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Abstract. The method of paired comparison is modificd to allow choices between two alternative
gains 80 as to cstimate willingness Lo accept {(WTA) without loss aversion. The robustness of WTA
values for twe public goods is tested with respect to sensitivity of the WTA measure to the context of
the bundle of goods used in the paired comparison excrcise and to the scope (scale) of the public good
project. There was no statistical difference in WTA measures [or open space based on independent
treatments with different contexts. One treatment involved valuing open space within a set of geods
with similar value, The other treatment involved valuing open space within a choice set of goods
which had lower doilar values than open space. There was a statistical difference in WTA between a
permunent expansion in the bus systemn and a Llemporary expansion in the bus system. We conclude
the method of paired comparison appears to be a very promising approach to elicit measures of WTA.

Key words: context cffcet, public gouds experiment, scope test, stated preferences, willingness
Lo accepl

1. Introduction

The need to measure the social benefits of environmental amenities is increasingly
important. A variety of stated and revealed preference methods can be used to
measure use values associated with a resource. However, measuring non-use values
poses more of a challenge. Contingent valuation (CV) allows for measurement of
non-usé benefits in addition to use values. While there is some conscnsus that CV
willingness to pay (WTP) estimates are valid (Carson et al, 1996), the same cannot
be said of CV willingness to accept (WTA). The current practice in the Umted
Stales, as suggested by the National Oceanic and Atmospheric Administration
(1993), is to use WTP as a proxy for WTA when measuring welfare losses associated
with an environmental degradation. WTA is clearly the appropriate welfare measure
and as Bromley (1995: 129) points out “If the damages from pollution accidents are
incorrectly measured, then the shadow price of spills and accidents will be wrong
and therefore incorrect signals will be sent (o both producers and consumers.
These incorrect signals will result in too many spills and accidents”. This article
discusses the results of an experiment in which an alternative approach to CV
called the method of paired comparison (PC) is used to measure WTA.
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Magat ct al. (1988) applied the PC approach to non-market valuation as a
means of measuring WTP. Peterson et al. (1996) extended this work by using PC
1o measure WTA. The PC approach provides a ranking of stated preferences for
public goods and dollar amounts (or private goods and dollar amounts). From this
ranking, WTA dollar values for the goods in the choice set are inferred, As with CV,
PC can measure both use and non-use values. Magat et al. (1988: 396) suggest that
one of the virtues of PC is the simplicity of the exercise relative to a CV exercise,
“Because of the case that subjects have in making paired comparisons, as opposed
lo more precise responses required in a hypothetical market, this methodology
may offer a greater opportunity for eliciting individual preferences in contingent
contexts”. Furthermore, inttial studies (Peterson et al. 1996; Peterson and Brown
1997; Loomis ¢t al. 1996) suggest that the PC WTA estimates are consistent with
basic tenets of cconomic theory. We assess the robustness of WTA estimates for
public goods based on PC generated data. Specifically, two tests arc conducted.
As the method of PC has respondents value a good within the context of a bundle
of goods, the first test examines the effect of the composition of the choice set on
the value estimates for an open-space project. The second test compares the value
estimates from independent samples for a permanent expansion of municipal bus
service with a temporary expansion for a weekend for evidence of scope.

2. The Method of Paired Comparison

The method of paired comparison goes back to Fechner (1860) and has been
the subject of much psychological research as a means to measure preferences
(Thurston 1929; David 1988). The PC exercise in this study elicited participants’
preterences for goods and sums of money via a series of binary choices between
either two goods or a good and a sum of money. The choice sets which arc the
focus of this study contained four public goods and ten sums of money. The
paired comparisons were made from the chooser reference point and the individual
chooses between two gains.' For cxample, the individual chooses between getting
$50 or'the provision of a public good. If she selects the public good, WTA for the
public good is inferred to be greater than $50. The chooser reference point may
avoid loss aversion associated with the standard CV approach for measuring WTA
(Franciosi et al, 1993; Kahneman et al. 1990).

