On thetheory of reference-dependent prefer ences*

Alistair Munro and Robert Sugden

School of Economic and Socid Studies
Universty of Eagt Anglia
Norwich NR4 7TJ, UK

March 2001

Correspondence should be sent to: Robert Sugden

JEL dassfication: D11 (consumer economics. theory), D51 (exchange and production

economies)

Keywords. status quo bias, loss aversion, reference-dependence, prospect theory

* This paper grew out of research supported by the Economic and Socia Research Council of the
UK (award nosW 119 251 014 and L 211 252 053); Robert Sugden’swork has also been
supported by the Leverhulme Trust. We are grateful for comments from lan Bateman, Indranil

Dutta, Danid Kahneman and Chris Starmer.



Abstract

A theory is proposed in which preferences are conditiona on reference points. Itisrelated to
Tversky and Kahneman' s reference-dependent preference theory, but is smpler and deviates less
from conventiona consumer theory. Preferences conditiona on any given reference point satisfy
gandard assumptions. Apart from a continuity condition, the only additiond restriction is to rule out
cyclesof pairwise choice. Thetheory is condstent with observations of status quo bias and related
effects. Reference points are treated as subject to change during the course of trade. The
implicationsof endogeneity of reference points for behaviour in markets are investigated.



Thereisnow agrest dedl of evidence that, contrary to the assumptions of Hicksian consumer
theory, individuas preferences between given options vary systematicaly according to what is
perceived to be the reference point — that is, the status quo, or the customary or norma state of
affars. Itis particularly well-established that a person ismore likely to prefer agiven option to some
dterndtive if that option isthe gatus quo than if it isnot: thisis the endowment effect or status quo
bias, first described by Richard Thaer (1980). But thisis only one of arange of gpparently related
reference point effects. Surprisingly little work has been done to devel op theories of consumer

choice, gppropriate for use in economics, which can accommodate these effects.

The most fully worked out such theory is probably Amos Tversky and Danid Kahneman's
(1991) theory of reference-dependent preferences, in which an individua’ s preferences over
bundles of goods are conditiona on his or her reference point. This theory successfully organises a
range of regularities that have been found in experimental and survey research. However, it does o
at the cost of someradica deviations from conventiona consumer theory, not al of which improve
the theory’s predictive power. We shal suggest that these apparently redundant festures of Tversky
and Kahneman' s theory are motivated by certain anaogies between consumer choice and choice
under risk. These depend on an implicit assumption that preferences are additively separable—a
redtrictive assumption which seems orthogond to the analysis of reference point effects. In this
paper, we propose areformulation of Tversky and Kahneman's theory which, while equaly
consgtent with the evidence on reference point effects, requires fewer departures from conventiona

consumer theory.

Tversky and Kahneman's theory treats reference points as exogenoudy given. This
goproach is adequate for explaining most of the experimenta and survey data, but limits the
economic gpplicability of the theory. The evidence suggests that individuals adjust their reference
points remarkably quickly in response to changesin their endowments. Thus, acting in accordance
with the preferences appropriate to one reference point, an individual may make trading or
consumption decisions which then induce a change in the reference point; this change may lead to
further trade or to revised consumption decisions, and so on. If we are to explain behaviour in
marketsin anything other than the very short run, we need atheory in which reference points are
endogenous. The theory we propose has this property.



1. Reference point effects: the stylised facts

In reviewing the evidence of reference point effects, we focus on the domain of consumer theory:
Stuations of certainty in which individuas choose between dternative multi-dimensond bundles of
goods.

Before going on, we must acknowledge an ambiguity in the concepts of ‘status quo’ and
‘reference point’, as they are used in the literature of reference-dependent preferences. On one
interpretation, a consumer’ s status quo podtion is given by his current endowment — the bundle of
goods that he currently owns. On ancther interpretation, it is given by his customary consumption
—the bundle of goods that he has become used to consuming. To see the difference between these
interpretations, consder a consumer who isin the habit of buying a newspaper each morning. Ashe
approaches the news-stland on a particular morning, is the status quo position that he buys the paper
(his customary consumption) or that he does not buy it (his current endowment)? In their theoretical
work, Tversky and Kahneman explicitly leave open the question of how reference points are
determined; when they describe the evidence that supports their theory, they move fredy between
dternative interpretations (1991, pp. 1040-1045). We will discuss the significance of the digtinction
between endowments and customary consumption later in the paper. For the present, however, we

use the term ‘reference point’ to encompass both interpretations.

The largest body of evidence of reference point effects concerns the WTA/WTP
discrepancy. This discrepancy was firg found in contingent vauation surveys which dicit
willingness-to-pay (WTP) and willingness-to-accept (WTA) vauations of the same good. The early
discovery —for example, by Richard Bishop and Thomas Heberlein (1979) and Robert Rowe,
Rdph d' Arge and David Brookshire (1980) — that mean and median vaues of WTA are often
severd times higher than the corresponding WTP va ues has been replicated many times. The same
discrepancy has been found in incentive-compatible |aboratory experiments. Some of these
experiments — for example, those of Jack Knetsch and John Sinden (1984) and of lan Bateman et &
(1997) — have used designs which control for the income and substitution effects which some
commentators have used to explain WTA/WTP discrepancies in contingent vauation sudies.

A closdy related phenomenon is found when individuas choose between aternative options,
one of which is percalved as the status quo. Behaviour shows aregularity which may be called
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conservatism: for given options x and y, individuas are more likely to choose x in preferenceto y if
x isthe gatusquo than if y is. The classic experiment isthat of Knetsch (1989). Subjects were
divided a random into two groups; the members of one group were given coffee mugs, the
members of the other were given chocolate bars. A few minutes later, each subject was given the
option of exchanging the gift he had received for the other one; marked conservatism was observed.
This effect has dso been found outside the laboratory. For example, William Samuelson and
Richard Zeckhauser (1988) find evidence of conservatism in the decisons of Harvard University
employeesin reation to medicd and penson plans.

Experiments by Knetsch (1989) and by George Loewenstein and Danid Adler (1995) have
found that individuas who choose between an increment of money and some specific good are more
likely to choose the money if the decison problem is presented to them as a choice between
dternative gains than if they are endowed with the good and are then invited to exchange it for the
money. A smilar effect has been found for vauations. Anindividud reports an equivalent gain
(EG) vduation by reporting the smallest amount of money that he would accept in place of agiven
increase in some specific good. Similarly, an individua reports an equivalent loss (EL) vauation by
reporting the largest money loss that he would accept in place of a given decrease in the specific
good. Kahneman, Knetsch and Thaler (1990) find that EG vauations lie between WTP and WTA:
we shdl cdl thisthe EG effect. Bateman et d (1997) replicate thisfinding, and find that EL
vauations dso lie between WTP and WTA (the EL effect).

To summarise the evidence, we use Figure 1. Consider any two bundles of two goods,
neither of which dominatesthe other. Let these bundlesbe x = (X, %) andy = (yi, ¥2), wherey; >
X1 and %2 > y,. For any given individud, we can investigate whether his (revedled or reported)
preference ranking of x and y varies as the reference point changes from one point in commodity
spacer = (r'y, r',) to another point ' = (r'y, rl,). We shal say that such achange in the reference
point shifts preferences towardsy if, in between-individuad comparisons, y ismore likely to be
preferred to x when the reference point is ' than wheniitisr'. All such shiftsin preferenceimply

contraventions of Hicksian consumer theory.

