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Abstract

Public judgments of the seriousness of environmental losses were found to be internally consistent for most

respondents, and largely unaffected by attempts to manipulate responses by altering the mix of losses being judged.

Both findings enhance confidence in the feasibility of developing reliable rankings of the seriousness of environmental

losses to aid resource allocation and damage assessment. In addition, seriousness of loss was found to be sensitive to the

cause of the loss, with human-caused environmental losses considered more serious than identical losses caused by

natural events. This difference has important implications for assessment of environmental losses. # 2002 Elsevier

Science B.V. All rights reserved.
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1. Introduction

This paper reports on a test of the reliability of

comparative value judgments of environmental

losses. We examined the extent to which such

judgments were consistent from one judgment to

the next and robust to changes in the mix of other

losses being judged. Our motivation for the test

was the difficulty of estimating the monetary

values of environmental losses, and the consequent

need for additional information on the value of

those losses.

Good decisions about the public’s natural

resources often depend on the accuracy of mone-

tary values of resource changes. Accurate values

are, among other things, comparable; that is, more
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valuable resources are valued more highly than

less valuable ones. In the case of non-pecuniary

environmental resources, however, existing eco-

nomic valuation methods cannot yet be assured to

provide comparable values from one application

to the next, in part because results are sensitive to

methodological choices about which consensus is

lacking. For example, with contingent valuation*/

a method for directly assessing individual mone-

tary values using carefully worded surveys, and the

only available method for measuring economic

values of many resource changes*/such a funda-

mental choice as that between an open-ended or

dichotomous-choice response mode can have a

large impact on measured values and is still being

seriously debated (Brown et al., 1996; Green et al.,

1998). And even when the methodology

is held constant, the accuracy of contingent

valuation remains in question (e.g. Diamond and

Hausman, 1994; Cummings et al., 1997). For

example, yea-saying and anchoring (Holmes and

Kramer, 1995; Boyle et al., 1997; Green et al.,

1998) are thought to affect dichotomous-choice

contingent valuation. Until economic valuation

methods more fully meet their objectives regarding

non-pecuniary environmental resources, it may be

wise to also utilize alternative sources of valuation

information based on a more modest objective,

that of achieving a value-based ranking of re-

sources. Such a ranking could serve three pur-

poses.

First, the ranking could serve as a check on the

comparability of independent economic valua-

tions. Economic valuation of non-pecuniary en-

vironmental resources typically occurs one

resource at a time. For example, if the value of

some resource loss is needed for a damage assess-

ment, a separate study is commissioned to estimate

that value. Multiple resources are rarely valued

together, and values estimated in individual studies

may never be compared. However, quality control

on the economic valuation process would be

enhanced if values that should be comparable

were compared with some independent set of

relative value judgments. Comparing the two sets

of rankings would offer a check on the validity of

the individual values. For example, consider three

resource changes (a, b, and c) and their individu-

ally estimated economic values (WTPa, WTPb,

and WTPc). If comparative judgments produce the

ranking a�/b�/c, then independent economic

valuations would be expected to satisfy the order

WTPa]/WTPb]/WTPc. This condition allows

for equality among two or more independently

estimated economic values, such as might occur if

budget constraints placed a cap on willingness to

pay.1

Second, the ranking could facilitate resource

assessments or allocation decisions that rely on

valuation but do not require cardinal estimates of

value. For example, if a decision has already been

made to implement one of three options and if the

options do not differ in cost, selection of the

option to implement could be based on a simple

ranking of the values of the three options. Or if an

unavoidable action will require the loss of either of

two resources, selection of the resource that is the

smaller loss requires only that the values of the

losses be ranked.

Third, relative value judgments for a set of

resource losses could serve to provide step 1 of the

two-step approach to valuation envisioned in the

resource damage schedule. The ‘damage schedule’

has been proposed as an alternative source of

valuation information, for use until more efficient

and accurate non-market valuation methods are

developed (Rutherford et al., 1998). An environ-

mental damage schedule separates the process of

monetary valuation into two steps. In the first

step, random samples of public respondents are

questioned about the relative importance or ser-

iousness of a series of potential environmental

losses. These responses are combined to approx-

1 The option of using a ranking of goods as a check on

individual economic valuations requires that certain constraints

be placed on the individual economic estimates. Things that

should affect economic value must be held constant, such as the

consumer population, the descriptions of the goods, and the

method of provision. However, things that should not affect

economic value, such as the valuation method, the choice of

statistical model, and the treatment of outliers, need not be held

constant.
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imate an interval scale measure of the seriousness
of the losses. Then, in step 2, dollar amounts are

mapped onto this measure of importance. The

mapping is accomplished by the agency, courts, or

elected representatives with whom the authority to

protect the public resource resides, who are free to

exercise their best judgment as to the level of

deterrence and restitution they wish to impose. See

Kahneman et al. (1998) for another proposal for a
two-step valuation process, one dealing with

assessing punitive damages.