PC is similar to contingent runking and conjoint analysis in that it is an approach
developed in a discipline outside economics for purposes other than non-market
valuation. Whereas contingent ranking and conjoint analysis are traditionally used
to predict choice or preferences as a function of attributes?, we use PC to elicit
choices between different goods or goods and dollar amounts with the ultimate
goal of bracketing WTA. PC could be used as an clicitation method in a conjoint
analysis where the individual chooses between goods which vary in attribute levels.

We are suggesting that PC could be used as an altermnative non-market valuation
technique to CV. There are at least two conceptual advantages of PC over the
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traditional or single bound dichotomous choice CV. First, individuals value goods
within the context of a bundle of goods. The number of goods in the bundle and
the type of competing goods can be varied to mimic policy relevant trade-offs.
If a public agency can provide only onc or two public goods or services, the
choice set can include the relevant trade-offs. Most CV surveys consider just one
good, or at most three (Hoehn and Loomis 1993), Second, the repetitive choices
between different dollar amounts and the good provide the opportunity to bracket
the individual’s WTA between a lower and upper dollar amount.

3. Test for a Context Effect
3.1. CONTEXT EFrECTS

Given that the PC approach involves choices within the context of a bundle of
goods, one might expect different bundles to create contexts which affect the
interpolated values of the goods. Parducci (1968) observed a context effect in
an experiment in which college students were asked to rate the moral value of
various behaviors. Each act was to be rated as 1 “not particularly bad or wrong”,
2 “undesirable, a good person would not do this”, 3 “wrong, highly questionable”,
4 “seriously wrong”, 5 “extremely evil”. The experiment was designed such that
two lists of acts were used with onc act common to both lists. One of the lists
contained acts which were “nasty™ while the other list contained relatively mild
acts. Students were explicitly instructed to treat cach act independently. Despite
this instruction, students tended to give the act common to both treatments a higher
rating when it was embedded in the mild list relative to when it was embedded in
the nasty list. Brown and Daniel (1987) also found evidence of a context effect
when asking people to rate scenic beauty. They asked two independent samples to
rate scenic guality of various scenes on i ten point scale with the endpoints labeled
as 1 “very low scenic quality” and 10 “very high scenic quality”. Trcatment 1 was
given a “low scenic beauty” sct of scenes to rate while Treatment 2 was given
a “high scenic beauty™ set. Both treatments were also given a common set of
scenes. The common scenes were presented in the same order in both treatments.
As with the Parducci (1968) study, Brown and Daniei (1987) found evidence of a
context effect. Specifically, they found that the scenes common to both treatments
were rated significantly higher by the treatment group given the low scenic beauty
set prior 10 the common scb. If there is evidence ol a context effect with the PC
approach, the issue becomes one of deciding which context is most appropriatc.
This could be a rather subjective and controversial task.

Context effects have also been tound in CV exercises. Randall et al. {1981)
found that the sequence in which goods are valued in a CV exercise affects the
value estimates. The estimated value of a public good tends to get smaller as the
good moves down the valuation sequence (Randall and Hoehn 1992). PC attempts
to avoid sequencing effects by randomizing the order of the choice sets.
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Table I Choice sets.

Variable  Description

Choice Set for Treatment Group I (N=53);

BIK Bike Trail. Connect the cxisting bike trails in the City of Fort Colling by adding a
trail s0 as to make possible a continuous loop. The addition would allow one o go
north and south on a completely dedicaled bike path that would connect cxisting
trails as shown on the map.

0s Open Spacc. Purchase by Lhe City of 125 acres of privately owned land and lukes
along the Poudre River where the current bike trail gocs. This property is adjacent
to an identical picce of City owned open space. If the private land is not purchased
it would be developed for residential housing and one-storey office huildings.

