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1 Introduction

The normative view in decision under risk requires that an economic agent’s utility is
defined over final levels of wealth. In the classical theory of expected utility risk attitudes
have completely been absorbed by qualitative features of utility (see Arrow 1971 and Pratt
1964). Empirically, having only a single function to model risk attitudes has proven to
be unsatisfactory. To overcome this difficulty a new measure has been invoked. Rank-
dependent utility theory (Quiggin 1981, 1982, Schmeidler 1989) incorporates, alongside
utility, a second function which models the sensitivity towards the event of ending up with
a particular level of wealth.

While the idea of rank-dependence has proven to be successful in resolving some of the
major criticism on expected utility (Allais 1953, Ellsberg 1962), the empirical and theoret-
ical literature has uncovered an additional aspect of risk behavior —loss aversion— that
seriously challenges the assumption of final wealth levels being the appropriate primitive
for utility (Kahneman and Tversky 1979, Rabin 2000).

The empirical evidence supporting the view that people are sensitive to changes in
wealth can be traced back at least to Markowitz (1952) and Edwards (1955) and it suggests
that the outcomes over which utility is maximized are deviations relative to a reference
point. These and many subsequent findings (e.g., Kahneman and Tversky 1979, Hershey
and Schoemaker 1985, Budescu and Weiss 1987, Camerer 1989, Tversky and Kahneman
1992, Huber, Ariely, and Fischer 2002, Schmidt and Traub 2002, Brooks and Zank 2005)
give immense support for theories where the perception of outcomes and associated prob-
abilities is differentiated following the sign of the corresponding outcomes (Luce 1991,
Luce and Fishburn 1991, Kahneman and Tversky 1991, Tversky and Kahneman 1992).
The asymmetry in the perception and its effect on choice behavior is reconciled under the
paradigm of loss aversion.

Among the nowadays most influential descriptive models of choice, prospect theory
(Kahneman and Tversky 1979, Tversky and Kahneman 1992) distinguishes outcomes into
gains and losses relative to a reference point and thereby provides a framework for the
analysis of loss aversion. In this theory, in addition to the exhibited sensitivity towards
outcomes (captured by utility) and the sensitivity towards probabilities (captured by prob-
ability weighting functions), there is a further important aspect of behavior that exhaus-

tively complements the picture on risk attitudes. Loss aversion is the term used to describe



this latter aspect. But while the former components of risk attitude have received a good
theoretical account, the intense discussions on the latter component have not yet lead to
a commonly agreed upon formal underpinning.

The commonly adopted view is that loss aversion refers to the asymmetric perception of
gains compared to the perception of losses. Indeed, an abundance of empirical studies have
confirmed that people exhibit more sensitivity towards losses than they do towards gains,
and intuitively, one would think that this asymmetry is reflected only in the component
of risk attitude that refers to sensitivity towards outcomes, hence, in utility. This is the
predominant interpretation found in the literature (Tversky and Kahneman 1992, Wakker
and Tversky 1993, Kébberling and Wakker 2005). But even under that interpretation there
is disagreement on what the correct measure of loss aversion should be (for a discussion on
proposed measures of loss aversion see Abdellaoui, Bleichrodt and Paraschiv 2007). Loss
aversion is sometimes viewed as the asymmetric effect on utility of absolute changes from
the reference outcome (i.e., losses weigh heavier than comparable gains) while sometimes
it is viewed as the asymmetric effect of marginal changes from gains and losses of equal size
(i.e., utility is steeper for losses than for similar gains). In modeling loss aversion, often
a single parameter has been invoked (Benartzi and Thaler 1995, Tversky and Kahneman
1992, Aizenman 1998, Bowman, Minehart, Rabin 1999, K&bberling and Wakker 2005).
In dynamic settings, this parameter may vary, depending on the direction in which the
reference outcome is shifted (Barberis, Huang, and Santos 2001, and Barberis and Huang
2001), but is typically seen as a component of utility.

It is, however, equally justified to think of loss aversion as capturing both the dispro-
portionate sensitivity towards gains and losses and as well the disproportionate sensitivity
towards probabilities of gains and of losses. Empirical research on probability weighting
has found significant differences between the weighting function for gain probabilities and
that for loss probabilities (Tversky and Kahneman 1992, Camerer and Ho 1994, Abdel-
laoui 2000, Abdellaoui, Vossmann and Weber 2005) and it is plausible to attribute these
differences also to the sign of the associated outcomes. Earlier studies have also discussed
the potential dependence of probability perception on the sign of the associated outcomes
(e.g., Edwards 1962, Einhorn and Hogarth 1985). However, a connection to loss aversion
has not been explored.

The study of Schmidt and Zank (2005) defined loss aversion as being revealed by spe-



cific choice behavior. Schmidt and Zank showed that under the modern version of prospect
theory (Tversky and Kahneman 1992) ignoring the sensitivity towards probabilities will
lead to predictions that are in contrast to the intuition of loss averse behavior (e.g., will-
ingness to take on symmetric 50:50 prospects may hold with a utility that is steeper for
losses than for gains).