It has long been maintained that comparative

judgments are easier for people than are absolute

judgments. As Nunnally (1976) states it, ‘‘People

simply are not accustomed to making absolute

judgments in daily life, since most judgments are

inherently comparative. . . people are notoriously
inaccurate when judging the absolute magnitudes

of stimuli. . . and notoriously accurate when mak-

ing comparative judgments’’. Nunnally’s state-

ment focused largely on judgments of physical

phenomena such as the length of lines or the

brightness of lights, but his notion can perhaps be

applied as well to judgments of monetary value.

The proposal for a ranking based on value
presumes that people can more easily and consis-

tently rank a set of resource changes in order of

importance or value than they can indicate a

cardinal value such as an amount they are willing

to pay.

We propose that the most direct way to achieve

a ranking of the values of a set of resource changes

(either gains or losses) would be to ask people to
make comparative judgments. If each person in a

sample drawn from the relevant population were

asked about the full set of resource changes at

issue, a ranking could be produced for each

respondent. Respondents’ rankings could

then be combined to form one set representing

the population, or respondents could be sorted

into groups representing whatever ‘market seg-
ments’ (different preference structures) were found

and the rankings could be summarized for each

group.

Reliability is a primary consideration in the

development of such a ranking. In this study we

test reliability of comparative judgments among

sets of environmental resource losses. We chose

losses instead of gains, both because of a wish to

contribute toward the problem of adequately

performing resource damage assessments and

because of an interest in the idea of a resource

damage schedule.

Various response formats*/including paired

comparisons, ratings, and ratio estimation*/allow

ranking of a set of items. In this study we use

paired comparisons, which require each respon-

dent to choose one item from each of various pairs

of items. Respondents were asked to choose the

more serious loss from each of several pairs of

losses. Because paired comparisons allow for

intransitive responses, they have the advantage of

providing a more complete measure of respondent

reliability than other formats (Peterson and

Brown, 1998).

Two aspects of reliability seem most relevant

and are investigated here. First and most funda-

mentally, judgments must be consistent from one

choice to the next for a given respondent. If

respondents are unable to provide consistent

judgments within a given set of items, reliance on

public judgments is of limited value. We extend

past assessments of consistency in choices among

environmental losses performed by Rutherford et

al. (1998), Chuenpagdee et al. (2001).

Second, the judgments should be reliable across

minor changes in the assessment context, such as

changes in the mix of items being compared

(Parducci, 1968; Brown and Daniel, 1987). Ro-

bustness to minor changes in the mix of items

being compared is important because the items

included in any given public assessment exercise

are dependent on which of the many possible items

researchers happen to include. The more robust

that public judgments of the value of the items are

found to be, the more freedom researchers would

have to mix different types of items and the more

flexible and useful the tool would become.

Further, robustness is essential if judgments of

value obtained from two or more groups of

respondents from the same population are to be

combined. Using more than one group of respon-

dents may be necessary if the number of items to

be assessed is larger than one group can manage in

a given setting. If sets of scale values are to be
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combined, the sets should not be significantly
affected by item mix context effects.2

The basic experimental approach used here to

test for item mix context effects was to obtain

paired comparisons of seriousness for one set of

losses, called the test losses, judged in the context

of four alternative sets of other losses, called the

treatment losses. Each pairing of the test losses

with a set of treatment losses constituted an
experimental condition that might produce differ-

ent judgments of the test losses.

This experimental approach allowed examina-

tion of an additional issue, the effect of cause of

loss on judgments of seriousness. A cause of loss

was listed with each environmental loss. Two of

the sets of treatment losses were identical, but their

causes differed. One set listed natural causes and
the other listed equally plausible human causes.

Comparison of the judgments of these two sets of

treatment losses allowed the effect of cause type to

be observed.

2. Theory

What might cause a loss of reliability across

pairs of items or item mixes when judging a set of

complex items such as environmental losses? The

possibilities may be considered in terms of a model

proposed by Thurstone (1927) characterizing judg-

ments as a stochastic process through which the
location of an item along the dimension of interest

at a given time falls along a range distributed

about the item’s true value. For item i the model is

Ui �/Vi�/oi where Ui is a momentary position

along the judgmental continuum, Vi is its expected

value, and oi represents dispersion attributed to

random fluctuations in perception and judgment.

Some degree of randomness is always expected,

leading to inconsistency in a respondent’s judg-

ments. Inconsistency is expected to increase the

closer are the Vs and the larger are the o s of the

items being compared. V , however, is assumed to

remain constant for a person in a given judgmental

context, such as in a session during which paired

comparison responses are provided among a set of

randomly ordered pairs.3 When used with a

sufficient number of respondents, the paired

comparison procedure, given certain assumptions

about the o s, allows the Vs to be estimated for the

population along an interval scale (Torgerson,

1958).

