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Economic Valuation by the Method of Paired Comparison,
with Emphasis on Evaluation of the Transitivity Axiom

George L. Peterson and Thomas C. Brown

ABSTRACT. The paired comparison (PC)
method is used to investigate reliability, transitiv-
ity, and decision time for binary choices among
goods and sums of money. The PC method reveals
inconsistent choices and yields individual prefer-
ence order over the set of items being compared.
The data reported support the transitivity as-
sumption and demonstrate high reliability for
individual preference order. The paper also
discusses using the PC method to obtain conser-
vative median and mean estimates of willingness
to accept compensation for public and private
goods. The PC method may prove useful for valu-
ing public goods, and warrants further study.
(JEL Q26)

I. INTRODUCTION

Important public interest decisions often
require information about the economic val-
ues people place on public goods. The con-
tingent valuation (CV) method is apparently
the only existing approach for estimating the
economic value of many such goods but the
state of the art is imperfect (Mitchell and
Carson 1989). Most economists concur that
available CV methods do not yield believ-
able estimates of willingness to accept com-
pensation for losses, and the use of CV to es-
timate willingness to pay (WTP) for gains in
public goods or to avoid losses thereof re-
mains controversial.! Thus, there is a need to
explore new approaches.

In this paper we investigate the reliability
and transitivity of economic preferences ob-
served by the psychometric method of paired
comparison (Bock and Jones 1968; David
1988; Fechner 1860; Guilford 1954; Kendall
and Gibbons 1990; Kendall and Smith 1940;
Thurstone 1927; Torgerson 1958). The
paired comparison (PC) method yields an in-
dividual respondent’s preference order
among elements of a choice set by presenting
the elements in pairs and asking the respon-
dent to choose the preferred element in each
pair. Because the method obtains repeated

measures for each element, responses should
be more reliable than the single-point esti-
mates generally obtained by CV. PC also
allows a test of the transitivity assumption.

When applied to a set of goods only, the
method yields the preference order among
the goods. When applied to a set containing
both goods and sums of money, the method
elicits multiple binary choices that enable
monetary valuation by stochastic discrete
choice analysis, by psychometric scaling, or
by simple arithmetic methods.

The method can be used to observe
choices among losses or among gains. When
choosing among losses, the monetary values
indicate WTP, and when choosing among
gains, the monetary values indicate willing-
ness to accept compensation (WTA) from the
chooser reference point. Other things being
equal, the chooser reference point yields a
conservative measure of WTA that includes
the income effect but avoids behavior like
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Service, U.S. Department of Agriculture, Fort Collins,
CO. We thank Paul Bell, Andrej A. Birjulin, Andrea
Clarke, and Dan McCollum for help in experimental de-
sign and data collection, Randy Rosenberger for help in
data analysis, and the following individuals for helpful
comments on earlier drafts of this paper: Richard
Bishop, Patricia Champ, Rudy King, Jack Knetsch,
Beatrice Lucero, and Robert Mendelsohn. We, of
course, absolve them from responsibility for the final
product.

! The controversy over the ability of CV to measure
the value of public goods was summarized in recent sets
of articles in two journals, the Journal of Economic
Perspectives and the Natural Resources Journal. See
Portney (1994) and Cummings and Harrison (1994) for
the introductory papers in each set. A commonly used
approach to the WTA problem is to measure willing-
ness to pay (WTP) to avoid loss. Loehman, Park, and
Boldt (1994) report that WTP to avoid losses in visibil-
ity and health exceeds the bid for obtaining gains, par-
ticularly for large changes, and that the observed differ-
ence is not a logical contradiction. We still do not know,
however, if WTP to avoid loss constitutes an acceptable
measure of WTA.
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loss aversion (Kahneman and Tversky 1979;
Kahneman, Knetsch, and Thaler 1990; Kah-
neman, Knetsch, and Thaler 1991; Tversky
and Kahneman 1991). Used in this way, the
PC method provides an alternative approach
to CV.2

II. THEORETICAL BACKGROUND

Neoclassical consumer theory argues that
an ordinal utility function can describe a per-
son’s preferences.” Necessary assumptions
include the transitivity axiom, that is, a con-
sumer who prefers A to B and B to C, will
prefer A to C. If we assume that monetary
valuation of public goods does not violate the
axioms of utility theory, we can invoke the
standard consumer theory (Deaton and Muel-
bauer 1957; Freeman 1993; Just, Hueth, and

Schmitz 1982), as in Figure 1 ignoring the
dotted line. The vertical axis in Figure 1 mea-

2 In related applications of PC to estimate economic
values, Magat et al. (1988) obtained ratings of prefer-
ence between pairs of versions of a consumer item that
varied in both price and risk of personal injury from
its use, and Viscusi, Magat, and Huber (1991) obtained
choices between pairs of alternative living places that
differed in both cost of living and health risk. Re-
sponses allowed estimates of willingness to pay to
avoid the risks. Hey and Orme (1994) used a computer-
ized PC experiment to investigate generalizations of ex-
pected utility theory. Loehman and Hu De (1982) stud-
ied the relationship between changes in a public good
and changes in income by means of a payment card,
which they interpreted as an application of the PC
method.

3 Heiner (1985) (see also Friedman 1985; Smith
1985) offers an interesting critique of classical prefer-
ence theory and the generalizability of experimental re-
sults.
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sures the monetary value of the consumer’s
endowment of private goods, including
money, and the horizontal axis measures the
public good endowment. U, and U, are indif-
ference curves describing the trade-off be-
tween public and private endowments.

Assume a consumer at point B on U, faces
a loss in the endowment of public goods to
A on U,. According to neoclassical consumer
theory, AC measures WTA to accept the loss
AB. Similarly, if a consumer at point A on
U, faces a choice between a zero-price in-
crease in the endowment of public goods to
B on U, and a zero-price increase in other
goods (and/or money) to C on U,, AC mea-
sures WTA to forego the gain AB.

Discovery of indifference curves is a dif-
ficult task. Assume, however, that we can de-
fine a set of incentive compatible choices that
includes the public good(s) in question, sev-
eral sums of money, and perhaps some famil-
iar private goods as well. Inclusion of several
well chosen goods in addition to the target
good(s) should increase the likelihood that
the respondent will think more carefully
about the characteristics and relative worth
of the target good(s) in the course of ad-
dressing the required comparisons. It also
helps avoid the human tendency to exagger-
ate the importance of an object or event to
which attention has been drawn. It is then
only necessary to order the consumer’s pref-
erences among the elements of this set in or-
der to bound either WTP or WTA for the tar-
get good(s), depending on the choice
question asked. If we select the other goods
and sums of money judiciously, we can cap-
ture the target good(s) within narrow bound-
aries, thereby obtaining a reasonably precise
estimate of WTP or WTA.