The objective of this paper is to review the development of loss aversion within the
development of prospect theory. The incorporation of rank-dependence into prospect the-
ory, leading to the modern version of Tversky and Kahneman (1992) did not happen in
the theoretical analysis of loss aversion. In an attempt to account for rank-dependence,
new definitions of loss averse behavior emerge, which, as is shown below, are compatible
with modern prospect theory.

Two particular ways of accounting for loss averse behavior are discussed in this paper.
To reflect on the difference it is useful to recall the intuition on loss aversion. Kahneman
and Tversky (1979, p. 279) argued that loss aversion entails two aspects of behavior.
Individuals dislike symmetric 50:50 prospects and further the aversion to such prospects
increases with the magnitude of outcomes. The first aspect, suggesting an account for
loss attitude driven by absolute values, is the property of general aversion to symmetric
prospects. The second aspect, suggesting an account for loss attitude driven by marginal
values, is the property of aversion to common increases in the absolute values of the stakes
of symmetric prospects. Both aspects are progressed in this paper, and a further one is
added. Common increases in the likelihood of the symmetric stakes do also lead to more
aversive behavior.

The structure of the subsequent discussion is as follows. In the next section the mod-
ern version of prospect theory is presented and the qualitative features of utility and the
weighting functions are reviewed, with loss aversion discussed separately in Section 3. Sec-
tion 4 presents the new definitions of loss averse behavior and explores their consequences

for prospect theory. The paper concludes with some final remarks in Section 5.

2 Prospect Theory, Utility and Weighting Functions

In this section the modern version of prospect theory, as presented in Tversky and Kahne-

man (1992), is reviewed. Particular attention is paid to the curvature of utility and of the



weighting functions proposed to accommodate the empirical evidence on risk behavior.

The paper considers the case of decision under risk. The set of outcomes is identified
with the real line, IR, with the reference outcome assumed to be 0. Positive outcomes are
gains and negative outcomes are losses.

A prospect is a finite probability distribution over the set of outcomes, e.g., P =
(p1,1; .- Pn, Tpn), where the probabilities p; are nonnegative and they sum to 1. With
this notation it is implicitly assumed that the outcomes in the prospect P are ordered from
best to worst. Therefore, there exists an integer 0 < k < n, which is used to distinguish

gains from losses, such that
Ty 2 20 > 02 Tp00 20 2 Ty,

with all outcomes being gains if £k = n, and all outcomes being losses (or 0) if £ = 0.

A preference relation, denoted by the symbol =, is assumed over the set of prospects.
As usual, > denotes strict preference, »= means weak preference, and ~ is indifference. The
corresponding symbols for reversed strict and weak preference are < and <, respectively.

In its general form, prospect theory requires a utility function to evaluate gains and
losses, and two possibly different weighting functions to evaluate the probabilities associ-
ated with gain and loss outcomes, respectively. This modern version of prospect theory
refers to the variant that is derived in axiomatic research: (Cumulative) prospect theory

(PT) holds if any prospect P = (p1,x1;...;Pn, Tn) is evaluated by the functional

PI(P) = Y (Y m) w3 ) )

£ 3w () —w (Y plU)

i=k+1 j=it+1
described next.?

The three functions involved in the PT-functional are the utility function, U (sometimes
also called value function in the literature), the weighting function for gain probabilities,
w™, and the weighting function for loss probabilities, w™.

The utility function assigns a real value to each outcome, and is strictly increasing and
continuous. In general under PT, utility is unique up to scale and location, that is, U can

be replaced by any V = aU + b for a > 0 and a real value b. However, in most applications

2For convenience, I apply the mathematical convention Z;n:m 41pj =0, for m =0,n.
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it is convenient to set U(0) = 0, turning utility into a ratio-scale (i.e., it is unique up to
multiplication by a positive constant). I follow the latter restriction as it will simplify the
subsequent analysis without loss of generality.

The gain and the loss weighting functions map the probability interval [0, 1] into itself,
and they are strictly increasing functions assigning 0 to 0 and 1 to 1. In Equation (1) the
weighting functions apply to cumulative probabilities, and the differences in these distorted
probabilities (i.e., the terms w+(2§:1 D;) —w*(Z;;ll p;j) and w™ (327 pj) —w™ (327,11 )
in the notation above) are referred to as decision weights of the corresponding outcomes
;i =1,...,n. Under PT the weighting functions are uniquely determined.

Axiomatizations of general PT have been provided by Tversky and Kahneman (1992),
Wakker and Tversky (1993), Chateauneuf and Wakker (1999), and Kobberling and Wakker
(2003). Other axiomatic studies have focused on a more general account of rank and sign-
dependence (Luce and Fishburn 1991, and Luce 1991). Related theories have incorporated
a more general notion of reference-dependence (e.g., Sugden 2004, Schmidt 2003, Schmidt,
Starmer and Sugden 2005, Bleichrodt 2006).