AQ Air Quality Improvement. Smoke from old wood stoves, dust from sand left on roads
long after snowstorms and tailpipe emissions from old automobiles often cause haze
that obscures Lhe vicw of the mountains on over 50 days u year (see photo A on
board). This program would fund retrofitting of old wood burning stoves to improve
combustion and reduce smoke particles, pay for city crews to sweep up sand on
streets immediatcly after the snow has melted rather than waiting until spring and
pay owners of old (pre-1975’s) cars to relire their older polluting cars. Visibility
would be improved to the level shown in photo B,

BUS Expanded hus routes and time. Free city bus service 1o all residents of Fort Collins,
additional routes and cxpanded hours of service. The additional routes are shown on
the poster. The hours of operation would be expanded from the current 7:30 am 1o
6:30 pm te 6 am to midnight with buses running every 13 minutes insiead of cvery
half hour. The expansion of the city bus service would reduce wraffic congestion and
air pollution,

Choice Set for Treatment Group 2 (N=50);

TRI. Perform 100 feet of trail improvements at Lory State Park. The program would bring
in tepsoil to repair 100 feet of crosion from heavy use on the Arthur's Rock hiking
and mountain hiking trail at Lory State Park. This would repair current erosion, slow
future crosion and allow for natural revegetation of the 100 feet of trail.

0s Open Space. Purchase by the City of 125 acres of privately owned land and lakes
along the Poudre River where the current bike trail goes. This property is adjacent
to an identical piece of City owned open space. I the private land is nof purchased
it would be developed for residential housing and one-storey office buildings.

RAP Raptor Rehabilitation, One injured raptor such as a hawk or eagle under the care of
the Rocky Mountain Center in Fort Collins would be given one dose of antibiotics,
This dose would speed up the bird’s recovery.

BSH Extend time of bus service on Labor Day weckend. The hours of operation would
be expanded from the current 7:30 am to 6:30 pm fe run from 6 am to midnight on
Saturday, Sunday and Monday of Labor Day weekend.,

3.2. HYPOTHESIS

Using independent samples, we test whether value estimates based on PC data
are susceptible to a context effect. We sel up an experiment to test the equality of
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value estimates using PC data [rom two different choice sets. The goods used in
the two choice sets are described in Table 1. The open space project was common
to both choice sets. In choice set 1, we expected all goods to be of similar value;
whereas in choice set 2, the value of open space was expected to be higher than the
value of the other goods. Our null hypothesis (WTA?S = WTAOS,) was that the
estimates of WTA for open space would not vary within the context of the bundle
of goods. In other words, if the value estimates are robust we do not expect them
to be sensitive to the value other goods in the choice set,

4. Tests for Sensitivity to Scope
4.1. Scope EFFECTS

The standard approach to CV has been criticized (Kahnemun and Knetsh 1992;
Desvousges et al. 1992) for its inability to provide value estimates for public
goods that vary with the quantity or quality of the good.? Kahneman and Knetsch
(19923 argue that they find an embedding effect in which contingent valucs for a
good vary depending on whether the good is valued by itselfl or as part of a more
inclusive good. Desvousges et al. (1992) conducted an experiment in which they
find estimates of total value for a public good do not increasc for large increases
in the level of the good provided. The conclusion of both these studies is that CV
is not an appropriate method to be used for measuring natural resource damage
assessments.*

4.2, HYPOTIIESIS

If the values estimates based on PC data are consistent with the tenets of economic
theory, they should be sensitive to scope. To test this hypothesis, we had inde-
pendent samples participate in PC exercises with two versions of a public good
that varied in scope. Specifically, choice set 1 included a good which described a
program to permanently expand bus routes and the hours of a free bus service in
the city (BUS) while choice set 2 included a good which described a program to
temporarily extend the current hours of bus service for one weekend (BSH). Grant-
cd the difference in scopc between the two goods of interest is quite substantial;
however, the Desvousges et al. (1992) study suggests that contingent values are not
even sensitive to substantial changes in the quantity of resources provided. Future
experiments might test the sensitivity to more subtle differences. Table I provides
a description of both goods. The null hypothesis is that the value of BUS is cqual
to BSH (Hp:WTAPUS| = WTABSH,)) with the alternutive being (H, WTASYS, >
WTABSH,),
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4,3, STATISTICAT METIIODS

