is likely, however,
that a stronger feeling of regret is associated with choices that are perceived as “more
active” (Kahneman & Tversky, 1982). In particular, such asymmetry in regret may be
determined by the existence of a reference point: A choice will be considered more
active the farther away the consequences of a given act are from the reference point. In
what follows, we extend LS’s regret theory to incorporate the notion of a reference
point, thus allowing for asymmetric feelings of regret and rejoicing.

Let r be a state-contingent reference point, which may or may not be
deterministic. While many different factors can shape r, the focus in this paper is not
on what determines the reference point but rather on how it affects the degree of regret.
Hence, at this point we assume r is fixed and equal to the most recent beliefs regarding
state-contingent wealth. We now turn to formulating a measure of a choice’s relative
degree of activeness using a weighted Euclidean distance function. For any arbitrary act

x, the weighted distance between x and r is:

pla,r) = > psluz,) —ulr,))?

seS

where u(+) is a Bernoulli utility function. For any two acts x and y, we capture
the weight an individual places on the feelings of regret and rejoicing from choosing x
over y by the relative distances of the two alternatives. We refer to it as the

regret-weighting index and denote it by p,(x|y):

unrealistic levels of risk-aversion. Hence, while a rejection at any level of initial wealth makes the

paradox more conspicuous, it is not necessary.
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ple,r)
plz,r) + ply,)] /2

It is straightforward to show that p, € [0,2]. With the regret-weighting index, the

pr(zly) = [

preference relation (1) becomes:

vy == ) ps [ules) = ulys) + pr(aly)@(u(zs) — ulys)) — pr(yl2)2(ulys) — ul@.))] = 0

seS

Define @, (&) =&+ p,P(&) — (2 — p,)P(—&), where ¢ is a real number and
pr € [0,2]. Letting & = u(x;s) — u(ys) and p, = p.(x|y), we obtain:

z Yy = ) psQr(ulzs) —ulys)) 2 0 (6)

ses

The introduction of the weighting index p, relaxes the symmetric treatment of
utility differences of any two acts in a given state of the world. In the special case where
x and y are symmetric with respect to r, we have that p,(z|y) = p.(y|z) = 1, which
implies that the model reduces to LS’s regret theory. This will, however, not be the case
in general as long as the decision maker cares about a reference point, as our upcoming
discussion will illustrate. Note also that if one of the alternatives is the reference point,
for instance = r, then p,(z|y) = 0, and we arrive at a limiting case in which the
individual experiences no regret or rejoicing from choosing = (maintaining the status
quo) over y, whereas she places the full weight of regret feelings on the alternative y —
ie., p(ylz) =2.

We shall assume the following properties:

A1l For all r, Q,.() is continuous, strictly increasing, three times differentiable in &,
and @Q,(0) = 0. Equivalently, ®(£) is continuous, strictly increasing, three times

differentiable in £, and ®(0) = 0.

A2 For all r, Q,(&) is convex for all £ > 0. Equivalently, fixing p,,
prq)//(g) > (2 - pr)q)//(_€> for all f > 0.

A3 '(€) < P'(—¢) for all £ > 0.

Properties A1 and A2 determine the structure of the regret-rejoice function and

give rise to regret aversion as defined in LS. These properties are simple extensions to
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the reference-dependent context of those originally proposed by LS. Property A3 is
novel and unique to RDRT. It is closer in spirit to the notion of loss aversion, or, in this
context, loss-regret aversion: Loss-regret weighs more than gain-rejoice. The idea is

formalized in the following lemma:

Lemma 1 Suppose properties A1 and A3 hold. Then for any & > & >0,

D(&1) + (&) < (&) + P(—&2).

Lemma 1 says that a loss of one util due to a foregone alternative generates a
feeling of regret that is stronger (in absolute terms) than the rejoice experienced from a
gain of one util.’® In addition, given any state of the world, Lemma 1 implies that the
feeling of rejoicing is less sensitive to increments in utility differences than the feeling of
regret; loosely speaking, an increase of $100 to a favorable (chosen) outcome affects the
feeling of rejoicing less than it does the feeling of regret if the alternative was chosen.

The introduction of a reference point crucially affects the preference relations over
pairwise alternatives. A shift in the location of the reference point changes the values of
the regret-weighting indices. Such changes affect preferences and might cause the
individual to reverse her original choice. This brings one immediate concern to mind:
could RDRT result in non-monotonic behavior? That is, is it possible to obtain an
indifference relation between two alternatives, x and y, for multiple values of the
regret-weighting index p,.? Proposition 2 shows that such behavior is ruled out by the

model.

Proposition 2 Suppose properties A1-A8 hold and let x and y be two arbitrary acts
such that x # y. If ps, for an arbitrary 7, is such that x ~; y, then x =, y for any

pr €10,p:), and y =, x for any p, € (ps,2].

Proposition 2 implies a monotonic behavior with respect to the regret-weighting
index. Intuitively, the smaller p, is, the less weight the individual places on the
regret-rejoice function associated with choosing x, which increases its likelihood of being

chosen.

RDRT’s explanatory power

We begin with a discussion of the aversion to exchange lottery tickets (Risen &

Gilovich, 2007; Van de Ven & Zeelenberg, 2011), which is an example of the omission

10 See Appendix A for a proof of this and other results in the paper.
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bias. Suppose that there are N lottery tickets and that exactly one ticket is the winner
(with probability 1/N). An individual holding one such ticket has been given the
opportunity to keep it (act x) or exchange it with another one (act y). Under the
original regret theory, both acts would result in the same (modified) utility. That is
because holding on to the first ticket, or exchanging for another one, would entail the
same outcomes in every state of the world — winning or not. Formally, the utility for

both acts is equal to:

1 N -1
(V) + @) V(L) + =

where W and L correspond to the outcomes of winning and losing the lottery,

[u(L) + @(u(L) = UW))] (7)

respectively. Let us now assume that the decision maker’s reference act r, determined
by the most recent belief regarding her expected (state-contingent) wealth, includes the
ticket. Since x; = r, for every state s, it follows that p,.(z]y) = 0. The utility of

choosing x is thus:

1 N -1

ses

Note that the utility of keeping the original ticket is the same as the standard EU case
due to cancelling out of the regret-rejoice components. Exchanging her ticket with
another one (act y), on the other hand, implies moving away from the reference point,
which now puts full weight on the regret-rejoice function. There are now three relevant
states of the world: the original ticket is the winner, the ticket switched to is the

winner, or neither ticket is the winner. The utility associated with act y is given by:

> ps(ulys) + pr(ylz)(ulys) — ulz,)) =

1 N -1 SQGS 2
NU(W) + N u(L) + N@(U(W) —u(L)) + N@(U(L) —u(W)) (9)

Note that the overall utility in (9) has to be lower than the utility of keeping the
original lottery ticket (Equation 8) as long as properties A1-A3 are satisfied. The model
thus predicts that the decision maker will strictly prefer the “passive” action of keeping
her chosen lottery ticket, even though the two lotteries are ex-ante identical. This result

is generalized in the following corollary to Proposition 2.