Inconsistency among a respondent’s paired

comparisons occurs as circular triads, which

indicate intransitive choice. For example, the

following circular triad could result from the three

paired comparisons resulting from all possible

pairings of three items: A�/B�/C�/A. We com-

puted an overall measure of consistency for each

respondent based on a comparison of the observed

number of circular triads to the maximum possible

number, and compared this measure across re-

spondents to observe the distribution in consis-

tency among the sample. The measure of

2 An initial test of item mix context dependence was

performed by Gorter (1997), who obtained paired comparison

judgments of the seriousness of three environmental losses and

three personal injury losses, with each set of three judged in the

context of two different item mixes. The environmental losses

were judged when mixed with other environmental losses and

also when mixed with personal injuries. Similarly, the personal

injuries were judged when mixed with other personal injuries

and also when mixed with environmental losses. For both kinds

of losses, judged seriousness appeared to be largely unaffected

by the switches in the other losses with which they were mixed,

suggesting that judgments of the seriousness of losses are quite

robust to item mix context effects, but the mix of losses in

Gorter’s study was small. We extend his work by using a larger

set of losses.

3 Economists will note the similarity of this model to the

random utility maximization (RUM) model (Hanemann and

Kanninen, 1999). Although the development of the RUM

model owes something to Thurstone’s early work (see

McFadden, 2001), the goals of economic choice modeling are

quite different from those Thurstone was pursuing. Whereas

Thurstone was modeling the variability in an individual’s

choices given data from repeated choices of that individual, the

RUM model is intended to characterize the choices of a sample

of individuals (with data typically consisting of only one

observation per individual) in terms of explanatory variables

(Ben-Akiva and Lerman, 1985). The random term in

Thurstone’s model characterizes the imprecision in each

individual’s attempts to maximize utility, and the random

term in the RUM model characterizes the imprecision in the

analyst’s attempt to explain utility in terms of explanatory

variables describing goods and/or individuals.
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consistency is assumed to decrease monotonically
as o increases. Further, we averaged the consis-

tency measures for each respondent group; be-

cause different groups responded to different kinds

of losses or losses of different causes, comparison

of mean consistency across groups indicates

whether o varies by kind of or cause of loss.

Turning now to the Vs, Tversky (1969) sug-

gested that some of the variability observed in
judgment may not be random. He hypothesized

that from one comparative judgment to the next,

people may weigh the attributes of the items

differently depending on which attributes are

present in the items being judged. This differential

weighting would essentially cause the Vs to shift

among comparisons. The relevance of this hypoth-

esis was enhanced by Slovic’s (1975) finding that,
in choosing between closely matched dual-attri-

bute options, some subjects tend to select the

option that is superior in the more important

attribute, thus largely ignoring the other attribute.

For paired comparisons, the mix of attributes

may change from one pair of items to the next. If

Tversky’s hypothesis applies, this differential

weighting of attributes could lead to systematically
(i.e. non-random) intransitive judgments among a

mix of items, and thus to a lack of consistency.

Careful detection of systematic differential weight-

ing from one choice to the next would require that

respondents provide paired comparisons multiple

times for a given set of items. Our experimental

design required only one set of choices per

respondent, precluding a test of Tversky’s hypoth-
esis within respondents, and thus we leave such

variability, if it occurs, within the error term o .

Rather, we tested across sets of items for the

differential weighting that Tversky contemplated.

Our reasoning was that different sets of items

might highlight different attributes by the fre-

quency with which the attributes appear among

the items of each set, leading respondents in each
group to place more weight on the attribute(s) that

their set of items happens to highlight. As men-

tioned above, we tested for such a context effect by

obtaining paired comparisons of seriousness for a

set of test losses judged when mixed with four

alternative sets of treatment losses. One measure

of a systematic effect across contexts would be

indicated by the correlation of the Vs for the test
losses that were obtained from the different

contexts, when compared with the correlation of

Vs for the test losses obtained from two replica-

tions of the same context.

The V for an item is estimated from the

proportions of respondents who chose that item

over each of the other items in the choice set.

Proportions are obtained for each pairing of one
item with another, and each proportion is a best

estimate of the probability of choosing one item

over the other, given the population of respon-

dents and the context in which the respondents

provided their choices. These individual probabil-

ities offer another test of item mix context effects,

one based on the IIA (independence from irrele-

vant alternatives) principle (Arrow, 1951).
An item mix context effect with binomial

choices is analogous to a failure to meet the IIA

assumption with multinomial choices. As Luce

(1959) explains, if choices adhere to the IIA

assumption, the ratio of the probabilities of

selecting each of two alternatives from among a

multinomial set of alternatives remains constant

when one or more other alternatives are added to
or subtracted from the choice set. For example, if

the IIA property holds P(x j xyz )/P (y j xyz)�/

P (x j wxy )/P(y j wxy ). Thus, if IIA holds, the

relative preferences between two alternatives of

interest (e.g. x and y ) are not affected by the

presence of the other alternatives. Each different

set of alternatives containing the two alternatives

of interest is a unique context for judgment*/if
IIA holds, the ratio of the probabilities of choos-

ing x to choosing y is the same for each context.

