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Abstract: In this paper I show that within expected utility large buying and
selling price gap is possible and [R] paradox may be resolved if only initial wealth
is allowed to be small. It implies giving up the doctrine of consequentialism which
may be reduced to requiring initial wealth to be total lifetime wealth of the deci-
sion maker. Still, even when initial wealth is allowed to be small and interpreted
narrowly as gambling wealth, classic preference reversal is not possible within ex-
pected utility. I show that only another kind of reversal which I call preference
reversal B is possible within expected utility. Preference reversal B occurs when
buying price for one lottery is higher than for another, but the latter lottery is
chosen in a direct choice. I demonstrate that classic preference reversal is suscepti-
ble to arbitrage whereas preference reversal B is not which suggests that the latter
reversal is more rational.
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Introduction

Willingness-to-accept or selling price for a lottery is a minimal sure amount of money
which a person is willing to accept to forego the lottery. Willingness-to-pay or buying
price for a lottery on the other hand is a maximal sure amount of money which a
person is willing to pay in order to play the lottery. The disparity between willing-
ness to pay (WTP) and willingness to accept (WTA) is a well-known phenomenon
that arises in experimental settings. There is a large body of evidence starting with
[KS] and [T] that WTA is much higher than WTP for many types of goods. [H] is
a survey which documents and analyzes results from a great number of experiments
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and obtains mean values of the WTA/WTP ratio for different goods. Although the
mean WTA/WTP ratio for lotteries is 2.10 and it is small as compared to the same
ratio for other, especially non-market goods, it means nevertheless that WTA is on
average more than two times higher than WTP. There have been many attempts to
give account for this phenomenon.
There is strong belief in the literature that this evidence is not consistent with ex-
pected utility theory. Along the lines of [R06] I will argue that the source of this belief
lies in associating expected utility theory with the doctrine of consequentialism, ac-
cording to which ”the decision maker makes all decisions having in mind a preference
relation over the same set of final consequences”. This association is harmless when
considering Constant Absolute Risk Aversion, as in this case decisions whether to
accept a given lottery do not depend on wealth. However as many studies confirm
people usually exhibit Decreasing Absolute Risk Aversion1, in which case wealth ef-
fects are present.
In practice the doctrine of consequentialism means that the initial wealth underlying
any decision whether to accept or reject a given lottery is assumed to be the decision
maker’s lifetime wealth. It follows that most lotteries under consideration are small
relative to initial wealth and therefore, by [R] argument for any reasonable level of
risk aversion expected utility predicts approximate risk neutrality towards such lot-
teries. In this case, not only is expected utility incapable of accommodating large
spreads between buying and selling price, but also it is inconsistent with risk averse
behavior for small gambles2. Instead of burying expected utility theory I propose
to divorce it from the doctrine of consequentialism, i.e. relax the assumption that
initial wealth underlying any decision whether to accept a gamble is total lifetime
wealth of the decision maker. If initial wealth is allowed to be small, I will show that
expected utility is consistent with large buying/selling price spread, i.e. that within
expected utility for reasonable3 levels of risk aversion one can obtain buying/selling
price spread of the magnitude consistent with experimental results. Following this
finding I will propose an alternative for consequentialism involving narrow framing.
Instead of asserting that preferences are always defined over total lifetime wealth, I
will assume that preferences over gambling are defined over gambling wealth, i.e this
part of the decision maker’s total wealth which he designates for taking gambles. The
idea is taken from [FH], although the seeds of this approach, and in particular the
idea of separating lifetime wealth and something else for different decision problems,
are already in [R06]. I will propose several ways for testing the hypothesis of gambling
wealth.
There are many papers on the disparity between willingness to accept and willingness
to pay for risky lotteries. It is part of a vast literature stream on WTA and WTP val-
uations in general. For example, [SSS] explain WTA/WTP spread for risky lotteries
using prospect theory. They propose the third-generation prospect theory, in which,
unlike in the previous versions, reference point is allowed to be random. They show

1In this paper decreasing absolute risk aversion means strictly decreasing absolute risk aversion.
2”Small” here means ”small relative to lifetime wealth”.
3Consistent with experimental evidence.
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that loss aversion in such model implies positive WTA/WTP gap4. In general, there
have been many accounts for the disparity based on non-expected utility models. My
aim in this paper is not to offer a better explanation. I am even convinced that specific
behavioral theories will fit empirical and experimental evidence better than expected
utility model which I analyze. My goal is to show, that large spreads between WTA
and WTP, due entirely to wealth effects, are possible within expected utility if only
wealth is interpreted narrowly as gambling wealth. The advantage of this approach is
that expected utility has stronger normative appeal as compared to many behavioral
models. And hence, it is useful to know that certain patterns of preferences, or in this
case valuations, can be accommodated not only within behavioral models but also
within expected utility.
The approach I take in this paper in general is not novel. As I mentioned before,
[R06] claims that a lot of recent confusion around expected utility, which led some
researchers to question it as a descriptive theory is caused by associating expected
utility theory with the assumption of consequentialism - the idea that there is a sin-
gle preference relation over the set of lotteries with prizes being the ”final wealth
levels” such that the decision maker at any wealth level W who has vNM prefer-
ence relation %W over the set of ”wealth changes” derives that preference from % by
L1 %W L2 ⇐⇒ W + L1 % W + L2, where L1 and L2 are lotteries. Also, [CS]
argue that the confusion around expected utility in general, and Rabin’s paradox in
particular, is caused by the failure in the literature to distinguish between expected
utility theories, which stands for all models based on a set of axioms among which
there is independence axiom, and a specific expected utility model. They show on
the basis on Rabin’s argument that the expected utility of income model is capable of
accommodating evidence which the expected utility of terminal model cannot accom-
modate. Finally, [P-HS] show that in case of Rabin’s paradox, it is the assumption of
rejecting small gambles over a large range of wealth levels, and not expected utility,
that does not match real-world behavior. For more discussion on Rabin’s paradox,
see section .4.
My approach in this paper follows the lines of the aforementioned articles. The differ-
ence is that these articles focus on Rabin’s paradox and I focus here on buying/selling
price or WTA/WTP spread.
Related to buying/selling price disparity is the issue of preference reversal analyzed
by [GP]. There are two lotteries called the $-bet and the P-bet both of which promise
some prize with some probability and nothing otherwise such that the probability of
winning is higher for the P-bet but the prize is bigger for the $-bet. Preference rever-
sal occurs when selling price for the $-bet is higher than that for the P-bet but the
P-bet is preferred to the $-bet in a direct choice5. A related possibility, which I call
preference reversal B occurs when buying price for the P-bet is higher than that for
the $-bet and yet the $-bet is chosen over the P-bet in a direct choice. I will show that
traditional preference reversal is susceptible to arbitrage and is not possible within

4In fact, by imposing some symmetry conditions on prospect theory utility function in their
model, it is possible to show that loss aversion is equivalent to positive WTA/WTP gap

5Experimentally, in order to confirm preference reversal one must show that the asymmetry
described above occurs more often than the opposite kind of asymmetry, i.e. when the $-bet is
preferred in a direct choice but the P-bet gets higher selling price.
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expected utility, whereas preference reversal B is possible within expected utility and
it does not allow arbitrage. This result may suggest that traditional preference rever-
sal is less rational that preference reversal B.
Buying and selling price for a lottery are the concepts introduced by [Rai] in the
context of expected utility. More popular perhaps are the terms willingness to pay
(WTP) and willingness to accept (WTA), respectively, the terms introduced primar-
ily in the context of non-expected utility theories. Except for the fact that buying
and selling price terms were introduced in a different context than WTP and WTA,
these terms have the same meaning. Since I focus on expected utility model I will
henceforth use the former terms.
The structure of this paper is as follows. First, I introduce the model, its assump-
tions, definitions of buying and selling price for a lottery and buying/selling price
reversal. Then I state a couple of technical propositions which describe the shape and
properties of buying and selling price for a lottery for different risk attitudes. The
subsequent section contains the main theses of the paper. Focusing on constant rel-
ative risk aversion class of utility functions, I demonstrate first that expected utility
with consequentialism is likely to predict risk neutral behavior towards most gambles
and eventually a gap between buying and selling price becomes negligible. Second, I
demonstrate that if the doctrine of consequentialism is abandoned and wealth is al-
lowed to move over the whole domain, significant spreads between buying and selling
price are possible due to income effects when wealth is sufficiently small. As a next
step, I propose an alternative to consequentialism involving narrow framing. Instead
of defining wealth as total lifetime wealth of the decision maker I suggest to use gam-
bling wealth which is that part of the decision maker total wealth which he designates
for the purpose of taking gambles. I discuss ways to test gambling wealth hypothesis
and then I examine the possibility of what I call preference reversal B which I com-
pare to the related concept of traditional preference reversal. I show that whereas
preference reversal B is possible within expected utility framework with gambling
wealth instead of total lifetime wealth and it does not allow arbitrage opportunities,
preference reversal allows arbitrage opportunities and is not possible within expected
utility. And finally I conclude. The appendix at the end of this paper contains proofs
of the propositions.

