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Abstract

This paper reports an ‘adversarial collaboration’—a project carried out by two individuals or
research groups who, having proposed conflicting hypotheses, seek to resolve their dispute. It
describes an experiment which investigates whether, when individuals consider giving up money in
exchange for goods, they construe money outlays as losses or as foregone gains. This issue bears on
the explanation of the widely observed disparity between willingness-to-pay (WTP) and willingness-
to-accept (WTA) valuations of costs and benefits, which has proved problematic for contingent
valuation studies. The results of the experiment are broadly consistent with the hypothesis that
money outlays are perceived as losses.
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This paper has two goals. The first is to introduce a method—adversarial
collaboration—which we believe is new to experimental economics." The second is to
use this method to discriminate between two opposing hypotheses concerning the
boundary conditions for the occurrence of loss aversion, a phenomenon that has been
implicated in some important economic debates.

In the context of public economics, loss aversion is particularly significant as a putative
cause of disparities between willingness-to-pay (WTP) and willingness-to-accept (WTA)
valuations of public goods, as revealed in contingent valuation studies. Contingent
valuation is widely used to elicit individuals’ preferences to guide public policy on health,
safety and environmental issues (see, e.g., Bateman and Willis, 1999). However, its
practitioners confront a recurrent problem: preferences, as elicited in contingent valuation
surveys, often fail to satisfy properties of internal consistency and context-independence
that are axiomatic in the theoretical framework of neoclassical economics; yet that is the
framework that is used to organise, interpret and analyse the survey data. One of the most
common and challenging of such problems is that WTA valuations often exceed WTP
valuations to an extent that is inconsistent with received theory. Among practitioners, there
is a widespread opinion that WTP data are more appropriate or reliable than WTA, but the
justification for this position remains controversial.>

One explanation of the WTA/WTP disparity is offered by Tversky and Kahneman’s
(1991) reference-dependent preference theory, in which preferences are defined in relation
to ‘reference states’. Tversky and Kahneman propose that reference-dependent preferences
between given options vary systematically according to the reference state from which
they are assessed, as a result of loss aversion—the tendency for ‘losses [to] loom larger
than corresponding gains’. In this theory, the disparity arises because WTA and WTP
valuations elicit preferences relative to different reference states. However, the mechanism
by which loss aversion impacts on WTA and WTP is a subject of dispute.

As a subsidiary hypothesis, Tversky and Kahneman propose that, while the act of
selling a good for money (WTA) is construed as a loss of that good, the act of giving up
money to buy goods (WTP) is construed as a foregone gain of money, not as a loss. Thus,
WTA reflects a comparison between losses of the good and gains of money, while WTP
reflects a comparison between gains of the good and (foregone) gains of money. By virtue
of this hypothesis, the WTA/WTP disparity is caused only by loss aversion in the good;
loss aversion in money has no impact on the disparity. Tversky and Kahneman claim that
this hypothesis is supported by the results of an experiment carried out by Kahneman et al.
(1990), which we shall call the Vancouver experiment.

A different form of reference-dependent theory is assumed by Bateman et al. (1997)
and formalised by Munro and Sugden (2003). In this version of the theory, there is
symmetry between WTA and WTP: the acts of giving up goods when sold for money and
of giving up money to buy goods are both construed as losses. On this account, the WTA/

! Adversarial collaboration has been used previously in psychology. Mellers et al. (2001) pioneer the method
and propose a protocol for such collaboration.

2 The influential NOAA Panel on Contingent Valuation recommended the WTP format (Arrow et al., 1993).
Knetsch (2000) argues that WTP and WTA are conceptually symmetrical: WTP should be used to evaluate gains,
WTA to evaluate losses.
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WTP disparity is caused both by loss aversion in the good and by loss aversion in money.
Bateman et al. appeal to this notion of symmetry to suggest that, if any valuation measure
can be defended as ‘neutral’, equivalent gain (EG)—that is, the increment of money which
an individual treats as equivalent to the gain of some given quantity of the relevant good—
has a better claim to neutrality than either WTA or WTP. Bateman et al.’s hypothesis
implies that EG is greater than WTP as a result of loss aversion in money, while Tversky
and Kahneman’s implies that the two measures are equal. Bateman et al. report an
experiment—the Norwich experiment—which they interpret as confirming reference-
dependent theory as formulated by them.

This paper reports an attempt to resolve the issue of whether money spent in buying
goods is perceived as a loss. This investigation was carried out as an adversarial
collaboration between Kahneman and the other authors (the ‘Norwich group’).® In Section
1, we explain the general principles of adversarial collaboration. In Sections 2 and 3, we
explain the particular issue that our adversarial collaboration was intended to resolve, and
derive specific predictions from our rival prior hypotheses. Section 4 describes the
experiment we used to test these predictions. In Sections 5 and 6, we report our results and
discuss their implications. In broad terms, the results of our experiment favour the
hypothesis that money expenditures are treated as losses. However, taking account of
conflicting evidence from some other related experiments, the question of which of the
competing hypotheses is closer to the truth remains open.

1. Adversarial collaboration

In an adversarial collaboration, the two parties agree on the design of an experiment
which they will conduct jointly. Before knowing what the experiment will find, they
accept its validity as a test of their respective hypotheses.* Each party anticipates its
interpretation of possible outcomes of the experiment, particularly those that it does not
predict. The two parties agree that particular outcomes of the experiment would support
one hypothesis, and particular other outcomes would support the other. Both parties
commit to publishing the results, whatever they may be. We believe that this methodology
has some advantages over the more conventional form of scientific debate, in which each
research group designs and runs experiments independently, chooses which of its results to
publish, and can challenge the validity of other groups’ experimental designs after
knowing the results those designs have produced. Adversarial collaboration encourages a
more constructive approach to the resolution of disagreements.

Adversarial collaboration, as compared with conventional scientific debate, requires
different attitudes on the part of researchers—in particular, more attention to understanding
the other side’s arguments, and less to rhetorical strategies for defeating them. But it also
requires different expectations on the part of the scientific community as a whole. We are

3 At the time of the collaboration, all the members of this group were based at the University of East Anglia,
Norwich. Starmer has since moved to the University of Nottingham.