Given a set of ¢ objects, the PC method
presents them independently in pairs as (¢/
2)(t — 1) discrete binary choices.* The pairs
should be randomly ordered for each respon-
dent to control for order effects. The respon-
dent simply chooses the preferred item in
each pair.’ Even if indifferent between the
two items in a pair, the respondent must still
make a choice.® As with dichotomous choice
CV, the decision task is simpler than with
open-ended CV because the respondent need
only recognize preference, not state a mone-
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tary amount. Multiple responses by each in-
dividual allow a test of reliability.

The method also allows investigation of
the transitivity axiom, because pairwise com-
parison of elements of a choice set reveals
inconsistent choices as circular triads, that is,
choices that imply A > B > C > A. A circu-
lar triad may have one of several causes, in-
cluding systematic intransitive preference,
random choice in cases too close to call, in-
competence of the respondent, or simple mis-
takes. We therefore differentiate in this paper
between (1) intransitivity, defined as system-
atic and repeatable decision behavior that vi-
olates the transitivity axiom, and (2) incon-
sistency, as indicated by non-repeatable
circular triads. To test the transitivity axiom,
one must design an experiment that allows
the causes of observed circular triads to be
identified.

The PC method can be applied to either
choices between losses or to choices between
gains. When asked to choose between losses,
the respondent is at point B in Figure 1,

* When the number of objects is large, various meth-
ods can be used to reduce the number of choices. See,
for example, Green and Srinivasan (1978) on conjoint
analysis.

STf U(Q) represents the utility of the respondent’s
current endowment Q, the paired comparison choice is
essentially U(Q, x;) > < U(Q, x;), where x; and x; rep-
resent two items from the choice set x|, . . ., x,.

8 Whether to allow the respondent an indifference
option or to require a choice is debatable. One argument
is that indifference is a valid behavioral response and
ought to be measured. Allowing the indifference option
might therefore increase generality and give added in-
sight into switching behavior and the occurrence of cir-
cular triads. We argue, however, that an indifference
option allows the respondent to be lazy with close calls,
that is, to choose ‘‘indifference’’ in cases where dis-
cernment of preference is possible, thus reducing the
amount of information obtained. Forcing a choice in all
cases maximizes discernment of difference while re-
vealing indifference stochastically. Across respondents,
or across repetitions of the choice for the same respon-
dent, the expected effect of indifference is an equal
number of selections of each item in the pair. The re-
quirement of a choice is similar to dichotomous choice
contingent valuation where the respondent is allowed
only two options, ‘‘yes’” or ‘‘no.”” Regarding applica-
tion of the ‘‘law of comparative judgment’’ in the de-
sign of PC experiments, Torgerson (1958) states, ‘‘No
equality judgments are allowed. This is consistent with
the derivation of the law, wherein the probability of a
zero discriminal difference is vanishingly small.”’
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where BD and AB represent losses to which
the respondent is indifferent. To estimate
WTP to avoid the loss AB in the public good
endowment, PC would offer choices between
the loss AB and several monetary losses.
These choices reveal the breakpoint at which
the respondent switches from choosing the
loss AB to choosing a monetary loss, thus
yielding an estimate of WTP to avoid the
loss. Similarly, when asked to choose be-
tween alternative gains, the respondent is at
point A in Figure 1, where AC and AB repre-
sent gains to which the respondent is indiffer-
ent. To estimate WTA to forego the gain AB
in the public good endowment, PC would of-
fer choices between the gain AB and several
monetary gains.” These choices reveal the
breakpoint at which the respondent switches
from choosing the gain AB to choosing the
monetary gain. When respondents are asked
to choose between alternative gains, WTA is
said to be estimated from the chooser refer-
ence point.

WTA > WTP if, as depicted in Figure 1,
there is an income effect of the change in
public good endowment. Experimental esti-
mates of WTA from the seller reference
point generally exceed WTP, however, by an
amount greater than any reasonable income
effect (Fisher, McClelland, and Schulze
1988; Gordon and Knetsch 1979; Kahneman
and Tversky 1984; Kahneman, Knetsch, and
Thaler 1991; Knetsch 1984; Tversky and
Kahneman 1981). One plausible explanation
is that the pain of loss is greater than the
pleasure of gain, other things being equal. If
so, for a consumer at point B, reduction of
the public good endowment by an amount
equal to AB can only be compensated by an
increase in all other goods greater than AC,
such as AE in Figure 1. Under this theory,
the correct measure of minimum WTA is
AE, not AC, and indifference curve U, has a
discontinuity at B.> Kahneman, Knetsch, and
Thaler (1990) found that WTA for sellers
(those at point B in Figure 1) was consider-
ably greater than what we define as WTA for
choosers (those at reference point A). We hy-
pothesize that loss aversion does not occur in
decisions made from the chooser reference
point, and that an estimate of WTA from the
chooser reference point should therefore be
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more conservative than an estimate from the
seller reference point.’

The PC method brings to the economic
valuation task more than a hundred years of
psychometric research on measurement of
preferences for subjective stimuli. An exten-
sive literature provides a theoretical founda-
tion, experimental design guidelines for
achieving validity, and rigorous methods
for testing hypotheses and estimating par-
ameters (Bock and Jones 1968; David 1988;

"Where respondents are asked to consider their
preferences for two alternatives that differ both in mon-
etary cost and in other attributes (as in Magat, Viscusi,
and Huber (1988) and Viscusi, Magat, and Huber
(1991), respondents are essentially asked to choose be-
tween two net gains (the utility of each alternative net
of its respective cost). Because—depending on the cost
magnitudes used—a net gain may be negative (i.e., a
net loss), the respondent may be asked to choose be-
tween a net gain and a net loss, or even between two
net losses. Such choice data can be used to estimate the
monetary value of the attributes, but the monetary value
may reflect a mixture of WTA (from the chooser refer-
ence point) and WTP. The mixing of WTA and WTP
should not matter if income effects are nil.

81t is “‘correct’’ in the sense that AE measures the
true monetary value of the de facto felt loss under the
loss aversion theory. Whether the consumer loses a de
jure property right when the public good endowment
changes from B to A is an issue beyond the scope of
this paper.