The model

I start with basic assumptions and definitions.

Assumption 1. Preferences obey expected utility axioms. Bernoulli utility function
U : R → R is twice continuously differentiable, strictly increasing and strictly concave.

Definition 2. A lottery x is a real- and finite-valued random variable with finite
support. The space of all lotteries will be denoted X . I define the maximal loss of
lottery x as: min(x) = min supp(x).

The typical lottery will be denoted as x ≡ (x1, p1; ...;xn, pn), where xi ∈ R, i ∈
{1, 2, ..., n} are outcomes and pi ∈ [0, 1] i ∈ {1, 2, ..., n} the corresponding probabili-
ties. Outcomes should be interpreted here as monetary values. Although most results
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that follow are true for more general lotteries, the finite support assumption is suffi-
cient for the purposes of this paper. Now I define buying and selling price for a lottery
given wealth level along the lines of [Rai]. To avoid repetitions, I will henceforth skip
statements of the form: ”Given utility function U satisfying assumption 1, any lottery
x and wealth W ...”.

Definition 3. I define selling price and buying price for a lottery x at wealth W
as functions denoted, respectively, S(W,x) and B(W,x). Provided that they exist,
values of these functions will be determined by the following equations:

EU [W + x] = U [W + S(W,x)] (1)

EU [W + x−B(W,x)] = U(W ) (2)

If utility function is defined over the whole real line as is the case for constant
absolute risk aversion, buying and selling price as functions of wealth exists for any
wealth level by assumption 1. If the domain of utility function is restricted to a part
of real line as is the case of constant relative risk aversion utility function analyzed
here, I will specify later on in the paper on which domain buying and selling price are
defined as functions of wealth.
In economic terms, given an individual with initial wealth W whose preferences are
represented by utility function U(·), S(W,x) is the minimal amount of money which
he demands for giving up lottery x. Similarly, B(W,x) is the maximal amount of
money which he is willing to pay in order to play lottery x. Additionally I define a
concept of buying/selling price reversal.

Definition 4. Given two lotteries x and y and some wealth level W , define buy-
ing/selling price reversal as:

S(W,y) > S(W,x) and B(W,x) > B(W,y)

This kind of preference pattern may be interpreted as follows. For a given initial
wealth, an individual’s certainty equivalent for lottery y is higher than for lottery x,
and yet he is willing to pay more to play lottery x than to play lottery y. In other
words, an individual exhibiting buying/selling price reversal, may prefer to buy x

than y if he does not play any lottery initially. When, on the other hand, he does
play the lottery initially, he would prefer to sell x than y.

Buying short and selling short price for a lottery

It is possible to introduce buying short and selling short for a lottery x at wealth
level W denoted, respectively, by BS(W,x) and SS(W,x). They satisfy the following
equations:

EU [W − x] = U [W −BS(W,x)] (3)

EU [W − x + SS(W,x)] = U(W ) (4)

The interpretation of these two measures is the following: BS(W,x) is the maximal
sure amount of money which an individual would pay for not taking a short position
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in lottery x. In other words if initial position is W − x, BS(W,x) is the maximal
sure amount of money which an individual is willing to pay for x. On the other hand
SS(W,x) is the minimal sure amount of money which an individual would accept
for taking a short position in x. In other words, it is the minimal selling price for a
lottery which an individual does not have initially.
Notice that buying price B(W,x) and SS(W,x) are evaluated with respect to the
same initial position W . Using Jensen’s inequality it is easy to show that for strictly
concave utility function and a nondegenerate lottery x:

SS(W,x), BS(W,x) ∈ (E[x],max(x))

where max(x) denotes the maximal consequence in the support of lottery x. As shown
in proposition 1 below, classical buying and selling price for a lottery are on the other
hand strictly in between min(x) and E[x] for strictly concave utility function. Hence,
for strictly concave utility function, both SS(W,x) and BS(W,x) are strictly greater
than S(W,x) and B(W,x) for any wealth level.
Certain global (i.e. holding for any lottery) properties of buying and selling price as
functions of wealth are ”mirrored” by the corresponding global properties of buying
short and selling short prices for a lottery. This is due to the simple relation which
holds between these measures and which is the following:

SS(W,x) = −B(W,−x)

BS(W,x) = −S(W,−x)

So, if for example buying and selling price for any no-degenerate lottery are strictly
concave and strictly increasing in W as is the case for CRRA utility function6, then
selling short and buying short prices for any non-degenerate lottery will be strictly
decreasing and strictly convex in W . If 0 < B(W,x) < S(W,x) as is the case for
DARA7, then 0 < SS(W,x) < BS(W,x).

Preliminary results

Before introducing the main point of this paper I need a couple of theoretical results
which describe properties of buying and selling price for a lottery for different risk
attitudes. The most basic property of buying and selling price which is true for any
concave strictly increasing utility function is the following:

Proposition 1 (Concave). For any non-degenerate lottery x and any wealth W
such that buying and selling price exist, S(W,x) and B(W,x) lie in the interval
(min(x),E(x)). For a degenerate lottery x, S(W,x) = B(W,x) = x.

Proof. In the appendix. �

Below I state propositions which characterize constant and decreasing absolute risk
aversion utility functions in terms of buying and selling price. Proofs of these propo-
sitions may be found for example in [ML]. Also I refer to [ML] for an extensive

6See results in [ML].
7See results in [ML].
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discussion on multiplicative and nominal gambles, risk aversion notions for the two
kinds of gambles, etc.

Proposition 2 (CARA). The following two statements are equivalent:

i. Bernoulli utility function exhibits CARA

ii. Buying and selling price are independent from wealth and equal i.e.

B(W,x) = S(W,x) = Cα, ∀W

where α is absolute risk aversion coefficient and Cα takes real values and depends
only on α.

Proposition 3 (DARA). The following two statements are equivalent:

i. Bernoulli utility function exhibits DARA

ii. buying and selling price are increasing in W

B(W,x) > 0 ⇐⇒ B(W,x) < S(W,x)

for a non-degenerate lottery x.

The above propositions show that in expected utility model a gap between buying
and selling price can only arise due to wealth effects. Selling price is higher than
buying price for a lottery for which I would be willing to pay positive amount only
if absolute risk aversion decreases in wealth. Since I want to focus on CRRA utility
functions which is a subclass of DARA utility functions I will additionally state one
more proposition, the proof of which may also be found in [ML].

Proposition 4 (CRRA). The following two statements are equivalent:

i. Bernoulli utility function exhibits CRRA

ii. buying and selling price for any lottery are homogeneous of degree one i.e.

S(λW, λx) = λS(W,x), ∀λ > 0

B(λW, λx) = λB(W,x), ∀λ > 0

Buying/selling price spread within expected utility framework

In this section I focus on constant relative risk aversion utility class, since it is sim-
ple and empirically well validated. For convenience but without loss of generality I
normalize Bernoulli utility function as follows:

Uα(x) =

{

x1−α−1
1−α

, 1 6= α > 0, x > 0

log x, α = 1, x > 0
(5)
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Parameter α is required to be bounded. I also focus on non-degenerate lotteries with
non-negative values such that outcome zero gets positive probability. This restriction
is a matter of convenience as the forthcoming results extend to the case of general
lotteries. The following proposition is necessary to establish the domain and the range
of buying and selling price for a lottery as functions of wealth for the case of CRRA
functions of the above form. Before I state this proposition a couple of remarks might
be useful. First, since CRRA utility function used in this section is defined only
for positive real numbers I need to be sure that both sides of equations (2) and (1)
defining buying and selling price are well defined. Second, notice that CRRA function
of the above form is unbounded from below for α ≥ 1 and bounded from below for
0 < α < 1. This is the reason why for 0 < α < 1 the infimum of B(W,x) and S(W,x)
cannot be equal to min(x), the lower bound given in proposition 1. It turns out that
there is a certain threshold denoted by WL(x) ∈ (0,E[x]) such that the infimum of
B(W,x) and S(W,x) is equal to WL(x) + min(x) which is greater than min(x).