A paired comparison exercise involves a multi-

nomial set of alternatives (i.e. items), but requires

only binomial choices among them. The influence

of other items is indirect, in that they are present in

the overall choice set but not available for a given

choice. With paired comparisons, each pairing of
items yields a ratio of probabilities (which sum to

1.0). For example, with items x and y the ratio is

P (x j xy )/P (y j xy). With t test items we have

t(t�/1)/2 test pairs (assuming all possible pairs are

judged), and thus that many ratios to be compared

across contexts, providing the second test of item

mix context effects. For example, given item mixes
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a and b , one of the t (t�/1)/2 comparisons would
be P (x j xy ; a )/P (y j xy ; a ) versus P (x j xy ; b )/

P (y j xy ; b). We perform a test that examines all

t(t�/1)/2 comparisons for each pair of item mix

contexts.

3. Method

3.1. Approach and design

To assess the robustness of choices to changes in

the mix of losses being judged, our approach was

to try to cause a context effect. We sought to

design different sets of treatment losses that, when

mixed with the losses of the test set for presenta-

tion to respondents, might systematically influence

respondents’ judgments of the seriousness of the

test losses, altering the choice probabilities of the
test items and producing sets of scale values for the

test losses that do not correlate highly with each

other. There is little guidance in the literature

about item mix context effects, but one factor that

seemed likely to shift standards for loss judgments

is the cause of the loss (Walker et al., 1999). Thus,

we examined how judgments of the test losses

varied when those losses were mixed with naturally
caused environmental losses versus when they were

mixed with human-caused environmental losses.

And in our other attempt to cause a context effect,

we used two very different kinds of losses,

environmental losses and personal injury losses,

and examined how judgments of the test losses

varied when mixed with the environmental versus

the injury losses.
We began by obtaining rating judgments from

40 undergraduate students about a set of 46 losses

(36 environmental losses and ten personal injury

losses).4 Each loss was rated on nine-point scales

for seriousness, and the environmental losses were

also rated for likely cause. The endpoints of the

seriousness rating scale were ‘not very serious’ and

‘very serious.’ The endpoints of the cause scale

were ‘human caused’ and ‘naturally caused.’ The

results were used to select 24 environmental and

eight personal injury losses for further study.

One hundred and fifty-three other students from

the same subject pool were then randomly as-

signed to one of four conditions, resulting in

sample sizes of 36, 42, 38, and 37 for conditions

1�/4, respectively. In each condition, respondents

chose the ‘more serious’ loss in each of 120 pairs of

losses, consisting of all possible pairs of 16

different losses. The 16 losses in each condition

consisted of eight test losses that were included in

each condition, and eight treatment losses that

differed across the conditions (Table 1). Two of

the four sets of treatment losses (sets 1 and 3)

contained naturally caused environmental losses,

one contained human-caused environmental losses

(set 2), and the other contained personal injury

losses (set 4). The test losses were all environ-

mental losses, four naturally caused and four

human-caused. Environmental loss sets 1 and 2

were identical except for cause of the losses, either

a natural event or human action. For example, two

comparable losses were ‘Loss of all aquatic life in a

20-mile stretch of Poudre River due to a drought’

and ‘Loss of all aquatic life in a 20-mile stretch of

Poudre River due to contamination by a chemical

spill.’ Table 2 lists the individual losses of the

different sets.

4 The students were recruited from introductory psychology

classes, and thus represent a variety of majors. Although they

cannot be assumed to constitute a random sample of the

general public, whether in terms of preferences or response

consistency, neither do they represent a narrow field of interest

or an academically advanced group.

Table 1

Experimental design

Condition Losses

1 Treatment set 1: eight environmental losses (natu-

rally caused)

2 Treatment set 2: eight environmental losses (hu-

man-caused; same losses as set 1)

3 Treatment set 3: eight environmental losses (natu-

rally caused; different losses from set 1)

4 Treatment set 4: eight personal injury losses (no

cause listed)

1�/4 Test set: eight environmental losses (four naturally

caused, four human-caused)
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All 40 losses (four sets of eight treatment losses