Corollary 1 (Lottery Exchange Aversion) Let x and y be two acts such that
x ~y for p. =1, and x4 # ys for some state s € S. Then, x > y for any r such that

pr(zy) < 1.
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We turn next to showing how RDRT can account for the common-ratio effect with
juxtaposition.!* The necessary condition here is that the reference point be different
than the status quo of current wealth. To see this, assume first that the (constant)
reference point r is the current wealth a. Consider two prospects x and y with
x={(a+5,p);(a,1 —p)} (read: a + B with probability p and « with probability
1 —p)and y = {(a+7,Ap); (o, 1 — Ap)}, where v > 3 > 0 are two monetary outcomes
and A € (0, 1) represents the common ratio for any level of p € (0,1]. The weighting

index of = given alternative y for reference point r is:

2
polaly) = ———
L+ uoe+6 u(a+p8)—u(a)

Note that in the case where r = «, the regret-weighting index is invariant to p.
Table 5 presents this choice problem using certain juxtapositions, where {sl, s2, s3} is a
set of collectively exhaustive and mutually exclusive states of the world with
probabilities P(s1) = Ap, P(s2) = (1 — A)p, and P(s3) = 1 — p. Note that the decision
problems in Figure 1 are obtained here as a special case. Hence, with the
regret-weighting index being independent of p, and since state s3 generates no feeling of
regret (or rejoicing), then for all of p € [0, 1] the reference dependent model will
consistently predict either x > y or y > x. This prediction is in line with that of
standard regret theory, yet it is inconsistent with the observed behavior of the
common-ratio effect with juxtaposition (Loomes & Sugden, 1998; Sugden, 2003).

This need not be the case, however, if the reference point is such that r # a. If,
for instance, r is a constant reference act equal to a + 3, then the regret-weighting

index becomes:

2

pr(zly) =
u(oty)—u(a+8)]% | 1-Mp
L+ \/ u(a) —u(a+p) + 1-p

which is now a function of p. When p = 1, the decision maker perceives z as the
safe option and we have p,(z|y) = 0, implying no regret or rejoicing from choosing .
As p approaches zero, on the other hand, the regret-weighting index p,(x|y) approaches

pr(y|x), and the preference under LS’s regret theory is obtained. This can result in a

I Tn Proposition A.1 in the Appendix we provide a formal result regarding the common-ratio effect
with independent prospects. In sum, the result is obtained under some additional constraints on the

reference point.
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choice reversal, choosing = for “high” levels of p (above a certain threshold) and y for
“low” levels of p, which can explain the common-ratio effect even with juxtaposition as

the method of presentation.

Proposition 3 (Common-ratio effect with juxtaposition) Let {s1, s2,s3} be a set
of collectively exhaustive and mutually exclusive states of the world with probabilities
P(s1) = Ap, P(s2) = (1 —N)p, P(s3) =1—p, where A € (0,1) and p € (0,1]. Let x and
y be two acts such that x = {(a + B, P(s1 U s2)); (o, P(s3))} and

y={(a+7,P(s1)); (e, P(sg Us3))}, where « is the current wealth and v > > 0 are
two outcomes. Suppose y = x under EU theory. For any constant reference point r # «
such that u(r) < 21(‘5%2:;\\), if there exists p such that x ~, vy, then x =, y for p > p, and
Yy = x for p <p.

Lastly, we will examine the implications of the reference dependent regret model
for the case of two equiprobable outcomes. Recall that, in this case, the standard regret
model reaches the same predictions as EU. Generally, this need not be the case in
RDRT. Assume, for instance, an individual with a linear utility function, u(z) = x and
a (constant) reference point equal to her current wealth level a. Suppose the decision
maker is offered a 50/50 chance to win or lose $100. The EU certainty equivalent of this
prospect is her current wealth, so EU theory would predict indifference between
rejecting (option x) and accepting the offer (option y). Proposition 1 implies that regret
theory would reach a similar conclusion. Since the standard regret model is obtained as
a special case of the reference dependent regret model for p,.(z|y) = p,(y|x) = 1, the
same prediction of indifference between x and y can also be obtained under RDRT.
However, in this example we are given that r = z, which implies that rejecting the offer
is perceived as a “passive” choice (that maintains the status quo, i.e., p.(z|y) = 0).
Proposition 2, then, implies that the indifference relation breaks and we obtain a strict
preference to reject the offer: x >, y. Choice behavior for the general

equiprobable-outcomes case under RDRT is captured by the following proposition:

Proposition 4 (Regret premium with equiprobable outcomes) Assume that

properties A1-A8 hold. Let x be an arbitrary act with two equiprobable consequences xq

and x5. Let z be a constant act such that z1 = 2z = z and u(z) = 3(u(z1) + u(z2)).

Then for any constant reference point r, z >, x and CEgy — CEgprr > 0 (i.e., positive

regret premium,).
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Proposition 4 states that if an outcome z is the EU certainty equivalent of an
equiprobable two-consequences act, then under RDRT the safer alternative ought to be
chosen given a constant reference point r. This essentially indicates a higher degree of
risk aversion compared to the standard EU model, which is reflected in a larger risk
premium. As a result, the decision maker is willing to pay an extra amount to avoid the
larger regret induced by reference dependence, therefore the regret premium under our
model is nonzero in contrast to Proposition 1.