We use a non-parametric approach to estimate mean and median WTA.® This
approach involves a weighted linear interpolation between the highest doilar
amount over which the individual prefers the good and lowest dollar amount
at which she prefers the money over the good. For example, an individual might
prefer the open-space project over $120 but prefers $180 over the open-space
project. Since the interval where she switched from preferring the open space to
the money is between $120 and $180, we know WTA lics within this interval.
Rather than simply using the mid-point we rely on additional choice information
in the PC data to calculate where in this interval the individual’s minimum WTA
is likely to be. Specifically, we calculate a weighted mid-point using the number
of times the individual chooses this good over the other goods in the choice set
and over the different dollar amounts (i.e., the rank order of the good over the
other goods and monetary amounts). In our examplc, if $120 was chosen 6 times,
the good was chosen over other goods 7 times and $180 was chosen 9 times, the
weighted interpolation would calculate WTA at $140 rather than the pure midpoint
of the interval ($150) since the rank order of the good (7) is closer to the rank
order of $120 (6) than it is to $180 (9). This process of weighted interpolation is
repealed for each individual and a sample mean, median and standard deviation arc
calculated. For these experiments, the highest dollar amount included in the paired
comparisons was $295. If un individual preferred the good over the highest dollar
amount, we inferred that her maximum WTA was $300. Clearly, this approach
is somewhat conservative but it does not affect the conclusions drawn from this
experiment. However, the measures of central tendency will be very susceptible to
the rule used 1 infer maximum WTA in cases where individuals prefer the good
over the highest dollar value.

5. Data
5.1. SUBRIJECTS

University clerical and administrative staff in academic and non-academic units
were recruitcd and paid $20 for attending one of the 45 minute sessions held on
campus. The sessions were conducted before work, at tunch and after work.

5.2. LABORATORY EXPERIMENTS

This experiment was conducted in a laboratory setting. Each study participant was
seated at a computer terminal. The computer code presented the pairs of items
(either two goods or one good and a dollar amount) on the monitor in random order
for each respondent.® For each pair, the respondent chose the preferred good or sum
of money. Respondents were told “when the choice appears on the screen, please
choose or vote for the one that you would like to receive. The choice selection by
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Table [I. Demographic characteristics of the sty participants.

Variable Treatment 1 (N =353} Treatment 2 (N = 50)
Age

21 30 years of age 12% 30%

31 40 years of age 43% 2656

41-50 ycars of age 33% 26%

More than 30 years of age 12% 17%

(iender

Male 13% 14%

Femule B7% 80%

Educarion Level

High school graduate 1 4% 165
Some post high school education 334 28%
College graduate 32% 28%
Some post college education 21% 2R

the majority would be provided to everyone. For example, if a majority chooses
the dollar amount, it would be received by all households in the County and the
public program would NOT be provided. If the public program is chosen by the

majority, it would be available to you as well as anyone else in the County™.

6. Summary Statistics

The focus of this study was on the comparison of the two treatments rather than
estimating values to generalize to the population; therefore, it was imperative that
the participants in the two treatments did not have differing characteristics which
might be related to how individuals value the public goods of interest. After the
PC exercise, study participants were asked a series of debriefing questions which
focused on demographics, general attitudes, and respondents’ perceptions of the PC
exercise. Tables 1l and I compare some of the demographic und attitude variables
for the two groups.

Although the distributions of the age and education variables vary between Lhe
two treatments, the distributions arc not judged to be statistically significant based
on contingency table analysis (x* = 32.94, p = 0.7022 for age; x?=5.29, p=0.8709
for education). Likewise, the study participants in the two treatment groups had
similar attitudes. Most of the participants rated themselves as liberal to moderate on
social values (see Table I11) and moderate to conservative on economic values. As
some of the public goods were cnvironmental amenities (specifically, open spacc
and air quality), study participants were asked to rate how strongly they agree (or
disagree) with the statement “I consider myself an environmentalist”. The majority
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Table [H. Altitudes of study participants.