®We do not argue that a chooser reference point is
a more appropriate stance than the seller reference point
from which to measure WTA for purposes of public
policy. Some authors argue that WTA is, by definition,
a behavioral phenomenon, not a theoretical construct.
If loss aversion is real, for example, it is by argument
of consumer sovereignty a legitimate part of WTA
(Kahneman, Knetsch, and Thaler 1990). Economic the-
ory, they say, is based on a premise of global rationality
that is not descriptive of the bounded rationality of hu-
man choice behavior (Simon 1985). This question re-
mains controversial among many economists, however,
who argue that we must define WTA by economic the-
ory, that observed differences between WTA and WTP
beyond theoretical limits are artifacts of poor measure-
ment, not valid assigned values, or that there is no legal
property right to the added value. We make no attempt
here to resolve these controversies, and only assert that
valuation from the chooser reference point may yield a
more conservative estimate of WTA. That is, the esti-
mate from the chooser reference point should be more
conservative than an estimate from the seller or loser
reference point. Without further experimentation, how-
ever, we do not know whether the chooser reference
point produces an estimate of WTA that is conservative
relative to the actual difference in income effect be-
tween WTA and WTP.
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Edwards 1957; Fechner 1860; Guilford
1954; Kendall and Gibbons 1990; Thurstone
1927; Torgerson 1958). However, validity
and reliability in any application, including
application to economic valuation, depend
largely on the specific scenario of a given ex-
periment. Content, construct, and criterion
validity of PC responses to hypothetical eco-
nomic choices remain untested. This paper
does not directly test the validity of PC;
rather, it takes a small step by exploring
reliability and transitivity."” We have not
found previously published applications of
the method to economic choices except as we
have referenced herein.

Various methods are available for summa-
rizing the preference information contained
in the PC data. The simplest approach is to
accept the responses on face value and use
the number of times each item in the choice
set is preferred over other items as an ordinal
measure of preference. If monetary amounts
are among the items and if they were judi-
ciously chosen, values for the goods can be
bracketed by monetary amounts in the prefer-
ence order. Then linear interpolation within
the brackets by mean or median preference
scores can be used to value the items.

More rigorous methods of analysis are
available, however. Given a random error
process, such as a random discriminal disper-
sion that describes intrapersonal responses or
random interpersonal variation in response,
various stochastic methods can be used to es-
timate preference order and monetary bids.
Under certain assumptions explained in the
psychometric literature, it is possible to test
specific stochastic hypotheses and derive an
interval scale of preference. Inclusion of
monetary magnitudes in the choice set an-
chors the scale and gives it ratio properties."
The responses obtained by PC also lend
themselves to stochastic investigation by
economic methods of discrete choice analy-
sis, such as binary logit and double-bounded
logit analysis, as well as by psychometric
scaling techniques and simple heuristic arith-
metic calculation.? Discrete choice methods
can estimate bid functions for trade-off rela-
tionships among goods in the choice set, as
well as for trade-off relationships between
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goods and dollars, depending on the objec-
tives of the study and the composition of the
choice set.” When the experimental design
includes multiple sums of money, each re-
spondent makes multiple binary choices be-
tween the good(s) and sums of money. Multi-
ple random samples of one discrete choice
from each respondent provide a set of con-
ventional discrete choice experiments that
can be used to estimate dispersions and con-
fidence intervals.

Comparison of the various approaches to
estimating monetary values from PC data is
a substantial undertaking and beyond the
scope of this paper. The purpose here is to

1 Loehman and Hu De (1982) argue that PC as uti-
lized in marketing and psychological studies *‘‘is con-
sidered to be a reliable method for obtaining responses
since the choices required are relatively simple.”” They
also cite Stouffer et al. (1950) and Shaw and Wright
(1967) as evidence that responses to questionnaires of
this type are ‘‘reasonably valid.’’ Peterson, Bishop, and
Michaels (1973) provide evidence of criterion validity
of aggregate PC results obtained in a hypothetical con-
text. They compared the probability of children’s first
choice of playground equipment predicted from PC re-
sponses to photographs with the first choice probability
measured by unobtrusive time lapse photography obser-
vation of actual behavior in the real playground from
which the photographs were taken.

' Kendall and Gibbons (1990) and David (1988)
describe the applicable probability theory and statistical
tests. Edwards (1957), Bock and Jones (1968), Guilford
(1954), and Torgerson (1958) explain the analytical
methods and underlying assumptions for interval scale
estimation. Maxwell (1974) provides a simplifying ana-
lytical procedure based on the logistic transformation.

12 The psychometric theory of PC has an economic
counterpart in utility-maximizing discrete choice the-
ory. Luce (1959, 1977) formalized Arrow’s (1951) *‘in-
dependence of irrelevant alternatives’ (IIA) assump-
tion into a choice axiom. This model has been shown
to be essentially equivalent to Thurstone’s (1927) ‘‘law
of comparative judgment’’ (Case V), if Thurstone’s as-
sumption of independent, normally distributed random
variables is replaced by one of double-exponential, ran-
dom disturbances (McFadden 1973; Yellott 1977). The
difference distribution of two independent double-expo-
nential random variables is the logistic distribution,
which is the basis for the logit model. And Thurstone’s
assumption of normally distributed random variables
leads to the probit model.

13 Given a sufficient number of items in the set, it is
also possible to apply discrete choice within each indi-
vidual as well as across a pooled set of individuals.
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investigate the reliability and transitivity of
PC responses. Work in progress is exploring
the application of stochastic discrete choice
methods, comparison of psychometric and
econometric estimation methods, and com-
parison of PC and CV estimates, among
other things." In this paper, we illustrate
mean and median value estimation by two
simple arithmetic methods: (1) from empiri-
cal observation of WTA as the number of re-
spondents who reject each dollar offer for
each good, and (2) from the monetary brack-
eting of goods in the individual respondent
preference orders."”