4 Of course, for reasons widely recognised in the philosophy of science, no single test can ever be regarded as
conclusive.
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all used to reading journal articles which report apparently clear-cut experimental results
and which draw strong conclusions from them. But as readers, we learn to apply some
discount to such claims. We have to allow for confirmation bias in the design of
experiments—the tendency for researchers to look for ‘tests’ which seem likely to confirm
their prior hypotheses. We also have to keep in mind that the experiments that are reported
in journals are not necessarily representative of the larger set of experiments that have been
run: we have to allow for the possibility that research groups publish only their most
‘successful’ experiments, and use conformity with their prior hypotheses as one of their
criteria of success. And we make allowance for the incentives that induce authors to talk
up their conclusions, to draw wide-ranging implications from them and to play down
doubts and ambiguities. Adversarial collaboration must be expected to lead to a different
kind of publication.

Because the experimental designs used in adversarial collaboration have to be agreed
by both parties, each party has to subject its hypothesis to a genuinely stringent test: one
which that party regards as valid, but which the other party expects it to fail. Thus, one of
the mechanisms which tends to generate apparently decisive experimental results in the
existing literature, positive confirmation bias, is neutralised. The commitment to
publication, backed up by the two parties’ common knowledge of the outcomes of the
experiment, neutralises another such mechanism: selection bias at the publication stage.

Adbversarial collaboration will not always bring the parties into full agreement about the
issue in dispute: they may have different interpretations of what their jointly conducted
experiment has found. Scientific debate is better served if such differences are reported
frankly than if they are concealed by bland generalities. From the reader’s point of view, a
report of this kind may be more useful than the superficially more definite conclusions that
are customarily expected of non-adversarial research papers. Ultimately, however, the
value of an adversarial collaboration is to be found in the validity and power of the
experimental design it has adopted, and in the quality of the data generated. Whether,
having seen the results, the parties to the collaboration agree on how they should be
interpreted is a secondary matter: it is the reader who must draw the conclusions.

2. Theoretical background

The hypothesis that there is an asymmetry between individuals’ attitudes to gains and to
losses was first brought to the attention of economists by Kahneman and Tversky (1979)
and by Thaler (1980). Since then, there has been an accumulation of evidence—from
experiments, from survey data, and from the field—which suggests that individuals’
choices are more responsive to anticipated losses than to equal and opposite anticipated
gains.’ These findings are inconsistent with the standard (or Hicksian) theory of consumer
choice, in which preferences are defined over final consumption states.

5 Bateman et al. (1997), Sugden (1999) and Starmer (2000) survey relevant experimental and survey
research. See also Myagkov and Plott (1997), who find loss aversion in an experimental market setting, and
Samuelson and Zeckhauser (1988), Benartzi et al. (1995), and List (2003), all of whom find evidence of loss
aversion in ‘real” markets.
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In Tversky and Kahneman’s (1991) theory of reference-dependent preferences,
individuals have preference orderings over bundles of goods, as in Hicksian consumer
theory, but these preferences are defined relative to reference states. A reference state is
a point in goods space which the individual treats as the status quo or normal
expectation; gains and losses are defined in terms of displacements from the reference
state. In notation, reference states are represented by subscripting the preference
relation; thus ‘x is weakly preferred to y, viewed from the reference state r’ is written
as x3,y. Tversky and Kahneman propose a hypothesis of loss aversion which links
changes in (reference-dependent) preferences with changes in the reference state. Let
x=(x1, ..., x,) and y=(yy, ..., ¥,) be two bundles of the same n goods, such that for
some good i, y;>x;. Let r=(ry, ..., r,) and s=(s4, ..., 5,) be potential reference states,
such that r;=x;, s,=y;, and »;=s; for all j#i. For any given i, there is loss aversion in
good i if, for all such x, y, r, s: y»,x=y>.x. Tversky and Kahneman’s hypothesis is
that there is loss aversion, so defined, in all goods.

In order to apply this theory to a concrete choice problem, it is necessary to specify the
chooser’s reference state. The theory itself does not tell us how reference states are
determined; in this respect, the formal model is left uninterpreted (Tversky and Kahneman,
1991, pp. 1046-1047). Thus, how the theory should be applied to specific decision-
making environments can be a matter of judgement.

One natural interpretation, the current endowment hypothesis (CEH), is that an
individual’s reference state is the bundle of goods she currently owns: it is what she will
hold or consume if she does not engage in any transactions beyond those she has already
made. According to this hypothesis, when an individual deliberates about whether or not
to buy a good, she does so in relation to a current endowment which includes her holdings
of money. Thus, the money that would be spent in buying the good is perceived as a loss.
This was the background hypothesis used to develop the tests in the Norwich experiment.®
Notice that the definition of ‘current endowment’ presupposes a distinction that Hicksian
choice theory does not recognise: that between transacting and not transacting. In Hicksian
theory, a choice problem is represented simply as a set of mutually exclusive options, one
of which must be chosen; there is no concept of a default option which will come about if
the agent ‘does nothing’. Thus, two choice problems that have identical representations in
Hicksian theory may have different current endowments.

However, Tversky and Kahneman (1991) do not fully endorse CEH, even with respect
to simple laboratory tasks. For example, consider the Vancouver experiment, in which
subjects bought and sold coffee mugs for money, indicating their willingness to trade by
reporting their valuations of mugs as ‘buyers’, as ‘sellers’ and as ‘choosers’. Noting that
choosers’ valuations were found to be much closer to buyers’ valuations than to sellers’,
Tversky and Kahneman suggest that buyers do not value the money they give up in a
transaction as a loss. Their hypothesis is that a subject who is considering buying a coffee
mug construes her reference state as including neither the mug nor the money she would

© The Norwich group does not claim that the current endowment hypothesis applies to all decision situations.
For example, that hypothesis might not apply if decision-makers perceive current endowments as unfair or
morally wrong.
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have to spend to buy it. If she chooses to buy, she gains the mug; if not, she gains whatever
she would buy with the money instead. We shall call the general form of this hypothesis no
loss in buying (NLIB). Notice that NLIB is a hypothesis about reference states and not
about loss aversion. It proposes that money spent in buying goods is not ‘coded’ as a loss:
it does not propose that there is no loss aversion in money.