The interest in parametric estimations has lead to specific preference foundations for
prospect theory. Some derivations have imposed behavioral properties that restrict the
general form of the utility function but maintain general probability weighting functions:
utility is a power function in Wakker and Zank (2002), power and linear/exponential in
Zank (2001), and linear in Schmidt and Zank (2006).

Popular variants of PT with general utility but restricted weighting functions have been
proposed by Prelec (1998) (see also Luce 2001, Aczel and Luce 2006 and al-Nowaihi and
Dhami 2006). Gonzalez and Wu (1999) identified a necessary condition for the paramet-
ric weighting function of Goldstein and Einhorn (1987) and Lattimore Baker and Witte
(1992). In Diecidue, Schmidt and Zank (2006) alternative classes of weighting functions
are derived. They obtained rank-dependent utility jointly with the parametric specifica-
tions by proposing behavioral preference conditions characterizing power and exponential
weighting functions, and inverse-S weighting functions that combine the former families.

The restrictive shapes of utility and of the weighting functions are motivated by exten-
sive empirical research relating to risk attitudes. The qualitative features of the functions
can be classified into sensitivity towards outcomes and sensitivity towards probabilities,

with an additional dimension referring to the sensitivity caused by the sign of outcomes.



Further, the sensitivity can be measured in an absolute sense, by looking at the effect of
absolute changes in the corresponding functions, or measured in a relative sense by looking
at the effect of marginal changes. These various aspects are discussed next.

Considering outcomes, sensitivity has been modeled by a convex utility for losses and a
concave utility for gains (see Kahneman and Tversky 1979, Hershey and Schoemaker 1980,
Camerer 1989, Currim and Sarin 1989, Battalio, Kagel, and Jiranyakul 1990, Tversky and
Kahneman 1992, Fennema and Van Assen 1998, Abdellaoui 2000, Bleichrodt and Pinto
2000, Smith, Dickhaut, McCabe, and Pardo 2000, Laury and Holt 2002, Abdellaoui,
Vossmann, and Weber 2005, Abdellaoui, Bleichrodt and Paraschiv 2007). However, the
evidence for specific curvature of the utility function in the loss domain is mixed. The
frequent finding is convex utility with less curvature compared to the utility for gains.
Some studies also reported evidence for linear and concave utility (Schneider and Lopes
1986, Cohen, Jaffray, and Said 1987, Weber and Bottom 1989, Loehman 1998, Lopes
and Oden 1999, Abdellaoui 2000, Barron and Erev 2003, Laury and Holt 2002, Etchart-
Vincent 2004, Abdellaoui, Vossmann and Weber 2005). Because curvature becomes less
pronounced after repeated choices, Myagkov and Plott (1997) hypothesized that with
experience convexity for losses may disappear or even turn into concavity. Because earlier
studies did not adjust for probability weighting, those findings of linear and concave utility
for losses are ambiguous and suggest that there may well be more convexity for losses than
documented (see Abdellaoui, Bleichrodt and Paraschiv 2007 for a discussion and review
of the empirical evidence).

One observes that the empirical evidence for the sensitivity in outcomes refers to the
effect on utility of marginal changes in outcomes. This S-shaped form for the utility
function, which has been adopted in many applications (Tversky and Kahneman 1992,
Gneezy and Potters 1997, Bowman, Minehart, Rabin 1999, Shalev 2000, Siegmann 2002,
Berkelaar, Kouwenberg and Post 2004, Gomes 2005), is sometimes confounded with “risk
seeking for losses and risk aversion for gains,” however, that interpretation is ignoring
the fact that risk attitudes in prospect theory are far more complex due to the percep-
tion of probabilities and due to loss aversion. Diminishing sensitivity to outcomes as the
magnitude increases, which is the original interpretation, seems a much more appropriate
term.

The sensitivity towards marginal changes in probabilities displays analogy to that of the



utility, leading to inverse-S shaped probability weighting functions, which have a concave
region for small probabilities followed by a convex region for larger probabilities (Tversky
and Fox 1995, Abdellaoui 2000, Bleichrodt and Pinto 2000, Etchart-Vincent 2004, Abdel-
laoui, Vossmann and Weber 2005). This shape indicates that sensitivity towards changes
in probabilities is intensifying the less likely a bad or a good outcome becomes, and is
interpreted as optimism and pessimism regarding the extreme outcomes within prospects,
respectively (see, e.g., Wakker 1994, 2001).

The two weighting functions in PT share these two features of extreme sensitivity at
1 and 0, although the intensity by which probabilities are weighted may differ depending
on the sign of the associated outcomes. For gain probabilities evidence has been pro-
vided, among others, by Tversky and Kahneman (1992), Wu and Gonzalez (1996), Wu
and Gonzalez (1998), Abdellaoui (2000), Jullien and Salanié¢ (2000). Fewer studies exist
for loss probabilities; evidence was given by Hogarth and Einhorn (1990), Tversky and
Kahneman (1992), McClelland, Schulze, and Coursey (1993), Abdellaoui (2000), Etchart-
Vincent (2004), and Abdellaoui, Vossmann, and Weber (2005).