As with any method, PC requires effective
specification of the goods for which we re-
quire choices, or in the words of Arrow et
al. (1993), ‘‘Adequate information must be
provided to respondents about the environ-
mental program that is offered. It must be de-
fined in a way that is relevant. . . .”’ As stated
by Lipman (1991), ‘‘given an agent’s percep-
tion of his world, we must assume that he
chooses what he perceives to be best for
him.”” Herein lies a formidable challenge for
any method, that is, to create through the in-
formation scenario the perception to which
we desire a response and to attribute the re-
sponse obtained to a correct description of
the agent’s perception, that is, to achieve
content validity. PC incurs an additional
challenge in this regard when more than one
good must typically be described to respon-
dents."¢

As with CV, researchers who apply PC to
valuation of public goods must beware of
strategic behavior, hypothetical bias, context
effects, and other plausible disturbances that
might bias the results (Mitchell and Carson
1989). To be valid, the PC presentation must
be incentive compatible. For example, we
cannot be certain that free-riding behavior
does not affect PC choices that involve pub-
lic goods. Our evaluation of transitivity and
reliability of PC response is a small step to-
ward better understanding of the method and
of economic choices in general, but it does
not answer these broader questions. We be-
lieve, however, that the promising results re-
ported in this paper encourage further re-
search.
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III. EXPERIMENTAL DESIGN

The choice set in this experiment consists
of six locally relevant public goods, four pri-
vate goods, and eleven sums of money. Each
respondent made 155 choices between public
goods, between private goods, between pub-
lic and private goods, between public goods
and sums of money, and between private
goods and sums of money. The respondents
did not choose between sums of money.
Three hundred thirty students at Colorado
State University participated in the study for
a total of 51,150 binary choices.

Table 1 lists the goods and gives brief de-
scriptions. The four private goods are famil-
iar market goods with suggested retail prices.
They were included to encourage respon-

4 In addition to direct estimation of monetary values
and the transitivity and reliability questions addressed
in this paper, PC might be used to test or control other
specific aspects of the value response, such as the em-
bedding effect. For example, the items could be selected
so as to include various levels of a good, such as the
levels of environmental services at issue in Kahneman
and Knetsch’s (1992) embedding study. Having respon-
dents choose among different levels that range from the
most general to the most specific relevant level of a
good might control the embedding effect. Such ques-
tions offer opportunities for further research beyond the
scope of this paper.

5 Although such methods simply accept the sample
data on face value in a positivistic sense, they do allow
statistical tests of hypotheses and calculation of confi-
dence intervals, and they avoid the extensive assump-
tions hidden behind more sophisticated methods. We do
not intend to suggest that such simple approaches are
preferable or even acceptable. Our intent is simply to
illustrate that preference order as measured by PC im-
plies monetary value when the experiment includes
sums of money. Further research is needed to compare
and evaluate alternative ways to estimate monetary
value from PC data.

' We recognize that the descriptions used for the
goods in this study do not meet the rigorous require-
ments specified by Arrow et al. (1993). With the excep-
tion of the ‘‘Wildlife Refuge’’ and ‘‘Clean Arrange-
ment,”’ however, the respondents already are quite
familiar with the goods used. Operational use of PC,
like any application of CV, should include more thor-
ough descriptions. However, we believe that use of
more effective descriptions in this study would have re-
duced the variance among respondents with similar
preferences, produced even fewer circular triads, and
achieved greater reliability, thereby strengthening the
already strong results.
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TABLE 1
GooDS INCLUDED IN THE PAIRED COMPARISON EXPERIMENT

PRIVATE GOODS

1. A meal at a Fort Collins restaurant of your choice, not to exceed $15. (Meal)
2. Two tickets and transportation to one of the following:
A) A Colorado ski area of your choice.
B) A concert of your choice in Denver (Contemporary or Classical).
C) A Broncos, Rockies, or Nuggets game.
D) A cultural event of your choice at the Denver Center for the Performing Arts.
Estimated value: $75 (Tickets)
3. A nontransferable $200 certificate for clothing at a Fort Collins store of your choice. (Clothes)
4. A nontransferable certificate for you to make $500 worth of flights on an airline of your choice. (Air Travel)

PUBLIC GOODS

1. A no-fee library service that provides videotapes of all course lectures so that students can watch tapes of lec-
tures for classes they are not able to attend. (Videotape Service)

2. Parking garages to increase parking capacity on campus such that students are able to find a parking place at
any time, without waiting, within a five-minute walk of any building at no increase in the existing parking
permit fee. (Parking Capacity)

3. Purchase by CSU of 2,000 acres of land in the mountains west of Fort Collins as a wildlife refuge for ani-
mals native to Colorado. (Wildlife Refuge)

4. A CSU-sponsored, on-campus springtime weekend festival with a variety of live music and student participa-
tion events with no admission fee. (Spring Festival)

5. Expansion of the eating area in the Lory Student Center to ensure that any student can find a seat at any time.
(Eating Area)

6. A cooperative arrangement between CSU, local business groups, and the citizens of the community that
would ensure the air and water of Fort Collins would be at least as clean as the cleanest 1% of the communi-

ties in the U.S. (Clean Arrangement)

dents to consider a wide range of goods and
trade-offs, to avoid inducing value by focus-
ing too much attention on any one good, and
to examine WTA for familiar private goods
with suggested prices. The six ‘‘public
goods’’ are of mixed type. ‘‘Wildlife Pre-
serve’’ and ‘‘Clean Arrangement’’ are pure
public environmental goods, that is, environ-
mental goods that are nonrival and nonex-
cludable in consumption. The remaining four
public goods—‘‘Spring Festival,”” ‘‘Video
Service,”” ‘‘Parking Capacity,”’ and ‘‘Eating
Area’’—are excludable by nature but stated
as nonexcludable by policy. They are also
nonrival until demand exceeds capacity.
Wildlife Preserve and Clean Arrangement
benefit all people in the broader community,
whereas the other goods benefit only the stu-
dents. Respondents had Table 1 in front of
them during the experiment and were free to
refer to it at any time.

The eleven sums of money were $1, $25,
$50, $75, and $100 through $700 in intervals

of one hundred dollars. The public and pri-
vate goods used in the experiment were de-
rived from pilot studies in order to have good
variation and distribution across the dollar
magnitudes. Respondents were asked to
choose one item or the other under the as-
sumption that either would be provided at no
cost to the respondent.

The experiment was administered by
means of a computer code that presented the
items on the monitor in random order for
each respondent. The goods had short names
which appeared side by side on the monitor,
with their position (right versus left) also ran-
domized. The respondent entered a choice by
pressing the right or left arrow key and could
correct mistakes by pressing ‘‘backspace.”’
At the end of the 155 paired comparisons, the
computer code repeated in random order
those pairs for which the individual’s binary
choice was not consistent with the dominant
preference order, as defined by the prefer-
ence scores, that is, the number of times the
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individual preferred each good over all other
goods and sums of money (see the definitions
of “‘preference score’’ and ‘‘preference or-
der’’ in Section IV). The computer also ran-
domly selected ten consistent pairs. The indi-
vidual pairs in these two sets of repeated
choices were randomly intermixed, and there
was nothing to indicate to the respondent
when the 155 original pairs ended and the re-
peats began.