Proposition 5 (CRRA2). Given the class of CRRA utility function of the form given
by (5) the following holds for any non-degenerate lottery x: for α ≥ 1

• limW→0 B(W,x) = min(x)

• limW→−min(x) S(W,x) = min(x)

Define WL(x) = U−1[EU(−min(x) + x)]. For 0 < α < 1

• limW→WL(x) B(W,x) = WL(x) + min(x),

• limW→−min(x) S(W,x) = WL(x) + min(x)

Additionally,

∀α > 0 lim
W→∞

B(W,x) = lim
W→∞

S(W,x) = E[x] (6)

Proof. In the appendix. �

The above proposition establishes the domain and the range of buying and selling
price for a given lottery x as functions of wealth for CRRA utility functions which
are defined above. Now that I introduced the necessary theoretical results, I proceed
to the main message of this paper.

Expected utility and consequentialism

Consequentialism is a doctrine that says that an individual makes all decisions ac-
cording to a preference relation defined over one set of final consequences. In practice
it means that initial wealth taken into account when making whatever decision is in-
terpreted as the decision maker’s total lifetime wealth. Most lotteries which a person
may encounter are small relative to his lifetime wealth. Especially, lotteries used in
experiments have values which are small relative to total lifetime wealth of experi-
mental subjects. Therefore to explain certain experimental results it is sufficient to
focus on lotteries that have values which are negligible as compared to total lifetime
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wealth. To represent this fact I assert here that lotteries have bounded values and
consequentialism approximately means that wealth tends to infinity. In this case the
following result holds:

Proposition 6. Expected utility with consequentialism and CRRA approximately pre-
dicts no buying/selling price spread and risk neutrality.

Proof. The proof follows directly from equation (6) in proposition 5. To represent
the fact that most lotteries are small relative to lifetime wealth, I take any lottery
with bounded values and let wealth go to infinity. What happens is that both selling
price and buying price tend to E[x] and hence the gap between them vanishes. Since
the distance E[x] − S(W,x) measures risk aversion, it is clear that there is no risk
aversion either. �

This proposition is very similar to [R] calibration theorem confined to CRRA class of
utility functions. Reasonable levels of risk aversion for big gambles give rise to risk
neutral behavior towards small gambles within expected utility with consequential-
ism. The difference between [R] argument is that I claim after [R09] that this is due
to consequentialism and not due to expected utility.
This negative result immediately rises the issue of what happens if I drop the as-
sumption of consequentialism. To answer this question I proceed in two steps. First,
I show that relaxing consequentialism is promising, i.e. large buying/selling price for
a lottery for reasonable levels of risk aversion may be obtained. Second, I propose an
alternative assumption which could replace the assumption of consequentialism.
In the first step I allow wealth to vary freely. I will therefore analyze buying and
selling price for a lottery as functions of wealth. The goal is to see for what values of
wealth is the spread between buying and selling price likely to be high. To save on
notation, given a fixed lottery x I shall write S(W,x) = S(W ) and B(W,x) = B(W ).
I define relative spread between buying and selling price as follows:

τ(W ) =
S(W ) −B(W )

B(W )

The following lemma can be used to infer certain properties of the relative gap between
buying and selling price.

Lemma 5. For differentiable decreasing absolute risk aversion utility function, given
any non-degenerate lottery x and any wealth level W , the following holds:

• B′(W ) < 1

• S′(W −B(W )) = B′(W )
1−B′(W ) and hence S′(W −B(W )) > B′(W )

• B′(W + S(W )) = S′(W )
1+S′(W ) and hence B′(W + S(W )) < S′(W )

• S′(W ) = S(W )−B(W )
B(W ) and B′(W ) = S(W )−B(W )

S(W ) for small positive S(W )

Proof. In the appendix. �
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Observe that the slope of buying price is always smaller than one whereas the slope
of selling price can be higher for small values of wealth. Before I state a proposition
describing the characteristics of the relative gap between buying and selling price I
need the following lemma:

Lemma 6. For CRRA utility function, given any non-degenerate lottery x, S(W )
and B(W ) are concave functions.

Proof. See [ML]. �

I focus now on the case when S(W ) > B(W ) > 0. The remaining cases can be
analyzed similarly. By proposition 5, to make sure that B(W ) is positive I require
that min(x) cannot be lower than zero. The following proposition suggests that for
CRRA utility function the lower the wealth the higher the relative gap between buying
and selling price.

Proposition 7. For CRRA utility function and any lottery x with min(x) ≥ 0, the
relative gap between buying and selling price τ(W ) is strictly decreasing in W .

Proof. In the appendix. �

This proposition already gives an explanation of why buying/selling price gap cannot
be predicted within expected utility with consequentialism for small experimental lot-
teries. The reason is that within expected utility, the gap between buying and selling
price is the highest for small values of wealth. So if initial wealth is small, expected
utility model can accommodate large buying and selling price gap. Obviously, assum-
ing initial wealth to be total lifetime wealth of the decision maker is as far as one can
go away from this possibility.
Using lemma 5 and proposition 7 it is possible to infer certain properties of buying
and selling price when data on relative gap between buying and selling price is avail-
able. Also, in the opposite direction, it is possible to infer properties of the relative
gap between buying and selling price when certain properties of buying and selling
price are known. Here, I mention just a couple of possibilities:

• the gap is equal to the slope of selling price for small B(W )

• for small values of B(W ) the gap is equal to B′(W )
1−B′(W ) and hence

• the maximal gap depends on the slope of B(W ) for small values of B(W )

The above mathematical results can be best illustrated on the basis of an example.
Let x be a lottery giving 100 euros or nothing with equal probabilities. The notation
I use for such a lottery is (100, 12 ; 0, 12 ). Table 1 contains graphs of selling and buying
price for lottery x on the left and relative spread between them as functions of wealth
W on the right, each of them for CRRA utility function for three different coefficients
of relative risk aversion: 1/2, 1 and 28. Notice that as stated in propositions above

8The CRRA utility function is of the form given in (5).
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Table 1. Buying/selling price spread for x for CRRA utility function
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buying and selling price are between min(x) and E[x] for α = 1 and α = 2. For
α = 0.5 I can calculate WL(x) as follows:

WL(x) =

(

1

2

√
100 +

1

2

√
0

)2

= 25

Hence buying and selling price for α = 0.5 are indeed between WL(x) + min(x) and
E[x]. Notice also that buying and selling price are increasing and strictly concave in
wealth and that selling price is higher than buying price over the whole domain of
buying and selling price. Finally as stated in proposition 7 the relative gap indeed is
the highest for the minimal value of wealth for which both buying and selling price
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are defined.
As illustrated by this simple example and stated formally in the propositions, the
smaller the wealth the greater the relative gap between buying and selling price. So
if wealth is small enough it is possible to obtain the gap between buying and selling
price consistent with experimental evidence for reasonable levels of risk aversion. I
will summarize this finding in a proposition.

Proposition 8. For levels of risk aversion which are consistent with experimental
evidence on risk attitudes there exists levels of wealth such that the expected utility
model predicts high relative gap between buying and selling price.

To illustrate the proposition consider again the above example. For instance, to
obtain selling price 30 per cent higher than buying price for the lottery in considera-
tion and for different relative risk aversion coefficients I need wealth levels which are
listed in table 2.

Table 2. Selling price 30% higher than buying price

α W

0.5 35.15
1 43.94
2 51.57

For example to obtain selling price 30% higher than buying price for the lottery
(100, 12 ; 0, 12 ) for logarithmic utility function, initial wealth level of almost 44 is nec-
essary. In the next subsection I introduce gambling wealth. If one believes that
expected utility model accurately predicts behavior 44 would correspond to the cali-
brated gambling wealth.
Assuming that the decision maker exhibits constant relative risk aversion, one can
calibrate pairs of wealth and relative risk aversion consistent with any given level of
relative gap between selling and buying price for a given lottery.

Expected utility with gambling wealth

I have argued above that expected utility with total wealth interpretation of wealth
predicts no gap between buying and selling price and risk neutrality for a wide range
of gambles used in experiments. On the other hand I have shown that if small values
of wealth are possible one can obtain large gaps between buying and selling price
for a lottery for reasonable levels of risk aversion. One way to proceed would be
to make wealth a free parameter of the model. Then, if one believes that expected
utility is a good descriptive model of behavior, then given the data on risky choices
one can calibrate which pairs of risk attitude and wealth level are consistent with
the data, as I have illustrated in table 2. Unfortunately, by making wealth a free
parameter, the model loses much of its predictive power. In particular, it is harder
to falsify the model or design testable predictions. Another way to proceed is to
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give wealth a new interpretation or, even better, to develop a theory of endogenous
wealth determination and then to test whether this new interpretation gives better
answers than consequentialist interpretation. Since at this point I am unable to offer
a theory of endogenous wealth determination, I will only propose a new interpretation
of wealth and ways to test it.