In many empirical studies only binary prospects are considered. In that case, observing
decision weights which exceed the objective probabilities are interpreted as overweighting,
while decision weights which are below objective likelihood are viewed as underweight-
ing. This interpretation is focusing on the effect of absolute likelihood of outcomes on
probability perception rather than the marginal effect (i.e., the decision weights). A little
reflection reveals that for binary prospects overweighting and underweighting cannot be
distinguished from optimistic and pessimistic behavior. The latter therefore gives a more
accurate interpretation of probabilistic attitudes because it is independent of the nature
of prospects.

The afore mentioned marginalistic and absolutistic interpretations of the shape of the
weighting functions seem to have their origin in the distinct prospect theories. Original
prospect theory (Kahneman and Tversky 1979) agrees with modern prospect theory (Tver-
sky and Kahneman 1992) if binary prospects are considered. But the models may differ
if more complex prospects are employed (for a recent discussion see Wu, Zhang and Ab-
dellaoui 2005, and L’Haridon 2006). The former was developed only for simple prospects
involving at most two non-zero outcomes, and the prospects used in its empirical founda-

tion were binary ones. Modern PT took into account developments regarding probability



weighting initiated by Quiggin (1981, 1982) and Schmeidler (1989), and therefore applies
to general prospects. So, a distinction between the marginal and absolute analysis of prob-
abilistic risk attitude is not possible for original prospect theory, but it is for modern PT
as outlined above.

The picture on risk attitudes under PT is not fully accounted for, unless one discusses
loss attitude. Because of its importance, I devote the next section to this phenomenon,
even though in a discussion on risk attitude under prospect theory it appears unnatural

to separate loss aversion from the former aspects of risk attitude.

3 The Approaches to Loss Aversion

The third component of risk attitude under prospect theory is loss aversion. In my view,
it is this aspect of the theory that accounts largely for the success and popularity of the
model. However, while the modern prospect theory has incorporated theoretical develop-
ments regarding probability weighting (rank-dependence), for quite some time loss aversion
remained a theoretically nonexamined feature. Recall that Tversky and Kahneman (1992,
p. 303) adopted loss aversion as a feature of marginal utility (i.e. U'(z) < U'(—x) for
all z > 0) as was concluded in original prospect theory (Kahneman and Tversky 1979),
and the subsequent literature followed this “utilitarian” interpretation of loss aversion
(Wakker and Tversky 1993, Bowman, Minehart and Rabin 1999, Starmer 2000, Neilson
2002, Schmidt and Traub 2002, Kébberling and Wakker 2005, Abdellaoui, Bleichrodt and
Paraschiv 2007). Therefore, loss aversion was understood as reconciling only the risk
attitudes for gains and for losses that are captured by utility.

It must also be noted that Tversky and Kahneman (1992) highlighted the adoption of
two weighting functions for the probabilities of gains and the probabilities of losses as a
distinctive feature of modern PT. But what is it that justifies having two separate weighting
functions to model sensitivity towards probabilities if it is not the sign of the associated
outcomes? If the perception of probability is independent of the sign of outcomes, then
having two distinct weighting functions under prospect theory seems conceptually void. So,
the sign of outcomes matters for utility as well as for probability perception, and if utility
captures risk attitudes towards outcomes and probability weighting captures probabilistic

risk attitudes, then it seems natural to have loss aversion reconciling differences between



the two probability weighting functions in addition to the asymmetric effects captured
by utility. This then also means that rank-dependence, which is an important aspect of
modern PT, will also play its part for loss attitude.

Theoretically, it seems quite natural to compare the two probability weighting functions
because they apply to the same domain (i.e., the probability interval), and then attribute
any difference in probability perception to loss attitude. Edwards (1962) and Hogarth and
Einhorn (1990) also argued that probability perception may well depend on the sign or size
of outcomes (see also Einhorn and Hogarth 1985, 1986). They summarized early empirical
evidence and also provided additional experimental support for this thesis. In prospect
theory, the only plausible source for such differences in probability weighting is the sign of
the outcomes. This argument cannot apply to utility because gains and losses are separate
domains within the set of outcomes. So, when comparing the outcome sensitivity for gains
with that for losses one cannot exclude that differences are, at least in part, caused by
what Kobberling and Wakker (2004) coined basic utility instead of being caused by loss
attitude. This makes the utilitarian interpretation of loss aversion, although simple and
for many purposes practical, a problematic one.

