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Abstract

This paper provides aformalization of reference dependence, initial wealth, and find
wealth, concepts that are central in the distinction between classical expected utility
and prospect theory. The formalization will clarify some misunderstandings about
Rabin’s calibration paradox for expected utility. Cox & Sadirg (2005) argued that
Rabin's paradox can easily be explained in terms of utility of income, which descibes
outcomes as changes with respect to a given level and which they consider part of
expected utility, and that paradoxes similar to Rabin’s apply to prospect theory and
other theoriesaswell. Our formalization shows that utility of incomeis part of
prospect theory and not of expected utility, that utility of income was suggested by
Rabin himself as the most plausible explanation of his paradox under the term loss
aversion, and that the "similar" paradoxes for prospect theory are, contrary to Rabin's

paradox, based on empirically implausible assumptions so that they have no bite.

JEL Classification: D81, C60
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1. Introduction

This paper formalizesinitial wealth, final wealth, and reference dependencein
expected utility and prospect theory. The formalization is applied to Rabin’s (2000)
calibration paradox for expected utility. Rabin did not formalize the concepts
mentioned so as to be maximally accessible to awide audience. In view of the
continued misunderstandings about his paradox, however, aformalization is
warranted at this stage. One widespread misunderstanding concerns the utility of
income, aterm often used for the modeling of outcomes as changes with respect to a
given level. Utility of income is often believed to be part of expected utility. That
thisis not so is demonstrated for instance in Corollary 4.6 below, showing that, for
utility of income, risk aversion need not imply concave utility. Utility of incomeis
nothing other than reference dependence of prospect theory, and entails a major
breakaway from expected utility.

The formalization of this paper will reveal that the criticism of Rabin's (2000)
calibration theorem by Cox & Sadirg (2005; CS hereafter) is based on
misunderstandings as described above. Rabin’s paradox remains avalid descriptive
criticism of expected utility. His paradox illustrates particularly clearly that there are
many problems with the classical economic modeling of risk attitude through utility

curvature.
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2. Theinnocuousrole of initial wealth under expected utility in terms

of final wealth

We first introduce notation. Capital |, the initial wealth, denotes the value of all
assets possessed by an agent prior to a choice now considered. For simplicity, | is
assumed monetary and deterministic. Outcomes, with generic notation x,y, etc. are
monetary (real numbers). For each outcome X, the corresponding final wealth is [+x.
Outcomes, thus, designate changes relative to initial wealth. Prospects are probability
distributions over outcomes. By (p:X, ¥) we denote the prospect yielding outcome x
(final wealth 1+x) with probability p and outcomey (final wealth I+y) with probability

1-p. We equate an outcome x with the prospect of receiving x with certainty. >
denotes preferences over prospects given initial wealth I, with > etc. as usual.

Expected utility holdsif there exists a utility function U* such that the preference
relation > maximizes the expectation of U* over final wealth. For example, the >
preference-value of prospect (p:x, y) is pU* (I+x) + (1-p)U*(1+y). Preferences are not
affected if some amount is added to | and the same amount is subtracted from all
outcomes of all prospects, because such an operation does not affect the final wealth
positions involved.

| is considered a characteristic of the agent in the same way as age, gender, etc.
are, many of which we do not even know but take as fixed given the agent. That is, |
is usually assumed constant. In thisrespect I, the constant indicating initial wealth, is
different than r, the reference point that will be introduced in Section 4. Thisr will
not be constant during the analysis, and preferences will then no longer depend solely

on the generated final wealth.
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Because it is inconvenient to always denote |, and we often do not even know it
but only assume that it is constant, | is suppressed from the notation in virtually all
applications of expected utility." We then write U(x) instead of U*(I1+x), and >

instead of =,. Expected utility equals the expectation of U with respect to the prospect

when expressed in terms of outcomes. Although outcomes designate a change of
wealth and not final wealth, we nevertheless say that outcomes are in terms of final
wealth in this and the following section, because for every agent every outcome x in
our analysisis uniquely related to afinal wealth position [+x. To emphasize this
point, we sometimes say expected utility in terms of final wealth instead of the shorter
but equivalent expected utility.

Risk aversion indicates preference for the expectation of a prospect over that
prospect. The following, trivial, variation of classical results, stated under the usual
assumptions such as completeness of preference over the entire domain, is given for
the sake of comparison. It illustrates the innocuous role of the constant I, and of the
substitution of U for U*. Dropping the constant I, and replacing U* by U, amounts to

nothing more than a convenient rescaling of outcomes.