The WTA/WTP discrepancy and conservatism both imply that a change in the reference
point from X to y shifts preferences towardsy. The EG effect implies that this change can be broken

down into two components: preferences are shifted towardsy both if the reference point changes
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fromxtor’ = (x, y2) and if it changesfrom P toy. The EL effect implies that another such
decomposition is possble: preferences are shifted towards y both if the reference point changes
fromxtor’ = (X, y1) and if it changesfromr’ to y.

Some evidence exigts about the effects of other changes in the reference point. Firdt,
compare the reference points r* and 1°, defined by r*y = X, %o > 1, > Y, y1 > 1% > X, and S = Y.
Notice that r* is dominated by x but not by y, while r® is dominated by y but not by x. Tversky and
Kahneman (1991, pp. 1044-1045) and Kaisa Herne (1998) report that changes in the reference
point from r* to r® shift preferences towardsy. Next, compare r® and r®, defined by x, > r?;, r%, =
X2, %1 = y1, and y, > 1. Notice that r® is dominated by x but not by y, while r® is dominated by y
but not by x. Herne finds that changes in the reference point from r to r® shift preferences towards
y. She dasdfiesthis and the preceding effect as asymmetric dominance effects To distinguish
them, we shdl call the first effect theinner and the second the outer asymmetric dominance effect.

Now compare r* and r'°, defined by x, > r'y, 'y > %o, 1'% > yp, and y, > r'%,. Tversky and
Kahneman find thet changes in the reference point from r* to r'° shift preferences towardsyy.
Following Tversky and Kahneman, we cdl this the advantages/ disadvantages effect.

Finaly, compare r* and r*, defined by x;, > r*; > r?; and 1%, = 1%, = X,. Hernefindsthat
changes in the reference point from r? to r* shift preferences towardsy. We shdll cdl thisthe relative
closeness effect. (Theideaisthat the difference between y; and x; appears greater when measured
reative to r*; than when measured relativeto r,.) Since the labelling of the goodsas ‘1’ and ‘2’ is
arbitrary, an equivaent statement of this effect is the following: changesin the reference point from r°

to r® shift preferences towards x.

One driking feature of the experimenta evidence is the speed with which reference points
adjust to changesin holdings of goods. For example, in Knetch’'s experiment (described above), a
few minutes of ownership of a chocolate bar or a coffee mug was enough to generate an additiona
degree of preference for it. Arguably, this phenomenon reveals aform of myopia: a person who has
been given amug regards a mug as preferable to a chocolate bar, even though, were he actudly to
take the chocolate in exchange, he would dmost immediatdly prefer the chocolate to the mug. In
fact, Loawengtein and Adler (1995) find some evidence that individuasfail to predict the changesin
their preferences that result from changesin their holdings. This suggests that a theory of choice that
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assumes reference-dependent preferences needs to treat reference points as endogenous.

2. Tversky and Kahneman'’stheory of reference-dependent preferences

Remarkably, dl the regularities described in Section 1 are consstent with Tversky and Kahneman's
theory of reference-dependent preferences; and dl but one of them (the advantages/disadvantages
effect) is pogtively predicted. We now outline that theory.

Throughout the rest of this paper, we consider an individua’s preferences over al possble
bundles of n goods (with n 3 2), represented by the set (1.". Typicd dementsin this st will be
represented by r, s, X, y, z, wherer = (ry, ..., rp) and soon. A preference relation 6 isabinary
reladionon U."; x 0 y isread as ‘x isweskly preferred to y'; the relations of drict preference (6)
and of indifference (~) are defined from 6 in the usud way. In Hicksian consumer theory, an
individud’ s preferences are described by a single preference rdation. Instead, we use the more
generd concept of a preference structure, defined as afunction from 0.." to the st of Al
preference relations; to each reference point rin U.", a preference structure assigns areference-
dependent preferencerdation 6,. Therdation 6, describesthe individud’ s preferences over
consumption bundles when his reference point isr (or as we shal sometimes say, his preferences
viewed fromr). A preference structure is reference-independent if 6, isidentica with 6 for dl r,

s. Thisspecid case corresponds with the treatment of preferencesin Hicksian consumer theory.

It is convenient to use the notation X Ry, X Py, x | y to denote x 8, y, X Oy Y, X ~ Y
respectivdy. Thus, for example, x Ry signifiesthat if theindividud were endowed with y and
viewed this as his reference point, he would be willing to exchangey for x. Notice that the relations
R, Pand | do not necessarily have the respective properties of 6, 6 and ~. For example, R is not
necessarily complete (an individua might be willing neither to move from x to y nor to move fromy
to x); x | y does not entail y | x (an individual who isjust willing to move fromy to x might be
unwilling to move from x toy). We use the notation x RR 'y to denote that there exists some
sequence of bundles 7, ..., Z"in U," suchthat 2 Ry, ZR 7, ..., Z"RZ" !, and x R Z". Thus, x
RRy dgnifiesthat if theindividua is endowed with y, and if he dways views his current endowment
as his reference point, he iswilling to engage in eech of a series of exchanges leading fromy to x.

The concept of a preference structure is the core ideain Tversky and Kahneman' s theory.
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In order to generate a useful theory, however, it is necessary to impose restrictions on the
preference structure. One type of redtriction gppliesto each 6,, considered separately. Tversky

and Kahneman assume:
(A1) Fordlr: 6,;iscomplete(i.e fordl x,y: x 6,y ory O, X).
(A2) Fordlr: oistrangtive.
(A3) Fordlr,xy:ifx>ythenx 6,y.

Sgnificantly, convexity isnot assumed.

The second type of restriction is concerned with how the reference-dependent preference
ranking of any given (X, y) pair changes as the reference point changes. We shall say that a change
in reference point from r to sweakly favoursy rdaiveto x if (i) y ~ x impliesy 6s x and (i) y 6, X
impliesy Os X; it strictly favoursy rddiveto x if y 6, x impliesy 6s x. Notice that, given A1, the
concept of ‘favouring’ is symmetrica in the following sense: the propositions *a change in reference
point from r to sweskly (respectively: drictly) favoursy relaiveto X’ and ‘achange in reference
point from sto r weskly (respectively: gtrictly) favours x rdativetoy’ are equivaent to one another.

The didtinctive features of Tversky and Kahneman's theory derive from three assumptions
about the effects of changes in reference points. Consider any good i1 {1, ..., n}, any bundlesx, y
such that y; > x;, and any reference pointsr, ssuchthat s >, andr; =5 fordl j* i. Tversky and

K ahneman assume:*
(A4) Ify 3 s andx =r;, thenthemove fromr to s dtrictly favoursy releiveto x.
(A5) If x 3 s, then the move from r to sweekly favoursy reldiveto x.
(AB) If r; 3 vy, then the move from r to sweekly favours x rdativetoy.

The conditions formed by subgtituting ‘ grictly’ for ‘weskly’ in A5 and A6 will be caled the strict
versions of A5 and A6; conversely, the condition formed by subgtituting ‘weekly’ for ‘grictly’ in A4
isthe weak version of A4. Tversky and Kahneman describe A4 as a condition of ‘loss aversion’,
A5 as acondition of ‘diminshing sengtivity in gans, and A6 as a condition of *diminishing senstivity
inlosses.

Before discussing the motivation of these conditions, we consider their implications for the



regularities in behaviour described in Section 1. 1t is easy to show the following results:

The WTA/WTP effect, consarvatism, the EG effect, the EL effect, and the inner asymmetric
dominance effect are dl implied by A4.

The outer asymmetric dominance effect isimplied by the conjunction of A4 and AS.
The rdative closeness effect isimplied by the Strict verson of AS.