Vuriahle Treatment 1 (N = 53) Treaiment 2 (N = 30)

Social Values on a Political Scale

| = Liberal 24% 18%
2 4% 6%
3 9 4%
4 = Moderate 49% 45%
5 4% 4%
6 0% 2%
7 = Conservative 9% 20%
Feonomic Values on a Politicel Scale

1 = Liberal 8% 12%
2 0% 2%
3 6% 6%
4 = Moderate 64% 50%
5 0% 8%
6 6% 6%
7 = Conservative 17% 16%
| Consider Myself an Environmentalist

1 = Strongly disagree 2% 2%
2 15% 12%
3 15% 8%
4 13% 10%
5 9% 14%
6 20% 34%
7 = Strongly agree 19% 14%

ft was easy for me to choose between different public programs

1 = Strongly disagree 6% 4%

2 13% 10%
3 23% 12%
4 17% 4%

3 8% 34%
6 28% 26%
T = Strongly agree 6% 10%%

of the respondents in both treatments answered toward the strongly agree end of the
scale. The one interesting difference between the two treatments was the response
to the statement “It was easy for me to choose between different public programs”.
Treatment 1 participants were more likely to disagree with this statement which is
encouraging given the public goods used in Treatment 1 were designed to be of
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Table TV. Tnterpolated dollar values by Irealmenl.

Mean (Sud. Dev.} Median

Treatment Group { (N=53)

AQ 5251 (94) $300
05 5241 (96) $300
BIK 3241 (100) $300
BUS 5192 (120 $245
Treatment Group 2 (N=350)

0s $227 (102} 3300
TRIL BIRBB (113} 5220
RAP $112 (116} 548
BSH $69(107) 518

similar value whereas those in Treatment 2 were designed to vary in value. The
distributions of responses to the statement about ease of choosing between public
goods were found to vary significantly for the two treatments based on contingency
table analysis (x? = 15.60, p = 0.0160).

7. Testing for a Context Effect

The context did not significantly affect the estimated value of the open-space project
in the sense that the measures of central tendency for the open-space project did
not ditfer significantly between the two treatment groups. First we conducted the
Lillifors test to see if the data were distributed normally. As the data were not found
to be distributed normally, the nonparametric Mann-Whitney test was used to test
for statistical differences in the distributions. The interpolated values were not
found to be significantly different (z =—0.7235, p = 0.4649).* The median value for
0S in both treatments was $300 so we removed the respondents in both treatments
with interpolated values of $300. Removal of these ohservations allowed us to
compare the distributions of dollar amounts below $300. Based on contingency
table analysis (x* = 11.943, p = 0.814) we do not find evidence of the treatment
influencing the distribution of responses.” !’ As mentioned in the previous section,
the responses to the statement “It was easy for me to choose between the different
PUBLIC goods” suggested participants in Treatment 2 responding toward the
strongly agree end of the scale relative to Treatment 1 participants. We interpret
this result as suggestive that it was more difficult for participants to make choices
among goods that had similar value (i.e., Treatment 1). However, this difficulty did
not seem to have a significant impact on the value estimates for the good common
to the two treatments. The nature of the PC exercise with multipie binary choices
in randomized order may avoid scnsitivity of the value estimates to the choice set.
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8. Testing for Scope

There is a clear difference in the estimated mcan and median WTA values for the
two bus programs with the estimated value of the more inclusive bus program
(BUS) being significantly greater than that of BSH based on the Mann Whitney
test (z = —4.76, p = 0.0000). Table IV shows the mcans and medians from the
interpolated vatues. The strength of this result is encouraging evidence of the
robustness of the value estimates derived from PC data. The percent of participants
listing BUS as the least preferred good in choice set 1 (40%) is much less than the
percent of participants listing BSH as the least preferred good relative to the other
goods in choice set 2 (76%). Again, this shows that expansion of bus service for
one weekend is less valuable to respondents than a permanent expansion of bus
service, !’