Furthermore, if the differences between x1, x5 and z remain constant, then as the
distance between x and r increases, p,(x|z) approaches p,(z|x), reducing RDRT to the
standard version of regret theory, which, for the two equiprobable consequences case,
coincides with EU. The following example illustrates this idea. Assume an agent with a
reference point set as her current (constant) wealth. She might decide to reject a 50%
chance to gain $25 ($0 otherwise) for the opportunity to choose a safe option of $10
with certainty. This kind of first-order risk aversion can be captured by RDRT even for
a concave choiceless utility function u(-) that is characterized by a “mild” Arrow-Pratt
index of relative risk aversion (such as u(z) = log(x), for example). However, behavior
might get closer to EU’s predictions as the amounts move away from her reference
point. Namely, a 50/50 chance of winning $10,025 or $10,000 might seem now more
attractive than the safe option of gaining $10,010 with certainty.

Crucially, the fact that Proposition 4 holds for any reference point implies that
RDRT is not subject to Rabin’s critique as, unlike the standard regret theory, it departs
from EU theory even for the two equiprobable consequences case. Hence, rejecting a
50/50 chance to gain $11 or lose $10 need not involve a very high curvature of the
Bernoulli utility function u(+), nor does it require any limitations on the sensitivity ®(-)

to gains and losses.

Relation to the Literature

In this section, we compare our model with other leading theories of decision
under risk. We start by discussing extensions of LS’s regret theory. Later, we turn to
analyzing models based upon reference dependence. Naturally, many prominent models
are left out of the discussion simply for not falling under one of these categories (e.g.,
the PRAM model in Loomes 2010). We restrict attention to those two types of models
to maintain the focus on the main underlying forces of our proposed theory, namely

regret aversion and reference dependence.
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Other extensions of regret theory

Diecidue and Somasundaram (2017) provide an (axiomatic) behavioral foundation

for the canonical form of equation (1). Their five necessary and sufficient conditions can

be extended to RDRT as follows:

(i): For any r, >, is complete if x >, y or y >, = for any two acts x and y.

(ii): For any r, >, is continuous if the sets {z : z =, y} and {z : y =, x} are closed

subsets for every y.

(iii): Strong monotonicity holds if for any r and any acts « and y, x >, y whenever

xs > ys for all states s and x4 > y, for some state s.

(iv): Dominance-transitivity holds if for any r and any acts =, y and z, x >, y and

y =, z implies x >, z; similarly, =, y and y >, z implies x >, z.

(v): Trade-off consistency holds if for any r and any acts z, y, z and w, and four
outcomes a, 3, v and 9, such that a,x ~, By, Vs ~, 05y, and agz ~, Bgw, then
Vs 2~y 0w, Where o x denotes an act identical to x except in state s, in which the

outcome z, is replaced by the outcome a.

RDRT satisfies all of the axioms except trade-off consistency (v). Trade-off consistency
says that if at state s, receiving outcome « instead of outcome [ is an equally good
improvement as receiving 7y instead of ¢, then the same property should also hold for
state s’. An implication of the axiom is that given two acts x and y, and two outcomes
a and [, the indifference between a,x and ayy is a necessary and sufficient condition for
the indifference between [,x and [sy. Notice that the axiom imposes a strong notion of
symmetry as every state-wide trade-off should be consistent and independent of the acts
under consideration. In our model, the trade-off necessarily depends on the states and
acts because the existence of a reference point leads to a change in the relative
weighting index.

The development of different sets of axioms is reflected in the functional form of Q(§).
By allowing for a weaker notion of transitivity, regret theory breaks away from the
linearity of (&) required by EU. By relaxing the symmetry embedded in the trade-off
consistency, our model extends the skew symmetric convex function Q(€) to the regret
dependent function @, (§), which grants us the power to further accommodate

anomalous behavior from the perspective of expected utility and anticipated regret.
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Quiggin (1994) characterizes the functional form for regret theory with general choice
sets where the regret of an action depends only on the actual outcome and the best
attainable alternative in each state of the world. Gabillon (2020) further generalizes
Quiggin (1994) to accommodate any feedback structure. While a general choice set and
value of information are important considerations in the development of regret theory,
we focus here on the canonical binary alternatives, no feedback setting in strict analogy
to Loomes and Sugden (1982). The asymmetric feeling of regret induced by the
reference point, which is central to RDRT is, to the best of our knowledge, novel to the

literature.

Other reference-dependent models

An alternative class of models rely on the notion of a reference point to explain risky
decision making that systematically deviates from EU theory. In this section we discuss
three popular such models: Cumulative Prospect Theory (Tversky & Kahneman, 1992,
henceforth CPT), Reference-Dependent Risk Attitude (Ké&szegi & Rabin, 2007) and
Reference-Dependent Subjective Expected Utility (Sugden, 2003). In particular, we will
examine each model’s predictive power with regards to the motivating examples
discussed earlier.?

We first compare our model with cumulative prospect theory (CPT). Following a large
number of experiments showing patterns of risky choice behavior that contradicts the
predictions of EU theory, Kahneman and Tversky (1979) introduced the prospect theory
model, which was later improved to become the more mathematically sound model
known as CPT. This model was designed to account for anomalous choice patterns
using prospects (with probability distribution defined over outcomes) as the elements of
choice. A key principle of CPT involves a reference point, such that every outcome is
properly evaluated as either a gain or a loss. Generally, Tversky and Kahneman (1992)
assume that the reference point is equal to the “current asset position”.

With an inverse S-shaped weighting function, CPT can predict a variety of “irrational”
choice behaviors, such as the common-ratio effect. That said, since probability
distributions are defined over outcomes rather than states of the world, CPT does not
distinguish between the common-ratio effect with or without juxtaposition as the
method of presentation; it predicts them irrespective of the correlational structure of

different prospects (e.g. whether prospects are independent or not). Similarly, in the

12 Formal derivations of these results can be found in Appendix B.
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absence of a state-dependent reference point, CPT fails to predict the reluctance to

exchange lottery ticket (or the omission bias more generally).

On the other hand, CPT is able to accommodate the reflection effect due to the
distinctive curvature of the value function, which changes from convexity to concavity
when crossing the reference point from the negative to the positive domain.
Furthermore, the loss aversion property allows for first-order risk aversion and is,
therefore, immune to Rabin’s critique. That is, turning down a 50/50 win $11 or lose

$10 gamble entails no restrictions on the declining rate of sensitivity to gains.