The computer program recorded (1) the
respondent’s choice for each pair in an or-
dered matrix, (2) the time in seconds required
for each choice, (3) the sequence number of
each choice, (4) the pairs that were involved
in circular triads, and (5) preference
switches, if any, for the two types of repeated
choices.

IV. DATA SUMMARIZATION
METHODS

The Preference Score and Preference Profile

The paired comparison method yields a
preference score for each item, which is the
number of times the respondent prefers that
item over other items in the set. A respon-
dent’s vector of preference scores, called the
preference profile, describes the individual’s
preference order among the items in the
choice set, with larger integers indicating
more preferred items. In this case of a 21-
item choice set, an individual preference pro-
file with no circular triads contains all 21 in-
tegers from O through 20. Circular triads
cause some integers to appear more than
once in the preference profile while others
disappear.

Value Contrast

In some of the analyses that follow,
within-pair value contrast, that is, the differ-
ence in value assigned by an individual to the
two items in a given paired comparison, is an
important variable. It is convenient for cer-
tain analyses to use the integer difference be-
tween preference scores as an index of
within-pair value contrast. This index will be
an integer that ranges in magnitude from 0O to
20, because it is the difference of two inte-
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gers from the same range. Although useful,
such an index is approximate, because the
preference scores are ordinal numbers as far
as strength of preference is concerned; how-
ever, they are cardinal with respect to the
number of times each item was preferred
over other items.

Monetary Estimation

If appropriate monetary amounts are
among the items in the choice set, the prefer-
ence profiles allow estimation of dollar val-
ues for each of the goods for individual re-
spondents by the simple arithmetic approach
of bracketing by sums of money based on
preference score and linear interpolation
within the brackets."” The PC method also
allows estimation of aggregate sample values
by aggregation of individual dollar estimates
as bracketed in the individual preference pro-
files, or by observing the proportion of re-
spondents rejecting each dollar offer for each
good. These proportions are sample esti-
mates of WTA probabilities. In this paper we
use two of these simple methods, aggregation
of bracketed dollar values for individual re-
spondents and observed bid rejection propor-
tions, to calculate sample mean and median
WTA values. Evaluation of such simple
methods in comparison with more sophisti-
cated approaches, such as psychometric scal-
ing and discrete choice analysis, is the topic
of another paper.

Coefficient of Consistency

The number of circular triads in each indi-
vidual’s responses can be calculated directly
from the preference profile. The number of
items in the set determines the maximum
possible number of circular triads. The indi-
vidual respondent’s coefficient of consis-
tency is calculated by subtracting the ob-
served number of circular triads from the
maximum number possible and dividing by

'" The individual preference profile is the product of
155 choices and is highly reliable. Numerous circular
triads in an individual’s responses may prevent estima-
tion of dollar values for the individual respondent, how-
ever.
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the maximum.' The coefficient varies from
zero to one. A coefficient of one means there
are no circular triads in a person’s choices.
The coefficient approaches zero as the num-
ber of circular triads approaches the maxi-
mum possible number of circular triads. The
maximum possible number is (#/24) (1> — 1)
when ¢ is an odd number or (¢/24)(> — 4)
when ¢ is even, where ¢ is the number of
items in the set (Kendall and Smith 1940,
David 1988).

V. RESULTS

The data obtained by PC offer numerous
avenues of exploration. This paper investi-
gates the time respondents took to make their
choices, evaluates the reliability of the re-
sponses, investigates the transitivity axiom
and related decision behavior, and demon-
strates estimation of monetary values for the
goods by two simple methods.

Decision Time

Average total time to complete the 155
paired comparisons was about 10 minutes,
not including the time required to become fa-
miliar with the goods and the instructions.
Mean decision times for the first five choices
were 29, 10.9, 8.8, 7.4, and 6.8 seconds, re-
spectively. Mean decision time continued to
decline gradually until it stabilized at about
2.5 seconds halfway through the experiment
(Figure 2). A correlation of —0.97 between
the log of mean decision time and the log of
decision sequence over the 155 sequence
numbers reveals a strong tendency for deci-
sion time to decline at a decreasing rate as
the experiment progresses. '

The short average decision time raises a
question about how carefully the respondents
considered each choice. The short and de-
clining decision time suggests several
hypotheses, including: (1) respondents pro-
gressively construct or discover their values,
(2) they quickly develop simplifying rules, or
(3) they grow weary and careless as the ex-
periment progresses. The care taken is par-
tially indicated by the reliability and transi-
tivity of their choices, which we discuss in
following subsections. Here we present evi-
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dence based solely on decision time as it var-
ies with the nature of the choice.

If carelessness were the cause of the short
decision times, we would expect the likeli-
hood of inconsistency to increase as the ex-
periment progresses, and we would expect
decision time to be less for inconsistent
choices than for consistent choices. In fact,
the opposite is true. Average sequence is
77.54 (out of 154) for consistent choices and
70.04 for inconsistent choices. Average deci-
sion time is 3.03 seconds for consistent
choices and 4.71 seconds for inconsistent
choices. Analysis of variance shows these
differences to be significant at the 0.000 level
in both cases. These numbers demonstrate
that inconsistent choices tend to occur earlier
in the experiment and require more decision
time than consistent choices.

Except for the aforementioned relation of
decision time to sequence, the primary rela-
tion involving decision time appears to be
between decision time and within-pair differ-
ence in preference scores. Decision time de-
clines at a slightly decreasing rate with in-
creasing difference in preference scores
(Figure 3). The correlation of log of mean de-
cision time with log of mean difference is

18 David (1988) gives the number of circular triads
as:

¢ = o= 1)~ T~ sy
where qo = Y % = 1(t - 1),
t 2

t = the number of elements in the choice set, and
a; = the number of elements in the choice set domi-
nated by the ith element.

The maximum possible number of circular triads is:

t t
K={(=|@#—1),todd, k' =|—|(* — 4), teven.
(24> ( ), Lo (24) ( ), teven

Kendall and Smith (1940) define the coefficient of con-
sistency as:

Z=1--2%_ toddiz=1-—2%
- 1) 12— 4)

, teven.

Note that Z = (K’ — ¢)/K".
1% The disaggregate correlation over the 51,150 cases
is —0.35.
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—0.967.% Decision time declines from about
5 seconds for choices with the least within-
pair difference to about 2 seconds for the
choices with the greatest within-pair differ-
ence, perhaps reflecting the degree of diffi-
culty in making the choice.