Kahneman has subsequently firmed up the NLIB hypothesis by proposing a theory of
the conditions under which the gains and losses associated with a transaction are mentally
integrated prior to evaluation, rather than being evaluated separately. When a loss and an
equal and opposite gain are integrated in this way, painful perceptions of loss do not arise.
Kahneman proposes that consumers normally have budget reserves, that is, reserves of
money that are available for unanticipated spending. When an individual faces an
unanticipated opportunity to buy a good, and is able to finance this spending from her
budget reserve, gains and losses are integrated: the money that has to be spent to buy the
good is already seen as a token for unspecified goods. In such circumstances, money
outlays are not perceived as losses. In contrast, if the individual faces an unanticipated
buying opportunity which she can finance only by forgoing some specific consumption
plan, the act of buying involves a definite loss, separable from the gain; and so the money
payment is perceived as a loss. In the converse case of selling, gains and losses are
integrated if the proceeds of the sale are earmarked for the purchase of a replacement good,
but they are treated separately if those proceeds will be added to the budget reserve
(Kahneman and Novemsky, 2002).

The objective of our adversarial collaboration was to test CEH against NLIB. Our
experimental design elicits subjects’ willingness to engage in transactions involving
money and low-value, non-staple goods. If the idea of budget reserves is accepted, it
seems reasonable to assume that subjects’ purchases of such goods can be financed from
budget reserves, and that the proceeds from sales are not earmarked for replacements.
Thus, we take it to be an implication of NLIB that, in such an experiment, gains and losses
are integrated with respect to buying but not with respect to selling.

3. Implications of the competing hypotheses

Consider a model in which there are only two goods; quantities of these goods are
represented by x;, x;. Usually, we interpret this model such that one good is some
particular consumption good (for short, ‘the good’) and the other is an index of general
purchasing power, or ‘money’. When we use this interpretation, the good is denoted by G
and money by M. This model may be interpreted either in relation to real transactions
(such as those in our experiment) involving money and a private consumption good, or in
relation to hypothetical transactions presented to participants in contingent valuation
surveys. In the latter case, we assume that respondents report how they believe they would
choose, were the relevant problem for real. Thus, reference states, endowments, gains and
losses are defined in terms of the scenario presented in the relevant survey instrument.

For any given individual, consider how one unit of good i can be valued in units of
good j. More specifically, for any given x;, x}, suppose that the individual is endowed
with x; of good /j, and consider how we might express in units of good ;j the value of
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consuming x;+1 units of good i rather than x; units. We begin by defining three
measures of this value.

Willingness-to-pay (WTP). Suppose the individual’s current endowment is (x;, x}).
WTP;; is the largest amount of good ; that the individual would be willing to give up in
return for a gain of one unit of good i.

Willingness-to-accept (WTA). Suppose the individual’s current endowment is (x; +1,
x;). WTA; is the smallest amount of good j that the individual would be willing to
accept in return for accepting a loss of one unit of good i.

Equivalent gain (EG). Suppose the individual’s current endowment is (x;, x; ). EGj; is
the smallest amount of good ;j that the individual would be willing to accept in place of
a gain of one unit of good i.”

WTP and WTA are commonly used in contingent valuation and cost-benefit studies.
Although EG is used only rarely (Bateman et al., 2000, is an example), its mirror image,
equivalent loss (EL) is a standard measure (see, for example, Rowe et al., 1980; Carson
and Mitchell, 1993; Cummings and Taylor, 1999). EL is usually described as a measure of
willingness to pay money to avoid reductions in the quality or quantity of a good.
Analogously, EG can be thought of as a measure of willingness to accept money in place
of an increase in the quality or quantity of a good.

By introducing risk into the elicitation process, we can define two further valuation
measures, which play important roles in our experimental design:

Risky willingness to pay (RWTP). Suppose the individual’s current endowment is (x,
x} ). Consider a gamble with two mutually exclusive outcomes, each with probability
0.5. One outcome is that the individual gains one unit of good 7, with no change in good
Jj- The other is that she loses some amount of good j, with no change in good i. RWTP;,
is the largest such loss of good j consistent with her being willing to accept the gamble.
Risky willingness to accept (RWTA). Suppose the individual’s current endowment is
(x;+1, xj). Consider a gamble with two mutually exclusive outcomes, each with
probability 0.5. One outcome is that the individual loses one unit of good 7, with no
change in good ;. The other is that she gains some amount of good j, with no change in
good i. RWTA; is the smallest such gain of good j consistent with her being willing to
accept the gamble.

In most economic applications, valuation measures are used to express the value of
given quantities of non-money goods in terms of money. That is, the response mode—the

7 If choice problems are represented in terms of Hicksian theory, WTA; and EGj; are identical. In Hicksian
terms, there is some x;* such that the individual reveals indifference between (x¥;+1, ¥;) and (x;, X;+x;*); x,;* is
measured both by WTA; and by EG;;. However, WTA; and EGj; are defined with respect to different current
endowments. In the case of WTA;;, the individual reveals indifference between sticking with her current
endowment and making an exchange transaction in which she loses one unit of good i and gains x;*. In the case
of EGy;, she reveals indifference between two unilateral transfers, in one of which she gains one unit of good 7, in
the other of which she gains x;*.
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unit in which the valuation is expressed—is money. But our definitions also allow these
measures to be used to express the value of a given quantity of money in terms of a non-
money good. Each of WTPyg, WTAymG, EGumg, RWTPyg and RWTAy g can be
interpreted as a measure of the money value of one unit of the good, elicited by allowing
the respondent to select an amount of money which in some sense is equivalent to a fixed
amount of the good. Symmetrically, each of WTPgn, WTAGM, EGom, RWTPGy and
RWTAgGw can be interpreted as a measure of the value, in units of the good, of one unit of
money, elicited by using the good as the response mode.

Our analysis of these valuation measures uses a restricted model of reference-
dependent preferences under risk, incorporating elements of prospect theory (Kahneman
and Tversky, 1979) and the rank-dependent reformulation of that theory (Starmer and
Sugden, 1989; Tversky and Kahneman, 1992). As in prospect theory, reference-
dependent preferences over consumption bundles are assumed to depend only on the
displacement of each bundle from the reference state; thus, there are no income effects.
We assume that these preferences can be represented by an additively separable value
function. Thus, in the case of two goods, the value function can be written as
v(Ax)=vi(Ax1)+v,(Ax,), where Ax=(Ax;, Ax,) is a displacement vector of changes in
consumption relative to the reference state. Set Ax;>0 and Ax,<0, and define the gain
component of Ax as Ax"=(Ax;, 0) and the loss component as Ax =(0, Ax,). Whether
the individual prefers this lottery to the reference state depends on the sign of
71(0.5)v(Ax Y+m(0.5)v(Ax "), where 7(-) is the probability weighting function. Equiv-
alently (cancelling out the 7 (0.5) terms and using additive separability), this preference
depends on the sign of v(Ax). Thus, if the individual is indifferent between the reference
state and the displacement vector Ax, she is also indifferent between the reference state
and a balanced lottery which gives her a 0.5 chance of the gain component of Ax and a
0.5 chance of its loss component. This property of balanced-lottery risk neutrality
allows balanced lotteries to be used to elicit loss aversion.”