There is also a different criterion that must be taken into account when analyzing
loss attitudes under prospect theory. For a descriptive theory it is important to model
observed choice behavior, and therefore and in particular for prospect theory, loss averse
behavior. Assuming that probability weighting has no influence on loss attitude one can
easily generate plausible weighting functions and a utility that is steeper for losses than
for gains within a prospect theory model that implies the opposite, gain seeking, behavior
(see Schmidt and Zank 2005). From a descriptive point of view this is not satisfactory. It
should be noted that, accounting for different probability weighting functions will avoid
such counter-intuitive predictions.

It seems therefore reasonable to reconsider the intuition of loss averse behavior in
original prospect theory and to extend that notion in a way that is compatible with the
empirical evidence and theoretical advances on utility and probability weighting. Two
potential ways to proceed emerge: an approach reconciling absolute effects under loss
attitude and an approach reconciling marginal effects. At this stage it is worth noting
that, in view of the discussion regarding utility and probability weighting presented in the

preceding section, a clear distinction between the absolute and the marginal interpretation
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of loss aversion has emerged under both versions of PT. The statements “losses weigh
heavier than gains” (i.e., U(x) < —U(x) for all z > 0, see Starmer 2000) and “utility
is steeper for losses than for gains” (i.e., U'(x) < U'(—z) for all x > 0, see Wakker and
Tversky 1993) reflect precisely these two interpretations in the analysis of loss attitude.
What is missing in these analyses is the incorporation of probability weighting.

Recall, that Kahneman and Tversky (1979, p. 279) motivate loss aversion with the
observation that individuals dislike symmetric 50-50 prospects (the absolute account of
loss aversion), and further, that the aversion to such prospects increases with the absolute
size of the outcomes (the marginal account of loss aversion). So, in the component of loss
aversion referring to the size of outcomes, what deters is the fact that there is a possibility
(i.e., an event with positive probability) of losing an amount and this event cannot be
compensated by the possibility of gaining that same amount. The component of loss
aversion referring to changes in outcomes says that additional potential losses vis-a-vis
additional potential gains of similar magnitude strengthen the aversive behavior. Observe
that, beyond the symmetry in outcomes and the symmetry requirement for probability,
such prospects do not offer the possibility of compensating losses otherwise. In contrast to
choice under certainty (Kahneman and Tversky 1991), the possibility (but not certainty)
of obtaining losses is relevant for the analysis of choice behavior under risk. Once this is
recognized, it seems natural to include probability weighting into loss aversion. This is

done formally in the next section.

4 Loss Averse Behavior and Prospect Theory

This section will pay attention to the implication for prospect theory of three features of
behavior. First, there is the unwillingness to take on prospects in which with the same
probability the same amount can be won and can also be lost. Second, increments in the
symmetric stakes of such prospects results in even more aversive behavior. A third aspect
of behavior is added into the debate: the aversion to symmetric prospects increases also
as a result of increased likelihood of the symmetric stakes. Therefore, the intuition that
underlies loss aversion (Kahneman and Tversky 1979) is extended and formalized.

Two new definitions of loss aversion are proposed and their implications for modern

prospect theory are discussed. In particular, the compatibility of the new definitions with
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existing evidence on probability weighting is explored.
The aversion to symmetric prospects suggests the following condition for choice behav-

ior:

DEFINITION 1 A preference relation = exhibits absolute loss aversion if for all probabilities
0 < p < 1/2 and all outcomes x > 0 the relation (1,0) > (p,z;1 — 2p,0;p, —z) holds.
Absolute gain seeking behavior (insensitivity) holds if the previous preferences are reversed

(replaced by indifference, ~).

As a first remark, note that if p = 1/2 is set in the above definition, then one obtains
the condition of aversion of symmetric 50:50 prospects quoted in Kahneman and Tversky
(1979, p. 279). The above definition maintains three symmetry requirements. The first
refers to the magnitude of outcomes: gains and losses are of the same size; the second
requirement refers to the likelihood of outcomes: gains and losses are equally probable;
and the third requirement refers to the rank of outcomes: gains and losses are always
the extreme (i.e., best and worst, respectively) outcomes, so, within the corresponding
domain, of the same rank.

Substituting the PT function for the preference in the previous definition implies
wr(p)U(z) < —w™ (p)U(-2)

for all 0 < p < 1/2 and all x > 0. An alternative notation is

> 1 (2)

for all 0 < p < 1/2 and all z > 0, if all ratios are well defined. Observe that in this
latter inequality the utility ratio depends solely on the outcome x > 0, and the ratio of
weighted probabilities solely on 0 < p < 1/2. This is natural for prospect theory because
the risk component captured by utility is independent of the risk component captured by
probability weighting. So, absolute loss aversion combines two measures. The first relates
the absolute utility of a loss with that of an equally sized gain, and the second relates the
probability weight of a loss with the probability weight of an equally likely gain.