Observation 2.1. Under expected utility with constant I, risk aversion is equivalent
to concave U aswell asto concave U*. Higher risk premiums correspond to higher

values of —U""/U" aswell asto higher values of —-U*""/U*". O

! An exception can be found in parametric fittings of power utility x*™/(1-r) ("constant relative risk
aversion"), where for r = 1, as commonly found in finance and macroeconomics, utility is not defined at
x=0. Then often an extra parameter 1>0 isintroduced, and utility is (x+1)*™/(1-r). | isthen often
interpreted asinitial wealth (Beetsma & Schotman 2001). Other exceptions concern explicit studies of

the dependence of risk attitudes on wealth (Guiso & Paiella 2003).
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3. Rabin's paradox for expected utility in terms of final wealth

The following preference displays (at least) moderate risk aversion in the
neighborhood of outcome O. It isfound for most individuals in many samples, at all

common levels of initial wealth I:

0>, (0.5:+11, -10) . (3.2)

Therefore, the following assumption is plausible.

RABIN'S EMPIRICAL ASSUMPTION. For the common individual, Eq. 3.1 holds not only
for their actua level of initial wealth, but it would also hold had the individual been at

any other common level of initia wealth. O

For simplicity, we will not formalize what “common levels of initial wealth” are.
Any accepted interval of length, say, 5000, of such levels suffices for the following
analysis. Thefirst step in establishing Rabin’s paradox concerns the derivation of the

following preference for “many” nonzero x from his empirical hypothesis:

X > (0.5:x+11, x-10) . (3.2

Observation 3.1. Under expected utility in terms of final wealth, Rabin's empirical
assumption implies that Eq. 3.2 must also be empirically prevailing for many values

of x and common levels of initial wealth I.



124 Proof. Consider the choice between x and (0.5:x+11, x—10) asin Eq. 3.2, with

125 nonzero x, for agiven agent. If we subtract x from all outcomes of all prospects, and
126 additto I, then preferences should not be affected, |eading to the prospects of Eq. 3.1
127  with, however, initial wealth I+x instead of I. Aslong asthislevel belongs to the
128 common levels, the preference for safety in Eqg. 3.1 isprevailing. Hence, soit doesin
129  Eg. 3.2. Note how the between-agent assumption of Eq. 3.1 led to Rabin's within-
130 agent empirical assumption, and then to the within-agent assumption in Eq. 3.2. O
131

132 If we observe Eqg. 3.1 for an individual at some| = 5000 and add the widely

133  accepted hypothesis of decreasing absolute risk aversion, then Eq. 3.1 holds for this
134  individual at al lower levels of initial wealth, and Eq. 3.2 holds for al x and | ranging

135 over[10, 2400] and more. Under expected utility, EQ. 3.2 implies that
136 U(x+11) - U(x) < U(x) - U(x-10). (3.3)

137  For concave utility it follows that U'(x+11) < (U(x+11)-U(x))/11 (the average
138  marginal utility over theinterval [x,x+11]) < (because of Eq 3.3) 10/11 x
139  (U(x)-U(x—10))/10 (the latter fraction isthe average margina utility over the interval

140 [x-10,x]) <10/11 x U'(x—10). Hence, over the range where Eq. 3.3 holds, U drops
141 by afactor of at least 10/11 over each interval of length 21. Over intervals of length
142 2100, U” must drop by afactor of at least (10/11)*® = 0.000073. This geometric

143  decay istoo strong, leading to empirically absurd risk aversion. Thisimplication

144  constitutes Rabin’s paradox. At least one of the assumptions that led to it must be
145 empiricaly invalid. Because Rabin's empirical assumption is empirically convincing,
146  at least one of the assumptions of expected utility in terms of final wealth must be

147  empirically invalid. The next sections consider two such assumptions.
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4. Refer ence dependence as a fundamental breakaway from the

classical paradigm

Whereas from the perspective of classical expected utility in terms of final wealth
thereisno real difference between Eq. 3.1 holding for many | and Eqg. 3.2 holding for
many X, and critics of Rabin (2000) often did not distinguish between these claims,
the difference will become crucial in this section. Under reference dependence, a new
parameter r is introduced, the reference point, which depends on factors yet to be
specified. This new parameter considerably increases the generality of the theory in a
manner useful for descriptive purposes. Unfortunately, as aprice to pay, it dso
Increases the complexity of the theory. Reference dependenceis usually considered
not to be normative.