Following Tversky and Kahneman (1992), we assume the following functional form
for the value function: for each good i, v,—(Ax,-)=a,—(Ax,—)ﬂ if Ax;=>0 and
v,~(Ax,~)=—b,~(—Ax,~)ﬁ if Ax;<0, where a;, b; and [ are constants satisfying b;>a;>0 and
1>/>0. Given this functional form, the value of b;/a; is a natural measure of loss aversion
in good i; f is a parameter which represents the extent of ‘diminishing sensitivity’ for
gains and losses, lower values of f corresponding with stronger effects of diminishing
sensitivity. It is convenient to define L;=(b;/a;)""F. For any given value of §, L and Ly
may be treated as indices of the extent of loss aversion in the good and in money
respectively (with a value of unity representing the absence of loss aversion).

Given specific assumptions about the locations of reference states, each valuation
measure can be expressed in terms of the parameters ag, bg, an, by and f. Table 1

8 The prediction of balanced-lottery risk neutrality is not unique to prospect theory. In particular, expected
utility theory implies balanced-lottery risk neutrality if the utility function is separable in the two goods. However,
some theories predict balanced-lottery risk aversion. That is, if an individual is indifferent between the reference
state and some displacement vector Ax, she prefers the reference state to a lottery which gives her a 0.5 chance of
the gain component of Ax and a 0.5 chance of its loss component. For example, rank-dependent expected utility
theory (Quiggin, 1993) predicts balanced-lottery risk-aversion if the probability weighting function has the
standard property 7(0.5)<0.5.
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Table 1

Implications of rival hypotheses for valuation measures

Measure Value of measure in terms of parameters of model, given hypothesis
CEH NLIB

RWTAG, 1/RWTPGy (balam)"? (balam)"?

WTAMmG, 1/WTPgum (bglan)"? (bgla)'?

EGuma, IVEGgm (aG/aM)W (“G/aM)”ﬁ

WTPug, 1/'WTAgwm (ag/bw)"? (agla)"®

RWTPyg, 1/RWTPGum (aglbm)"? (ag/bw)"?

displays these implications in relation to CEH and to NLIB. (Thus, for example, the
first row of the table reports that CEH implies RWTAMG=1/RWTPGM=(bG/aM)1/ﬁ ,
while NLIB implies RWTApnGg=1/RWTPgv=(b/am)’?.) Notice that the two hypoth-
eses differ only in the cases of WTPy;g and WTAgy\. These are the two cases in which
the individual is considering giving up money in exchange for the good—that is, in
which she is considering a buying transaction. Notice also that, for each valuation
measure which uses money as the response mode, there is a corresponding measure
which uses the good as the response mode; in each such pair, one measure is the
reciprocal of the other.

If we are to use the entries in Table 1 to design an experiment to discriminate between
the two hypotheses, we must consider relationships between two or more valuation
measures. One possible approach is to use the design of the Vancouver experiment. This
design elicits WTA\g, EGyg and WTPyg. CEH and NLIB both predict WTANG>EGg;
this inequality is induced by loss aversion in the good (since, on either hypothesis,
WTAMG/EGumg=Lg). CEH also predicts EGyig>WTPyg, as a result of loss aversion in
money (i.e. EGyg/WTPyGg=Lwy). In contrast, NLIB predicts EGyig=WTPy\g.

However, if used in isolation, this approach to discriminating between CEH and NLIB
has a significant limitation: it cannot measure the extent of loss aversion in money,
independently of the hypotheses being tested. Suppose, for example, that (as in the
Vancouver experiment), median values of WTAy,g are considerably greater than EGyg,
while median values of EGyg are only slightly greater than WTPy,. Is this evidence in
favour of NLIB, or evidence that loss aversion in money is less than loss aversion in the
good? This problem can be avoided by using ‘risky’ valuations. Notice that, according to
both hypotheses, EGyig/RWTPyg=Ly. Thus, if the value of EGyg/WTPygis close to 1
while WTPy/RWTPy is markedly greater than 1, that is evidence in favour of NLIB.
Conversely, if EGyg/WTPy g is markedly greater than 1 while WTPy;g/RWTPyg is close
to 1, that is evidence in favour of CEH. If both values are close to 1, we can infer that there
is little or no loss aversion in money, in which case it is not possible to discriminate
between the two hypotheses. This method of measuring loss aversion in money depends
on the assumption of balanced-lottery risk neutrality. However, that assumption can itself
be tested, since RWTANG/WTApmG=1 is a direct implication of balanced-lottery risk
neutrality.

The foregoing argument gives us a possible experimental design, in which RWTA g,
WTAMmG, EGumg, WTPyvG and RWTPyg are elicited. The core test is whether EGyg i
greater than WTPy,g, as predicted by CEH, or whether the two are equal, as predicted by
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NLIB.? By using RWTPy in conjunction with the assumption of balanced-lottery risk
neutrality, we estimate the extent of loss aversion in money. By comparing RWTA,g and
WTAMG, we test that assumption. This is the money response design.

However, it would be possible to preserve the basic structure of the design described
in the preceding paragraph while using a mix of response modes. In particular, consider
the incoming valuation design, which elicits RWTAy g, WTAmG, EGom, WTAGM and
RWTAGwm. In this design, the core test is whether WTAGy is greater than EGgy, as
predicted by CEH, or whether the two are equal, as predicted by NLIB. Ly is
measured by RWTAGW/EGgwm; balanced-lottery risk aversion implies RWTAy g/
WTAMGZI.

One advantage of this latter design is that the core test is more tightly controlled. From
the viewpoint of Hicksian theory, WTAgwm and EGgyy are identical to one another (this is
explained in footnote 6). In contrast, EGyg and WTPy;g measure different entities within
Hicksian theory; differences between these measures can in principle result from income
and substitution effects. If Hicksian assumptions hold and if EGy,g is small relative to the
individual’s total wealth, credible values of the rate of change of WTPy,g with respect to
wealth imply that the value of EGyg/WTPy g is close to 1 (Sugden, 1999). Nevertheless,
one might still prefer more control to less.