Another influential loss-aversion model was introduced by Kd&szegi and Rabin (2007) —
henceforth KR. Theirs is a prospect-based model that allows for stochastic reference
points. A distinctive feature of the KR model is that the reference point is determined
endogenously as part of the decision process, particularly when the individual can
correctly foresee the choice sets and plan accordingly. For situations where the
individual cannot commit to a choice until “shortly” before the resolution of
uncertainty, KR define an equilibrium concept and call it preferred personal equilibrium
(PPE). In essence, when considering a plan of action, the reference point is set so as to
match it. If the individual expects to follow through with this plan, such that no other
choice from the expected choice set yields higher utility (taking that reference point as
given), then this plan is defined by KR as unacclimating personal equilibrium (UPE).
Generally, there could be multiple choices that satisfy the UPE definition. PPE is thus
defined as the UPE that yields the highest utility of all such equilibria.

In terms of lottery exchange aversion, the KR model makes the same prediction as EU
theory, i.e., an indifference between keeping the original ticket or exchanging it. Similar
to prospect theory, this result is obtained, again, due to the absence of a
state-dependent reference point. The model is also able to predict the common-ratio
effect for the case with a nonlinear probability weighting function, though the result
does not obtain with linear decision weights. Moreover, having a loss-gain utility with
the same functional form as the prospect theory value function — including the loss
aversion property —, the model can account for the reflection effect as well as for

first-order risk aversion, which makes it immune to Rabin’s critique.

The third model we consider is the Satisfaction-Change Subjective Expected Utility
model of Sugden (2003). The model is based on Savage’s axioms of subjective EU
theory (Savage, 1972), with modifications to accommodate the existence of a reference

point. Under this framework, preferences are defined over a set of state-contingent acts
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with respect to some reference act, where an act is a function from states of the world
to consequences. Note that unlike the above two loss aversion models, Sugden’s model
is state-based rather than prospect-based. Also, according to Sugden: “A decision
problem can be described by a reference act (interpreted as the agent’s status quo
position) and an opportunity set of acts (the set of options from which the agent must
choose), of which the reference act is one element” (Sugden, 2003, p. 175).

Sugden’s axioms give rise to a unique representation of reference-dependent SEU. He
then chooses to focus on a special case of such representation which he calls the
satisfaction-change SEU representation (henceforth, SCSEU). If the reference point of
an individual is a constant act (e.g., her current, constant wealth), then Sugden’s model
both fails to predict the reflection effect and is exposed to Rabin’s critique, as it
coincides with the standard SEU. For the same reason, it cannot account for the
common-ratio effect, with or without juxtaposition, despite being able to distinguish
between different levels of correlations among state-contingent acts. Note, however, that
SCSEU is able to capture the phenomenon of lottery exchange aversion due to the
model’s state dependent framework. From a technical standpoint, this result is obtained
in a similar fashion to that presented in RDRT. Nevertheless, the two models clearly
differ in the underlying psychological assumptions that drive such behavior, namely,

regret versus gain-loss evaluation relative to the reference point.

Discussion & Conclusion

The original regret theory, introduced by Loomes and Sugden (1982), is a modification
of the EU model that can rationalize a number of risk-taking behaviors that deviate
from the standard EU model. It does so by recognizing the important role of regret
(and rejoicing) as an underlying psychological force influencing choices under risk.
However, LS’s model is not able to accommodate a number of empirical regularities
where regret is likely to be a main driver of behavior. In particular, RT fails to predict
the often observed aversion to exchanging lottery tickets (Bar-Hillel & Neter, 1996;
Kogler et al., 2013; Van de Ven & Zeelenberg, 2011), as well as various other examples
of the omission bias. The theory also cannot account for the common-ratio effect when
state-dependent acts are presented with juxtaposition, which aids the visualization of
forgone alternatives. Moreover, in a subclass of choice problems with two equiprobable
outcomes, predictions of regret theory coincide with those of EU theory, thus exposing

the model to Rabin’s critique.
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In this paper we propose a reference dependent regret model (RDRT) as an extension of
the original regret theory. Our model expands the range of predicted behaviors while
retaining the notion of regret as an important driver of choice under uncertainty. The
additional component added to this model is a state-contingent reference point that
allows for asymmetric feelings of regret. In particular, a higher degree of regret is
associated with more “active” choices, as measured by the weighted distance of a chosen
act from the reference point relative to that of the alternative. As opposed to the
original regret theory formulation, RDRT can account for regret-driven biases toward
omission (e.g., the lottery-exchange aversion, preference toward inaction in vaccination
decisions, etc.), and also disengage from EU theory (and, thus, from Rabin’s critique) in
the equiprobable-consequences case, thus allowing for first-order risk aversion.
Furthermore, under certain conditions on the reference point (e.g., not being equal to
current wealth), the model can also predict the correlated, state-contingent version of
the common-ratio effect.

In addition, we conducted a direct comparison of our reference-dependent regret model
with alternative extensions of regret theory (Diecidue & Somasundaram, 2017;
Gabillon, 2020; Quiggin, 1994) and alternative models of reference-dependent
preferences (Kahneman & Tversky, 1979; Készegi & Rabin, 2007; Sugden, 2003). Table
6 provides each model’s predictions for a number of relevant cases discussed in the
paper. It also contains the results for other key predictions of Loomes and Sugden
(1982) — i.e., common-ratio effect with independent gambles and simultaneous
gambling and insurance.!3

Unlike other extensions of regret theory, our model highlights the asymmetric feeling of
regret and moves away from LS’s model by relaxing the axiom of trade-off consistency.
Alternative reference-dependent models can explain part of our motivating examples,
but they do so by relying on different psychological principles than regret to describe
choice behavior under risk. Note that prospect theory and KR’s model are both
prospect-based models and, as such, are not well-suited to explain choices with
correlated, state-contingent acts. In fact, as Table 6 shows, Sugden’s theory and RDRT
are the only models able to predict the lottery-exchange aversion (and, more broadly, to
account for similar cases of the omission bias). The former, however, follows the SEU
axioms and cannot predict the common-ratio effect regardless of the correlation

structure of the problem. Moreover, Sugden (2003)’s model is also exposed to Rabin’s