The advantages/disadvantages effect is congstent with, but not implied by, A4-A6. A4 and A5
imply that a change in the reference point from r* to r® shifts preferencesin favour of y (i.e. inthe
same direction as the advantages/disadvantages effect), but A6 implies that changes from r* to r®

and from r® to r'° shift preferencesin favour of x (i.e. in the opposite direction).
Notice that A6 plays no part in explaining the observed regularities.

To undergtand why Tversky and Kahneman impose A4-A6 on the preference structure, it is
necessary to understand the main festures of their earlier theory of choice under uncertainty,
prospect theory (Kahneman and Tversky, 1979). Tversky and Kaheneman (1991, pp. 1039-
1040) present the theory of reference-dependent preferences as an ‘extension’ of prospect theory.
Prospect theory applies to choices over lotteries, al of whose consequences are gainsor lossesina
sngle dimenson (which we may cdl wealth). In prospect theory, the objects of preference are
probability digtributions over changesin wedlth. There is a value function v(.), unique up to
multiplication by a postive congtant with v(0) = 0 as a naturd zero, which assgns ared-valued
index v(w) to every increment or decrement of wedlth w, measured relative to any given reference

point. In addition to being continuous and grictly increasing, v(.) has the following properties:

(B1) Fordl w: v(w) <—v(-w).

(B2) Fordlw?3 0:v(.)isconcave.

(B3) Fordlw £ 0:v(.) isconvex.
In prospect theory, Bliscaled ‘lossaverson’, B2 *diminishing sengtivity for gains, and B3
‘diminishing sensitivity for losses. Blisglossed as‘losses loom larger than corresponding gains'; it
imparts a tendency, other things being equd, for individuasto be averse to prospects which involve

risks of loss (measured relative to the reference point). B2 and B3 are glossed as ‘the margina

vaue of both gains and losses decreases with their size'. B2 imparts a tendency towards risk
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averson in choices between prospects with positive outcomes, B3 imparts a tendency towards risk-
loving behaviour in choices between prospects with negative outcomes. In the domain of choice

under risk, thereis evidence in support of al three of these tendencies.

Despite the common terminology, the connection between B1-B3 and A4-A6 is not
immediately obvious: taken at face value, the two sets of conditions refer to different theoretical
domains. The connection seems to be through the following specia case of the theory of reference-
dependent preferences, not presented explicitly by Tversky and Kahneman. Assume that, for each

r, therelation 6, can be represented by the function u(x, r) where
ulx, r) = &; vi(x —ry), (1)

and where each vi(.) isadrictly increasing red-vaued function, unique up to amultiplication by a
positive congtant, with vi(0) = 0. We shdl cdl thisthe additive representation. Given this
representation, A4 isan implication of the additiona assumption that each vi(.) satisfies B1 and B2.
A5 and A6 are, respectively, implications of the assumptions that each vi(.) satisfies B2 and B3.
Conversdy, the conjunction of A4, A5, and A6 implies that each vi(.) satisfies B1, B2, and B3.

Aswe understand it, Tversky and Kahneman's approach is grounded in the additive
representation.? However, they recognise that this representation is too restrictive, perhaps for the
following reasons. Fird, asiswdl known in consumer theory, additive separability does not alow
goods to be complements. Second, it does not alow the strength of status quo biasto vary with the
degree of smilarity between goods. For example, suppose goods 1, 2, 3 and 4 are respectively
Cadbury chocolate, Nestlé chocolate, Pepsi, and Coke. Intuitively, it seems possible that a
consumer might reved status quo bias in exchanges between smdl quantities of chocolate (whatever
the brand) and of cola drink (whatever the brand), while showing no such bias in exchanges
between the two brands of chocolate, or between the two brands of drink. It is easy to show that
such a pattern of reference-dependent preferences isinconsstent with the additive representation.
Third, the assumption that preferences depend only on increments and decrements of consumption,
independently of absolute levels, has unredistic implications for behaviour in markets. Suppose that
aperson’ s reference point is given by his current holdings of goods and that, given the prices
prevalling in the market, he would choose to engage in some trade — say, giving up some of his

endowment of good i in return for some amount of good j. This trade congtitutes a change in his
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endowments. After his reference point has adjusted to this change, he will choose to make exactly
the same trade again, giving up more of his endowment of good i. Thiswill continue until hiswhole
endowment of good i is exhausted.

Tversky and Kahneman' s theory of preference structures is more generd than the additive
representation, and thus does not positively predict the effects described in the previous paragraph.
However, it uses assumptions whose motivation derives from the additive pecid case. In
particular, A6 is the manifestation in consumer theory of B3, an assumption that is used in prospect
theory to explain risk-loving behaviour in choices over lotteriesinvolving losses. Aswe have aready
noted, A6 seems to do no work in explaining observed regularities in consumer choice. But it lies
behind two features of Tversky and Kahneman' s theory of reference-dependent preferences which
diverge sharply from conventiona consumer theory: it permits non-convex preferences, and it
permits cycles of choice of theformy Px, zPy,x Pz

First, consder convexity. Itiseasy to show that, given the additive representation,
reference-dependent preferences are convex everywhere if and only if each vi(.) is concave
everywhere. If each vi(.) isconvex in its negative domain, as B3 requires, reference-dependent
preferences are concave in the region of commodity space that is dominated by the reference point.
Thisis not to say that, in the generd theory proposed by Tversky and Kahneman, A6 implies that
preferences are concave in this sense. Nevertheless, the additive specid caseillustrates how A6
imparts a tendency towards such concavity. Consider what patterns of behaviour would be
observed if reference-dependent preferences were drictly concave in the region dominated by the
reference point. Suppose that reference points are interpreted in terms of customary consumption.
Then, if aconsumer faced a budget constraint which passed just below the reference point — a case
which would arise if a changein prices or income prevented him from consuming a bundle to which
he had become accustomed — he would maintain his reference levels of consumption of al goods but

one. We know of no evidence of such an effect.

Now consder choice cycles. The following example showsthat Tversky and Kahneman's
theory permitscycles. Let n =2 and consder the three bundlesx = (1, 3),y =(2,2),z=(3, 1).
Using the additive representation, let vi(—2) = —14, vi(-1) = =13, v1(1) = 12, vi(2) = 13, v5(-2) = —
18, vo(—1) =10, v»(1) = 9, v»(2) = 17. Theseindices are congstent with B1-B3. They imply u(y,

X)=u(z,y)=2andu(x,z) =3. Thus yPx,zPy,andx Pz Intuitively, cycles are possbleif
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diminishing sengtivity for losses outweighs loss averson, so thet the sum of the utilities from a series
of amdl gains can outweigh the disutility from asingle loss, equa and opposte (in physica units) to
the sum of those gains. This result suggests that A6 imparts some tendency towards choice cycles.

If (as the experimentd evidence suggests) reference points adjust quickly to changesin the
Status quo, choice cycles would have destabilising effects on markets. For example, suppose that
some individua hasthe preferencesy Px, z Py, and X P z. Then, garting from a status quo position
a X, hewould have a positive desire to exchange x for y. But having adjusted to y as his new satus
quo, he would have a positive desire to exchange y for z; and so on. Thus, markets could induce an
endless pass-the-parced circulation of goods, limited only by the frictions generated by transaction
costs. While there may be some particular casesin which consumers' choices show cyclica
patterns over ardatively long time-scae (think of the effects of fashion), it does not seem credible to
suppose that choice cycles are anorma property of individua behaviour, induced by the general
properties of preference structures. In any event, we know of no evidence of choice cycles of the
kind that might be induced by diminishing sengtivity.®

3. Organising the data on reference point effects

From the perspective of consumer theory, the set of restrictions that Tversky and Kahneman impose
on preference structures seems lessthan idedl. On the one hand, one of their restrictions— A6, the
condition of diminishing sengtivity for losses—is not needed to explain observed consumer
behaviour. On the other hand, their theory permits non-convex preferences and choice cycles—
phenomenathat, as far as we know, have not been observed. We have shown that these two
features of Tversky and Kahneman's theory are intimately related.