plus eight test losses) were different from each

other in some respect, either in the loss or its cause,

or both. Each of the environmental losses listed a

cause, either a natural event (e.g. strong winds,

disease, lightning strikes, flooding) or a human

action (e.g. timber harvest, chemical spill, intro-

Table 2

Treatment and test losses

Treatment set 1: Naturally caused environmental losses

(1) Loss of a large herd of elk on the Roosevelt National Forest

20 miles west of Fort Collins due to starvation caused by

drought

(2) A 1/4-square mile of mature Douglas fir trees along the

banks of the Poudre River 35 miles from Fort Collins, lost by

wildfire caused by a lightning strike

(3) Loss of 30% of the native trout in the Poudre River due to

drought

(4) A 1/2-square mile of mature ponderosa pine in the

Roosevelt National Forest 30 miles west of Fort Collins lost

from extremely rare high winds

(5) Loss of all of the mature trees growing on the CSU oval

caused by Dutch Elm Disease

(6) A square mile of mature ponderosa pine on the Roosevelt

National Forest 50 miles west of Fort Collins, lost by wildfire

caused by a lightning strike

(7) Loss of all prairie dogs in the prairie dog colony located

across the road from Hughes Stadium due to natural predators

(8) Loss of all aquatic life in a 20-mile stretch of the Poudre

River due to a drought

Treatment set 2: Human-caused environmental losses

(1) Loss of a large herd of elk on the Roosevelt National Forest

20 miles west of Fort Collins due to a virus introduced by

ranching cattle that roam freely throughout the area

(2) A 1/4-square mile of mature Douglas fir trees along the

banks of the Poudre River 35 miles from Fort Collins, lost by

wildfire caused by a careless camper

(3) Loss of 30% of the native trout in the Poudre River due to

the introduction by the Game and Fish Department of a more

aggressive fish species

(4) A 1/2-square mile of mature ponderosa pine in the

Roosevelt National Forest 30 miles west of Fort Collins lost

from timber harvest

(5) Loss of all of the mature trees growing on the CSU oval

caused by an accidental application of the wrong pesticide by

grounds keepers

(6) A square mile of mature ponderosa pine on the Roosevelt

National Forest 50 miles west of Fort Collins, lost by wildfire

caused by a careless hiker

(7) Loss of all prairie dogs in the prairie dog colony located

across the road from Hughes Stadium due to housing

development

(8) Loss of all aquatic life in a 20-mile stretch of Poudre River

due to contamination by a chemical spill

Treatment Set 3: Naturally caused environmental losses

(1) Loss of 200 elk in remote areas of the mountains west of

Fort Collins due to lack of food during a particularly harsh

winter

(2) Loss of 200 of the Colorado Blue Spruce on campus due to a

species-specific naturally occurring disease

(3) One of the six known populations of a rare flowering plant,

lost by an invasion of more successful, natural vegetation

(4) Blackening of 50% of the forested areas in the hills visible

from campus by a lightning-caused wildfire

(5) Blackening of 40% of the forested areas in Rocky Mountain

National Park by a lightning-caused wildfire

(6) Loss of all large trees along the Poudre River through Fort

Collins due to flooding

(7) Loss of 60% of the Poudre River trout population to

whirling disease, caused by naturally occurring bacteria

(8) Loss of 40% of the elk population in Rocky Mountain

National Park due to a naturally occurring disease

Treatment set 4: Personal losses

(1) Permanent loss of mobility of both legs

(2) Permanent loss of a thumb

(3) Complete loss of mobility in both legs that at a gradual

recovery rate will return to pre-injury function in 5 years

(4) Complete loss of mobility in one hand that at a gradual

recovery rate will return to pre-injury function in 1 year

(5) Permanent loss of sight in one eye

(6) Complete loss of mobility in one arm that at a gradual

recovery rate will return to pre-injury function in 2 years

(7) Permanent loss of hearing in one ear

(8) Complete loss of mobility in one ankle that at a gradual

recovery rate will return to pre-injury function in 6 months

Test set (included with all four of the treatment sets )

Naturally caused environmental losses

(1) Loss of 300 elk in the Roosevelt National Forest west of

Fort Collins, due to a periodically occurring virus affecting only

elk

(2) Loss of 10 of the bald eagles in the Fort Collins area due to

lack of prey, resulting from unusually dry weather

(3) Loss of 5 old cottonwood trees on the CSU campus due to

old age

(4) Loss of 20 deer in the area near Horsetooth Reservoir due to

a rare virus that affects only deer

Human-caused environmental losses

(5) Loss of all life in a 40-mile stretch of the Poudre River

upstream of Fort Collins due to a toxic chemical spill

(6) Twenty-five percent of the view of the mountains from

campus marred by housing development in the foothills

(7) Loss of 20% of the days in which a clear view of the

mountains exists from campus due to increased air pollution

(8) Loss of all fish in City Park Lake due to a toxic chemical

spill
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duced species, air pollution). Personal injury losses
did not list a cause.5

The use of eight test items and eight treatment

items was based on a compromise among conflict-

ing objectives. The total number of items was

constrained by concerns about respondent atten-

tion; 16 items produce 120 comparisons, which

previous experience has shown can be judged

without a drop in inconsistency (Peterson and
Brown, 1998). Use of an equal number of test and

treatment items was based on a balance between a

desire to maximize the ratio of treatment to test

items (to increase the likelihood of a context effect)

and a desire to maximize the number of test items

(to improve the statistical power of tests for a

context effect).

Respondents recorded their choices on indivi-
dual computers. The losses of each pair were

presented to each respondent on the left and right

side of the computer screens. To randomize any

order effects, the pairs were randomly ordered for

each subject, and the left-right position of the two

losses in a pair was also randomly determined.

Respondents indicated their choices using the left

and right cursor keys, and could undo their choice
with the backspace key in order to make a

correction.

3.2. Analysis

Each loss was compared by respondents with

the 15 other losses in the condition, and thus could

be chosen as more serious a maximum of 15 times.