Decision time was also found to vary with
type of choice. Mean decision time was 3.80
seconds when a public good was compared
with another public good, 3.55 seconds for a
public—private good comparison, 3.39 sec-
onds for a private—private good comparison,
2.96 seconds when a public good was com-
pared with a monetary amount, and 2.92 sec-
onds for a private good—money comparison.

Independent #-tests comparing these five
means indicated that the only ones not sig-
nificantly different from the others at the 0.05
level are 3.55 versus 3.39 and 2.96 versus
2.92. The means suggest that comparisons
involving monetary amounts are easiest and
comparisons between public goods are the
most difficult, with comparisons between
goods involving private goods—which have
market prices—falling between these two

2 This correlation is significant at the 0.001 level.
The corresponding mean correlation between log of in-
dividual decision time and log of individual difference
is —0.231, and is also significant at 0.001.
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extremes. This finding is consistent with the
possibility that respondents convert each
good to a monetary value before making a
choice, with the conversion being easier for
private than public goods—but of course,
this is merely conjecture. Finally, we note
that a two-way analysis of variance of deci-
sion time by within-pair difference in prefer-
ence score and type of comparison indicates
that both preference-score difference and
type of comparison significantly vary with
decision time (p < 0.000), and that the two-

way interaction is not significant (p =
0.524).

The economics literature discusses the ef-
fect of decision cost on choices, and has
sometimes considered decision time to be an
indicator of decision cost. For example, Wil-
cox (1993) experimentally measured deci-
sion cost by measuring decision time and
concluded that ‘‘decision time is a poten-
tially rich explanatory and dependent vari-
able, and so should not be an omitted one’’
(p. 1416). Our data do not necessarily indi-
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cate that decision time was considered by re-
spondents as a cost, as we have no indication
that the quality of the choices deteriorated
with time to make them. A more plausible
conclusion, based on our findings, is that de-
cision time simply increased with difficulty
of the decision, with difficulty being a func-
tion of within-pair closeness in preference
space of the items being compared, lack of a
monetary referent for some of the goods, and
lack of respondent familiarity with ex-
changes between money and public goods.

Reliability

We estimate the expected reliability of bi-
nary choices by examining choice switching
behavior. Recall that respondents repeated
inconsistent choices and a random sample of
ten consistent choices after completion of the
initial set of paired comparisons. Of the total
set of 51,150 initial choices, 3,688 were in-
consistent and 47,462 were consistent with
the respondent’s dominant rank order. The
respondents switched 290 of 3,270 consistent
choices and 2,256 of the 3,688 inconsistent
choices on retrial, yielding respective reli-
ability estimates of 0.91 and 0.39. The esti-
mated overall expected reliability of a single
choice selected at random is 0.87, assuming
the same proportion of consistent and incon-
sistent choices.

Interpersonal correlations over the ten
goods provide a lower bound on the expected
reliability of the individual preference pro-
files. If the profiles of different respondents
differ only by an independently and identi-
cally distributed random error process, the
correlations among individual preference
profiles constitute a domain sample basis for
estimating reliability (Nunnally 1967). The
interpersonal correlation is a lower bound,
however, because both interpersonal and in-
trapersonal variance reduce the observed cor-
relation. The maximum, mean, median, and
mode of the observed distribution of 54,285
correlations among the 330 respondent pref-
erence profiles are 0.98, 0.66, 0.70, and 0.80,
respectively. Removal of interpersonal vari-
ance would yield much higher reliabilities.
To obtain an estimate of the upper bound on
preference profile reliability, we had one re-
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spondent repeat the experiment twice. An-
other repeated it five times over an eight-
month period. The resulting two estimates of
reliability are 0.94 and 0.98, respectively.?!

Transitivity

The data obtained in this experiment pro-
vide several ways to investigate transitivity:
(1) consistency of individual responses, (2)
the effect of value contrast on consistency,
(3) the relationship between consistency and
choice switching behavior, and (4) the rela-
tionship between choice switching and value
contrast.

Consistency of individual responses. The co-
efficient of consistency as defined above de-
scribes the individual respondent’s internal
consistency as the percent of possible circu-
lar triads that are non-circular. Inconsistency
does not necessarily imply systematic and re-
peatable intransitivity, however, because as
previously noted, simple mistakes and ran-
dom response due to indifference or incom-
petence will also produce circularity. A
choice set of very similar elements can pro-
duce a low coefficient of consistency by
chance alone. The coefficient of consistency
is therefore a function of the degree of simi-
larity of items in the choice set, incompe-
tence of the respondent, the tendency for the
respondent to make careless mistakes, and
systematic intransitivity of response, as noted
by David (1988, 3-4):

a circular triad denotes an inconsistency on the
part of the judge, and its simplest explanation is
that the judge is at least partially guessing when
declaring preferences. The judge may be guessing
because of incompetence or because the objects
are in fact very similar. . . . But guessing is not
the only explanation, for there may be no valid
ordering of the three objects even when they dif-
fer markedly. Their merit may depend on more
than one characteristic, and it is then somewhat
artificial to attempt an ordering on a linear scale.
Under these circumstances the judge must men-
tally construct some function of the relevant char-
acteristics and use this as a basis for comparison.

2! These estimates give an upper bound because they
remove interpersonal variance but may not be indepen-
dent.
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It is not surprising that in complicated preference
studies the function is vague and may change
from one paired comparison to the next, espe-
cially when different pairs of objects may cause
the judge to focus attention on different features
of the objects. This last point helps to account for
situations where a particular circular triad occurs
frequently in repetitions of the experiment. How-
ever, circularity can occur even with a well-de-
fined preference criterion based on two or more
underlying dimensions (Tversky 1969).

Figure 4 compares the distribution of the
coefficient of consistency for 150 random tri-
als of the experiment—where, in each of the
150 trials, each of 155 choices was random,
that is, 23,250 random choices—with the
distribution for the 330 respondents. If the
330 observed responses are random, they
will have been sampled from the same popu-
lation as the 150 random experiments and
will have the same expected number of circu-
lar triads as the random cases. However, if
the 330 responses contain nonrandom infor-
mation, they will have a lower expected
number of circular triads and will have come
from a different population.

The two samples are obviously from dif-
ferent populations, because the respondents
tend to be highly consistent and nonrandom.
Twenty people (6 percent) in the lower tail
of the real respondent distribution produced
25 percent of all circular triads, which sug-
gests that they may not have understood the
task or were different in other ways. The re-
mainder (310) had a coefficient of consis-
tency of at least 82 percent, and 50 percent
(165)had a coefficient of consistency of atleast
94 percent. Pooling all cases gives an overall
coefficient of consistency of 92 percent.