One possible response would be smply to drop A6. But since A5 and A6 have been given
essentidly the same psychological motivation in terms of diminishing sengtivity, that would be an ad
hoc manoeuvre. Instead, we suggest the following genera condition as an dternative to the

conjunction of A4, A5 and AG:

(A7) Foradlgoodsi,jT {1,..,n},foral bundlesx, y suchthat y; > x;, y; < % and X, =
yk fordl ki, j, and for dl reference pointsr, ssuchthat s > ry and ry = sc for dl k * i the

move fromr to s drictly favoursy relative to x.
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If reference-dependent indifference curves are smooth, A7 is equivalent to the condition thet, at any
given point in goods space, the margind rate of subgtitution between good j and good i becomes
more negative asr; increases. Looking a Figure 1, it is easy to verify the truth of the following

result;

RESULT 1: A7 implies the WTA/WTP effect, conservatism, the EG effect, the EL effect, the
inner and outer asymmetric dominance effect, the relative closeness effect, and the

advantages/ disadvantages effect.

We are reluctant to propose A7 as afundamenta property of the theory of reference-
dependent preferences when we do not have any explanation of why reference points might affect
preferencesin this way, when the evidence for some of the behaviourd regulaities that A7 organises
is provided by only one or two experiments, and when many sgnificant predictions of A7 have
never been tested. We prefer to regard this condition merdly as apromising preliminary hypothesis.
We shdll useit as a screening device: in order to show that al the regularities described in Section 1

are conggtent with any given theory, it is sufficient to show that A7 is conagtent with that theory.

4. A new modéd of preference structures

Our drategy in this paper isto take Hicksan consumer theory as our template, and to amend it just
as much as is hecessary to accommodate the evidence on reference point effects. We use the
concept of a preference structure and the associated notation, as defined in the second and third
paragraphs of Section 2. But in place of Tversky and Kahneman's conditions A1-A6, we propose
the following assumptions about the preference sructure of any given individud:

(C1) Completeness Fordl r: 6, iscomplete.

(C2) Trangitivity Fordlr: o, istrangtive.

(C3) Increasingness Fordlr, x,y:if x>ythenx 6,y.

(C4) Srict convexity Fordlr, x: {y |y O, x} isdrictly convex.

(C5) Continuity for a given reference point Fordlr, x: {y |y 6,x} and{z|x 6, Z}
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are closed.
(C6) Continuity for changesin reference points For dl x, y: {r |x 6, y} isclosed.
(C7) Weak acyclicity Fordl x,y: =(y RRx U x Py).

C1-C5 require that each reference-dependent preference relation 6, stidfies dl the

properties that are normally assumed of preference relations in Hicksian consumer theory.

C6 and C7 impose the only restrictions that gpply across reference points. The continuity
condition C6 ensures that smal changesin the reference point are associated with smadl changesin
reference-dependent preferences. We suggest thet thisis a natural extension of the standard
continuity condition for Hicksan preferences. C7 playsamgor role in our theory, by restricting the
ways in which reference-dependent preferences may vary with reference points. It is motivated
partly by an analogy with revealed preference theory, and partly by a hypothesis about the
psychologica mechanisms underlying status quo effects.

Firg, the theoretical andogy. It iswell known that the wesk axiom of revealed preferenceis
insufficient to provide a reved ed-preference foundation for the utility function assumed in Hicksian
consumer theory. In order to guarantee the existence of a utility function, it is necessary to impose
the strong axiom of revealed preference. This axiom explicitly excludes the possibility of cycles of
choicein which, for some X, ..., X™, x is chosen when X! is feasible, X is chosen when X is feasible,
..., and x* ischosen when X" isfeasible. This assumption is sometimes defended — for example, by
Paul Samuelson (1950, p. 369) who first proposed it — on the grounds that a consumer who
violated it would be vulnerable to a*money pump’, that is, to a sequence of trading opportunities,
each of which iswillingly undertaken, but which taken together lead to unambiguous loss. In our
theory, C2 rules out cycles of preference when the reference point is fixed, but is Slent aoout the
patterns of exchanges that might be induced by endogenous reference points. C7 extends C2 by
ruling out cydes of the following form: » is chosen when x* isfeasible and is the reference point,
x2 is chosen when X is feasble and is the reference point, ... , and x* is chosen (and strictly
preferred) when X" isfeasible and is the reference point. In thissense, C7 isanatura extension to

preference structures of afundamental assumption of conventiona theory.

Notice that one implication of C7 is that reference-dependent preferences are not vulnerable

to money pumps. One might expect that individuals who participate in markets would learn not to
-12-



have preferences that could be exploited by arbitrageurs. Money pump arguments are often used to
challenge non-standard theories of preferences; because of C7, such arguments have no force
againg the theory we are presenting.

Now for the psychology. We suggest that the psychological mechanisms that induce
reference point effects aso tend to impede cycles. However these mechanisms are characterised, it
seems clear that they induce some form of reluctance to move away from the atus quo. Inacycle
of the form we have just described, each step involves a decison to move away from the current
gtatus quo — amove which, other things being equd, isimpeded by status quo bias. Notice aso that
acydewith m= 2 (that is, X* is weakly preferred to x* when x* is the reference point, but X is
drictly preferred to X% when X is the reference point) is the exact opposite of the regularity thet is
revealed in the WTA/WTP discrepancy and in conservatism.

We shdl occasiondly refer to two stronger variants of C7. Letting d(y, z) denote the

Euclidian distance between y and z, these variant conditions are;
(C7*) Strict acyclicity For dl diginct x, y: =(y RRx U x R).
(C7**) Limit acyclicity Fordl x, andfor dl d > 0: there exists some e > 0 such that, for
dl X, X2, x> which satify d(x', X) < e, d(x’, X) <e and d(¢, x) > d, -( RRx* U x* RR
X).
C7* grengthens C7 by ruling out the possibility of a sequence of willing exchanges in which the
individua gtartswith x, movestoy, and then returnsto x. C7** isadill stronger condition; it rules
out the possibility of a sequence of willing exchangesin which the individud gstarts with abundle
which isarbitrarily close to x, movestoy, and then returns to some other bundle arbitrarily closeto

X. Thus, while C7 merdy allows preferences to vary with reference pointsin the direction that
corresponds with status quo bias, C7* and C7** postul ate that such bias exigs.

5. A functional form for preference structures

If the model presented in Section 3isto serve its intended purpose, it must be consstent with the
evidence of reference point effects. Since A7 implies al the reference point effects we have
described, it is sufficient to show that our model is consstent with A7. That thisisthe caseis
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established by the following result:
RESULT 2 Preference structures exist which satisfy C1-C7 and A7.

We shall now present a class of preference structure which congtitutes a proof of Result 2.
This example serves d o to illustrate some genera festures of our modd, and to show that
reference-dependence can be incorporated into tractable functiona forms. Consider the following
CES preference structure, which generdises afamiliar functiona form for the representation of

preferences.
ux,n =A@ [&gr " x7" )
withdig=1and1>r 3 b >—¥; A() isany continuous function such that A(r) > 0 for dl r.