A respondent’s vector of the numbers of times

each loss was chosen above the others is the set of

preference scores. If a respondent’s choices were

perfectly consistent, the set of preference scores

would in this study contain each integer from 0 to
15. Inconsistency in a respondent’s choices causes

some integers to disappear and others to appear
more than once. An individual respondent’s coef-

ficient of consistency relates the observed number

of circular triads to the maximum possible number

(David, 1988). The maximum possible number of

circular triads, m , is t(t2�/4)/24 when t is an even

number, where t is the number of items in the set.

A maximum of 168 circular triads is possible for

choices among all possible pairs of 16 items.
Letting ai equal the preference score of item i

(i.e. the number of items in the choice set

dominated by the ith item) and b equal the average

preference score (i.e. (t�/1)/2), the number of

circular triads for an individual respondent, c ,

equals t(t2�/1)/24�/0.5 a(ai�/b )2. The respon-

dent’s coefficient of consistency is then 1�/c /m .

The coefficient varies from 1.0, indicating that
there are no circular triads in a person’s choices, to

0, indicating the maximum possible number of

circular triads. Our null hypothesis was that

average coefficient of consistency would not differ

across conditions.

The means (across respondents within a condi-

tion) of the preference scores for each item are

commonly used in paired comparison assessments
as scale values of the items, and are considered to

approximate an interval scale measure (Dunn-

Rankin, 1983). However, this measure has the

disadvantage of being in terms of the number of

items in the set. We used another measure, the

mean estimated probability of choosing the item,

computed for an item by dividing its mean

preference score by the number of pairs in which
the item appears. To test for context effects, scale

values for the test items were based on compar-

isons among the eight test items only. Restricting

the pairs on which computation of the scale values

of the test items was based to the choices between

pairs of the test items (i.e. excluding test item by

treatment item pairs) provides the cleanest test of

context effects. To test for the effect of cause, scale
values for the treatment items were based on

comparisons among the full set of 16 items.

Expressing scale values in terms of probabilities

allows the two sets of values to be presented in the

same (probability) units.

Obtaining judgments of the seriousness of the

test losses in the context of the four different sets

5 We did not include two different levels of the same loss,

such as ‘Loss of all aquatic life in a 20-mile stretch of Poudre

River’ and ‘Loss of all aquatic life in a 40-mile stretch of Poudre

River,’ because the choice of which is more serious would be

obvious to participants. Not including such pairs of losses

precludes a ‘scope’ test (Smith and Osborne, 1996), but then

comparative judgments*/by making the difference so

obvious*/more or less assure that scope is satisfied.
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of treatment losses allows computation of six

correlation coefficients comparing mean prefer-

ence scores of the test losses, one for each pairing

of the four conditions. The correlation comparing

conditions 1 and 3 will not reflect a systematic item

mix difference, because the treatment sets of the

two conditions contain only naturally caused

environmental losses. Any drop in correlation

below 1.0 for this comparison should reflect

random influences due to interpersonal differences

and the different naturally caused losses that we

happened to include in the two treatment sets. A

significant item mix context effect would be

possible for the other five pairwise comparisons

among the four conditions. If item mix context

effects were minimal, the correlation coefficient

comparing conditions 1 and 3 would not differ

significantly from those of the other five compar-

isons. Formally, our null hypothesis was that the

correlation for conditions 1 and 3 would not

significantly exceed those from each of the other

comparisons.

The other test for context effects was based on

the ratios of the choice probabilities of the pairs of

test items. Each condition produced a set of 28

ratios, one for each pair among the eight test

items. The sets were compared to determine

whether the ratios differed significantly across

conditions. Our null hypothesis was that they

would not differ.

As reported above, environmental loss sets 1

and 2 were identical except for cause of the

losses, either a natural event or human action.

Comparison of the mean preference scores for

these two sets of treatment losses allows a

measure of the importance of cause in determining

seriousness of environmental loss. Formally,

our null hypothesis was that cause would not

matter.

It should be noted that our tests of the effect of

item mix context and of cause are dependent on

the particular losses and causes that we chose to

include. Although we attempted to design losses

and causes that were roughly comparable across

treatments, our results could be to some extent an

artifact of the particular losses and causes that we

used.

4. Results

4.1. Consistency

The coefficient of consistency ranges across all

153 respondents from 0.99 for the most consistent

respondents to 0.30 (Fig. 1). The mean and median

coefficients are nearly identical, at 0.81 and 0.82,

respectively. The distribution of the coefficient is
linear among the more consistent 80% of the

respondents (those with a coefficient above 0.73,

Fig. 1), indicating a uniform distribution. Below

that point, the drop in coefficient is more pre-

cipitous. Eighty-eight percent the respondents (135

of 153) have coefficients above 0.645, the midpoint

of the range in coefficient, and 95% of the

coefficients are above 0.58. The least consistent
5% of the respondents are responsible for 44% of

the coefficient range.

The mean coefficients of consistency range from

0.77 to 0.88 among the four conditions (Table 3).

The mean coefficients of the three environmental

loss conditions are all close to 0.80, whereas the

mean coefficient for the personal loss condition is

0.88. For comparison, among the five groups of
respondents contributing to a coastal resources

damage schedule in Thailand (Chuenpagdee et al.,

2001), the mean coefficient of consistency ranged

from 0.81 to 0.82 for the four resource user groups

and was 0.93 for the expert (resource manager)

group.