A second advantage of this design is that RWTAy g, WTAMG, EGom, WTAGM and
RWTAG\ are all incoming valuations. An incoming valuation records the smallest
amount of something (money or the good) that the individual is willing to accept as a
transfer from someone else. In contrast, WTPy;g and RWTPy,g are outgoing valuations:
they record the largest amount of something (in these cases, money) that an individual
is willing fo transfer to someone else. In experiments which elicit valuations, a
potentially confounding factor is that subjects may follow tactical heuristics that lead
them to understate their true outgoing valuations and to overstate their true incoming
valuations. Although such heuristics do not in fact serve a subject’s interests in
incentive-compatible experiments such as those we discuss in this paper, they may be
well-adapted to many real-world situations in which terms of trade are determined
through bargaining. The confounding effects of tactical heuristics can be reduced by
eliciting only incoming valuations.

The Norwich group favoured the incoming valuation design, for the reasons explained
in the preceding two paragraphs. Kahneman favoured the more conventional money
response design. He had reservations about eliciting valuations of fixed amounts of money
in units of a consumption good: he was concerned that subjects might have difficulty in
understanding tasks of this kind, or not construe them as buying tasks. Recognising the
advantages and disadvantages of both proposals, and in the spirit of adversarial
collaboration, we opted for a composite design that would elicit all of the valuations
EGuma, WTPuma, WTAmG, RWTPyG, RWTAMmG, EGonv, WTAgw and RWTAgw,
providing data for the tests proposed by both parties.

° These core predictions are implications of reference-dependent theory as presented by Tversky and
Kahneman (1991). The restricted form of reference-dependent theory is needed only to justify the interpretations
given to risky valuation measures.
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4. The experiment

The experiment was carried out at the University of East Anglia in Norwich. Subjects
were recruited from the undergraduate population by general e-mailed invitations; they
were broadly representative of that population in terms of age, gender, and subject of
study. Subjects were required to bring cash to the experiment, but were assured that any
opportunities to spend money would be optional. Initially, we recruited 320 subjects. Each
subject was allocated at random to one of eight treatments, each of which elicited one of
the valuations EGMg, WTPMg, WTAMg, RWTPMG, RWTAMG, EGGMs WTAGM and
RWTAgw. Thus, each subject confronted just one valuation task.'®

The specific good took the form of luxury chocolates sold by a specialist shop located
in the centre of Norwich, easily accessible from the university campus. These chocolates
are sold by weight, at an average price of about £0.30 each. To allow exchanges in units of
single chocolates to be carried out conveniently,'' transactions within the experimental
sessions were carried out in vouchers. A voucher entitled its holder to a specified number
of chocolates, free of charge, when presented at the shop.

Depending on which task they had been assigned, subjects were given ‘endowments’
(which in some cases were ‘nothing”). Subjects in the WTAgy and RWTA Gy groups were
given £1.00. Those in the WTA ;g and RWTA\,g groups were given 10 chocolates (in the
form of vouchers). All other subjects were given nothing. Endowments (money or
vouchers) were physically handed over to subjects. It was explained that subjects’
endowments were theirs to keep if they so chose. The conditions for the use of the
vouchers were explained, and samples of the chocolates were shown; no information was
given about the price of the chocolates.

Valuations were elicited by using multiple dichotomous choice tasks.'? For example, in
the EGyg treatment, each subject made 25 choices; in each choice problem, one option
was described as ‘We [i.e. the experimenters] give you 10 chocolates’, while the other took
the form “We give you £x’, where x took the values £0.30, £0.60, £0.90, ..., £7.50 in
successive problems. In the WTA Gy treatment, one option was always ‘You do not trade’,
while the other took the form “You give us your £1.00 and take y chocolates in exchange’,
where y took the values 1, ..., 25. The other treatments were presented analogously. The
order in which the values of x or y were presented (that is, either ascending order or
descending order) was randomised. We required each subject’s choices to be mutually
consistent in the sense of respecting dominance.'> When the response mode is money, this

19 In this respect, our design matched that of the Vancouver experiment. In the Norwich experiment, each
subject was presented with a series of separate tasks, only one of which (selected at random at the end of the
experiment) was for real.

" Such exchanges are necessary for the EGgy, WTAGy and RWTAgy tasks, which elicit valuations of
money in units of chocolate. The chocolates are not individually wrapped, but are boxed to order at the shop.

12 We used dichotomous choices rather than open-ended tasks (e.g. ‘What is the largest amount of money you
would be willing to pay for ... ?°) to minimise the salience of tactical considerations. In this respect, our design
followed the Vancouver experiment and not the Norwich one.

13 If a subject’s responses were mutually inconsistent, the nature of the inconsistency was explained to him,
and he was asked to revise those responses. In fact, all but 3 of the 427 subjects responded consistently at the first
attempt. Since all the theories we consider imply this form of consistency, requiring responses to satisfy it does
not bias our tests.
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procedure elicits money valuations of 10 chocolates within £0.30 bands. When the
response mode is chocolate, it elicits valuations of £1.00 in units of chocolate.

Before any tasks were undertaken, it was explained to subjects that one of their 25
choices—to be identified at the end of the experiment by a random process—would be for
real. When all tasks had been completed, the real task was selected separately for each
subject, who then carried out whatever transaction (if any) he had chosen in that problem.
In the case of risky valuations, lotteries were described in terms of a bag of 100 numbered
discs; if a subject’s chosen transaction involved playing out a lottery, he drew a disc from
the bag to determine the outcome.'*

Two additional treatments were run in a follow-up experiment. The responses to the
treatments described above turned out to indicate surprisingly low levels of loss aversion
for chocolate. Kahneman conjectured that this was the result of our having used vouchers
rather than actual chocolates in the experimental sessions. The use of vouchers, he
suggested, might attenuate loss aversion by mentally distancing subjects from the
consumption experiences associated with the chocolates. In addition, since vouchers have
some of the properties of money, the psychological mechanisms which (on his account)
give rise to NLIB might also affect tasks in which vouchers are given up in trade. To test
this conjecture, we ran a follow-up experiment which repeated the EGy;g and WTAy g
treatments, exactly as before except for one detail: the ‘10 chocolates’ took the form of a
pre-packed box of 10 chocolates (the same kind as we had used before). We recruited an
additional 107 subjects and divided them at random between the two additional treatments.
These immediate chocolate treatments are denoted by EGyg* and WTAyg*.