13 See Appendix A for formal derivations of these results.
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critique. We conclude that, with regards to our motivating examples, RDRT performs
comparably better than the other generalized EU models discussed here. It does so by
employing the notion of regret which plays (or is expected to play) an important role in
the decision-making process.'4

Another possible application of the model, which has not been explored here, is demand
for insurance. Monetary outcomes from insuring a risk are essentially state dependent,
which is consistent with RDRT. Furthermore, attitudes toward modest-scale risks — as
reflected by preferences for policies with low deductibles, demand for cellular-phone
insurance, extended warranties, etc. — suggest a higher level of risk aversion than the
standard EU model would predict (Sydnor, 2006, 2010). This could be explained by
RDRT assuming that an offer for insurance that the individual receives roughly
corresponds to, or at least shapes her, reference point. If, for example, the decision
maker considers an online offer for insurance where a default (low) deductible is already
marked, she might incorporate the default state into her reference point. In which case,
choosing the offer closest to the reference point (e.g., the low deductible offer), the more
“passive” choice, yields a lower level of regret and, therefore, may lead to high
risk-averse behavior, as predicted by our model. Future research on this subject could

clearly shed more light and help determine the validity of this argument.

14 Model complexity is another critical dimension for model evaluation (Pitt & Myung, 2002). Adding
parameters to a model often extends the model’s explanatory power, but also adds to model
complexity. It would be interesting to see how these models differ in model complexity, on top of their

explanatory power. We leave that to future extensions.



A REFERENCE DEPENDENT REGRET THEORY 25

References

Asch, D. A., Baron, J., Hershey, J. C., Kunreuther, H., Meszaros, J., Ritov, 1., &
Spranca, M. (1994). Omission bias and pertussis vaccination. Medical decision
making, 14(2), 118-123.

Barberis, N., Huang, M., & Thaler, R. H. (2006). Individual preferences, monetary
gambles, and stock market participation: A case for narrow framing. American
economic review, 96(4), 1069-1090.

Bar-Hillel, M., & Neter, E. (1996). Why are people reluctant to exchange lottery
tickets? Journal of Personality and Social Psychology, 70(1), 17.

Baron, J., & Ritov, I. (1994). Reference points and omission bias. Organizational
behavior and human decision processes, 59(3), 475-498.

Bell, D. E. (1982). Regret in decision making under uncertainty. Operations Research,
30(5), 961-981. Retrieved from http://dx.doi.org/10.1287/opre.30.5.961
doi: 10.1287/opre.30.5.961

Bleichrodt, H., Doctor, J. N., Gao, Y., Li, C., Meeker, D., & Wakker, P. P. (2019).
Resolving rabin’s paradox. Journal of Risk and Uncertainty, 59(3), 239-260.

Bleichrodt, H., & Wakker, P. P. (2015). Regret theory: A bold alternative to the
alternatives. The Economic Journal, 125(583), 493-532.

Braun, M., & Muermann, A. (2004). The impact of regret on the demand for insurance.
Journal of Risk and Insurance, 71(4), 737-767.

Diecidue, E., & Somasundaram, J. (2017). Regret theory: A new foundation. Journal
of Economic Theory, 172, 88-119.

Djulbegovic, B., Hozo, 1., Schwartz, A., & McMasters, K. (1999). Acceptable regret in
medical decision making. Medical Hypotheses, 53(3), 253-259.

Fishburn, P. C. (1982). Nontransitive measurable utility. Journal of Mathematical
Psychology, 26(1), 31-67.

Gabillon, E. (2020). When choosing is painful: Anticipated regret and psychological
opportunity cost. Journal of Economic Behavior & Organization, 178, 644—659.

Harless, D. W. (1992). Actions versus prospects: The effect of problem representation
on regret. The American Economic Review, 82(3), 634-649.

Jamison, J., Yay, T., & Feldman, G. (2020). Action-inaction asymmetries in moral
scenarios: Replication of the omission bias examining morality and blame with
extensions linking to causality, intent, and regret. Journal of Experimental Social

Psychology, 89, 103977.



A REFERENCE DEPENDENT REGRET THEORY 26

Kahneman, D., & Tversky, A. (1979). Prospect theory: An analysis of decision under
risk. Econometrica, 263-291.

Kahneman, D., & Tversky, A. (1981). The simulation heuristic. (Tech. Rep.). Stanford
Univ Ca Dept Of Psychology.

Kahneman, D., & Tversky, A. (1982). The psychology of preferences. Scientific
American, 246(1), 160-173.

Kogler, C., Kiithberger, A., & Gilhofer, R. (2013). Real and hypothetical endowment
effects when exchanging lottery tickets: Is regret a better explanation than loss
aversion? Journal of Economic Psychology, 37, 42-53.

Készegi, B., & Rabin, M. (2007). Reference-dependent risk attitudes. American
Economic Review, 97(4), 1047-1073.

Loomes, G. (2010). Modeling choice and valuation in decision experiments.
Psychological review, 117(3), 902.

Loomes, G., & Sugden, R. (1982). Regret theory: An alternative theory of rational
choice under uncertainty. FEconomic Journal, 805-824.

Loomes, G., & Sugden, R. (1998). Testing different stochastic specificationsof risky
choice. Economica, 65(260), 581-598.

Muermann, A., & Volkman Wise, J. (2006). Regret, pride, and the disposition effect.
Available at SSRN 930675.

Pitt, M. A., & Myung, I. J. (2002). When a good fit can be bad. Trends in cognitive
sciences, 6(10), 421-425.

Quiggin, J. (1994). Regret theory with general choice sets. Journal of Risk and
Uncertainty, 8(2), 153-165.

Rabin, M. (2000). Risk aversion and expected-utility theory: A calibration theorem.
Econometrica, 68(5), 1281-1292.

Rabin, M., & Thaler, R. H. (2001). Anomalies: risk aversion. Journal of Economic
perspectives, 15(1), 219-232.

Richard, R. (1994). Regret is what you get: the impact of anticipated feelings and
emotions on human behaviour. Universiteit van Amsterdam, Faculteit der
Psychologie.