If w™ intersects w' at some 0 < p* < 1/2, then (2) implies that, in terms of utility,
losses weigh heavier than corresponding gains, i.e., —U(—xz)/U(z) > 1 for all > 0. This

occurs, for example, if one assumes that the inverse-S weighting functions are from the
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family used in Tversky and Kahneman (1992),

_ p
’UJ(p)—[ 7O<7<17

p’+ (1 —p)|/
and one takes their estimated v+ = 0.61 and v~ = 0.69.

Similarly, if the functions —U(—(+)) and U(+) intersect, as would be the case if power
functions of distinct powers were assumed, then the weighting functions for losses would
exceed the weighting function for gains for probabilities 0 < p < 1/2.

In general, absolute loss averse behavior does not imply that the utility based measure
of loss aversion, —U(—xz)/U(z), exceeds 1. Hence, one may observe absolute loss averse
behavior with a utility such that gains weigh heavier than losses if the weighting function
for losses sufficiently exceeds that for gains. Inequality (2) only requires that both the
utility ratio and the ratio of weighted probabilities are bounded from below, such that
their product exceeds 1. For practical reasons, having a bounded measure of loss aversion
is important. As a consequence, the power utility function proposed in Tversky and
Kahneman (1992) is not suitable for measuring absolute loss aversion because, unless the
power for gains equals the power for losses, the ratio of utilities either approaches 0 or
infinity for arbitrary small outcomes. This drawback of the power utility in measuring loss
aversion has also been pointed out in Kobberling and Wakker (2005), who demonstrated
that an exponential form for utility does not exhibit such difficulties.

In much analogy to the inappropriateness of power utility for loss aversion it turns
out that absolute loss averse behavior puts some constraints on the parametric forms used
in the estimation of the probability weighting functions. Next, I discuss these implica-
tions for some families of inverse-S shaped weighting functions under prospect theory.
The functions considered are the one-parameter family of Tversky and Kahneman (1992),
the two-parameter family of Goldstein and Einhorn (1987) and Lattimore, Baker and
Witte (1992), the two-parameter family of Prelec (1998), and the two-parameter family of
Diecidue, Schmidt and Zank (2006).

By inspecting the behavior of the probability ratio in (2) for p approaching 0, we
observe, for the Tversky and Kahneman weighting functions, that

- - 1 — )Y 11/
p—0,p>0 w+(p) p—0,p>0 [p’y + (1 — p)’y ]1/’7

1 =0,ify >oT.

Hence, the relationship v~ < ~7 follows if (2) is assumed.

13



For the Goldstein and Einhorn parametrization,

opY

wlp) = op” + (1 —p)

=7 €(0,1),6 >0,

it follows similarly that v~ < ~* if (2) is assumed.

For the parametric family of Prelec,
w(p) = exp(=d(—1Inp)7),v € (0,1),0 >0,

assuming (2) the relationship v~ < % (or v~ =~%,0~ < 1) is implied.

For the Diecidue, Schmidt and Zank switch-power weighting functions,

S, ifo<p<$
w<p): 75776 (07 1)7
1—(1=8)"1-p), ifd<p<1

which are concave up to the fix point ¢ and then convex, it follows that v~ < 4 holds if
(2) is assumed.

For all the above families of weighting functions, the restriction v~ < ~* implies that
w™ is above w* for small probabilities. One could interpret this as “the same likelihood
if associated with a loss weighs more heavily than if it is associated with a gain of the
same size.” This statement, however, may not be valid for all probabilities if the above
parametric forms are used.

At first glance, focusing only on estimated parameters, it appears that the requirement
~~ < ~* for the above families of weighting functions is not supported by empirical
findings. Taking the parameter estimates of Tversky and Kahneman (1992), v© = 0.61
and v~ = 0.69, one observes that the relationship v~ < 4" is violated, suggesting that
(2) is too demanding. Note, however, that for moderate probabilities these parameters
still imply that w™ is above w*. But a closer examination of related empirical evidence
reveals that the Tversky and Kahneman weighting functions my not be appropriate for
an analysis of the difference in the weighting of probabilities of gains and the weighting of
probabilities of losses. For example, Abdellaoui (2000) found similar parameter estimates
for the Tversky and Kahneman weighting function (y* = 0.6 and v~ = 0.7) but estimated
also the parameters of the Goldstein and Einhorn weighting function (y* = 0.6, 6" = 0.65
and v~ = 0.65, 6~ = 0.84). The extra flexibility resulting from the additional parameter

3A further upper bound constraint applies to J to ensure concavity for small probabilities: § < (y —

Inp —1)/[y(=1np)?] for all p € (0,p*), p* > 0 arbitrary small.
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shows that, although v~ < 4% is violated, only for very small probabilities (e.g., 0 <
p < 0.006) is the gain weighting function above the loss weighting function. Further, the
data in Abdellaoui (2000) suggests that the curvature parameters v~ and % do not differ
significantly, and that the difference in the weighting functions is captured mainly by the
elevation parameters 4t and 0. Beyond their role for the analysis of probabilistic risk
attitudes (see Wu and Gonzalez (1996) and Gonzalez and Wu (1999) for a discussion),
this finding highlights the importance of the afore mentioned weighting functions which
involve two parameters for the analysis of loss averse behavior. In particular, clarifying
on the potential role of the elevation parameter for loss averse behavior calls for further
empirical and theoretical investigation.