9. Conclusion

The results of the experiments discussed in this paper suggest that the method
of PC can provide robust measures of WTA.!? This is an important first step
to explonng alternatives to the standard CV approach for measuring WTA. The
results of the two experiments discussed in this article suggest the method of PC is
worthy of additional consideration as a viable approach to non-market valuation,
The robustness of the value estimates across differing contexts and the sensitivity to
scope are evidence of the construct validity of the PC measures. 1dcally, we would
like to test the relationship between the value estimates based on the method of PC
and a criterion which is closcly related to the relevant Hicksian surplus measure.
Currently such tests are not practical. However, a next step might be 10 conduct
experiments which allow us to compare the value estimates from the method of PC
1o those estimated from the standard CV approach. Loomis et al. (1996) conducted
an experiment to compare WTP values estimated from a standard CV to WTA from
the method of PC for a market good and found they were statistically different,
However, the divergence between WTA and WTP was much smaller than has been
found in most other hypothetical WTA-WTP comparisons and was closer 1o actual
cash WTA-WTP comparisons. A natural extension would be to scc how WTA
values estimated {rom PC and CV data compare for a non-market good. We would
expect the PC WTA values to be less than the standard CV WTA values as the PC
approach avoids loss aversion. Experiments couid be designed to estimate WTA
via PC with loss aversion. Clearly more rescarch needs to be conducted.

Notes

1. The PC exercisc could alse be conducted from chooser-reference point for losses, which would
give a measure ol WTP, It is also conceivahle that PC could be used 1o measure WTA with loss
dversion.

2, It costs are included as one of the attributes, the dollar value of (the adtributes can he inferred.
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fad

. In an unpublished manvscript, Carson (1995} looks at the scope tests that have been conducied
using the standard CV approach and concludes that contingent values are sensitive to scope if a
properly designed and administered survey is conducted.

4, Both of these studies are highly controversial. The main criticism focuses on the qualily of the
survey instrument, specifically the information scenario, in both studies.

5. We first tested the data for normality. Given thal Lhe data were not normal, we used a nonparametric
approach, The results of the both hypothesis tests de not change when means and medians are
estimated from a parametric model.

6. The computer program was developed by George Peterson, Thomas Brown and Glenn Brink of
the Rocky Mounlain Experiment Station, USDA Forest Service, Fort Collins, CO.

7. The decision rule concerning how the public goods will be provided seems to influcnce the
choices individuals make. Peterson et al. (1996) found that if the study participants were asked
to be the sole decision maker ahout Lhe provision of the public goods. the value estimates of the
public goods were substantially higher than the sitnalion wherc study participants were told the
decision rule with respect Lo provision of the good was majorily rule.

8. As mentioncd carlier, the top dollar amount in the choice experiment was $293. Several respon-
dents preferred the open space project over $295. Ideally, we should have included some higher
dollar amounts. Since our prelests did not reveal this need prior o the final study, we assigned
$300 as the maximum for interpolating dollar values. The result is that our duta set is skewed and
the median value is $300. If we were gencralizing values, this would be a significant concern,
However, given our goal of testing (ot a context effect, we do not feel thal our conclusions would
change if we used some other method of assigning maximum values,

9. Sixty-one values of $300 were removed. Therefore, the contingency table analysis involved a
tolul of 42 observations; 20 in trcatment 1 amd 22 in treatment 2, The Exact Tests (SPSS Manual
1996) procedure was used 1o account for the smal} sample size.

10. We arc very grateful 10 one of the reviewers who suggested we conduct this additional test.

11. The ranking of goods as most preferred to least preferred was relative to the other goods in the
choice sel. Choice sets | and 2 contained different goods which would also influence the relative
ranking.

12. WTA measured from the chooser reference point avoids loss aversion. We can’t generalize to

WTA with loss aversion.
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