Risen, J. L., & Gilovich, T. (2007). Another look at why people are reluctant to
exchange lottery tickets. Journal of Personality and social Psychology, 93(1), 12.

Ritov, 1., & Baron, J. (1990). Reluctance to vaccinate: Omission bias and ambiguity.

Journal of behavioral decision making, 3(4), 263-277.



A REFERENCE DEPENDENT REGRET THEORY 27

Ritov, 1., & Baron, J. (1992). Status-quo and omission biases. Journal of risk and
uncertainty, 5(1), 49-61.

Savage, L. J. (1972). The foundations of statistics. Courier Corporation.

Somasundaram, J., & Diecidue, E. (2017). Regret theory and risk attitudes. Journal of
risk and uncertainty, 55(2), 147-175.

Starmer, C., & Sugden, R. (1993). Testing for juxtaposition and event-splitting effects.
Journal of risk and uncertainty, 6(3), 235-254.

Stigler, G. J. (1950). The development of utility theory. ii. Journal of political economy,
58(5), 373-396.

Sugden, R. (2003). Reference-dependent subjective expected utility. Journal of
economic theory, 111(2), 172-191.

Sydnor, J. (2006). Sweating the small stuff: The demand for low deductibles in
homeowners insurance. Manuscript: University of California, Berkeley.

Sydnor, J. (2010). (over) insuring modest risks. American Economic Journal: Applied
Economics, 2(4), 177-99.

Tversky, A., & Kahneman, D. (1991). Loss aversion in riskless choice: A
reference-dependent model. The quarterly journal of economics, 106(4),
1039-1061.

Tversky, A., & Kahneman, D. (1992). Advances in prospect theory: Cumulative
representation of uncertainty. Journal of Risk and uncertainty, 5(4), 297-323.

Van de Ven, N., & Zeelenberg, M. (2011). Regret aversion and the reluctance to
exchange lottery tickets. Journal of Economic Psychology, 32(1), 194-200.

Weinstein, M. C. (1986). Risky choices in medical decision making: A survey. Geneva
Papers on Risk and Insurance, 197-216.

Zeelenberg, M. (2018). Anticipated regret. The psychology of thinking about the future,
276.



A REFERENCE DEPENDENT REGRET THEORY

Table 1

A Decision Problem with State-Contingent Outcomes

Act s1(p=0.25)  s2(p=0.25) s3(p=0.25) s4(p=0.25)
T $30 $20 $10 $0
Y $20 $10 $0 $30

x and y are acts with state-contingent consequences. Both acts result in the
same probability distribution over outcomes, namely, 25% chance of each out-
come $0, $10, $20, and $30. For this reason, any decision theory formulated
in terms of prospects (i.e., probability distributions over final outcomes) would
predict indifference between the two acts. Under regret theory, however, it is
possible for a decision maker to prefer y over x, provided her regret aversion

is large enough.

28
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Table 2

An Lllustration of Intransitive Preferences within Regret Theory

Act s1(p=10.25)  sa(p=0.25) s3(p=0.25) s4(p=0.25)
x $30 $20 $10 $0
Y $20 $10 $0 $30
z $10 $0 $30 $20
w $0 $30 $20 $10

Under the simplifying assumption that u(x) = x, regret theory would generate a
cycle of preferences that violates transitivity for the four acts depicted. Specif-
ically, we would have that y = x, ¢ > w, w > z, and z = y. Note also that the

same predictions could be arrived at with a strictly concave utility function, as

long as Q(-) is convex enough.

Table 3
Regret Theory, Correlated Prospects, and the Common-Ratio Effect

Panel A

Act s1(p=0.20)  sa(p =0.80)

T $3000 $3000
) $0 $4000
Panel B
Act s1(p=0.75)  sa(p=10.05)  s2(p = 0.20)
x $0 $3000 $3000
' $0 $0 $4000
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Table 4
Example Decision Problems from Loomes € Sugden (1998)

Decision Problem 1

Act s1(p =0.40)  s2(p = 0.60)
T $10 $10
Y $0 $30

Decision Problem 2

Act s1(p=0.75)  s2(p=0.10) s3(p=0.15)
x $0 $10 $10
Y $0 $0 $30

Decision Problem 3

Act s1(p=0.10)  s2(p=0.30) s3(p=0.60)
z $0 $10 $10
w $0 $0 $30

Decision Problem 4

Act s1(p=10.70)  s2(p=0.10) s3(p = 0.20)
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Table 5
A Decision Problem with State-Contingent Outcomes
Act 52 S3
T a+p o
Y « o
Table 6
A Summary of Comparison across Different Models Across Selected Domains
Expected Regret Prospect KR Sugden RDRT
Utility Theory Theory (2007) (2003) (this paper)
Lottery Exchange N N N N Y Y
(Omission Bias)
Common Ratio Effect with N N Y Y N Y*
Juxtaposition
Common Ratio Effect with N Y Y Y N Y
Independent Prospects
Simultaneous Gambling and N Y* Y Y N Y*
Insurance
Reflection Effect N Y* Y Y N Y*
First-Order Risk Aversion or N N Y Y N Y

Rabin’s Critique

(equiprobable case)

Note: Y indicates the model’s ability to predict the relevant behavior. Y* indicates the result holds with

restrictions on either the utility function or the reference point. N indicates the model’s inability to predict

the relevant behavior. Formal derivations of these results are presented either in the main text or are

derived formally in Appendiz A.
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Figure 1. Visual Presentation of Binary Choices Between Correlated Acts in Loomes

and Sugden (1998)
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Appendix A
Proofs

Proof of Lemma 1

By A3, for all £ > 0, ®'(§) < &'(—¢£). Integrating both sides, we get
J&E ®(€)dE < [} ®(=€)dE. That is, B(&1) +B(—&1) < B(&) + B(—&) for any & > &, W

Proof of Proposition 1
By the definition of Q(-), we have

5 2 Q) — uw)) =5 S [uz) — ules) + B(ulz) — () — Hulr) ()

U u(we) —u(zy), 1 u(zr) —u(z)
where the second inequality comes from the assumption u(z) = M, and the last
inequality comes from the fact that Q(—¢&) = —Q(§) for all &.