Firgt, consder theimplications of (2) for reference-dependent preferencesin relaion to any
fixed reference point r. In this context, A(r) is merely an arbitrary normdisation. Then u(x, r) isa
reference-dependent CES (congtant eladticity of subgtitution) utility function; the eadticity of
subdtitution is /(1 —b). It iswell known that preferences represented by such afunction satisfy
C1-C5. Thus, (2) impliesthat the preference structure is afamily of reference-dependent
preference relations 6,, each of which satisfies the restrictions imposed by our modd.

Now consider how reference-dependent preferences vary with changesin reference points.

It is clear from the form of (2) thet C6 is satisfied. In addition, the differentiability properties of (2)
imply that indifference surfaces are smooth everywhere. This smoothness property can be used to
define ardation of long-run preference. For any reference point r, the set of bundlesI(r) ={x | x |
r} isan indifference surface of the reference-dependent preference ordering 6,. Theloca properties
of thisindifference surface at r represent the consumer’s preferences at r, viewed fromr itself. A
long-run indifference surfaceisasurfacein U.." such that, at each point r on this surface, the loca
properties of the surface are the same as those of the corresponding I(r). Thus, long-run
indifference surfaces are constructed from local properties of 1(r) surfaces in much the same way
that, in revedled preference theory, indifference surfaces are constructed from a consumer’s market
choices. If afamily of such surfaces can be congtructed, it induces along-run preference relation

OL.

But can such surfaces always be congtructed? Thisis the integrability problem explained
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by Samuelson (1950). In our generd modd, C7 (whose role is andogous with that of the strong
axiom in reveded preference theory) guarantees the existence of long-run indifference surfaces if
reference-dependent indifference surfaces are smooth. But since we have not yet shown that (2)

satisfies C7, we proceed by demondtration.

In fact, the long-run preferences induced by (2) are represented by the long-run utility

function

n() =[&i g x']"". ©)
Thisis a CES function whose éadticity of subdtitutionis1/(1—r). Itisstraightforward to verify thet,
at any reference point r, the long-run margind rates of subgtitution (MRSs) implied by (3) are equa
to the reference-dependent MRSsimplied by (2), and hence that (3) does indeed represent long-run

preferences. Since (3) isa CES function, the long-run preference rdation 6, is complete, trangtive,

increasing, drictly convex, and continuous. It is convenient to use the normalisation
A= [aigr ], 4
so that the subgtitution of r = x into (4) and (2) yields (3).

Theconditionr 3 b ensuresthat reference-dependent indifference surfaces are *at least as
convex as long-run indifference surfaces; if r > b, the former surfaces are “‘more convex’ than the
latter. Figure 2 showstypica surfacesfor the case of two goodswith r > b (r and s are different
reference points, 1(r) and I(s) are the corresponding reference-dependent indifference surfaces, and
I isalong-run indifference surface). Notice that for any digtinct X, y, if x ison or aove I(y), x must
aso be on or above the long-run indifference surface which passesthrough y. Thus, x Ry implies x
OLy,andx Pyimpliesx 6, y. Sinced, istrangtive, the conjunction of y RR x and x Py impliesa

contradiction. Thus, C7 issatisfied. If r > b, C7* isdso satisfied.”

Wenow show that if r > b, A7 issatisfied. Let My(X, r) denote the margina rate of
substitution (MRS) between goods k and j, evaluated at point x, viewed from the reference point r.
Fordl k,j,x,r:

Mig(x, 1) = —(g/g) (/n) "~ (/%) ° ®)

Thusif r > b, the MRS between any two goods k and j at any given point x becomes more
negative asr; increases, everything else being held congtant. ThisisA7.
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6. Making reference points endogenous. preliminary remarks

We now consider some of the implications of our model for consumer behaviour, treeting reference
points as endogenous. If we areto do this, we must choose whether to interpret a consumer’s
reference point as his endowment or as his cusomary consumption. We suggest that which
interpretation is more gppropriate depends on the Stuation being modelled. Consder two paradigm

Cases.

The firg caseisthat of a consumer who, in each of many periods, chooses between
dternative bundles for consumption in that period, facing the same budget condraint in every
period. Inany given period, his endowment is the amount of money he has to spend in that period,
while his customary consumption is some function of the bundles he chose to buy in preceding
periods. When we speak of making his reference point endogenous, we mean to take account of
how his preferences might change from consumption period to consumption period. Inthiscase,

it seems most naturd to interpret reference points as customary consumption.

The second caseis that of an individua who, over ardatively short period of time, facesa
series of opportunitiesto buy or sdl stocks of goods, the services of which will be consumed |ater.
This caseistypica of most of the experimenta environments in which status quo effects have been
observed. For an example from outsde the [aboratory, consider a person buying and salling shares.

Here, when we speak of making the individud’ s reference point endogenous, we mean to take
account of how his preferences might change over the course of a trading process. Inthiscase, it

seems most naturd to interpret reference points as endowments.

In this paper, we focus on moddsin which reference points are identified with endowments;
these models are to be understood as representing economic Situations similar to our second
paradigm case. Our main reason for not giving equa attention to the ‘ customary consumption’
interpretation of reference points isthat, under this interpretation, endogenous reference-dependence
isformdly equivaent to habit formation, on which a substantid theoreticd literature dready exists.

In the remainder of this Section, we briefly explain this forma andogy, note some of itsimplications,
and explain why the analogy does not extend to the ‘ current endowment’ interpretation of reference
points.
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In the habit formation literature, individuas preferences are assumed to adapt to previous
consumption experiences. This adaptive processistypicaly interpreted either asamodd of
addiction (for example: consumption of nicotine in one period induces nicotine dependence in later
periods) or asamode of the accumulation of * consumption capitd’ (for example: consumption of
music in one period induces greater ability to enjoy music in later periods). The psychological
explanation of status quo effectsis quite different; but if reference points are construed as customary
consumption, amode with endogenous reference points has the same forma structure as amode of
habit formation. The implications of such modds for consumer demand are examined in aliterature

initicted by Robert Pollak (1970) and Christian von Weizsicker (1971).

The generd equilibrium implications of reference-dependence, interpreted as customary
consumption, can be explored by adapting the forma analysis developed in another literature, that of
general equilibrium with nontransitive preferences. This literature dispenses with the
conventiona assumption that preferences are complete. For each individud, a gtrict preference
relation &, which need not be trangtive, is postulated; it is assumed that, for each point r in goods
gpace, the set of bundles strictly preferred to r is non-empty and convex. An economic agent is
deemed to be optimising if he chooses a bundle x* such that no drictly preferred bundleisfeasible.
David Gde and Andrew Mas-Collel (1975) and Wayne Shafer and Hugo Sonnenschein (1975)
prove, for every fixed profile of individuas endowments, the existence of a price vector such that dl
markets can dear with individuas optimising in thissense. Interpreting 6 as the reference-
dependent relation P, we can use this result to establish the existence of long-run genera equilibrium
in areference-dependent modd inwhich individuals' endowments are constant over time but

their reference points adapt to consumption experience.

However, if reference points are interpreted as current endowments, a different
conceptudisation of equilibriumis needed. On this latter interpretation, endowments change as
trade proceeds. Trade has to be modelled as a sequentid process,; at any given time, an individua
takes his current holdings of goods as his reference point in choosing what trades to make; but these
trades then induce changes his holdings, and thus induce changesin his reference point. We now

investigate the properties of such processes.
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7. Individual choice when refer ence points ar e endogenous

From now on, we interpret reference points as current endowments. We shdl assumethat an
individud’s decisons in any trading period are determined by his reference-dependent preferences,
his endowment at the Sart of the period acting as the reference point. We shdl also assumethat, in
forming trading plans for any period, individuals do not take account of the effects that their trades

will have on their reference points, and hence on thelr future preferences.