5. Results

The responses to the 10 treatments are summarised in Tables 2 and 3."> In presenting
the data, we use the following conventions. Recall that for any given subject in any given
treatment, there are 25 choice problems. Since subjects’ choices are required to respect
dominance, there are 26 alternative permissible ways of answering any such set of
problems.

We assign these responses the values 1, ..., 26, in ascending order of the valuation of
10 chocolates (for tasks in which the response mode is money) or in ascending order of the
valuation of £1.00 (for tasks in which the response mode is chocolate). Thus, for tasks in
which the response mode is money, 1 corresponds with the range of money valuations of
10 chocolates from 0 to £0.30; 2 corresponds with valuations from £0.30 to £0.60, and so
on up to 26 which corresponds with valuations from £7.50 upwards. For tasks in which the
response mode is chocolate, 1 corresponds with the range of chocolate valuations of £1.00
from 0 to 1 chocolate; 2 corresponds with valuations from 1 to 2 chocolates, and so on up
to 26 which corresponds with valuations from 25 chocolates upwards.

We also report subjects’ implicit preferences between 10 chocolates and £1.00. When
the response mode is money, a subject whose valuation is 1, 2 or 3 has chosen to have

' The instructions given to subjects are available at Supplementary data.
!5 The distribution of responses for each treatment are provided at Supplementary data.
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Table 2
Responses to tasks with money as the response mode

Task (in=incoming, out=outgoing)
RWTPyg  WTPyg  EGue WTAug  RWTANG  EGue*® WTAuG*

(out) (out) (in) (in) (in) (in) (in)
Valuations of 10 chocolates (units of £0.30)
Geometric mean 5.38 4.66 8.17 9.95 10.17 8.69 11.30
Arithmetic mean 6.75 5.55 10.00 10.80 12.70 10.24 12.46
Median 5 6 10 10 12 10 14
Standard deviation 4.99 2.82 5.05 4.58 7.35 4.94 5.19
Implicit preferences
No. of subjects who:
Prefer £1 9 9 5 0 3 3 3
Not clear” 7 4 1 1 1 8 1
Prefer 10 chocolates 24 27 34 39 36 44 48
(% who prefer (60.0) (67.5) (85.0)  (97.5) 92.3) (80.0)  (92.3)
chocolates)
Total 40 40 40 40 40 55 52

? Subjects whose responses indicated that the valuation of 10 chocolates was at least £0.90 but no more than
£1.20.

£0.90 rather than 10 chocolates, and so can be presumed to prefer £1.00 to 10 chocolates.
Conversely, a subject whose valuation is 5 or more has chosen to have 10 chocolates rather
than £1.20, and so can be presumed to prefer 10 chocolates to £1.00. When the response
mode is chocolate, the valuations 1, ..., 10 reveal an implicit preference for £1.00 over 10
chocolates, while the valuations 11, ... , 26 reveal the opposite preference. Implicit
preferences are of interest because they are comparable across all treatments, irrespective
of whether the response mode is money or chocolate. Notice that {10 chocolates, £1.00} is
the only pair for which our design allows us to identify implicit preferences for all
treatments.

Table 3
Responses to tasks with chocolate as the response mode

Task (in=incoming, out=outgoing)

RWTAgy (in) WTAgw (in) EGaw (in)

Valuations of £1.00 (units of one chocolate)
Geometric mean 9.42 9.62 7.52
Arithmetic mean 12.70 10.95 8.85
Median 12.5 10 8
Standard deviation 7.75 5.70 4.84
Implicit preferences
No. of subjects who:

Prefer £1 24 17 12

Prefer 10 chocolates 16 23 28

(% who prefer chocolates) (40.0) (57.5) (70.0)

Total 40 40 40
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Table 2 refers to the seven treatments for which the response mode is money. The upper
part of the table reports, for each treatment, the geometric mean, arithmetic mean, median
and standard deviation of the distribution of subjects’ valuations.'® The lower part of Table
2 reports, for each treatment, the distribution of responses classified by implicit
preferences. Table 3 presents the corresponding data for the three treatments for which
the response mode was chocolate.

Table 4 reports our tests. Each row compares two different valuation measures for a
given good (immediate chocolates in row iii, chocolate vouchers in the others). The first
entry in each row specifies a ratio of two valuations. The next two entries present the
predicted value of this ratio for any given individual, according to each of CEH and NLIB.
The following three entries indicate whether particular causal factors, if operating in the
experiment as a whole, will impact on that ratio; if there is such an impact, its effect is to
increase the value of that ratio above 1. These causal factors are, respectively, balanced-
lottery risk aversion,'” subjects’ use of tactical heuristics, and Hicksian income and
substitution effects. (In the case of tactical heuristics, ‘yes’ signifies that the numerator of
the ratio is an incoming valuation and that the denominator is an outgoing valuation; ‘no’
signifies that both valuations are of the same type. In the case of Hicksian effects, firm
predictions can be made only for choice under certainty. A ‘no’ entry in the ‘Hicksian
effects’ column implies that Hicksian theory makes the firm prediction that the value of the
relevant ratio is 1.) The sixth and seventh entries report, respectively, the ratio between the
medians of the relevant valuations and the ratio between the arithmetic means. The final
entry reports the t-statistic for a test of difference between arithmetic means of the
valuations in the two treatments.

We use ratios between median valuations and ratios between mean valuations as
summary statistics which can be compared with the corresponding predictions. For
example, CEH and NLIB both predict WTAy/EGmg=Lg for any given individual (row
ii). Thus, each of these hypotheses allows us to interpret a ratio between medians or means
of WTAyg and EGyg as indicative of the value of Lg in the population. In this context,
ratios between medians have a more precise interpretation: on the assumption that the
ranking of individuals by their relative valuations of chocolate and money is constant
across valuation measures and response modes, the ratio of median valuations from two
treatments is an estimate of the ratio of the corresponding valuations for the median
individual in the subject pool. However, because of the lumpiness of the valuation scales,
one must be careful not to over-interpret small differences in ratios of medians.

To provide a benchmark for other comparisons, we begin by comparing WTA,g and
WTPyg. Many experiments and surveys have found WTA to be greater than WTP in
comparisons of this kind: we shall call this the classic WTA/WTP comparison. Row i of
the table shows that this familiar result is replicated: the ratio of medians is 2.4 (1.95 for
means) and the difference between means is overwhelmingly significant. This result is not

!¢ Mean valuations (whether arithmetic or geometric) are sensitive to extreme values. However, subjects
rarely used the extremes of the response scales. Of the 307 subjects using the money response mode, only 13
recorded the lowest valuation 1 and only 9 recorded the highest valuation 26. For the 120 subjects using the
chocolate response mode, the corresponding numbers were 6 and 5.