Abdellaoui (2000) is, to my knowledge, the only study that looked specifically at the
difference between the gain and the loss weighting function without invoking parametric
specifications for the latter. Abdellaoui (p. 1507) notes that the loss weighting function
is significantly above the gain weighting function, supporting the view that people are
more sensitive to probabilities of losses relative to probabilities of gains.* Combined with
inequality (2) this means that the utility ratio between a loss and a comparable gain,
typically used to measure loss aversion, may underestimate the true degree of loss aversion.

Rewriting inequality (2) as

> 1, forall 0 <p<1/2andall x>0, (3)

indicates that w~ being above w™' leads to an upward adjustment of the utility based
measure of loss aversion by the “probability based measure of loss aversion” w™(p)/w™ (p).
How large this adjustment should be needs to be determined by further empirical stud-
ies. A rough estimate using the ratio of the elevation parameters estimated in Abdellaoui
(2000) gives an adjustment factor of approximately 1.29. As I argue below, this pragmatic
measure results by combining absolute loss aversion with the Goldstein and Einhorn para-
metrization under prospect theory.

The left term in inequality (3) can be used to derive an index of absolute loss aversion.
Following Kobberling and Wakker (2005) one may specify the utility index of loss aversion

as the ratio of marginal utility at the reference point, U’(0_)/U’(0, ), whenever this ratio is

4In a related study, Etchart-Vincent (2004) provides evidence for the probability weighting function

elicited using large losses being significantly above that elicited using small losses under prospect theory.
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well defined.> One may then define the probability index of loss aversion as the maximum
of the ratio w™(p)/w*(p) for 0 < p < 1/2, if an upper bound for w™(p)/w*(p) exists.
Or, in analogy to the utility index of loss aversion, one can define w~'(0,)/w*’(0;) as the
probability index of loss aversion, if this ratio is well defined.

Both definitions for the probability index of loss aversion will hinge upon the behavior
of the weighting functions at 0. For the parametric forms discussed before, these indices
are not well defined, except if v~ =~" =14 (v~ =~ and §~ = ¢ in the case of the
Prelec weighting functions). If the latter holds, then the Tversky and Kahneman and
the Prelec weighting functions give a probability index of loss aversion equal to 1 as a
consequence of w*(p) = w™(p) for all p. The Goldstein and Einhorn weighting functions
lead to w™'(04)/w*'(04) = 6~ /6%, and therefore also the maxg<,<1/2[w™(p)/w*(p)] on
the closed interval [0,1/2] is well defined. Similarly, the Diecidue, Schmidt and Zank
weighting functions lead to w™(0)/w™(04) = (6= /67)'7, and note that in this case the
maxo<,<1/2(w” (p)/wt(p)] is also equal to (6~ /67)1 7.

Summarizing the analysis thus far, it can be concluded that absolute loss averse be-
havior is compatible with general PT preferences and with the empirical evidence on
probability weighting. The overall degree of absolute loss aversion is the product of two
indices, one utility based measure of absolute loss aversion and a new probability based
measure of absolute loss aversion. For some parametric specifications of utility and weight-
ing functions the individual indices of loss aversion are not well defined. As pointed out
in Kébberling and Wakker (2005), this suggests that new parametric forms for utility
are warranted. As indicated above, this conclusion can be extended to the probability
weighting functions.

I now turn to the impact on absolute loss aversion caused by joint increments in the

equally likely symmetric outcomes or by joint increments in their equal likelihood.
DEFINITION 2 A preference relation = exhibits marginal loss averse behavior if

(¢,9;1—=2¢,0;¢,—y) = (¢ +p,y +2;1 —29 —2p,0; ¢+ p, —y — )

holds for all probabilities ¢ > 0, and p such that 0 < g+p < 1/2 and all outcomes y > 0, x >
0, with a strict preference whenever p or x are positive. Marginal gain seeking behavior

(insensitivity) holds if the previous preferences are reversed (replaced by indifference, ~).

5The subsripts “+” and “—” indicate left and right derivatives, respectively.
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One can observe that marginal loss averse behavior does not require absolute loss
averse behavior. But notice that the three symmetry requirements regarding size, rank
and likelihood of the symmetric outcomes, mentioned after Definition 1, are maintained.
Under prospect theory, which satisfies comonotonic independence, one could replace in
both prospects the common (1 — 2¢ — 2p)-chance of retaining the reference point with a
common (1—2¢—2p)-chance of getting any outcome between —y and y. It seems, however,
natural to keep the reference point as the common outcome in the definition above due to
its special role in demarcating gains and losses.