In this section, we consider the trading behaviour of an individua who, over a series of
periods, faces afixed set of trading opportunities. Wefirst define afeasible set as a nonempty,
closed, bounded and convex set ST (1.", satisfying the regtriction that, for dl x,y T G." (xT SU
x>y)b y1 S ForagivenS, the corresponding exchange set X isthe set of nondominated
dementsof S,ie X ={y|yl SU (02 (z1 SUz>y)}. Weinterpret the exchange set as a set
of bundles, every one of which isin every period exchangegble for any other. For example,
suppose the individud enters a market with certain initia holdings of goodsy, and faces a fixed
vector of pricesp = (py, ..., Pn) @ which he can buy and sdl goods 1, ..., n. ThenS={x|a; pi (x —
y;) £ O} isafeasible setin our sense, and X ={x | &; pi (X, —V;) = O} isan exchange s&t.

We now fix a particular feasible set S, and thereby an exchange set X. We dso fix the
individud’ s preference structure P, and stipulate that this satisfies C1-C7. We define atrading
sequence as a sequence <x(0), x(1), ... > such that each x(t) isamember of X. Weinterpret each
X(t) astheindividud’s endowment in period t; the difference between x(t) and x(t + 1) represents
the exchanges carried out in period t.

We define areflexive optimum as abundle x* that isoptimad in X, viewed from itsdlf.
Notice that, because reference-dependent preferences are increasing and strictly convex, any such
x* isuniquely optima, bothin X andin S. A reflexive optimum can be interpreted as an equilibrium
date of theindividud’s holdings: were the individua to be endowed with such abundlein any
period, he would not wish to engage in any further exchanges. That areflexive optimum exists
follows from asmple goplication of Brouwer’ s fixed-point theorem. (We can define amapping g(.)
from Sto itsdf, such that each g(x) is the uniquely optima bundiein S, viewed from x. Clearly, each
g(x) isan dement of X. Because of the continuity propertiesof P , g(.) isa continuous function.
Thus, it has afixed point. Any such point isareflexive optimum.) It isnaturd to ask whether,
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garting from an arbitrary x(0), atrading sequence will converge to areflexive optimum.

Clearly, if the answer to thisquestion is*Yes, thismust be by virtue of some degree of
rationdity on the part of theindividua. Even for an individua with a reference-independent
preference structure —that is, for an individual as modeled in conventional consumer theory — his
ability to reach an optimum by means of trade depends on his acting on certain principles of
rationdity. Inthis paper, our concern is with the particular problems that reference-dependence
introduces into consumer theory. Accordingly, our strategy isto assume that the individua acts on
certain minimd principles of rationdity, sufficient to lead him to an optimum if he has areference-
independent preference structure. We then investigate whether the same principles of rationdity

lead to areflexive optimum when preferences are reference-dependent.
We begin by imposing the following natura restriction on trading sequences.

(D1) Local improvement For al t>0: (i) x(t) R x(t—1) and (ii) if x(t—1) isnota
reflexive optimum, then x(t) P x(t — 1).

D1 requires that, in every period, the individua takes some advantage of available opportunities for

gain, as viewed from his current reference point.®

However, even with reference-independent preferences, D1 is not sufficient to guarantee
convergence to optimdity. There are perverse cases of trading sequences which, whilein every
period capturing some non-zero part of the current opportunities for gain, do not converge to
optimdity. Intuitively, we need a condition which requires that in each period the individua captures
anon-trivial part of the current opportunities for gain.

Asameans of formulating such arestriction, we define a mesasure of gains from trade. For
dlstsZ i 0.", weuseL(2) to denote the Lebesgue messure of Z. Taking S, X and P asgiven,
we define a set-valued function F (., .) asfollows Fordl x,zinS, F (z,X) ={y |y Rx U z>v}.
To interpret this set, suppose that in some period the individud is endowed with x and is considering
exchanging this endowment for z. F (x, z) contains dl those bundles that are weskly preferred to X,
viewed from x, but that are unambiguoudy inferior to z. (Notice that, because each of these bundles
is dominated by z, and because z is an dement of S, each bundleisitsaf inS,i.e F(x,2) 1 S)
Thus, if zR x istrue, L(F [z, X]) can beinterpreted as an index, in terms of preferences viewed from

X, of how far z lies above the indifference surface that passes through x. In other words, it can be
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interpreted as an index of the gains from trade thet the individua redisesin moving from x to z,
evauated with respect to his reference point in the rlevant trading period. If zR x isfase, L(F [z,
x]) =0.

Our second redtriction on trading sequencesis:

(D2) Non-trivial improvement If L(F [x(t+ 1), x(t)]) ® Oast® ¥,thendso max ,
i x [L(F[z,x®)])] ® Oast® ¥.

D2 requiresthat actual gainsfrom trade in each period do not become vanishingly smal unlessthis

isasotrue of potential gainsfrom trade.

The following convergence result can be proved (the proofs of this and subsequent results

are given in the Appendix):

RESULT 3 For all preference structures P which satisfy C1-C7, and for all x(0) T X: every

trading sequence that satisfies D1 and D2 converges to the set of reflexive optima.

Notice that Result 3 does not establish that every trading sequence convergesto a reflexive
optimum. Of coursg, it isan immediate corollary of Result 3 that if there isa unique reflexive
optimum, every trading sequence that satisfies D1 and D2 must convergetoit. For reflexive
equilibrium to be unique, it is sufficient thet the preference structure induces a gtrictly convex long-

run preference relation (as the CES structure does).

Nevertheless, there are examples of preference structures and exchange sets such that a
trading sequence that satisfies D1 and D2 can converge towards a cyclica path thet is dways close
to some reflexive optimum yet does not convergeto any particular one. Thisisdill possibleif drict
rather than weak acyclicity (i.e. C7* rather than C7) isassumed. However, if the stronger condition
of limit acyclicity (C7**) is subgtituted for C7, or if the preference structure is reference-
independent, convergence to an optimum is guaranteed:

RESULT 4 For all preference structures P which satisfy C1-C5 and which ether satisfy C6
and C7** or are reference-independent, and for all x(0) T S every trading sequence that

satisfies D1 and D2 converges to some reflexive optimum.

8. Exchange when reference points are endogenous
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So far, we have consdered the trading behaviour of asingle individud, facing an exogenoudy given
opportunity set. We now extend this analyss to investigate how trade between individudsis
affected by endogenous reference points.

We consider an exchange economy with n goods and N individuas (with N 3 2). A typica
bundle of goods possessed by individua j is denoted by X = (X1, ..., ;). For each personj,
preferences over such bundles are described by a preference structure P'; the relations R, P, | and
RR relevant to person j arewritten as R, P, I! and RR.. Notice that in defining each individud’s
preferences over his own bundles (rather than over the dlocation of goodsto al individuas) we are
implicitly assuming that there are no externdities. An allocation is an Nn-dimensiona vector (x4,
o X X2, X2 oxNy L x M) x denotes atypicdl dlocation. Feasibility for the economy is
defined in terms of aresource constraint g = (q, ..., gn) such that, for each good i, q; is grictly
positive and finite. Taking some resource constraint ¢ as given, an alocation x isfeasibleif &; x!; £
q for dl goodsi; the set of feasble dlocationsisA. The set of exchangeable dlocationsY isthe
st of non-dominated elements of A. Thus, an dlocation x is exchangesbleif and only if &; x)i =q
for dl i. Theunderlying ideaisthat each of the exchangeable dlocations can be transformed into any
other by means of exchanges of goods between individuas.