Coefficient of consistency is not normally dis-

tributed (Fig. 1), suggesting a non-parametric test.
A Kruskal�/Wallis test shows a significant differ-

Fig. 1. Distribution of coefficient of consistency.
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ence among the conditions in coefficient of con-

sistency, x2�/17.13, df�/3, P B/0.001. A multiple

comparisons test for Kruskal�/Wallis ranks (a

Tukey�/Kramer modification of the Dunn proce-

dure, Hochberg and Tamhane, 1987) shows sig-
nificant differences (at a�/0.05) between condition

4 and conditions 2 and 3. Thus, consistency about

the seriousness of the personal losses significantly

exceeds that for two of the three sets of environ-

mental losses.

4.2. Item mix context effects

Table 4 lists the mean probabilities of choice of

each of the conditions. The first test of an item mix
context effect is based on the correlations compar-

ing the mean probabilities of the test losses

obtained from different conditions. The correla-

tion coefficients for the test losses for pairs of

conditions range from 0.95 to 0.99 (Table 5). The

correlation comparing the two conditions that do

not systematically differ in context (conditions 1

and 3) is 0.98. The three correlations comparing
conditions involving environmental losses range

from 0.97 to 0.99, suggesting that cause of

environmental loss caused little or no context

effect. Correlations comparing an environmental

loss condition with the personal loss condition

were slightly lower, ranging from 0.95 to 0.96. The

test statistic of a difference between two correla-

tions, for the 0.98 (conditions 1 and 3) versus the
lowest correlation of 0.95 (conditions 3 and 4), is

0.825, to be compared with the one-sided z-value

of 1.645 at the 95% level. Thus, we cannot reject

the null hypothesis of no significant drop in

correlation even when substantially different treat-

ment losses are included in the item mix.

Our other test of a context effect compared

conditions based on the ratios of choice probabil-

ities for the test losses. A ratio was computed for

each of the 28 pairs among the eight test losses
from each condition. A non-parametric test, the

Friedman (randomized block design) test, was

used to compare the four sets of ratios, as the

distributions of ratios were significantly skewed.

The test shows a significant difference among the

conditions in probability ratio, x2�/12.32, df�/3,

P�/0.006. A multiple comparisons test for the

Table 3

Coefficients of consistency

Measure Condition

1 2 3 4

Mean 0.81 0.78 0.77 0.88

Median 0.82 0.79 0.80 0.90

Minimum 0.37 0.30 0.40 0.60

Maximum 0.99 0.98 0.98 0.99

Table 4

Mean estimated choice probabilities

IDa Condition

1 2 3 4

Treatment sets b

1 0.50 0.60 0.42 0.92

2 0.34 0.46 0.41 0.56

3 0.49 0.47 0.39 0.68

4 0.36 0.47 0.55 0.32

5 0.40 0.41 0.54 0.74

6 0.48 0.54 0.53 0.47

7 0.28 0.38 0.51 0.56

8 0.72 0.79 0.52 0.23

Test set c

1 0.53 0.56 0.55 0.63

2 0.58 0.56 0.53 0.60

3 0.10 0.09 0.09 0.15

4 0.32 0.29 0.26 0.31

5 0.90 0.91 0.93 0.94

6 0.36 0.46 0.44 0.36

7 0.61 0.61 0.64 0.50

8 0.61 0.52 0.56 0.51

a ID numbers are listed in Table 2.
b Based on the full set of choices.
c Based on choices between test items only.

Table 5

Correlations of test loss mean estimated choice probabilities

Conditions Correlation

1 vs. 2 0.975

1 vs. 3 0.981

1 vs. 4 0.952

2 vs. 3 0.994

2 vs. 4 0.960

3 vs. 4 0.947
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Friedman test (Hochberg and Tamhane, 1987,

equation 2.26) shows a significant difference (at

a�/0.05) only between conditions 1 and 4. Thus

we reject the null hypothesis of no difference

between the sets of ratios for one of the six pairs

of conditions, a comparison of naturally caused

environmental losses with personal injury losses.
This significant difference occurred despite a 0.95

correlation between the mean choice probabilities

of conditions 1 and 4.

4.3. Cause of loss

Fig. 2 (plotted from the treatment set choice

probabilities of conditions 1 and 2) shows the

effect of cause of loss on the judged seriousness of

each of the eight treatment losses that differed only

in cause. All but one of the eight treatment losses

was judged as more serious if caused by a human

action than if caused by a natural event. The

exception, treatment loss number 3, was a 30% loss
of native trout in the Poudre River due to either

drought or introduction by the Game and Fish

Department of a more aggressive fish species.6

The correlation between the two sets of mean

preference scores is 0.94, suggesting that cause had

little effect on judgments of the relative seriousness

of the eight losses. However, cause did shift the
magnitude of the seriousness judgments. An ana-

lysis of variance including main effects and two-

way interactions found significant differences

among losses, F (7, 338)�/27.43, P B/0.001, and

between types of cause, F (1, 35)�/26.62, P B/

0.001, but no significant interactions. Thus, pre-

ference scores for the treatment losses of condition

2 (human cause) are significantly larger on average
than those of condition 1 (natural cause).