.1 Gambling wealth

Consequentialism assumption implies that when making any kind of decision people
consider and have in mind their lifetime wealth. I think a good alternative assumption
is that people frame decisions narrowly and separate them into categories. When they
engage themselves in housing decisions they think about housing budget, when they
consume they think about consumption budget and when they consider gambling or
whether to accept of reject an offered gamble, they consider gambling budget. Of
course, personal assignment of different categories, budgets for them and time span
for the budgets is a very complex subject and certainly there is plenty of factors which
influence such decisions. Therefore I do not aim at a theory of endogenous budget
determination. For the purposes of this paper I focus only on gambling category
and a budget assigned to it, which I call gambling wealth. Gambling wealth was
proposed informally by [FH]. They define gambling wealth as that part of total
wealth designated only for taking gambles. Alternatively, if W is wealth designated
for the purposes of living, housing and consumption, then gambling wealth is what is
left over.
In the light of the results from previous subsection, one can argue that the idea
of gambling wealth and more generally, the idea of separate budgets for different
categories of decisions could explain a number of interesting phenomena, for example:

• Agents who gamble more, have higher gambling wealth and therefore buying
and selling price gap for a given lottery is smaller than for less experienced
individuals

• If an object is treated narrowly the disparity should be higher; if it is integrated
into a wider set of objects the disparity should decrease ([H])

• The disparity should also be higher for artificial environments such as experi-
ments than for a real market place.

This approach also has potential of explaining why buying/selling price gap is more
pronounced when objects of choice are not monetary, e.g. coffee mugs. The more
specific or narrowly defined is the object of choice the more pronounced are wealth or
income effects since the value of the object is comparable with the money designated
for taking such objects.
The attractive feature of all these explanations is that they are all within expected
utility framework. The only novel thing is narrow framing with which expected util-
ity model is supplemented. Naturally, a theory of endogenous wealth determination
would be much appreciated to make this kind of explanations fully testable. At this
point, I may suggest a couple of ways to test gambling wealth hypothesis.
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I propose the following experiment design which could shed light on the validity of
this approach. The first stage of experiment is to give people small amount of money
for trading in gambles and then to elicit buying price and selling price for a given
lottery. It is possible to use sealed bid second price auction to elicit the true buying
price and [BDGM] procedure to elicit the true selling price for a lottery. In the second
stage subjects are given more money for trading in gambles and again buying and
selling price is elicited. Alternatively, instead of giving the subjects more money it is
possible to scale down or up the lotteries being played. If subjects exhibit constant
relative risk aversion it should be equivalent to increasing or decreasing initial wealth
- here the characterization results from [ML] are useful. If my explanation for the
gap between buying and selling price is correct then the gap should decrease when
subjects are given more gambling money or if the lotteries are scaled down without
changing gambling wealth.
The second experiment design is the following - I show some possible lotteries to the
subjects. Then I ask them how much money maximally, they would risk playing these
lotteries. Their answer would correspond to their gambling wealth. Then I again re-
peat the procedure as in the first experiment design.
Another way to test the approach would be to elicit buying and selling prices for
objects from a very narrowly defined set, such as coffee mugs and then extend the
set of objects to say all kitchen stuff and again elicit buying and selling prices. The
gap between reported buying and selling price in the first case should be bigger than
the one in the second case. The reason is that the money designated for trading in
coffee mugs is definitely no bigger than money designated to trade in all kitchen stuff.
This also would be consistent with results of [H]. He argues that buying/selling price
gap should be small if there is some substitute on the market and should be bigger if
there is no.
Assuming the approach is valid then I propose the following experiment for calibrating
gambling wealth. The experiment should be designed to test risk attitudes9 and at
the same time to elicit selling and buying prices for lotteries. Given the data it is then
easy to calculate the underlying wealth level. This is then interpreted as gambling
wealth. More precisely, given observed buying and selling price for a given lottery
I can calculate wealth-relative risk aversion coefficient pair which is consistent with
these prices.
Gambling wealth hypothesis is promising. However, until there is no theory of gam-
bling wealth interpretation it can not be fully testable. In the next subsection I
discuss another concept which is related to gambling wealth - the concept of pocket
cash by [FL]. The advantage of pocket cash idea is that there is a theory of pocket
cash determination. I would like to show in what respect pocket cash and gambling
wealth are similar and in what respect they differ.

.2 Pocket cash

The idea of pocket cash money in the context of gambling decisions is the following. If
a small gamble is offered, an individual decides whether to take it or not on the basis

9Characterization results from [ML] are useful here.
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of what he has in his pockets, and hence pocket cash will be the relevant wealth level
for this decision. If, on the other hand, the same individual is offered a big gamble
the values of which exceed significantly what he has in his pockets, the individual
decides more carefully taking into account his lifetime wealth. I will introduce now
some details of the model.
[FL] develop a dynamic model in which long-run self controls the series of short-run
selves. In each period t there are two subperiods:

• bank subperiod

– consumption is not possible

– wealth yt is divided between savings st, which remain in the bank, and
pocket cash xt which is carried to the nightclub

• nightclub subperiod

– consumption 0 ≤ ct ≤ xt is determined and xt − ct is returned to the bank
at the end of the period

– wealth next period is yt+1 = R(st + xt − ct)

The long-run self can implement a∗, the optimum of the problem without self-control,
by simply choosing pocket cash xt = (1− a∗)yt to be the target consumption. In this
way self-control costs might be avoided.

• At the nightclub in the first period there is a small probability the agent will
be offered a choice between several lotteries.

• The model predicts then that:

– for large gambles risk aversion is relative to wealth

– for small gambles it is relative to pocket cash

In this way the model can explain [R] paradox and large buying and selling price gap.

.3 Gambling wealth vs. pocket cash

An interesting feature of [FL] approach is the following. [FL] estimate pocket cash to
be roughly in the range of 20-100 dollars. This is very similar to the range of gambling
wealth necessary to get large and consistent with the evidence buying/selling price
gaps as indicated in table 2. Even if not supported by the thorough econometric
analysis it is striking that two totally different approaches give rise to results of a
very similar range.
In spite of the similarities, the two concepts are nevertheless different from each other.
To illustrate the difference I will now discuss what testable predictions are obtained
in [R] paradox according to the dual self model with pocket cash and what testable
prediction are obtained according to gambling wealth approach.
[R] calibrated that expected utility model predicts the following:

• if a risk averse agent with wealth ≤ 350000 rejects the lottery (105, 1/2;−100, 1/2)
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• then he should reject the lottery (635000, 1/2;−4000, 1/2) at wealth level 340000

Denote the first of the above lotteries by lottery 1 and the second by lottery 2.
According to [R] the first statement is plausible and the second is not and hence it is
called a paradox.
In the dual-self model it is not true anymore that the decision maker rejects both
lotteries. The first lottery is small and hence it is evaluated relative to pocket cash.
The second lottery is big and therefore it is evaluated according to total wealth.
Suppose that the utility function is logarithmic. Then the following is true:

• lottery 1 small - reject if pocket cash < 2100

• lottery 2 large - accept if total wealth higher than 4035

Now both statements (pocket cash less than 2100 and total wealth higher than 4035)
are plausible.
Now consider gambling wealth interpretation. Suppose that utility is logarithmic. If
gambling wealth is less than 2100 then the decision maker should

• reject lottery 1

• reject lottery 2

There is nothing paradoxical in rejecting the second lottery since gambling wealth in
the amount of 2100 is too little to cover the loss (−4000) which occurs with probability
1/2. No matter how attractive is the second prize, the decision maker cannot afford
to take lottery 2.