We now fix aparticular resource condraint g, and hencefix A and Y. We asofix the
preference structures P, .., PN of the N individuals, and stipulate that each P! satisfies C1-C7. For
dl dlocationsx andy, y isaPareto-improving move from x (denoted x P* y)if y R X istrue for
dl personsj and if Y P X istruefor a least onej. If y I X istruefor dl j, y isaPareto-indifferent
move from x (denoted x 1* y). A feasbledlocation x isareflexive Pareto optimum if there
exigs no feasbley such that y P* x. Noticethat if individuals are endowed with an alocation which
is areflexive Pareto optimum, no further voluntary trade can occur. In this sense, areflexive Pareto
optimum in an exchange economy is anadogous with a reflexive optimum in the context of individua
choice: it provides anatural concept of efficiency in an exchange economy.

We define a collective trading sequence as a sequence <x(0), x(1), ... > such that each
X(t) is an exchangegble dllocation. We interpret each x(t) as a goecification of individuads holdings
at the start of period t; the difference between x(t + 1) and x(t) represents exchanges carried out
between individuasin period t. We do not propose any explicit modd of the trading mechanism
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which determines each x(t + 1), given its preceding x(t). Thus, for example, prices and excess
demands do not gppear explicitly in our model. Our gpproach is more generd: we merdy specify
two minima restrictions on collective trading sequences — restrictions that are analogous with D1
and D2, and that are congstent with awide range of aternative models of the trading mechanism.
We investigate whether these redtrictions are sufficient to ensure convergence to reflexive Pareto
optimdity.

Our fird redrictionsis:

(E1) Local improvement For al t> 0: (i) ether x(t) P* x(t—1) or x(t) I* x(t—1), and
(i) if x(t — 1) isnot areflexive Pareto optimum, then x(t) P* x(t—1).

Thefirg part of E1 requiresthat the overall effect of the exchanges carried out in any period is
weekly beneficid to dl individuds, viewed from their current reference points. Given our
fundamental assumption of myopia, and given our implicit assumption of no externdities, thisisan
essentia property of any trading mechanism in which individud participation is voluntary. The
second part of E1 requires that, if potential gains from trade exist in period t, some part of those
gains are redised in that period.

Our second redtriction requires that in each period anon-trivial part of current potential
gainsfrom trade are realised. First, weextend F (., . ) to dlocationsasfollows. Fordl z xinY,
wedefineF (z x) ={y |y P* x U z>y}. Thus, F (z x) contains al those dlocationsy that are
Pareto-improving moves from x but that are unambiguoudy inferior to z—in the sense that z gives
every individud a least as much of each good asy does, and gives at least one individua more of a
least onegood. (Notice that, because each dlocationin F (X, z) isdominated by z, and because zis
an dement of A, eech dlocationisitsdf inA,i.e F(x,2) I A) Thus if zP* x istrue, L(F [z X])
can be interpreted as an index of the gains from trade that the N individuas together achievein
moving from X to z, evauated with respect to their reference pointsin the relevant trading period. If
zP* xisfdse L(F [z x]) = 0. Hence our second restriction:

(E2) Non-trivial improvement If L(F[x(t+1),x(t)]) ® Oast® ¥,thendso max ,
i vL(F[z x(®)])® Oast® ¥.

E2 requires that actua gains from trade in each period do not become vanishingly smdl unlessthisis
aso true of potential gains from trade.



The following convergence results, analogous with Results 3 and 4 for individua trading
behaviour, can be proved:

RESULT 5 For all profiles of preference structures P*, ..., PN which satisfy C1-C7, and for
al x(0) T Y: every collective trading sequence which satisfies E1 and E2 converges to the set

of reflexive Pareto optima.

RESULT 6 For all profiles of preference structures P, ..., PN, such that each P' satisfies C1—
C5 and dther satisfies C6 and C7** or is reference-independent, and for all x(0) T Y: every
collective trading sequence which satisfies E1 and E2 converges to some reflexive Pareto

optimum.

9. Conclusions

Our objective has been to develop atheory of consumer choice that is compatible with what is
known about reference point effects, while conserving as much as possible of the generdity and
tractability of conventiona consumer theory. Our strategy has been to postulate thet preferences are
conditional on reference points, and that, conditiona on any given reference point, preferences have
the same properties of completeness, trangtivity, increasingness and convexity as are assumed in
conventiond theory. We have proposed two conditions that link preferences conditiona on
different reference points: a condition of continuity, and a condition which rules out cycles of choice.
We have shown that preference structures with these properties can accommodate observed
reference point effects. Under the specia assumption that indifference surfaces are smooth, these
effects occur when reference-dependent indifferent surfaces are more convex than ‘long-run’

indifference surfaces, that is, when subgtitution effects are weaker in the short run than in the long.

Given thistheoretical framework, equilibrium for an individua who faces a given set of
trading opportunities is naturaly understood as a ‘reflexive optimun’: a bundle of goodsthat is
optima when it is‘viewed from itself’ (that is, when this bundle isitsdf the reference point).
Efficiency for an exchange economy is naturaly understood as an dlocation that isa ‘reflexive
Pareto optimum’, that is, such that, when that alocation serves as the reference point for dl
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individuas, there are no unexploited gains from trade. We have shown that our assumptions about
preference structures, combined with certain weak assumptions about the properties of trading
mechanisms, are sufficient to ensure that sequences of trading decisions converge to states of

reflexive optimdlity.

More generally, we hope that our work will persuade more economidts to investigate the
explanatory power of the hypothesisthat preferences are reference-dependent. Many economists
are reluctant to use non-standard assumptions about preferences, fearing that to do so would mean
giving up the clarity, rigour and tractability of exigting theory. Our results suggest thet it is possible to
mode reference-dependence by means of relatively smal modifications to the conventiond theory of
preferences, and that these modifications need not frustrate economists attempts to build genera

theories of the workings of markets.

Appendix: Proofs of theorems
Proof of Result 3

Congder any preference structure P which satisfies C1-C7, any feasble set Sand its
corresponding exchange set X, and any trading sequence Q = <x(0), X(1), ... > which satisfies D1
andD2. Fordlx1 X,wedeineCx)={y|yT SU@$X,...x"T S XRx,¥Rx,..,x"R
x™ 1 y R x™}. Consder the function f(t) = L(C[x(t)]). The vaue of f(t) is bounded above by
L(S), which is pogtive and finite, and below by zero. From the assumptions that reference-
dependent preferences are grictly convex (C4) and that Sis conve, it followsthat for dl x, x isa
reflexive optimum if and only if C(x) = {x}. Thus, for dl t, X(t) isareflexive optimum if and only if
f(t) = 0. Condder any t such that x(t) is not areflexive optimum. By D1, x(t + 1) P x(t). Because
reference-dependent preferences satisfy increasingness (C3) and wesk acydlicity (C7), F (X[t + 1],
X[t]) C C(x[t + 1]) = Efordl t. ButF (x[t + 1], x[t]) I C(x[t]). Thusf(t)—f(t+1)3 L(F [x(t+
1), x(t)]) ® 0. Soastincreases, f(t) doesnot increase. Thus, either (i) there exists some t¢such
that f(t) =Ofordl t3 t¢ or (i) f(t) ® Oast® ¥, or (iii) f(t) tends to some drictly pogdtive limit ast
® ¥. If (i) istrue, x(t) isareflexive optimum for dl t 3 t¢ Suppose (ii) or (iii) istrue. Thenast®
¥, f(t)—f(t+ 1) ® O, whichimpliesL(F [x(t + 1), x(t)]) ® 0. Thenby D2, max ;i x [L(F [z,
X(®)])] ® 0. BecauseP satisfies C1-C6, max ;i x [L(F [z, X])] isacontinuous function of X,
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whose vadueis zero if and only if x isareflexive optimum. Thusmax i x [L(F [z, x(1)])] ® Oast
® ¥ if and only if Q convergesto the set of reflexive optima. ?