The reference point r is to be distinguished from the initial wealth | from the
preceding sections. Unlikel, r varies within an individual between different choices,
and need not be constant during the analysis. The variable r does not serve to capture
al assets of theindividual asdid |, but it captures psychological framing heuristics
used by theindividual. An outcome X now corresponds to final wealth [+r+x. The
interpretation is that the agent takesr, i.e. final wealth I+r, as reference point, and x as
change with respect to that reference point. Outcomes here should be distinguished
from outcomes in the preceding section. They now designate changes with respect to
the reference point, and are no longer uniquely related to final wealth because of the
intervening role of the variabler. The following figureillustates the relations between

final wealth, r, |, and outcomes.
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172 decomposition  interpretation evaluation
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F final wealth U*(F)
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classical ;
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FIGURE. Decompositions of final wealth.
180
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182 In Section 5, we will consider deviations from expected utility due to probability
183  weighting p — w(p) for anonlinear transformation w. To clearly distinguish the
184  analysis of this section from that of Section 5, we display the following assumption,
185  made throughout this section.

186

187 Assumption 4.1. Theweighting of probabilitiesislinear asin expected utility. O

188
189 We remode the choicein Eq. 3.2, maintaining the same final wealth, as
190 u(r, x-r) > 0.5x U(r, x+11-r) + 0.5x U(r, x=10-r). 4.1)

191  Now utility U depends on two variables, r and x (besides the constant | that is
192  suppressed). Kahneman and Tversky used the symbol v instead of U, and proposed
193 theterm vaue function instead of utility function, to emphasize that their concepts are

194 moregeneral. To stay closer to economic traditions, | will continue to use the term
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195  utility function and the symbol U, in the same way as | continue to use the term

196 outcome even though the meaning now is more general. Utility and outcomes of the
197  preceding sections can be considered the special case wherer is kept constant (equal
198 to0), andrisnot expressed in notation. Under reference dependence, we do assume
199 that r isthe same for all outcomes in one choice situation.

200 Loss aversion entails, loosely speaking, that U(r,x) as a function of its second
201  argument is steeper for negative arguments x (losses) than for positive ones (gains). It
202  can beinterpreted as extreme concavity of utility at x = 0, with a nondifferentiable
203  kink there. A moderate degree of loss aversion suffices to explain Rabin's empirical
204  assumption under the plausible assumption of r = O there, so that the reference point
205  correspondsto initial wealth in that choice situation.

206

207  Observation 4.2. Thederivation in Observation 3.1 of Eq. 3.2 from Rabin's

208  empirical assumption fails under reference dependence and loss aversion.

209

210 Explanation. Inthe proof of Observation 3.1, it is plausible that the agent at initial
211  wedth I+x instead of |, when faced with the two optionsin Eg. 3.1, continues to have
212  r =0, so that the reference point then corresponds to final wealth 1+x and not to final
213 wedth| asin Eqg. 3.2. The outcomes, i.e. changes with respect to the reference point,
214 will then be O for the safe option, and 11 and —10 for the risky option, again different
215  from the changes x, x+11, and x—10 in Eq. 3.2. The choices in the two situations
216  concern different reference points and different outcomes and, obviously, need not
217 agree. Thesafe choicein Eqg. 3.1 no longer impliesthe safe choicein Eq. 3.2. O

218
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The following example, similar to Sections 2.2 and 3.1 of CS, illustrates the

above observation.

Example 4.3. Take utility U(r,x) =r+x for x = 0and U(r,x) =r + Ax for x <O with A
> 11/10, the latter consistent with the common empirical findings of A =2. Then Eq.
3.1in Rabin'sempirical assumption is satisfied but Eq. 4.1 and, hence, Eq. 3.2 are
violated for al x = 10 (avoiding losses) when always r=0 is taken in these choices.