The effect of value contrast on consistency.
Figure 5 shows the relationship between the
within-pair value contrast and the likelihood
that a given choice will not agree with the
individual’s dominant preference order. The
likelihood is computed as the ratio of the
number of inconsistent choices to the total
number of choices at the given level of value
contrast. The total number of choices at each
level of within-pair value contrast is listed
across the top of Figure 5. For example,
1,797 pairs had zero value contrast, meaning
that the respondents were apparently indiffer-
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ent. Of these, 866 pairs (48 percent) were not
consistent with the individuals’ dominant
preference order.

Under low value contrast we would expect
the individual to find the choice more diffi-
cult. Under high value contrast we would
expect easier choices and greater certainty.
Figure 5 shows that the likelihood of incon-
sistent choice falls off rapidly as within-pair
value contrast increases. At a value contrast
of 10 or more, fewer than 1 percent of the
choices were inconsistent. Low value con-
trast thus appears to be the primary cause of
inconsistency.

The relationship between consistency and
choice switching behavior. Under pure indiffer-
ence or uncertainty, the expected probability
that respondents will switch preference (i.e.,
reverse the choice when it is presented again)
is 0.5. Under pure certainty without mistake
(i.e., perfect repeatability), the expected
switch probability is 0. If the respondent
made a mistake with a choice for which pref-
erence is certain and perfectly repeatable
(i.e., mistakenly hit the wrong key), the ex-
pected switch probability approaches 1.0.” It
is possible, however, that some apparently
consistent choices are cases of indifference
or uncertainty that are consistent only by
chance. Under the hypothesis that indiffer-
ence, uncertainty, or mistake cause inconsis-
tent choice and certainty moderated by
chance causes consistent choice, we would
expect reversal of 50 percent or more of in-
consistent choices and 0 percent, or close to
0 percent, of consistent choices.

Figure 6 shows the distribution over re-
spondents of the proportion of originally
consistent and inconsistent choices switched
on retrial. For example, each respondent re-
peated 10 randomly selected consistent
choices. If a given respondent reversed three
of these choices on retrial, the proportion
switched is 0.3. The number of inconsistent
choices repeated was not a fixed number, but
varied over respondents. If a person made 18
inconsistent choices and reversed 12, the pro-
portion switched is 0.67.

2 The probability will be close to but less than one
because of the possibility of repetition of the mistake.
The joint probability of making the same mistake twice
is small, however.
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For 3,688 originally inconsistent choices,
the overall proportion switched is 0.612. For
3,270 originally consistent choices, the over-
all proportion switched is 0.089. The proba-
bility that these two distributions could have
been sampled from the same population by
chance alone is virtually zero. These findings
further support the hypothesis that indiffer-
ence and mistakes cause inconsistency,
whereas certainty (i.e., repeatable prefer-
ence) strongly influences consistency. That
is, the likelihood that a consistent choice will
be switched on retrial is reasonably close to
zero, whereas the likelihood that an inconsis-
tent choice will be switched is greater than 0.5.

Effect of value contrast on choice switching.
Figure 7 shows how the proportion of re-
sponses switched changes with value con-

trast for both originally consistent and origi-
nally inconsistent choices. The switch
probability declines sharply toward zero with
increasing value contrast for consistent
choices but increases sharply toward one for
inconsistent pairs. At each level of value con-
trast except zero the probability of switching
is significantly different between consistent
and inconsistent choices.”? At zero contrast
the probability is close to 0.5 for both catego-

2 The one-tailed significance of the difference is
<0.0000 for all levels of original value contrast from
1 to 15, based on a normal approximation to the bino-
mial test for value contrasts from 1 to 8 and the Fisher
exact probability test for value contrasts from 9 to 15.
At value contrasts of 16 and 17, the originally inconsis-
tent cases number only 1 and 2, respectively, making
the test unreliable.
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ries. These results imply that respondents
tend to correct mistakes when repeating in-
consistent pairs and apply consistent decision
criteria when repeating consistent pairs, with
a strong tendency for low value contrast to
introduce random choice.

Preference Ordering and Monetary Estimates

As previously stated, there are several
ways to use PC data to estimate monetary
values. David (1988) derives combinatorial
and nonparametric methods from rigorous
probability theory to test specific hypotheses
about PC results. Torgerson (1958), Bock

and Jones (1968), Luce (1959), Bradley
(1976, 1984), van Putten (1982), and Wins-
berg and Ramsey (1981) derive and demon-
strate various models and psychometric
methods for testing hypotheses and estimat-
ing parameters. Maximum likelihood meth-
ods derived from utility-maximizing discrete
choice theory also can be applied to PC data
and are well documented in the econometric
literature.” The fact that each respondent
makes multiple discrete choices between

% For example, see Loehman and Hu De (1982) for
an application of stochastic discrete choice analysis to
data obtained by a method similar to PC.
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goods and several sums of money also allows
dispersion and confidence intervals to be ob-
served by random sampling of conventional
single-response discrete choice experiments
from PC data. The need to apply, compare,
and evaluate these various approaches with
economic applications of PC opens a new
frontier of research opportunity but is beyond
the scope of this paper, which focuses on re-
liability and transitivity of response. In this
paper, we illustrate monetary estimation by
calculation of aggregate means and medians
(1) by bracketing the goods between dollar
amounts in the individual preference profiles,
and (2) from the observed proportion of re-
spondents rejecting each dollar amount for
each good. Figure 8 shows proportions from
the latter method for one public good (a
2,000-acre wildlife preserve) and one private
good ($200 worth of clothing). These propor-
tions are sample analogues of the probability
functions that could be estimated by discrete
choice logit analysis.