.4 Rabin’s paradox in the literature

Although, in this paper, I adopt the lines of [R09], and focus on the assumption
of consequentialism, there has been other explanations for Rabin’s paradox in the
literature. [P-HS] claim that it is the assumption of rejecting small gambles over a
large range of wealth levels, which should be questioned as it does not match real-
world behavior. In particular they show that the assumption that an expected utility
maximizer turns down a given even-odds gamble with gain and loss for a given range
of wealth levels implies that there exists a positive lower bound on the coefficient
of absolute risk aversion which can be calculated exactly. This lower bound is an
additional assumption imposed on a utility function. [P-HS] show that in Rabin’s
examples this lower bound turns out to be very high, which is not consistent with
empirical evidence. Another paper which addresses Rabin’s critique of expected utility
is [CS]. They argue that the source of confusion around expected utility lies in a
failure to distinguish between expected utility theories, i.e. all models based on a
set of axioms with independence axiom being the key axiom, and a specific expected
utility model. In a similar spirit to [R06], they claim that Rabin in fact criticizes
expected utility model of terminal wealth, in which there is a single preference relation
over final wealth consequences. They show that expected utility of income model, in
which prizes are interpreted as changes in wealth levels, does not exhibit Rabin’s



Buying and selling price for risky lotteries 239

paradoxical behavior. In order to enable the dependence of preference over income
on initial wealth, they design an expected utility of initial wealth and income model.
They demonstrate that such a model can withstand the Rabin’s critique if initial
wealth is not additive to income in the utility function. [SS] on the other hand point
out that paradoxes of the kind considered by Rabin, are not specific to expected utility
theory. They show that they can be constructed in non-expected utility theories as
well.

Preference reversal versus buying/selling price reversal

Preference reversal is commonly observed in experiments. Suppose that A ≻C B
denotes ”A preferred to B in a direct choice”. Using my notation, preference reversal
is possible if:

S(W,y) > S(W,x) and x ≻C y

Preference reversal is not possible within expected utility framework. To see this,
note that expected utility implies that x ≻C y which can be equivalently written as
EU(W +x) > EU(W +y). By definition of S, this is equivalent to U(W +S(W,x)) >
U(W + S(W,y) and since utility function is strictly increasing: S(W,x) > S(W,y).
So expected utility implies the following:

S(W,y) > S(W,x) ⇐⇒ y ≻C x (7)

On the other hand buying/selling price is possible within expected utility framework:

Proposition 9. For a given decreasing absolute risk aversion utility function and
any wealth level W , buying/selling price reversal is possible.

Proof. In the appendix. �

By condition (7) this proposition implies that expected utility admits the possibility
of the following kind of preference reversal:

B(W,y) > B(W,x) and x ≻C y

This kind of preference reversal will be referred to as preference reversal B. Prefer-
ence reversal B is equivalent to buying/selling price reversal within expected utility
framework.
Since expected utility theory imposes rather strong consistency assumptions, the re-
sult above suggests that the possibility of preference reversal is less rational than the
related possibility of buying/selling price reversal or preference reversal B. The fol-
lowing two propositions clarify the meaning of ”less rational” beyond the strength of
consistency requirements argument.

Proposition 10. Suppose that preferences of the decision maker are continuous,
monotonic and that preference reversal pattern is fixed for the range of wealth W ∈
[w, w̄]. Then arbitrage opportunities exist.

Proof. In the appendix. �
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Hence preference reversal allows arbitrage. On the other hand buying/selling price
reversal or preference reversal B does not allow arbitrage.

Proposition 11. Buying/selling price reversal does not allow arbitrage.

Proof. In the appendix. �

The analysis shows that buying/selling price reversal or preference reversal B is more
rational than traditional preference reversal in two respects - it is consistent with
expected utility and it does not allow arbitrage.
Preference reversal B or buying/selling price reversal occur within expected utility
theory. However it does not mean that they have to be meaningful. If buying/selling
price gap is small, then these two reversals are not meaningful i.e. they can occur
theoretically but the scope for their occurrence is negligible. For these reversals to be
meaningful, it is necessary for buying/selling price gap to be non-negligible. Testing
of preference reversal B might be therefore relevant only if wealth is interpreted nar-
rowly, either as gambling wealth or pocket cash. It is not relevant if the doctrine of
consequentialism is maintained. I will illustrate this fact in the following example.

Example 7. Suppose utility function is CRRA with relative risk aversion coefficient
of 2, the $-bet (denote it by x) gives $100 or $0 with equal probabilities and the P-bet
(denote it by y) gives $40 with probability 3/4 and $0 otherwise. The picture below
graphs buying and selling prices for these two lotteries as functions of wealth:
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Figure 1. Wealth region for buying/seeling price reversal
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In the above example, there is an interval (50, 75) of wealth for which buy-
ing/selling price reversal (and hence also preference reversal B) occurs10. This is the
common pattern that buying/selling price reversal occurs only at small wealth and
only in the limited interval of wealth. The reason is that for such reversal to occur the
$-bet has to have higher variance and higher expected value. Then since as wealth be-
comes large, buying and selling price approach expected value of a lottery, these prices
for the $-bet have to increase above those of the P-bet. For smaller values of wealth,
the CRRA decision maker would become very risk averse, so he will be solely preoccu-
pied by the gamble’s variance. Therefore, both selling and buying price for the $-bet
are below those of the P-bet. Technically speaking, notice that if W ∗ denotes wealth
level at which selling price of x and y are equal, i.e. S(W ∗,x) = S(W ∗,y) = S∗,
then from definition it also holds that S∗ = B(W ∗ +S∗,x) = B(W ∗ +S∗,y), so that
B(W,x) crosses B(W,y) at W = W ∗+S∗. Hence the interval for which buying/selling
price reversal occurs is of length S∗ exactly.

Further discussion

I argued above that dropping the assumption of consequentialism and interpreting
initial wealth narrowly as something much smaller than total wealth can explain
large buying and selling price gap but cannot explain traditional preference reversal
involving WTA valuations. But in my approach, the consequentialist view, while
dropped, is replaced with something different only in quantitative and not qualitative
terms. I allow initial wealth to be small enough with a claim that it changes the
interpretation of initial wealth. Instead of total wealth which is usually much higher
than the value of consequences of a lottery in question, I propose to use a somewhat
vague11 notion of gambling wealth which, in order to explain large gap between buying
and selling price, should be small enough and in particular of the magnitude similar to
the lottery’s consequences. This approach changes things only slightly in the following
sense: While in case of total wealth interpretation of initial wealth, an individual’s
preferences over wealth changes are induced from his preferences over final wealth
levels, in case of gambling wealth, preferences over changes in gambling wealth are
induced from preferences over gambling wealth levels. In quantitative terms, these
two situations may be very different. However in a structural or qualitative sense,
these two situations differ only marginally. A much more fundamental departure
from consequentialism assumption would be the following - suppose that the decision
maker derives preference over lotteries not from preferences over the resulting total
position of whatever budget he might consider but directly from changes to this budget
implied by accepting the lottery in question. This approach was first undertaken by
[KT] in their seminal contribution. In prospect theory which was then proposed as an
alternative to expected utility theory the decision maker has preferences directly over
wealth changes relative to a reference point. [R09] suggests that a similar approach
is possible without having to depart from expected utility theory by reinterpreting
lottery prizes as monetary change and not as total position. In what follows I will

10The following holds S(50,y) = S(50,x) and B(75, y) = B(75, x).
11Or at least hard to measure using existing data.
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illustrate formally that in such an approach both large buying and selling price gap
and preference reversal is possible for a wide class of utility functions defined over
wealth changes.

WTA/WTP disparity for preferences over wealth changes

Suppose U(·) is a utility function defined over changes in wealth, and hence over the
whole real line. It is assumed to be strictly increasing, continuous and that U(0) = 0.
Willingness to accept for lottery x, denoted by WTA(x), and willingness to pay for
lottery x, denoted by WTP (x), will be the notions used here in place of selling and
buying price, respectively. They are defined as follows:

EU(WTA(x) − x) = 0 (8)

EU(x−WTP (x)) = 0 (9)

The interpretation of these two terms is equivalent to the interpretation of selling and
buying price, respectively, which was given earlier.

Proposition 12. Suppose that U(x) < −U(−x) for all x > 0. Then given any
nondegenerate lottery x, the following holds: WTA(x) > WTP (x).

Proof. Denote A ≡ WTA(x) to save on notation.

E[U(x−A) − U(A− x)]

=
∑

i:xi>A

pi[U(xi −A) − U(−(xi −A))] −
∑

i:xi≤A

pi[U(A− xi) − U(−(A− xi))]

< −2
∑

i:xi>A

piU(−(xi −A)) − 2
∑

i:xi≤A

piU(A− xi)

= 0

The claim follows by monotonicity of U . �

The above proposition is quite general. In what follows I will analyze two special
cases. In the original version of prospect theory ([KT]) reference point was required
to be constant. Hence it would be impossible to define willingness to accept in this
formulation. [SSS] proposed a so called ”third-generation prospect theory” in which
reference point is allowed to be random. They defined willingness to accept and
willingness to pay essentially as in (8) and (9) and showed first that willingness to
pay and willingness to accept disparity is possible in prospect theory mainly due to loss
aversion. Below I will show my version of their result which shows that under certain
symmetry conditions WTA/WTP gap occurs solely due to loss aversion. Consider
prospect theory utility function with an imposed symmetry condition of the following
form:

Assumption 8. Utility function for outcomes is of the following form:

U(x) =

{

u(x) if x ≥ 0
−λu(−x) if x < 0
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where λ > 0 denotes the loss attitude parameter. If λ > 1, there is loss aversion.
Furthermore, a function u(·) is absolutely continuous, bounded, strictly increasing
with u(0) = 0 and concave on its domain.