Rabin's empirical assumption Eg. 3.1 does not imply Egs. 3.2and 4.1. O

We conclude that Rabin’s paradox can be accommodated by |oss aversion,
without implying extreme behavior of U. Thisreasoning formalizes the argument in
the last paragraph of Rabin (2000). It accommodates Eq. 3.1, but not Eq. 3.2.2
Hence, the explanation of Rabin's paradox solely in terms of loss aversion needs the
reasoning of Observation 3.1 to generate the expected-utility paradox. The following

observation istrivial, but is presented for the sake of comparison.

Observation 4.4. Let Assumption 4.1 hold. Then for choices restricted to any fixed
reference point r, with further the usual assumptions such as compl eteness of

preference over the entire domain, the classical results of expected utility remain true,

with risk aversion equivalent to a concave utility function U(r,-), with higher risk

premia corresponding to higher values of —U(r,")”"/U(r,)’, etc. O

2 If we assume that U* (1+x) = U(x) = x*® and r = 0, then Eq. 3.2 is satisfied for x < 14 but violated for

X = 15.
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The increased generality of r, obviously, shows up only if we consider variations
of r. Thefollowing theorem illustrates thisincreased generality. Thevariationsinr
then reveal that the usual assumption of completeness of preference over the entire
domain of prospects can easily be violated. Consequently, risk aversion need no
longer imply concave utility. Thisfinding illustrates once more that reference
dependence with avariable parameter r entails afundamental breakaway from
expected utility. It aso illustrates the different role for r than for the constant

parameter | (compare Observation 2.1).

Theorem 4.5 [Risk Aversion Explained by Loss Aversion with possibly nonconcave
utility]. Let Assumption 4.1 hold. Assume that an agent, whenever choosing between
arisky prospect and a sure amount corresponding to final wealth |1+y, takes reference

point r =y. Assume also that utility is always steeper for losses than for gains, i.e.
u’(r,/) =U’(r,g) for all r and all # <0 < g (derivative with respect to the second

argument). Then risk aversion holds, i.e. each prospect is less preferred than its

expectation.

Proof. For the ordering between a sure outcome and the expectation of a prospect
and, hence, for the definition of risk aversion, it does not matter whether we describe
outcomesin terms of final wealth, final wealth minusinitial wealth I, or final wealth
minus | +r for areference point r. Consider a probability distribution P* over find

wealth, and assume that |+y > fodP* for some outcomey. That is, I+y exceeds the

expectation of P*. To demonstrate that risk aversion holds, we have to show that the
sure outcome corresponding to final wealth I+y is preferred to the prospect

corresponding to P*.
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To apply reference dependent theories, we first have to specify the reference
point r. For eachr, define |, such that U'(r,/) = y, = U’(r,g) =0foral /<0<g, and

set U(r,0) = 0. Inthistheorem, it is assumed that the reference point risy (fina
wealth I+r = 1+y). Wewriter instead of y henceforth. Let P be the probability
distribution resulting from P* by subtracting I1+r from all final wealth levels, i.e., itis

the probability distribution over outcomes (changes with respect to the reference point

[+r) corresponding to P*. Because |+y = fodP*, we have 0 2 f[Rde.

The reference-dependent evaluation of Pis I[RU(r,x)dP = IWU(r,x)dP +
[ urx)dP < [ xdP+ | pxdP = pf xdP < p0 < 0=U(r,0). The reference

point is preferred to the prospect, and risk aversion follows. O

The choice of reference point in the above theorem is psychologically plausible
(Herschey & Schoemaker 1985; Johnson & Schkade 1989; Robinson, Loomes, &
Jones-Lee 2001; van Osch & Stiggelbout 2005). The assumption of steeper utility for
losses than for gainsis, obvioudly, less restrictive than concavity of utility. It was
proposed as aformal definition of loss aversion by Bowman, Minehart, & Rabin
(1999). The theorem sheds new light on the richness assumption in Observation 4.4,
of preferences between all prospect pairs being observable from all reference pointsr.
Even though this assumption is commonly made in theoretical papers on prospect
theory, it is less convincing than richness assumptions usually are. This point was
raised by Bleichrodt (2005), who provided the first theoretical analysisto relax this
assumption, involving advanced mathematical derivations.

Theorem 4.5 suggests another empirical point. Probably most of the risk aversion

empirically observed is generated by loss aversion. Because expected utility ignored
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this aspect, it had to use utility to model risk aversion. The sharp kink and concavity
at a point when being a reference point asin Theorem 4.5, was lumped together with
what in fact is close to linearity when that point is not areference point, leading to
overly concave utility functions. These overly concave utility functions were
“misused” to accommodate the risk aversion that isin fact generated by loss aversion.
Empirical evidence supporting this point can be found in Abdellaoui, Bleichrodt, &
Paraschiv (2004). The following corollary of Theorem 4.5 illustrates this point for

expected utility.