Table 2 displays an individual preference
profile and monetary estimates for one typi-
cal respondent. Table 3 shows mean and me-
dian estimates for the ten goods as calculated
by the two methods described above. The
medians in column (1) of Table 3 are ob-
tained by linear interpolation of the propor-
tions illustrated by the two examples in Fig-
ure 8. The medians in column (2) come

directly from the distribution of individual
dollar values estimated from individual pref-
erence profiles. The means in column (3)
were calculated by averaging individual dol-
lar estimates. The means in column (4) came

TABLE 2

PREFERENCE SCORES AND MONETARY
ESTIMATES FOR A TYPICAL RESPONDENT

Preference  Estimated
Item® Score $ Value
$700 20 700
$600 18 600
$500 air travel 17 550
Clean air arrangement 17 550
$500 16 500
Video tape service 14 450
Wildlife refuge 14 450
$400 13 400
$200 worth of clothing 12 350
$300 12 300
$200 10 200
Parking capacity 9 150
$100 8 100
$75 7 75
$50 6 50
$75 entertainment tickets 5 38
$15 meal 5 38
$25 4 25
Eating area capacity 3 17
Spring festival 1 9
$1 0 1

* See Table 1 for descriptions of the goods.
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TABLE 3
ILLUSTRATIVE MEANS AND MEDIANS ESTIMATED BY TWO SIMPLE METHODS

Medians Ratio Means Ratio

1) 2 @/) 3) 4 @/3)

$500 Air travel $422 $394 0.934 $380 $388 1.021
Wildlife preserve $382 $372 0.974 $388 $394 1.015
Clean air arrangement $197 $228 1.157 $323 $328 1.015
$200 Clothing $152 $148 0.974 $182 $187 1.027
Entertainment tickets $81 $90 1.111 $151 $154 1.020
Video tape service $79 $83 1.051 $194 $198 1.021
Parking capacity $74 $74 1.000 $167 $171 1.024
Spring festival $62 $67 1.081 $150 $154 1.027
Eating area capacity $29 $35 1.207 $92 $95 1.033
$15 Meal $16 $21 1.313 $46 $48 1.043

(1) Interpolated from observed proportions.
(2) From individual preference profiles.

(3) Numerical integration of observed proportions.

(4) From individual preference profiles.

from numerical integration of the observed
proportions. The two methods show very
similar results.

Means and medians differ substantially in
some cases because the distributions are
highly skewed. Whether to use mean or me-
dian values in economic analysis becomes an
important question when they differ signifi-
cantly. In general, the median is the value
that is acceptable to at least 50 percent of the
sample and therefore identifies the range of
values that a majority will accept. The mean
is an estimate of the expected value of re-
sponse and, when multiplied by the total
number of respondents, measures the aggre-
gate value in question. The reader must not
generalize the values reported in this paper,
however, because they are merely illustrative
and do not necessarily represent any popula-
tion beyond the sample observed. To gener-
alize such values beyond the sample requires
rigorous sample design and more rigorous
examination of the estimates.

A further caution is suggested by the sub-
stantial disagreement among respondents
with respect to preference order. Such dis-
agreement implies aggregation error that
may or may not be of concern in economic
analysis. Regression on personal characteris-
tics may reduce aggregation error. Unlike
single point value CV estimates, PC prefer-
ence profiles contain preference-order infor-

mation that can be used to classify individu-
als into value response types, further
reducing aggregation error. Such analyses,
however, are beyond the scope of this paper.

Taking the data in Table 3 at face value,
the two environmental public goods that pro-
vide benefit to the general population—
“‘Wildlife Refuge’” and ‘‘Clean Arrange-
ment’’—rank higher than the public goods
that benefit only the student population. They
also rank higher than all the private goods
except ‘‘Air Travel.”

Inclusion of private goods in the choice
set offers potential information about validity
of response and WTA when prices are well
known or stated ex ante, as in Table 1. ‘‘Air
Travel”” and ‘‘Clothes,”’” for example, have
suggested values of $500 and $200, respec-
tively. Their medians in Table 3 are approxi-
mately $400 and $150, respectively. Their
mean values are also lower than the sug-
gested retail prices, although not by as much.
The other two private goods, ‘“Tickets’’ and
‘‘“Meal’’ have stated values of $75 and $15,
while their medians are slightly higher and
their means are much higher. These numbers
are only illustrative of the methods used. If
they are WTA values as we hypothesize,
however, they produce means and medians
for the higher-priced goods and medians for
the lower-priced goods that are not several
times larger than the suggested prices.
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VI. CLOSURE

The information content of the binary
choices observed in this experiment is ex-
tremely high. Specific choices, preference
scores, and preference profiles are all very re-
liable. The observed degree of inconsistency
among the binary choices is trivial compared
to other errors and biases that might influ-
ence the results of any hypothetical contin-
gent market experiment. Responses in gen-
eral are nonrandom and highly consistent.
Systematic intransitivity apparently is not a
significant cause of inconsistency among the
binary choices. The primary causes of incon-
sistency appear to be indifference and simple
mistakes, as indicated by the following three
findings. First, the likelihood of inconsis-
tency declines rapidly with increasing value
contrast between the two items in each
choice. Second, inconsistent choices are
much more likely to be switched on retrial
than consistent choices. As hypothesized, the
probability that a consistent choice will be
switched is close to zero, whereas for incon-
sistent choices, the probability is greater than
0.5. Third, the proportion of consistent
choices switched on retrial declines rapidly
to zero with increasing value contrast,
whereas the proportion climbs rapidly to one
for inconsistent choices. We conclude that
the psychometric method of paired compari-
son is a useful way to explore individual eco-
nomic decision behavior and shows promise
for application to contingent market estima-
tion of the monetary value of nonmarket
goods and services, including conservative
estimation of WTA.

The richness of information obtained in
this experiment and the ease of application
encourage further research on the use of
paired comparison for economic valuation of
nonpriced goods and services. This research
could proceed on three fronts. First, improve-
ments in or extensions of what we did are
warranted, including (1) looking beyond stu-
dent populations, (2) testing more rigorous
information scenarios for the goods in ques-
tion, (3) evaluating alternative psychometric
and econometric methods for estimating val-
ues from PC data, (4) exploring application
to a wider variety of goods and services, (5)
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evaluating the independence of PC
choices—for example, whether responses
change when the full set of goods is not, as
in the current application, listed on the same
page, and (6) investigating applications of
PC to the WTP context.

The second front is to explore content,
construct, and criterion validity of the
method, including (1) comparing PC results
with more conventional contingent valuation
methods and (2) testing PC against real mon-
etary transactions. The third front involves
application of the technique, which could oc-
cur at a minimum to (1) investigate the em-
bedding (scope) effect and (2) explore appli-
cation of PC to situations where a preference
ordering among goods—gains or losses—is
useful in and of itself. For example, as Ruth-
erford et al. (1998) describe, recent national
legislation covering oil spills calls for dam-
age schedules to be used to assess damages
of smaller (type A) spills. A schedule of rela-
tive (interval scale) damages might be devel-
oped using public judgments obtained in re-
sponse to PC questions. Our results suggest
that the relative placement of alternative
losses is likely to be highly reliable. The at-
tachment of monetary amounts to each item
in the scale could then be performed sepa-
rately, based on the best judgment of the
court.
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