Proof of Result 4

Consder any preference structure P which satisfies C1-C5 and which either satisfies C6 and

C7** (case 1) or isreference-independent (case 2). Notice that in case 2, C6 and C7 are satisfied
trividly. Now consider any feasble set S and its corresponding exchange set X, and any individua
trading sequence Q = <x(0), x(1), ... > which satisfies D1 and D2. By Result 3, Q convergesto the
st of reflexive optima. If case 2 gpplies, thereis a unique reflexive optimum (because of drict
convexity), to which Q must converge. Suppose that case 1 applies and that Q does not converge
to any single point. Since Q is bounded, by the Bolzano-Welerdtrass Theorem it has a convergent
subsequence Q¢ Let thelimit of Q¢bez. For dl X, z, let d(x, z) denote the Euclidean distance
between x and z. By supposition, Q does not convergeto z. Thus, there existsd > 0 such that, for
al t >0, there exigts t¢> t such that d(x[td, z) > d. Fix any such d. Now consider any e > 0.
Because Q¢convergesto z, there must be somet* > 0 such that x(t) isin Q¢and d(X[t"], 2) < e.
Because Q does not converge to z, there must be some t? > t* such that d(x[t?], z) > d. Because Q¢
converges to z, there must be some t* > % such that x(t%) isin Q¢and d(x[t%], ) < e. By D2, x(t)
RR x(t') and x(t%) RR x(t?). But the concdlusion that such t*, t?, t* can be found for all e > 0is
inconsigtent with C7**. Thusthe original supposition isfase; Q convergesto apoint. Since Q

converges to the set of reflexive optima, itslimit is areflexive optimum. ?

Proof of Result 5

Condder any profile of preference structures P, ..., PN, dl of which satisfy C1-C7, any resource
congraint g and its corresponding sets A and Y, and any collective trading sequence Q = <x(0),
X(1), ... >which satisfiesEl and E2. Fordl xT Y, wedefineC(x) ={y | $x*, ..., x"T S x'P*
X, X2 P xt L, x™P* XMy PX x™} . The continuation of the proof is identical with the
corresponding continuation of the proof of Result 3, except that (1), z, A, Y, ‘reflexive Pareto
optimum’ and ‘E2' are subgtituted for X(t), z, S, X, ‘reflexive optimum’ and ‘D2’ respectively. ?



Proof of Result 6

Consider any profile of preference structures P, ..., PN, such that each P' satisfies C1-C5 and
either satisfies C6 and C7** or isreference-independent. Let Ji {1, ..., N} bethe set of
individuals whose preference structures satisfy C6 and C7+*. Let K1 {1, ..., N} bethe set of
individuals whose preference structures are reference-independent. Noticethat JC K = A Notice
dsothat, for each kT K, R¢isacomplete, transitive, incressing, strictly convex and continuous
preference rdation. Findly, notice thet, for dl individuasi, if P' is reference-independent, it
necessaily satisfies C6 and C7. Now consider any resource congtraint g and its corresponding set
of feasble alocations A and set of exchangesble alocations Y, and consider any collective trading
sequence Q = <x(0), x(1), ... > that satisfiesE1 and E2. By Result 5, Q convergesto the st of

reflexive Pareto optima.

Suppose that Q does not converge to asingle point. Since Q is bounded, it hasa
convergent subsequence Q¢ Let thelimit of Q¢be z. By supposition, Q does not convergeto z.
Thus, there existsd > 0 such that, for al t, there exists t¢> t such that d(x[td, z2) > d. Fix any such
d. Now consider any e > 0. Let t'(e) be the lowest value of t suchthat t 3 0, x(t) isin Q¢ and
d(x[t], 2) < e; because Qtconvergesto z, such avaueexists. Let t*(e) be the lowest vaue of t such
that t > t'(e) and d(x[t], 2) > d. Let t3(e) be the lowest value of t such that t > t(e), x(t) isin QG
and d(x[t], 2) < e; because Q¢convergesto z, such avaue exists. Noticethat, ase ® 0, x(t'[€])
and x(t%[e]) both convergeto z. Hence, for dl individudsi, d(X[t(e)], Z) ® 0and d(X[t’(e)], Z)
® Oase® 0. Because of E1, X[t*(e)] RR' X[t*(e)] and X[t*(e)] RR X [t(e)] aretruefor al i ad
foradl e > 0. Thus, and because P' satisfies C7+*, d(X[t*(€)], 2) ® Oase ® Ofor dl individuds;j
T J So,inthelimitase ® 0, the alocations x(t'{e]), x(t’[e]) and x(t}[e]) differ only in respect of
the bundles held by members of K.

Now consider any personk 1 K. Because of E1, X[t(e)] R¢ X[t'(e)] istruefor dl e > 0.
Because QC¢is a subsequence of Q which converges to z, because of continuity, and because of
E1, Z R Xt} (e)] isdsotruefor dl e > 0. Thus, X[t?(e)] lies on or above the (reference-
independent) indifference surface for person k that passes through X<[t'(e)], and on or below the
indifference surface that passes through 2. Since X{[t'(e)] ® Z ase ® 0, the distance between
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X[t%(e)] and the indifference surface through Z* tends to zero ase ® 0. Notice that this result holds
fordl kT K. Because the preferences of al members of K are continuous and strictly convex, and
because (holding constant the bundles held by members of J) z is Pareto-optimal for the members of
K, this result implies that d(X[t?(e)], Z) ® Oase ® Ofor dl individudsk T K.

Combining the conclusions of the preceding two paragraphs, d(x[t*(€)], 2) ® Oase ® 0.
But d(x[t?(e)], 2) > d for dl e, acontradiction. Therefore the supposition that Q does not converge
toasnglepoint isfdse. ?
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Notes

1. Tversky and Kahneman present their theory for preferences over bundles of two goods, saying

that the generadisation to n goods is straightforward. We present an n-good version of the theory

which we believe isfathful to their intentions. Where we have written thet amovefromrto s

weakly (respectively: grictly) favours s, Tversky and Kahneman explicitly require only that y ~ X

impliesy Os X (repectively: y s X). Butitisclear from their discussion that they aso require that y
-28-



O ximpliesy O X.
2. In persond communication, Kahneman has confirmed that, in developing ther theory of
reference-dependent preferences, he and Tversky began with the additive representation.

3. Tversky (1969) presents evidence of systematic intrangtivitiesin preferences among lotteries, but
in these cases, intrangitivity is explained by the hypothesis that individuds ignore small differencesin
probabilities. This effect worksin the opposite direction to diminishing sengtivity.

4. An dternative proof of Result 2 can be congtructed by considering the additive representation, as
defined by (1) in Section 2, with the additiona assumption that each value function vi(.) is gtrictly
concave. It can be shown that any preference structure that has such a representation satisfies C1—
C7 and C7*. If (as Tversky and Kahneman usualy assume) each vi(.) iskinked at the point at
whichx —r, =0, C7** issatisfied too.

5. Because reference-dependent indifference surfaces are smooth, C7** isnot satisfied. Notice
that, for al x, {z zZRRx} ={x}E{z 26 | x}. Thus, moving in asequence of infinitesmal steps, the
individud iswilling to make exchanges which take her away from her initid endowment, but keep

her arbitrarily close to the long-run indifference surface on which she started.

6. We do not assume that the individua takes full advantage of such opportunities in each period.
To do that would be to impaose a redtrictive synchronisation of trading decisons and shifts of

reference points.
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