'7 This concept is defined in footnote 8.
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Table 4
Comparisons of valuations
Ratio CEH  NLIB  Picks up Picks up Picks up Ratio of Ratio of 7-test of
predicts predicts balanced-lottery tactical — Hicksian medians means  difference
risk aversion heuristics effects between
means
(1) WTANg/WTPyG Lylg Lg no yes yes 2.40 1.95 6.17%%*
(i) WTAMG/EGug Lg Lg no no no 1.25 1.08 0.74
(iii) WTAMG*/EGuG*  Lg Lg no no no 1.40 1.22 2.28%**
(iv) RWTAMG/WTAMG 1 yes no n.a. 1.25 1.18 1.39
(v) EGpmg/WTPyG Lyt 1 no yes yes 1.67 1.80 4.86%*
(vi) WTPyg/RWTPyg 1 Ly yes no n.a. 1.20 0.82 -1.40
(vii) WTAGW/EGgm Ly 1 no no no 1.25 1.24 1.76*
(viii)) RWTAGM/WTAGwM 1 Ly yes no n.a. 1.25 1.16 1.15

Ly=(bumlan)P>1, Lo=(bglag)"P>1.

In the final column, * denotes that the numerator of the ratio is significantly greater than the denominator (5%
significance level in a one-tail test); ** denotes significance at the 1% level.

n.a.=not applicable.

surprising, but it gives some assurance that our experiment is picking up whatever causal
factors lie behind commonly observed differences between WTA and WTP.

To provide a further benchmark, we consider the extent of loss aversion in chocolate.
Both CEH and NLIB imply WTAy\/EGymg=Lg. In the case of chocolate vouchers (row
i1), the ratio of the medians of WTAy;g and EGyg is 1.25 (1.08 for means), and there is no
significant difference between the means. In the case of immediate chocolate (row iii), the
ratio of medians is 1.40 (1.22 for means) and, given the larger sample size, the difference
between means is significant at the 1% level. The latter result confirms that there is loss
aversion in chocolate, as predicted by reference-dependent preference theory. That the
value of this ratio is greater for immediate chocolates than for vouchers is consistent with
Kahneman’s conjecture that loss aversion for a good is weakened when that good is
represented by vouchers.'® Notice, however, that this conjecture has no implications for
the validity of the tests which discriminate between CEH and NLIB, since these are
concerned with loss aversion in money.

Recall that our analysis of risky valuations depends on the assumption of balanced-
lottery risk neutrality, which can be tested by comparing RWTAy;g and WTA g (row iv).
Consistently with that assumption, we find no significant difference between these two
valuations.

We now consider the money-response tests which discriminate between CEH and
NLIB (rows v and vi). CEH predicts EGyg/WTPyg=Ly>1, while NLIB predicts EGysg/
WTPyig=1. In fact, the ratio of medians is 1.67 (1.80 for means), and the difference in
means is significant at the 1% level. CEH predicts WTPyg/RWTPy =1, while NLIB
predicts WTPpg/RWTPyg=Ly>1. The ratio of medians is 1.20 (0.82 for means); the

¥ One might expect immediate chocolates to be preferred to chocolate vouchers because of the transaction
costs involved in using vouchers. This effect will tend to make valuations higher for immediate chocolates than
for vouchers, but we see no reason to expect transaction costs to affect the relative values of WTAyg and EGyg.
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difference in means is in the opposite direction to the NLIB prediction. Using ANOVA, we
can make more powerful joint tests of the two hypotheses with respect to EGyg, WTPyG
and RWTPy, taken together. The null hypothesis that all three means are equal can be
rejected at the 1% level in an F-test. In a contrast test in which the alternative hypothesis is
EGumg>WTPMG=RWTPyg, as predicted by CEH, the null hypothesis of no differences
between means can be rejected at the 1% level (¢=4.19). If the alternative hypothesis is
EGymg=WTPMG>RWTPy G, as predicted by NLIB, the null hypothesis cannot be rejected
(t=1.12). Clearly, the money-response tests favour CEH.

Finally, we consider the incoming-valuation tests (rows vii and viii). CEH predicts
WTAGMEGgm=Ln>1, while NLIB predicts WTAGM/EGgm=1. The ratio of medians is
1.25 (1.24 for means); the difference in means is significant at the 5% level. CEH predicts
RWTAGM/WTAGm=1, while NLIB predicts RWTAGmM/WTAgv=Lnv>1. The ratio of
medians is 1.25 (1.16 for means); the difference in means is not significant. The null
hypothesis that all three means are equal can be rejected at the 5% level. In a contrast test
in which the alternative hypothesis is RWTAGM=WTAGv>EGgwm, as predicted by CEH,
the null hypothesis of no differences between means can be rejected at the 1% level
(z=2.76). If the alternative hypothesis is RWTAG>WTAGM=EGgMm, as predicted by
NLIB, the null hypothesis can be rejected at the 5% level (#=2.06). On balance, the
incoming-valuation tests favour CEH, but far from decisively.

6. Discussion

A surprising feature of our results is the relative weakness of loss aversion effects in all
but one of the comparisons which, according to either or both of the parties to the
collaboration, could be used to estimate the value of Lg or Ly, in the subject pool. With the
exception of the comparison between EGyg and WTPy,g, all the tests legitimated by CEH
imply that typical values of both Lg and Ly, (whether inferred from medians or means) are
in the range 1.08—1.40. Where NLIB and CEH differ, the tests legitimated by NLIB imply
lower values of Ly;. Kahneman’s prior expectation was that Lg and Ly, would take values
close to 2.'"” Nevertheless, in the classic WTA/WTP comparison, we found a WTA g/
WTP)g ratio close to or greater than 2 (depending on whether the ratio is defined in terms
of means or medians). This is in line both with Kahneman’s expectation and with the
results of other experiments. As explanations of these features of our data, we offer two
conjectures, one of which is favoured by the Norwich group, the other by Kahneman.