The above utility function is concave for gains, convex for losses and for λ = 1, it is
symmetric around (0, 0), meaning that risk loving for losses is of the same magnitude
as risk aversion for gains. For λ > 1, there is loss aversion, which means that a given
gain brings less satisfaction, than the dissatisfaction from the same loss.
Observe that this utility function satisfies U(x) < −U(−x) for all x > 0 if and only if
λ > 1. Hence for λ greater than one, meaning that there is loss aversion, willingness
to accept for any nondegenerate lottery exceeds willingness to pay by proposition 12.
In fact for a utility function of the above form an even stronger result holds, which I
state below:

Proposition 13. For a nondegenerate lottery x and utility function of the form
defined by assumption 8, the following holds:

λ > 1 ⇐⇒ WTA(x) > WTP (x)

Proof. Define A ≡ WTA(x) and P ≡ WTP (x) to save on notation. From defini-
tions:

λ
∑

i:xi>A

u(xi −A) =
∑

i:xi≤A

u(A− xi)

∑

i:xi>P

u(xi − P ) = λ
∑

i:xi≤P

u(P − xi)

First notice that λ = 1 if and only if A is equal to P . Now observe that λ > 1 if and
only if

∑

i:xi>A

u(xi −A) < λ
∑

i:xi>A

u(xi −A) =
∑

i:xi≤A

u(A− xi) < λ
∑

i:xi≤A

u(A− xi)

And by monotonicity of u it follows immediately that A > P and hence WTA(x) >
WTP (x). �

The above proposition shows that in prospect theory willingness to accept/willingness
to pay disparity may be explained solely by loss aversion.
An even simpler version of this result obtains in case of the prospect theory utility
function without risk aversion.

Assumption 9. Utility function for outcomes is of the following form:

U(x) =

{

x if x ≥ 0
λx if x < 0

(10)

Proposition 14. For a nondegenerate lottery x and utility function defined by as-
sumption 9

λ > 1 ⇐⇒ WTA(x) > E[x] > WTP (x)
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Proof. Define A ≡ WTA(x) to save on notation. From definition:

0 = −λ
∑

i:xi>A

pi(xi −A) +
∑

i:xi≤A

pi(A− xi)

= (1 − λ)
∑

i:xi>A

pi(xi −A) +
n
∑

i=1

pi(A− xi)

= (1 − λ)
∑

i:xi>A

pi(xi −A) + A− E[x]

< A− E[x]

The proof that E[x] > WTP (x) is similar and hence omitted. �

In fact utility function 9 is a special case of an overall concave utility function for
which similar result holds:

Proposition 15. For a nondegenerate lottery x, given utility function u : R → R

that is strictly increasing, continuous and bounded with u(0) = 0, the following holds:

u(·) is concave ⇐⇒ WTA(x) ≥ E[x] ≥ WTP (x)

Proof. By Jensen’s inequality:

0 = Eu(x−WTP (x)) ≤ u(E[x] −WTP (x))

0 = Eu(WTA(x) − x) ≤ u(WTA(x) − E[x])

Since u(0) = 0 and u is strictly increasing, the conclusion follows. �

The conclusion of this section is that the gap between willingness to accept and
willingness to pay in case of preferences defined over wealth changes and not wealth
levels may be explained by a kind of a general loss aversion, which is defined by
the requirement: u(x) < −u(−x), for all x > 0. This requirement defines a wide
class of available utility functions and in particular, an S shaped utility function with
sufficient level of loss aversion as well as a traditional overall concave utility function
over the whole real line satisfies this condition.

Preference reversal for preferences over wealth changes

First, recall that traditional preference reversal is not possible within expected utility
when preferences are defined over wealth levels, irrespective of whether these wealth
levels are interpreted narrowly as levels of gambling wealth for instance or whether
they are interpreted traditionally as total wealth levels. On the other hand, when
preferences are defined over wealth changes, it turns out that traditional preference
reversal is possible. [SSS] shows that preference reversal may occur in third genera-
tion prospect theory. They calibrate for which values of parameters, a very general
but parametrized version of prospect theory is compatible with preference reversal .
Below I will show that for a very simple version of third generation prospect theory,
preference reversal is obtained as a generic element.
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Let x ≡ (x, p) and y ≡ (y, q) be two prospects such that y > x > 0 and 1 > p > q > 0.
Lottery x will be called the P-bet and lottery y will be called the $-bet. In what fol-
lows I want to demonstrate that preference reversal is possible.

Lemma 10. For a utility function satisfying assumption 9, the following holds: If
px = qy, so that the decision maker is indifferent between lottery x and y in a direct
choice, then

λ > 1 ⇐⇒ WTA(y) > WTA(x

Proof. From definitions I calculate that:

WTA(x) =
λp

1 − p + λp
x, WTA(y) =

λq

1 − q + λq
y

Using the fact that px = qy, I obtain:

WTA(y) −WTA(x) = WTA(y)
p− q

1 − p + λp
(λ− 1)

The claim immediately follows. �

Proposition 16. Given a utility function satisfying assumption 9, preference reversal
is possible if and only if λ > 1

Proof. Preference reversal occurs when the decision maker chooses the P-bet in a
direct choice but assigns higher willingness to accept to the $-bet. In terms of the
model, preference reversal occurs when px > qy and WTA(y) > WTA(x). By
lemma 10, I know that if px = qy then WTA(y) > WTA(x) ⇐⇒ λ > 1. Since
utility function u(·) is continuous, it follows that willingness to accept as a function
of a given lottery is also continuous. Hence changing the lottery slightly changes
willingness to accept for it slightly. It follows that if initially px = qy and I increase
p or x slightly or decrease q or y slightly, the new lottery x will be preferred to a new
lottery y in a direct choice and yet it will remain true that willingness to accept for
a new lottery y will still be higher than willingness to accept for a new lottery x. �

Again, a more general result for concave functions is possible:

Lemma 11. Suppose that px = qy. Given utility function u : R → R that is strictly
increasing, continuous and bounded with u(0) = 0, the following holds:

u(·) is concave ⇐⇒ WTA(y) ≥ WTA(x)

Proof. Define A ≡ WTA(x) to save on notation. A satisfies the following equation:

pu(A− x) + (1 − p)u(A) = 0 (11)

The following is the so called three-strings lemma for concave functions:

Lemma 12 (Three strings lemma). Utility function u(·) is concave if and only if for
a > b > c the following holds:

u(a)

a
<

u(b)

b
<

u(c)

c
(12)
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Hence u(·) is concave if and only if

qu(A− y) + (1 − q)u(A) ≤ qA−y
A−x

u(A− x) + (1 − q)u(A) [by (12)]

= u(A− x)
[

qA−y
A−x

− p
]

+ (p− q)u(A) [by (11)]

= u(A− x) qA−qy−pA+px
A−x

+ (p− q)u(A)

= A(p− q)
[

u(A)
A

− u(A−x)
A−x

]

[px = qy]

≤ 0 [by (12)]

�

Proposition 17. Suppose that px = qy. Preference reversal occurs if u(·)12 is strictly
concave.

Proof. Suppose that u(·) is strictly concave. By lemma 11, WTA(y) > WTA(x).