Next, two implications for prospect theory of marginal loss averse behavior are an-
alyzed. The first results by setting p = 0 in the previous definition, when one obtains
increased aversion due to equal marginal increments in the symmetric stakes. This is pre-
cisely the second aspect of loss aversion pointed out by Kahneman and Tversky (1979).

Substitution of prospect theory implies

wH(QU(y + ) = Uly)] < w (q)[U(=y) = U(=y — x)], (4)

for all 0 < ¢ < 1/2 and all y,x > 0. One observes that the discussion presented prior
to Definition 2 concerning the weighting functions applies here as well, but note that the
resulting consequences now apply to the ratio of marginal utilities at similar sized losses
and gains, respectively.

Recall that the empirical evidence regarding the curvature of utility under prospect
theory can be summarized as concavity for gains and convexity for losses (see Abdellaoui,
Bleichrodt and Paraschiv 2007) with a kink at 0. Although the picture is less clear-
cut for losses, it appears that utility is closer to linear for losses than it is for gains,
suggesting that utility diminishes slower for losses than for gains, hence, that utility is
steeper for losses than for gains over a significant domain of outcomes. Inequality (4)
qualifies this asymmetric diminishing sensitivity property by requiring that the weighted
marginal utility for losses exceeds the corresponding weighted marginal utility for gains,
whereby the weights used are the ones generated by the corresponding weighting function.

If in addition to the marginal utility for losses exceeding the marginal utility for gains
we have w™ is above w™, as discussed following Definition 1, then inequality (4) is trivially
satisfied. This suggests that the existing evidence on probability weighting and utility
curvature drawn from separate sources may well support the aspect of marginal loss averse

behavior that refers to changes in symmetric outcomes. In a recent study Brooks and

17



Zank (2005) fixed ¢ at 1/3 and 1/4, respectively, and found that more than half of their
participants exhibited more aversive behavior when the symmetric stakes within a prospect
increased, while roughly a quarter of the participants were exhibiting the opposite behavior.

The second implication of marginal loss averse behavior concerns the new aspect re-
ferring to the effect on preferences of equal marginal changes in the probabilities of the
symmetric outcomes. This results by setting x = 0 in Definition 2, in which case one
obtains that the absolute loss averse behavior is aggravated if the symmetric outcomes of

a prospect become more likely. Substitution of prospect theory implies that

[w (g +p) —w (U (y) < —[w (g +p) —w (9)]U(-y), (5)

for all probabilities ¢, p > 0 such that 0 < ¢ +p < 1/2 and all y > 0.

Suppose that for some small y > 0 and small ¢ > 0 one observes
(1,0) = (¢, 431 — 24,0, ¢, —y),
hence, ‘local’ absolute loss aversion. Then, substitution of PT and inequality (4) implies
(1,0) = (q,y + 231 = 2¢,0;¢, —y — @),

for all x > 0, hence absolute loss aversion for fixed q. A subsequent substitution of PT
together with inequality (5) then implies that absolute loss aversion holds.

So, absolute loss averse behavior is obtained in the presence of marginal loss averse
behavior under prospect theory. This observation shows that if the index of absolute loss
aversion [w™'(0,)U’(0_) /U’ (04 )w™ (04 )] exceeds 1, then marginal loss aversion is sufficient
to imply absolute loss averse behavior, indicating that the former index is a plausible

measure of loss aversion.

5 Conclusion

Modern prospect theory incorporates several features that have contributed to the popu-
larity of the theory. It has received sound preference foundations and it can explain many
relevant phenomena where other theories struggle to convince (Starmer 2000, Kahneman
and Tversky 2000, Barberis and Thaler 2003, Camerer, Loewenstein and Rabin 2004).
The distinction of outcomes into gains and losses has been a crucial step in understanding

and formally modeling risk attitudes. The decomposition of risk attitude into utility and
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probability weighting through rank-dependence has been another important development.
The modern version of prospect theory combines the distinction of outcomes into gains and
losses elegantly with rank-dependence, and thereby offers a compelling account of human
choice behavior. The debate on loss aversion has not yet lead to a commonly agreed upon
formal definition for this concept. Earlier studies regarded utility as the sole carrier of loss
attitude. The recent study of Kébberling and Wakker (2005) argued that loss attitude is
a third independent aspect of risk attitude alongside utility and probability weighting. In
this paper, I have argued that loss aversion can be observed from choice behavior, and
that the afore mentioned developments regarding the sign and the rank of outcomes are
relevant for loss attitude. For prospect theory this means that risk attitudes for gains are
reflected for losses through the magnifying glass of loss aversion which enlarges all sensi-
tivity, the one captured by utility and the one captured by probability weighting. While
the empirical results on utility curvature have received a good account, there seem too few
studies on probability weighting for losses in order to verify the proposed measures of loss
aversion. As such the claim that probabilities of losses are weighted heavier than similar
probabilities of gains, which has been uncovered as a plausible and potentially meaningful

aspect of loss aversion, remains a hypothesis rather than a definite conclusion.
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