Corollary 4.6. Let Assumption 4.1 hold. Under reference dependence, risk aversion

can hold with utility U(r,x) strictly convex both for gainsx > 0 and for lossesx <0. O

Given the generality of reference dependence, with an extra parameter r, the new
phenomena of Theorem 4.5 and Corollary 4.6 should come as no surprise. We

discuss this point further in Section 7.

5. Probability weighting as alter native explanation of Eqgs. 3.1 and 3.2

Asindicated by CS (Section 4.1) and Rabin (2000, penultimate paragraph of
main text), Eq. 3.1 and, in fact, all of Eq. 3.2, can be explained by probability
weighting without reference dependence. To illustrate this point we assume, relative
to Section 4, that r is O throughout this section, and do not denote it in the argument of

U. Eg. 3.2 then amountsto

U(x) > w(0.5)U(x+11) + (1-w(0.5))U(x-10), (5.2
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where w is the probability weighting function.® Under the common parameters found
for prospect theory (Abdellaoui 2000; Bleichrodt & Pinto 2000; Gonzalez & Wu
1999; Tversky & Kahneman 1992), w(0.5) = 0.42 on average. This estimate, together
with any linear or concave utility function, accommodates Eqg. 5.1 and, thus, Egs. 3.2
and 3.1. Again, no extreme behavior of U and no paradoxes are implied.

Because Eq. 3.2 isempirically plausible in itsown right, at least for gains, a
variation of Rabin’s paradox could be devised where not Eqg. 3.1, but all of Eg. 3.21is
taken as the empirical assumption, and then the absurd behavior of utility is derived as
before. Thisvariation of the paradox does not need the reasoning of Observation 3.1.

Thefirst part of this section has demonstrated, in agreement with CS, Section 4.1
and with Rabin (2000, penultimate paragraph of main text), that loss aversion is not
the only factor that can explain Eg. 3.1 and Rabin's paradox, and that expected utility
has more problems. | nevertheless agree with Rabin & Thaler (2001) that loss
aversion, while not the only, is still the main factor underlying Rabin's paradox.
Accordingly, | prefer the version of the paradox presented in Section 3, with only Eq.
3.1 asempirical assumption, to the variation described above. Whereas Eq. 3.2is
aready plausible, Eq. 3.1 is considerably more plausible. Loss aversion generates
considerably more of the risk aversion in EQ. 3.1 than probability weighting does.
Loss aversion is one of the strongest phenomenain the field of risky choice.

Other criticisms of Rabin (2000), by Watt (2002) and Palacios-Huerta & Serrano
(2005), considered the above variation of Rabin's paradox, with Eq. 3.2 instead of Eq.

3.1 asempirical assumption. They criticized the empirical plausibility of Eq. 3.2, not

% CSdenote w as h and apply it to the worst outcome of the prospect, as was common in the first papers
on rank dependence. We use the dual notation where w is applied to the best outcome, asis more

popular today.
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on the basis of these choices, but on predictions regarding these choices derived from
other datain the literature while assuming expected utility. They, thus, did not
consider Eq. 3.1 and Observation 3.1, nor the empirical plausibility of Eq. 3.2 for
many x on the basis of deviations from expected utility such as probability weighting.
CS (Section 4.2) pointed out that the extreme behavior of the utility function is

also implied under probability weighting if Eq. 3.2 can be replaced by
X > (p:x+11, x-10) (5.2

with p such that w(p) = 0.5 (which happens on average for p approximately 0.64), and
If it can be assumed that this equation holds for many x. The same argument was
advanced before by Neilson (2001). The algebraic derivation isidentical to that of
Rabin for expected utility and is, obviously, theoretically correct.