Since x < y, u(x)
x

> u(y)
y

, by the three strings lemma for concave function u(·). Hence
the following holds:

Eu(x) = pu(x) > p
x

y
u(y) = qu(y) = Eu(y)

So lottery x or a P-bet is chosen over lottery y or a $-bet in a direct choice and yet
WTA(y) > WTA(x) as required. �

Concavity of a utility function is sufficient for preference reversal in the above example.
However it is not necessary. In particular, [SSS] show that preference reversal is
possible with an S-shaped prospect utility function, which is convex for losses. If one
wants to obtain a possibility of preference reversal for specific lotteries and not as a
generic feature of the model, then the following requirement, which is weaker than
the overall concavity of utility function, may be imposed: For a given P-bet and a
given $-bet and utility function u(·), define A = WTA(x). Then:

u(A− y)

A− y
>

u(A− x)

A− x
>

u(A)

A

Concluding remarks

Expected utility theory by [vNM] imposes a set of consistency assumptions on choices
among lotteries. The theory is used in a large part of economic theory, including the
famous Nash existence theorem. However there is a lot of mainly experimental evi-
dence that people often violate [vNM] axioms, in particular the most crucial among
them - independence. In response to this evidence economists started to question
expected utility theory and investigate other models of choice which describe human
behavior better. However, since these new theories usually have lower consistency re-
quirements being imposed on the admissible choice, they necessarily also have lower
prediction power and less scope for testable predictions. Moreover, they also have

12Strictly increasing, continuous and u(0) = 0.
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weaker normative appeal, since the decision makers violating expected utility axioms
are vulnerable to money pumps. It is therefore an important issue to identify patterns
of choices and behavior which are consistent with expected utility and contrast them
with those which are impossible within expected utility. In order to perform this task
it is important to identify expected utility theory in its bare form and in particular
separate it from the doctrine of consequentialism. More precisely, it is necessary to
abandon the common practice of interpreting wealth variable as total wealth position
common to all decisions.
If one is willing to accept that wealth underlying gambling decisions is separated from
total wealth so that gambling decisions are framed narrowly, important implications
can be derived. If gambling wealth is small enough, which should be tested in an
experiment, then selling price for a lottery can be significantly greater than buying
price without going beyond expected utility model and the extent of this difference
can be as high as the one found in experiments. Also, the famous [R] paradox can be
resolved, suggesting that expected utility is not guilty here, but rather the doctrine
of consequentialism.
Still, traditional preference reversal is not possible even if wealth is allowed to be
small. If expected utility is to be regarded as a positive theory, it is definitely a neg-
ative result. However, if one is willing to accept expected utility as a good normative
theory, then the same result is very useful. It informs us then, that preference re-
versal is not rational. It is confirmed further by the result proved in the paper, that
individuals exhibiting preference reversal are susceptible to arbitrage under certain
mild conditions. The same kind of arbitrage, which I prefer to call strong arbitrage, is
not possible within expected utility. What might be interesting is that another kind
of preference reversal, which I call preference reversal B and which involves buying
price in place of selling price and otherwise is the same as the traditional preference
reversal, is possible within expected utility and is not vulnerable to arbitrage as shown
in the paper. What it could suggest if one is willing to treat expected utility as a
good normative theory, is that preference reversal B is perhaps ”more rational” than
traditional preference reversal. An interesting thing to do in the future would be to
check whether people exhibit preference reversal B as frequently as they exhibit the
traditional preference reversal and if not, then check why this is so.

Appendix

In what follows I will need the following lemma:

Lemma 13. For any lottery x and any wealth level W , the following holds:

S[W,x−B(W,x)] = 0 (13)

S[W −B(W,x),x] = B(W,x) (14)

B[W + S(W,x),x] = S(W,x) (15)

The proof is directly from definitions. For details, see [ML].
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Proof of proposition 1

Proposition 18 (Concave). For any concave and strictly increasing utility function
and a non-degenerate lottery x the following holds:

min(x) < B(W,x) < E[x]

min(x) < S(W,x) < E[x]

Proof. Notice first, that for degenerate lottery x = x, equations (1) and (2)imply
the following:

W + S(W,x) = W + x

W + x−B(W,x) = W

And so S(W,x) = B(W,x) = x. From now on I will focus on a non-degenerate lottery
x. I will prove the proposition only for the case of selling price. For buying price the
proof is similar. I define S ≡ S(W,x). Suppose mini∈{1,...,n} xi ≥ S. Then notice
that:

U(W + xi) ≥ U

(

W + min
i∈{1,...,n}

xi

)

≥ U(W + S)

with strict inequality for any xi 6= mini∈{1,...,n} xi. Since lottery x is non-degenerate
there exists at least one xi 6= mini∈{1,...,n} xi Hence

n
∑

i=1

piU(W + xi) > U(W + S)

So S cannot be the selling price - a contradiction.
Suppose now that S ≥ E[x]. By strict Jensen’s inequality

EU [W + x] < U [W + E[x]] ≤ U(W + S)

So S cannot be the selling price - a contradiction. So I have shown that indeed
mini∈{1,...,n} xi < S(W,x) < E[x].

�

Hence for lotteries with bounded values buying and selling price are bounded below
by the minimal prize of the lottery and bounded above by the expected value of the
lottery.

Proof of proposition 5

Note first that Uα is unbounded from below if α ≥ 1 and bounded from below if
α < 1.

lim
x→0

Uα(x) =

{

− 1
1−α

, 0 < α < 1

−∞, α ≥ 1
(16)

By proposition 1 buying and selling price are necessarily greater than min(x). For
α ≥ 1 the utility function is unbounded from below, therefore from the definition it
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follows that: limW→0 B(W,x) = min(x) and limW→−min(x) S(W,x) = min(x). On
the other hand for 0 < α < 1 the utility function is bounded from below. Additionally,

W −B(W,x) is strictly increasing in W since ∂B(W,x)
∂W

< 1. Therefore the lower bound
for the domain of B(W,x) as a function of W is given by WL(x) such that:

EU(−min(x) + x) = U(WL(x))

It follows that limW→WL(x) B(W,x) = WL(x)+min(x). Similarly, the lower bound for
the domain of S(W,x) as a function of W is −min(x) and hence: limW→−min(x) S(W,x) =
WL(x) + min(x) since

EU(−min(x) + x) = U(−min(x) + S(−min(x),x))

= U(−min(x) + min(x) + U−1(EU(−min(x) + x)))

Proof. Now I prove the following statement:

∀α > 0, lim
W→∞

B(W,x) = lim
W→∞

S(W,x) = E[x]

Note that the Absolute Risk Aversion for CRRA utility function has the form Aα(W ) =
α
W

. Hence as W goes to infinity and α is bounded (no extreme risk aversion)
Aα(W ) tends to zero. This implies risk neutrality and hence limW→∞ S(W,x) =
limW→∞ B(W,x) = E[x] irrespective of relative risk aversion coefficient. �

Proof of lemma 5

I prove first that B′(W ) < 1. From the definition of buying price using implicit
function formula:

dB

dW
= 1 − U ′(W )

EU ′(W + x−B(W,x))

Since utility function is strictly increasing it must be that dB
dW

< 1.

Now I prove that S′(W −B(W )) = B′(W )
1−B′(W ) and S′(W −B(W )) > B′(W )

From lemma 13 equation (14), using chain rule of differentiation, I have B′(W ) =
S′(W −B(W ))(1 −B′(W )) Rearranging gives

S′(W −B(W )) =
B′(W )

1 −B′(W )

Since 0 < B′(W ) < 1 by the above argument and proposition 3, I obtain S′(W −
B(W )) > B′(W ).

Similarly I prove that B′(W + S(W )) = S′(W )
1+S′(W ) and B′(W + S(W )) < S′(W ).

Using equation (15) from lemma 13, I have S′(W ) = B′(W + S(W ))(1 + S′(W )) and
hence

B′(W + S(W )) =
S′(W )

1 + S′(W )

Since S′(W ) > 0 by proposition 3, I get B′(W + S(W )) < S′(W )

Now I will prove that S′(W ) = S(W )−B(W )
B(W ) for small positive S(W ).