The Norwich group interprets the results as consistent with CEH. Putting most weight
on the tests that are not liable to be confounded by tactical heuristics, by income and
substitution effects, or by the use of vouchers (that is, the tests reported in rows ii and vii
of Table 4), the Norwich group concludes that loss aversion in chocolate and loss aversion

19 Using data from an experiment in which subjects reported certainty equivalents for lotteries with money
consequences, Tversky and Kahneman (1992) fit a model similar to that presented in Section 3, separately for
each subject. The median value of byi/ay is 2.25; that of 8 is 0.88. From these data, one might expect typical
values of Ly to be in the region of 2.25%%%=2.04. The results of the Vancouver experiment imply values of
WTAMG/EGug, i.€. of Lg, close to 2.



1. Bateman et al. / Journal of Public Economics xx (2004) xxx—xxx 17

in money are real but relatively weak effects. Both of these effects contribute to the classic
WTA/WTP disparity, but a third factor may be at work too: subjects may be using tactical
heuristics. On this hypothesis, we should expect relatively chocolate-loving preferences to
be revealed in those money-response tasks that elicit incoming valuations (i.e. EGyg,
WTAMmG, RWTAMG, EGug* and WTAyg*). Conversely, we should expect relatively
money-loving preferences to be revealed both in the chocolate-response tasks (i.e.
RWTAGMm, WTAGM and EGgy), since those tasks elicit incoming valuations in units of
chocolate, and in those money-response tasks that elicit outgoing valuations (i.e. RWTPyg
and WTPy). Implicit preferences do in fact show this general pattern (see Tables 2 and
3). This hypothesis implies that EGy;g/WTPy\g may overstate the true value of Ly,. This
might account for the marked difference between the money-response and incoming-
valuation CEH estimates of Ly,.

Kahneman, too, interprets the results of the joint experiment as failing to support NLIB.
However, he interprets the observed difference between EGy;g and WTPy,g as evidence of
strong loss aversion in money. For Kahenman, the puzzle is to explain why loss aversion
in money shows up in this comparison, and not (as NLIB would predict) in the comparison
between WTPyg and RWTPys. His tentative interpretation is that, contrary to his prior
expectation, subjects treated money given up in return for chocolates as a loss. This would
be compatible with his general theory of the conditions under which gains and losses are
integrated if the Norwich subjects were so financially constrained that they did not
perceive themselves as having budget reserves. Kahneman conjectures that this may have
been the case, and that this may amount to an unanticipated difference between the
Norwich subject pool and the North American subject pools that he has used previously.

If we look beyond the results of this particular experiment, there is a more general
problem: to find a unified explanation for a// the data that have so far been generated
within this experimental paradigm. Specifically, the experiment reported in this paper, the
Vancouver and (original) Norwich experiments, and a set of additional experiments®
reported by Kahneman and Novemsky (2002) together provide a very large body of
data, which one might hope to be able to organise into a consistent pattern. But finding
such a pattern is not easy. The results of our collaborative experiment are similar to those
of the Norwich experiment, despite the different incentive mechanisms and elicitation
procedures used in the two cases. Specifically: in each of these experiments, the results are
consistent with CEH; loss aversion, both in money and in goods, exists but is relatively
weak; and incoming valuations are markedly greater than outgoing valuations. However,
the results of the Vancouver experiment and of the experiments reported by Kahneman and
Novemsky show a different overall pattern. These results are consistent with NLIB; they
indicate relatively strong loss aversion in both money and goods; and they show no

20 Between 1986 and 1991, Kahneman ran a series of experiments which elicited various combinations of
RWTPyG, WTPyG, EGumag, WTAMG, and RWTA . At the time the joint experiment was designed, he believed
that the results of these earlier experiments had been lost in a fire which destroyed his home in 1991. However,
after the first stage of our joint experiment had been run, these data were rediscovered. These experiments are
reported in the paper cited. Averaging across the experiments they report, Kahneman and Novemsky’s
computations of the ratios of median valuations are: RWTApG/WTAMG=0.91, WTAMG/EGumG=1.80, EGua/
WTPyG=1.08, WTPyo/RWTPy=2.23.
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evidence of a systematic difference between incoming and outgoing valuations. Even
within the North American data there is a considerable degree of variation between
experiments—yvariation that cannot be explained merely as the result of random factors,
given the hypothesis of a common North American subject pool.

One may also ask how the results of our experiment relate to other research on WTA/
WTP disparities. In particular, several studies have found that the size of the classic WTA/
WTP disparity tends to fall as individuals gain experience of trading the relevant goods, or
of trading in the relevant environment. Typically, the effect of experience is to reduce
WTA and to increase WTP; decreases in WTA tend to be greater in absolute terms than
increases in WTP. For example, List (2003) elicits valuations from participants in
organised sportscard markets; he finds that WTA/WTP disparities are smaller for those
individuals who have had greater experience of trading in those markets; experience has a
strong negative effect on WTA and a much weaker positive effect on WTP. While these
results are not directly comparable with those reported in this paper, they suggest that the
truth may lie somewhere between CEH and NLIB. If the effect of experience is to reduce
the anticipated pain of moving away from a reference state, CEH implies that the effect
will operate symmetrically on WTA and WTP, reducing the former and increasing the
latter, while NLIB implies that it will operate only on WTA.

Summing up these substantive conclusions: the results of our experiment, considered in
isolation, support CEH rather than NLIB. However, it seems that we can identify a range
of putative effects—Iloss aversion in money as mediated by CEH, loss aversion in money
as mediated by NLIB, loss aversion in goods, tactical heuristics—none of which is wholly
robust in isolation, but each of which may sometimes contribute to the classic and highly
reliable WTA/WTP disparity.

In terms of scientific method, we believe that our work has demonstrated the value of
adversarial collaboration in experimental economics. We have been able to design an
experiment which the proponents of two competing hypotheses could accept as a method
of discriminating between those hypotheses, and we have been able to agree on the
interpretation of the data generated by that experiment. Even though we have not reached a
full consensus about the broader theoretical issues involved, we have gone a long way in
narrowing down the areas of disagreement. In retrospect, the disciplines imposed by the
collective activities of designing the experiment and of writing up the results were perhaps
as important as the actual experimental results in generating this convergence and in
clarifying the issues in dispute. For example, Kahneman’s general hypothesis about the
conditions under which the gains and losses associated with a transaction are ‘integrated’
was developed as a by-product of the collaboration: although the outline of this idea pre-
existed our joint work, our attempts to design an agreed test of NLIB revealed the need for
a more precise formulation. We recommend adversarial collaboration to other exper-
imental researchers as a constructive way of resolving conflicts between rival hypotheses.
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