Now if u(z) > W, then u(z) — u(xy) > % and

u(z) — u(xg) > w By the properties of Q(-), we have

3 0(s) ~ ) > Ao 1)) | Lol Zulen,

l\D\»—l

Similarly, the reverse inequality is obtained for u(z) > W

the proof. B

. This completes

Proof of Proposition 2

Substituting p,(y|x) = 2 — p,(x|y) into Q. () and rearranging, we get

ngsQr —u ys ngs - U(ys) - 2(D<u(ys) - U(LES))}
+ pr(zly) Z; [©(u(zs) — uys)) + (ulys) — ulzs))].

From lemma 1, we know that for all s € S, ®(u(zs) — u(ys)) + P(u(ys) — u(xs)) < 0.
Moreover, since x # y, the inequality is strict. Thus the expected value of the @,(-) is

strictly decreasing in p,.
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By assumption, there exists p, such that x ~ y, equivalently

Do s [ulze) + pr(ly)@(ulzs) — ulys)] = D ps [ulys) + pr(yle)P(ulys) — ulz,)] .

seS seS

Therefore z > y for any p, € [0, p,), and x < y for any p, € (p,,1]. B

Proof of Proposition 3

Rewriting the weighting index as

2

pr($|y> = ﬁ(y T) 9
L+ S
which is monotonically decreasing in the ratio of the distance Z 8 :g

Without loss of generality, we normalize u(«) = 0, and u(a + ) = 1. Deonte

u(a + ) = u(f). Rearranging the ratio of distance, we have

oy, r) _ \l Ap(1 —2u(r)) + u(r)?
p p(u(B)? = 2u(r)u(B)) + u(r)*

The ratio is monotonically increasing in the term inside the square root. Taking

the partial derivative of that w.r.t. p, we get

[p(u(B)? — 2u ( )U(ﬁ))vLU(TV]2

Since u() < A given the assumption that y > = under EU, given u(r) <

we have
2u(r)(u(B) = A) > u(B)? = A,

which implies the above partial derivative is larger zero. Therefore, p,(z|y) is
monotonically decreasing in p.

It follows that for p > p,

ApQr(u(B) = 1) + (1 = MpQ:(u(B)) + (1 — p)Q-(0)
> M@y (u(B) — 1) + (1 = A)pQr(u(B)) + (1 = p)Q:(0) = 0,

where the second equality comes from the fact that  ~, y at p = p. Therefore, z >, y
forp>p. A

Proof of Proposition 4
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The weighting index is

pr(z|x) =

1+ (u z1)—u(r)))2+(u(z2)—u(r))? ’

[u(z1)—u(r)+ umg)—u(r)]2
Since x1 # x5, it follows that

(w(z1) — u(r)))* + (u(wz) — u(r))?

[u(@r) = u(r) +u(ez) —u(r))?

Consequently, p,(z|x) < 1. By Proposition 1, z ~ x if p, = 1. Therefore, z >,

> 1.

by Proposition 2. ll

Proposition A.1 (Common-ratio effect with independent prospects) Let x
and y be two independent prospects such that x = {(a + B,p); (o, 1 —p)} and
y={(a+7,Ap);(a,1 — Ap)}, where v is the current wealth, v > 5 > 0 are two
outcomes, A € (0,1) and p € (0,1]. Suppose y = = under EU theory. For any constant
reference point r, if there exists p such that x ~, y, then x >,y for p > p, and y >, x

for p < p.

Proof. Without loss of generality, we normalize u(«) = 0, and u(a + ) = 1.
Deonte u(a + ) = u(f). = =, y if and only if

A Qr(u(B) — 1) +p(1 = Ap)Qr(u(B)) + (1 — p)ApQ,(—1) > 0.

Rearranging the terms, we get

p{@Qr(u(B)) + AQ:(=1) = Ap[Qr(u(P)) + @r(—1) — Qr(u(B) — 1)]} = 0.

It follows from A2 that Q,.(u(8)) + Q.(—1) < Q,(u(f) — 1). Therefore, by intermediate
value theorem, there exists a p such that if p > p, then x >, y, and if p<p, y >, . B

Proposition A.2 (Simultaneous Gambling and Insurance) Let x and y be two
independent prospects (that offer an actuarially fair gamble) such that v = {(a, 1)} and
y={(a+B8.p)(a— {1 —p)}, where o is the current wealth, 8 > 0 is an outcome,
and p € (0,1]. Suppose u() is linear (as in LS). For any constant reference point r, if

there exists p such that x ~, y, then x =, y for p > p, and y >, x for p < p.

Proof. Without loss of generality, we normalize u(a) = 0, and u(o + ) = 1.
Deonte u(a + ) = u(f). « =, y if and only if

b9+ - (2] 20
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Since Q. (8) + Qr(=B) = [pr(aly) — p, (y|0)][B(8) + B(—B)], the above inequality is

equivalent to

1—p pB
o (oly) = (w2 2(9) + 2]+ — P

) > Qr(f).

Equivalently,

2ps — 1O(—B) + (8)] + [1 20,2 -

1—p

By A2, = pQr( ) Q.-(/) is increasing in p and greater than zero if p > 1/2. By A3,
O(—p) + P(B) < 0. It remains to show that the weighting index p, is decreasing in p.

Equivalently, the ratio of distance

\/p —r)? )(ﬁﬁﬂ“?
~ 1_

Proposition A.3 (Reflection Effect) Let x and y be two independent prospects such

that x = {(B,p1); (0,1 —p1)} and y = {(~,p2); (0,1 — p2)}, where v > > 0 are two
outcomes, and p1,p2 € (0,1]. Denote their “reflections” as ' = {(—=8,p1); (0,1 —p1)}

is increasing in p. W

and y' = {(—~,p2); (0,1 — p2)}. Suppose u(-) is linear (as in LS). For any constant

reference point r such that r < %, then x >, y implies y' =, x’

Proof. z >, y if and only if

P1Qr(B) — p2Qr(7) — p1p2[Qr(B) — Qr(B —7) = Qr(7)] > 0

r< % if and only if p, < 1. Combining with A3, it follows that

p2(1 = p1)[pr(ylz) — pr(2[y)][@(7) + ®(—7)] is negative. Since
Qr (=) + Q. (7) = [pr(ylx) — pr(x]y)][®(7) + P(—7)], the first equation can be rewritten

p102Qr (B — ) + p1(1 = p2)Qr(B) + p2(1 — p1)Qr(—gamma) > 0.