250 Micha l Lewandowski

And by proposition 3 S(W ) > B(W ) > 0. So when S(W ) is small and positive, then
also B(W ) is small and positive. By lemma 13 equation (14), S(W−B(W )) = B(W ).
For small B(W ) using first order Taylor expansion B(W ) = S(W ) − dS

dW
B(W ) and

hence it follows that

S′(W ) =
S(W ) −B(W )

B(W )

Similarly, by lemma 13 equation (15), B(W +S(W )) = S(W ). Hence, for small S(W )
using first order Taylor expansion S(W ) = B(W ) + dB

dW
S(W ) and it follows that

B′(W ) =
S(W ) −B(W )

S(W )

Proof of proposition 7

Without loss of generality I assume that min(x) = 0. Fix x such that min(x) = 0.
By proposition 5, B(W ) and S(W ) are positive and hence by proposition 3 τ(W ) is
positive over the whole range. Notice that range of τ(W ) is determined by proposition
5. If the domain of S(W ) is denoted DS and the domain of B(W ) is denoted DB, then
the domain of τ(W ) is just DS ∩DB = DB. In particular, for α ≥ 1 the domain of
τ(W ) is the interval (0,∞) and for α ∈ (0, 1), the domain is the interval (WL(x),∞),
where WL(x) is defined as in proposition 5. To prove the proposition I have to check
whether the following expression is negative:

τ ′(W ) =
S(W )

B(W )

[

S′(W )

S(W )
− B′(W )

B(W )

]

(17)

From lemma 13 I have the following equations:

B(W ) = S(W −B(W ))

S(W ) = B(W + S(W ))

For the proof first order effects are not sufficient, but it turns out second order ef-
fects are. Therefore, by Taylor expansion of the second order I get from the above
equations:

B(W ) = S(W ) − S′(W )B(W ) + S′′(W )B2(W )

S(W ) = B(W ) + B′(W )S(W ) + B′′(W )S2(W )

I only need to check the difference from equation (17) which I can rewrite as follows
using the above Taylor expansions:

S′(W )

S(W )
− B′(W )

B(W )
=

S(W )−B(W )
B(W ) + S′′(W )B(W )

S(W )
−

S(W )−B(W )
S(W ) −B′′(W )S(W )

B(W )

=
S′′(W )B2(W ) + B′′(W )S2(W )

S(W )B(W )
< 0

where the last inequality follows from the fact that both B(W ) and S(W ) are concave
(by lemma 6) and nonnegative (by proposition 5).
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Proof of proposition 9

Take any non-degenerate lottery y with S(W,y) > B(W,y). Such a lottery exists
by proposition 3. I can find a sequence of real numbers which all are greater than
B(W,y) and smaller than S(W,y). I can then treat these numbers as a support for
a new lottery x. I assign probabilities to each of this numbers such that they sum to
one and are positive for at least two of these numbers (such that the resulting lottery
is non-degenerate). Suppose I choose n such numbers. By proposition 1 I can now
conclude that:

S(W,y) > max
i∈{1,...,n}

xi > E[x] > S(W,x) > B(W,x) > min
i∈{1,...,n}

xi > B(W,y)

And hence the result is proved.

Proof of proposition 10

Suppose that at any wealth W ∈ [w, w̄] the decision maker prefers lottery x to lottery
y in a direct choice but assigns higher certainty equivalent to lottery y. Given such
pattern of preferences it is easy to design an arbitrage strategy that extracts at least
W −w from this decision maker. Suppose W ∈ [w, w̄] is an initial wealth. Construct
a sequence Wi, i ∈ {1, 2, ..., n} such that:

• W0 = W

• Wi = W0 −
∑i

k=1 ǫk, ǫi > 0 i ∈ 1, 2, ..., n

• Wn ≥ w, and Wn+1 < w

• for i even (including 0) Wi+1 + x ≻ Wi + y

• for i odd: CE(Wi + x) < CE(Wi+1 + y)

Notice that such a sequence exists by monotonicity and continuity of preferences and
by properties of real numbers. Assume w.l.o.g. that W0 + y ≻ W0. The arbitrage
strategy is now the following:

0) Take y

1) Exchange y for x and pay me ǫ1

2) Exchange x for CE(W1 + x) −W1

3) Exchange CE(W1 + x) for CE(W1 + y) and pay me ǫ2

4) Exchange CE(W2 + y) −W2 for y

5) Exchange y for x and pay me ǫ3

6) Exchange x for CE(W3 + x) −W3

7) Exchange CE(W3 + x) for CE(W3 + y) and pay me ǫ4
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8) Exchange CE(W4 + y) −W4 for y

...............

The above arbitrage strategy extracts the amount of wealth equal to W −w from the
decision maker.

Proof of proposition 11

In what follows I will try to construct an arbitrage strategy to exploit the decision
maker and show that it is not possible. Given DARA utility function U , take x such
that B(W,x) < 0. I will examine only this case since in the other cases the proof is
trivial.
Suppose first, the decision maker initially has non-random position W . If the price b
for the lottery is bigger than B(W,x), the decision maker will not buy it. Hence, a
price which is a part of an arbitrage strategy must be smaller than B(W,x). Given
such price b, the decision maker buys the lottery. His new position is W + x − b.
If the price s is smaller than S(W − b,x), then the decision maker does not want
to sell. Hence a price which is a part of an arbitrage strategy must be bigger than
S(W − b,x). By proposition 3, I know that S is strictly increasing and b < B(W,x).
Therefore:

s > S(W − b,x) > S(W −B(W,x),x) = B(W,x) > b

where the equality follows from lemma 13 equation (14).
Suppose now, that the decision maker initially has a random position W + x. By the
same argument as above the price s, which is a part of an arbitrage strategy has to be
greater that S(W,x), otherwise the decision maker would not sell the lottery x. After
selling the lottery, the decision maker’s new position is W + s. The price b which is
a part of an arbitrage strategy has to be smaller than B(W + s,x). By lemma 5, I

know that ∂B(W,x)
∂W

≤ 1 for all W ≥ 0. Hence:

s− S(W,x) > B(W + s,x) −B(W + S(W,x),x)

By lemma 13 equation (15), I know that B(W + S(W,x),x) = S(W,x), and hence:

s > B(W + s,x) > b

That proves that with decision maker’s initial position equal to either W or W + x,
all arbitrage strategies have the property that s > b. However, this cannot be an
arbitrage strategy since it makes negative profit equal to b−s. This proves that there
are no arbitrage strategies.

References

[BDGM] Becker, G. M., M. H. DeGroot, and J. Marschak (1964). Measuring utility by a single-
response sequential method. Behav Sci 9, 226–32.

[CS] Cox, J. C. and V. Sadiraj (2006). Small- and large-stakes risk aversion: Implications of concavity
calibration for decision theory. Games and Economic Behavior 56, 45–60.



Buying and selling price for risky lotteries 253

[FH] Foster, D. and S. Hart (2007, July). An operational measure of riskiness.

[FL] Fudenberg, D. and D. K. Levine (2006). A dual-self model of impulse control. American Eco-
nomic Review 96, 1449–1476.

[GP] Grether, D. M. and C. R. Plott (1979). Economic theory of choice and the preference reversal
phenomenon. The American Economic Review 69, 623–638.

[H] Hanemann, W. M. (1991). Willingness to pay and willingness to accept: How much can they
differ? American Economic Review 81, 635–647.

[H] Horowitz, J. K. and K. E. McConnell (2002). A review of WTA/WTP studies. Journal of
Environmental Economics and Management 44, 426–447.

[KT] Kahneman, D. and A. Tversky (1979). Prospect theory: An analysis of decision under risk.
Econometrica 47, 263–292.

[KS] Knetsch, J. L. and J. A. Sinden (1984). Willingness to pay and compensation demanded:
Experimental evidence of an unexpected disparity in measures of value. The Quarterly Journal
of Economics 99, 507–521.

[ML] Lewandowski, M. (2009, June). Risk attitudes, buying and selling price for a lottery and simple
strategies, unpublished manuscript.

[P-HS] Palacios-Huerta, I. and R. Serrano (2006). Rejecting small gambles under expected utility.
Economics Letters 91, 250–259.

[R] Rabin, M. (2000). Risk aversion and expected-utility theory: A calibration theorem. Econo-
metrica 68 (5), 1281–1292.

[Rai] Raiffa, H. (1968). Decision Analysis: Introductory Lectures on Choices Under Uncertainty.
Addison-Wesley.

[R06] Rubinstein, A. (2002). Comments on the risk and time preferences in economics. Tel Aviv
University Working Paper.

[R09] Rubinstein, A. (2009). Lecture Notes in Microeconomic Theory: The Economic Agent. Prince-
ton University Press.

[SS] Safra, Z. and U. Segal (2008). Calibration results for non-expected utility theories. Economet-
rica 76, 1143–1166.

[SSS] Schmidt, U., C. Starmer, and R. Sugden (2008). Third-generation prospect theory. Jour- nal
of Risk and Uncertainty 36, 203–223.

[T] Thaler, R. (1980). Toward a positive theory of consumer choice. Journal of Economic Behavior
and Organization 1 (1), 39–60.

[vNM] von Neumann, J. and O. Morgenstern (1944). Theory of games and economic behavior.

Princeton University Press.


	0001-2-tyt_red.pdf
	0003-4-contents.pdf
	001-164-tekst.pdf
	165-166.pdf
	167-188-Balbus.pdf
	189-198-Kaminski.pdf
	199-211-Knauff.pdf
	212-222-Landmesser_nowy.pdf
	223-253-Lewandowski.pdf
	254-275-Wiszniewska-Matyszkiel.pdf


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