5. Discussion and conclusions

Our main objective was to test whether respon-

dents could provide judgments of the seriousness

of environmental losses that were largely unaf-

fected, both in average respondent consistency and
in scale value, by changes in the mix of losses being

assessed. We obtained paired comparison judg-

ments from four groups of respondents about four

mixes of losses, where each mix contained a set of

losses common to each mix and a set of losses

unique to the mix. We designed alternative mixes

of treatment losses in a concerted attempt to cause

the context effects we were testing for.
Regarding consistency, we found that although

people differed widely in the consistency with

which they judged the seriousness of losses (coeffi-

cients of consistency ranged across all respondents

from 0.99 to 0.30), relatively few respondents fell

in the lower half of the coefficient range. A small

minority of respondents were either extremely

inconsistent in their judgments or simply did not
take the exercise seriously. More importantly, we

found that consistency varied depending on the

type of losses being compared, as median coeffi-

cient of consistency was close to 0.80 for the three

environmental loss conditions but was 0.90 for the

personal injury condition. This finding suggests

that respondents had more clearly defined judg-

ments of the personal injuries than of the environ-
mental losses, which could reflect a greater

familiarity with personal injuries than with envir-

onmental losses, or the more complex (i.e. multi-

dimensional) nature of the environmental losses.

Regarding item mix context effects, correlations

between sets of test loss scale values were at least

Fig. 2. Seriousness of treatment losses: effect of cause.

6 We can only speculate about why this anomaly occurred.

One possible explanation is that drought was thought to cause

numerous other problems in addition to loss of native trout, but

the impact of the more aggressive species would be limited to

aquatic life in the river. Another possibility is that drought was

assumed by some to have a human cause.
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0.95, and were only that low when comparing the
effects of very different types of treatment losses

(i.e. environmental vs. personal injury losses).

Interval-level scale values of seriousness of losses

appear to be quite robust to item mix differences,

thus ameliorating a major concern following from

the likelihood that the specific mix of losses

included in any one assessment of seriousness is

likely to be somewhat arbitrary. However, the IIA
assumption was not satisfied for one of the six

comparisons of conditions (again a pair compar-

ing environmental vs. personal injury losses),

suggesting caution in mixing different kinds of

losses. Given this evidence, if judgments of ser-

iousness of losses from different assessments are to

be combined in the course of developing a more

complete set of losses for a comprehensive damage
schedule, it would be prudent to include a small set

of test losses in each assessment, the judgments of

which could be used to check for item mix effects.

Turning now to the effect of cause of loss on

judged seriousness, environmental losses were

considered more serious when they were caused

by human actions than when caused by natural

events, all else equal. Thus, judgments of serious-
ness appear to reflect not only the magnitude of

the loss but also the reason for the loss. This

finding has implications for construction of a

damage schedule, for it suggests that any one

loss may have a series of levels of seriousness

associated with its various possible causes.

The effect of cause on people’s assessments of

losses may also reflect concerns about responsi-
bility, preventability, etc. For example, Kahneman

et al. (1993) found that human-caused losses were

more upsetting than natural losses and engendered

greater support for and willingness to pay for

intervention. Walker et al. (1999), however, found

that the relation of the respondent to the persons

who caused the loss also affects willingness to pay

judgments; unlike the Kahneman et al. result,
willingness to pay for an environmental cleanup

program was less if the pollution was human-

caused than if it was naturally caused. A key

difference between the studies was that in the

Walker et al. study the human cause was a

corporation that was dumping waste, whereas in

the Kahneman et al. study the blame for the

human-caused losses of most of the scenarios was
less easily placed. For willingness to pay judg-

ments, Walker et al. emphasize the importance of

whether respondents feel moral responsibility for

the loss or can project that responsibility to others.

Clearly the identification of a negligent party

that has the ability to pay for some sort of

restitution (such as a corporation) will lower the

general public’s willingness to pay, possibly even
below willingness to pay if the loss were caused by

a natural process. Thus, depending on who the

negligent party is, judgments of seriousness (or

importance or upset) may not correlate well with

judgments of willingness to pay. Although it may

be a safe guess that seriousness of human-caused

loss correlates positively with strength of feeling

that someone should pay for restitution, the role of
cause in assessments of loss is complex and

perhaps not fully understood.

Due to the complex effect of cause on people’s

assessments of losses, perhaps the most straight-

forward approach to constructing a damage sche-

dule would be to leave cause unspecified during

step 1, in which losses are submitted for public

judgments of seriousness. To the extent that cause
plays a role in the damage schedule, it could be a

consideration during step 2 of damage schedule

construction, when damage payments and other

injunctions are specified. In any case, users of the

ranking of losses would be wise to remember the

importance of cause when considering the accept-

ability of any final resource management decision.
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