Eq. 5.2 does not entail a paradox though, contrary to Rabin’s finding, because the
premise of Eq. 5.2 holding for many x is not empirically plausible, contrary to Rabin's
empirical assumption of Eq. 3.1. Eq. 5.2 requires considerably more risk aversion.
Under the parametric estimations of Tversky & Kahneman (1992), with U(x) =
U* (1+x) = x*®8, Eq. 5.2 is violated for all x = 15, and common descriptive theories do
not predict it, contrary to Rabin’s Eq. 3.1. It isnot informative to derive implausible
implications for utility from implausible empirical assumptions. CS similarly analyze
preferences x = (0.5:x—=75, x+110) for al x = 75, but such preferences are not
plausible for large x either and, for instance, are not predicted by Tversky &

Kahneman (1992) for x = 175.
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6. Utility of income

Reference dependence has often been used in experimental economics, and right
so given its descriptive realism. It isthen usually referred to as utility of income, for
instance in auction experiments. Unfortunately, it has sometimes been suggested that
utility of income isaminor variation of expected utility, and is best headed under the
expected utility models. One argument advanced is that expected utility when taken
as an abstract mathematical theory does not speak to the nature of outcomes. It then
does not specify whether outcomes are final wealth, are uniquely related to final
wealth, are different for odd minutes on a day than for even ones, are different when
in the left hand than when in the right hand, are different when in your pocket than
when in your hand, etc.

The different ways of modeling outcomes just described may all be equally
interesting to mathematicians, but they are not to economists. Economicsis not an
abstract mathematical theory, but is about human beings and money, and there are
agreed-upon conventions of modeling. Economists are not interested in a currency
that changes from odd to even minutes on a day in the same way as ornithologists are
not interested in so-called blite ravens. Blite ravens have been black up to five
minutes ago and are white thereafter, and were discussed in studies of inductive
reasoning (Goodman 1965). |, and many economists alike, consider expected utility
to berational if outcomes are monetary in terms of final wealth, but not if outcomes
are twice the dollarsin your right hand plus once your dollars outside your right hand,
and neither if outcomes are changes with respect to a (nonfixed) reference point.

In particular descriptive circumstances, r=3$5 in the pocket and x=$15 in the right

hand can be perceived differently than r=$10 in the pocket and x=%$10 in the right
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hand, and then special descriptive theories to distinguish can be useful. Thaler (1996)
considered particular kinds of such theories, and Luce (2000, Chapters 4-7)

devel oped advanced mathematics for this phenomenon. Reference dependence and
utility of income belong to such descriptive theories. They imply descriptive
phenomena markedly different than those predicted by expected utility (Corollary
4.6).

The normative status of the descriptive theories just mentioned is very different
from that of expected utility in terms of final wealth. | hope and pray that the dear
term expected utility, commonly used to designate the Bayesian hallmark of
rationality, will not be confused with something as irrational as reference-
dependencel/utility-of-income.* | conjecture that several misunderstandingsin the
literature about this difference result from confusions between the innocuous role of
the constant initial wealth | versus the crucial role of the variabler, and confusions
between the classical Observations 2.1 and 4.4 versus the new phenomenon in

Corollary 4.6.

* There are good reasons to believe that rational behavior should be close to risk neutrality for moderate
stakes. Then reference dependence does not affect behavior and is equivalent to decisions in terms of
final wealth, so that it does not entail irrationalities. It can then facilitate calculations (bounded
rationality). The main text only refers to cases where reference dependence essentially affects behavior
and essentially deviates from decisionsin terms of final wealth, and where bounded rationality plays no

role.
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7. History and Applications of Refer ence Dependence

Because there have been misunderstandings about the novelty of utility of income
and its relation to reference dependence, we discuss the history and current status of
these concepts. Reference dependence has been around for along time. Usually,
Markowitz (1952) is credited as the first to have proposed this phenomenon clearly.
On p. 157, heimmediately pointed out that the absence of atheory about the location
of risproblematic. Edwards (1954) discussed the phenomenon extensively (p. 395,
400). The earliest statement of loss aversion that | am aware of isin Robertson (1915,
p. 135). Pfanzagl (1959, p. 290) used the expression “the amount of money in front of
the subject” to designate x and “the amount in his pocket” to designate the reference
point r. Arrow (1951, p. 432) discussed early proposals and criticized them for the
absence of atheoretical basis for the choice of areference point (“zero point”).
Reference dependence is half of the way in which prospect theory breaks away from
expected utility, with nonlinear probability weighting the other half (Kahneman &
Tversky 1979, Tversky & Kahneman 1992).