which is the necessary and sufficient condition for ¢ =, /. B
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Appendix B
Mathematics of Other Reference-Dependent Models
CPT

In CPT, the monetary outcomes of each prospect are ordered ascendingly, where a
neutral outcome (e.g., a reference point) is denoted by xy = 0, and gains and losses are
denoted by positive and negative numbers, respectively. Then, every prospect, f, is

evaluated according to the following functional form:

n

V(f) = _Z?TZ’U(%) +>_miv(), (10)

0

where m and n represent the number of negative and positive consequences
respectively, such that outcomes are ranked as:
Ty < Tipi1 < ..<r1<20=0<uz1<..<TH 1<Ty, visa value function that
encodes the value of every outcome, 7~ is the decision weight associated with losses,
and 7" is associated with gains.

The value function, v, is assumed to be concave for positive outcomes and convex
for negatives, with v(0) = 0. Moreover, it is characterized by a steeper slope for losses
than gains in order to reflect the loss aversion principle. The decision weights 7~ and

71 are defined by:

m, =w [Pr(z <z;)— Pr(x <z;1)],—-m+1<i<0,

2

" =wt[Pr(z > x;) — Pr(z > 2;1)],0 <i <n—1,

)

with 7=, = w™ [Pr(z_,)], and 7, = wT[Pr(z,)], where w™ and w™ are strictly

increasing weighting functions that assign weights to cumulative probabilities of losses
and gains, respectively, with w™(0) = w™(0) = 0, and w™ (1) = w*(1) = 1. Both w™ and
wt were estimated by KT to fit as inverse S-shaped functions. This functional form
implies overweighting of small probabilities and underweighting of moderate and high
probabilities.

In KR, there are two functions, the “consumption utility”u(z), and the loss-gain
function p(u(xs) — u(rs)), where zy is the level of wealth and r, is the reference wealth.
u(zs) is in fact a basic utility of wealth, similar to that being applied in the standard
EU of wealth theory. p(u(zs) — u(rs)) is a gain-loss function that assigns real values to

changes in the level of utility relative to some reference point. It has the same structure

of the prospect-theory value function as discussed above (i.e., diminishing sensitivity as
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well as a kink around the reference point that corresponds to the loss aversion
assumption). According to the model, the total utility gained from choosing an
alternative x given some reference point r, with p, being the probability measure over
the S possible wealth outcomes of x and ¢; the probability measure over the T possible

outcomes of r, is captured by the following expression:

Ur(x) = Zpsu(xs> + Z ZPS%M(U(%) - U(rt))) (11)

seS seSteT
Recall the scenario with the two doors, door x and door y, in which a

million-dollar prize lies behind one of them. Suppose that door x has previously been
chosen and a chance to switch doors has now been given. Then, according to the PPE
concept, if the individual with some current level of wealth «, expects to keep door x

(which makes door z as the reference point, denoted by r = z), she would gain a total

utility of:
1 6 1 6 1 6
Up(z) = 5(u(a +10°) +u(a)) + Sp(u(e +10%) —u(a)) + 2u(ula) — ula + 10%).
Switching to door y yields:
1 6 1 6 1 6
U.(y) = i(u(a) + u(a+10%)) + Zu(u(a) —u(a+10°)) + Z,u(u(oz +10°) — u(a)).

Clearly, if U.(z) > U,(y) then keeping door x is a UPE by definition. Repeating
the same exercise, with the expectation to switch doors this time, would make door y
the reference point (denoted by r = y). However, since the KR model is a
prospect-based model, then by symmetry r» = z and r = y are equivalent, so that
switching doors would also be a UPE. Furthermore, U, (z) = U,(y) suggesting no unique
PPE.

SCSEU is based on two functions, the satisfaction function u(zs) , unique up to
affine transformations, and the gain-loss evaluation function ®(-), which is an increasing
function, unique up to a scale factor, with ®(0) = 0. u(x,) is a Bernoulli utility function
over end states that encodes the level of satisfaction gained from state contingent
outcomes, whereas ®(-) is a gain-loss function that measures the change in satisfaction
relative to some reference act. Thus, an individual weakly prefers act x over y given a

reference act r, if and only if

Zps [(I)<u(x8> - U(TS>) - (I)(u(ys) - U(T’s))] >0 (12)

SES
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where p; is a probability measure defined over the set of all possible states of the
world. Note that when preferences are evaluated from the perspective of a constant
reference act, with a fixed consequence z, = z for any s, the SCSEU representation
reduces to Savage’s SEU model, such that for any consequence x,, Savage’s utility
function U(-) takes on the following form: U(z) = ®(u(xs) — u(2)). In which case,
Sugden’s model cannot predict the reflection effect, or avoid being exposed to Rabin’s
critique, or explain the common ratio effect (with or without juxtaposition) as it
coincides with the standard SEU. It can, however, account for the lottery exchange
aversion. To see this, consider once again the decision problem of choosing between
keeping door = or switching to door y, whereas behind exactly one door awaits a
one-million-dollar prize. Given that the individual’s status-quo reference act includes
door z (it is part of the state contingent assets of the decision maker), she would

(weakly) choose to keep door x over moving to door y, if and only if

3 [@(u(z,) — u(y)) — B(uly,) — ulz,))] > 0.

seSs

Since ®(u(zs) — u(zs)) = 0, the inequality can be rewritten as

2

where « is the individual’s current level of wealth. This equation holds if ®(-)

1c1>(u(oé) — u(a+ 10°%) + ;Cb(u(oz +10%) — u(a)) <0, (13)

follows a property defined by Sugden as a (weak) zero point concavity. With this
property the individual experiences (weak) exchange-averse preferences, a concept
suggesting that “an agent is exchange-averse if, other things being equal, he prefers the
status quo to other options in his opportunity set.” (Sugden, 2003, p. 181), as can be

seen in the lottery exchange example.

15 Notice that the a bias toward the status-quo need not be the same as the omission bias (Ritov &

Baron, 1992).