Many empirical studies have suggested that |oss aversion is one of the most
prominent empirical phenomena in decision theory. Hence, there is much interest in
reference dependence and loss aversion, in spite of severa theoretical difficulties.
Reference dependence and |oss aversion depend much on details of framing. Thereis
common agreement that they can be reduced and even, hopefully (given their
irrational nature), can be removed under proper explanations, learning, and motivation
(Bleichrodt, Pinto, & Wakker 2001; Payne, Bettman, & Schkade 1999; Plott & Zeiler

2005; Tversky & Kahneman 1986 p. S273).
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Without further specification of the location of r, of its dependence on decision
contexts, and of the dependence of U on r, reference dependence istoo general to
yield predictions. In most mathematical and axiomatic studiesit is assumed that the
location of r has already been determined, and r is taken fixed (Tversky & Kahneman
1992). Then the choice of r is part of the modeling stage that precedes the formal
analysis, based on heuristics and what is known today.

There have been several psychological investigationsinto reference dependence,
with examinations of eye movements (Johnson & Schkade 1989) and of speak-aloud
protocols (Lopes 1987; Robinson, Loomes, & Jones-Lee 2001; van Osch &
Stiggelbout 2005). Only recently, theoretical studies have begun to consider
variations of r (Bleichrodt 2005; Koszegi & Rabin 2005; Schmidt 2003; Schmidt,
Starmer, & Sugden 2005).

Prior to any application of reference dependence, plausible assumptions have to
be made about the reference point. For example, in auction theory it is usually

assumed implicitly that the reference point corresponds to the situation of the subjects

immediately prior to the auctions, and that U(r,-) isindependent of r. Thisisagood

example of aclear and plausible assumption that is specific enough to make the

theory operational and tractable.

8. Cox & Sadiraj (2005)

CS (and, similarly, Rubinstein 2002) plead for utility of income as the most
plausible explanation of Rabin's paradox. Asfar as| can see, their explanation isthe
same as Rabin’ s explanation of reference dependence (plusloss aversion). Yet, CS

seem to distinguish between these explanations. In many places they (and, similarly,
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Rubinstein 2002) suggest that the utility-of-income model belongs to expected utility
(e.g., end of 1% para of introduction), and that it involves no more than are-
interpretation of outcomes. | argued differently above. CS further give some results
similar to our Observation 4.4 in their Section 3.2.

CS also seem to assume that 1oss aversion does not speak to the problems
discussed above because they claim that al outcomes involved can be restricted to
gains (end of Section 1; p. 19, Concluding Remarks). Apparently, for final wealth | +

r + X, they do not let the sign and gain-or-loss status be determined by x (whichisa
negative —¢ in their Eq. 4, called “loss amount” there), but by r+x or, possibly, 1+r+x.

That is, they misunderstood the terminology of prospect theory.

Although CS describe outcomes as “income” or “changesin wealth” (their
Section 2.2), they never specify what the reference point is relative to which these
changes are to be taken. In particular, it cannot be inferred from their paper how this
reference point might differ from the reference point of prospect theory. Any such
difference would be highy implausible.

When claiming that Eq. 5.2 is equally problematic (or nonproblematic) for
prospect theory as Eq. 3.2 isfor expected utility, CS, strangely enough, write several
times (p. 51. 6, end of section 1; p. 14, beginning of Section 4; Section 5, Concluding
Comments) that their paper will not discuss the empirical plausibility of these
equations. Neilson (2001) was, similarly, silent on the empirical plausibility of these
eguations. As argued above, this plausibility is crucial and cannot be ignored.

Deriving implausible utilities from implausible assumptions is not informative.
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9. Conclusion

Rabin's empirical assumption, which leads to a paradox for expected utility, can
be explained by the parameter estimations of prospect theory (Tversky & Kahneman
1992) and, even stronger, can be explained by loss aversion alone (Section 4) and also
by probability weighting alone (Section 5). No extreme risk aversion for large stakes,
and no paradoxes, follow under these explanations.

The crucia novelty of reference dependence is not that outcomes are perceived as
changes rather than absol ute amounts, but rather that the comparison-level for the
changesis not constant (initial wealth) but is variable (initial wealth plusr) during the
anaysis.

In the end it is not important who was first on what, and how ideas are called.
Important is that the right ideas survive. The reference-dependent/income-utility way
of modeling outcomes is descriptively realistic, and different fields from different

perspectives, including prospect theory and auction theory, are converging to it.
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