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Valuing Nonmarket Goods and Services: A Test for Bias in
the Iterated Referendum-contingent Valuation Format

CHAPTER ONE: INTRODUCTION

Background
Two pieces of environmental assessment legislation

have spurred research in environmental valuation. The
Comprehensive Environmental Response, Compensation and

Liability Act (CERCLA) of 1980 and the Oil Pollution Act
of 1990 legislate recourse for securing settlement monies
for losses due to toxic substances and oil spills,
respectively. The Department of the Interior and the

National Oceanic and Atmospheric Agency are responsible
for the enforcement of the two laws. They are required to
develop procedures from which losses can be determined.
These two laws have stimulated further research in

benefit-cost analysis, particularly in nonmarket valuation
techniques.

This thesis examines a technique that measures the
value of goods not traded in private markets. The purpose

of the thesis is to test for bias associated with the
initial bid in the Iterated Referendum-Contingent
Valuation (IR-cV) format. Measurement is not explanation;
measurement addresses how much {willingness-to-pay (WTP)
or willingness-to-accept(WTA)} whereas explanation

addresses how and why (valuation decisions are made). The
thesis seeks to test the validity of a measurement
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procedure. The need for the procedure and its conceptual
basis are clarified in the analysis. Some explanation will
be given as to how individuals make valuation decisions.

Benefit-cost analysis (BCA) is an established
technique for evaluating proposed projects or policy

changes. Randall (1987) proposes that BCA serves only as a
partial filter used to screen policy proposals. It is
useful for testing for the cost effectiveness or benef itcost ratio of a given policy change. Hence, BCA is an
important input into the decision making process. However,
democratic processes such as majority vote or legislative
decisions by elected representatives are important parts

of the policy process. In order to present policy makers
with good economic analysis, better techniques for
assessing project costs and benefits are needed.

BCA provides a framework to compare and contrast the
costs of having (foregoing) a project with the benefits of
having (foregoing) it. Suppose the proposed project is a
timber harvest of an unroaded area. The benefits
associated with the project permit the standard use of
private market information to determine the stream of
revenue arising from the harvest and the impacts on
related markets.

The costs of the project (benefits of leaving the
area intact) are another matter. The forest harvest
impacts plant and animal habitat in addition to the
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watershed and viewscape within it. Recreation
opportunities, aesthetic values and nonuse values all may
be impacted by the timber removal. Ascertaining the values

associated with these amenities must be performed in the
absence of the type of price signals used to allocate

resources in private goods markets. Techniques to measure
the value of the noninarket goods by obtaining demand price

data are required in order to compare costs and benefits.

In a welfare economic context, the project analysis
must demonstrate that any change from the existing status
quo policy results in a potential Pareto improvement
(PPI). The gains of the gainers must exceed the losses of

the losers from the proposed policy change (i.e., the
forest harvest in the previous example). A crucial
argument in the assessment of welfare changes is the price
for the intact forest amenities which must be valued in
the absence of established markets.

Nonmarket Valuation and Contingent Valuation
Contingent valuation (CV) studies have been used to

elicit values for changes in the provision of nonmarket
amenities. CV has been chosen by agencies of the federal
government for nonmarket valuation analysis. The U.S.

Water Resources Council (1983) has picked CV to value
recreation benefits. The U.S. Department of the Interior
(1986) has adopted CV to assess natural resource damages
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as directed by the "Superfund" legislation. Various
amenities have been evaluated with CV and are well
documented (Cummings, Brookshire and Schuize, 1986;

Johansson, 1987; Mitchell and Carson, 1989; Carson, 1991
a; and V.K. Smith, 1993).

Hoehn and Randall (1987) make a convincing case for
CV as a "satisfactory BC indicator." They show, as
Mitchell and Carson (1989) do, that CV benefit measures
include nonuse values, values associated with uniformly

distributed sites, nonexisting private markets and public
goods not weakly complementary with private goods.
Indirect measures such as the travel cost method and
hedonic pricing are not applicable in these cases.
CV is not without its dissenters. A CV analysis
(Imber, Stevenson and WIlks, 1991) concerning the WTP to

avoid mining in an Australian wilderness prompted
widespread criticism. The critics (see Stone, 1991;
Brunton, 1991; or the Tasman Institute, 1991) discussed
potential biases, survey design problems and the
ramifications of the study's conclusions. Their central

contentions were that CV draws on hypothetical, not
actual, behavior; that the WTP obtained were too large;
and that CV is an unproven methodology.
Carson (1991) addresses the critics' points. He

states that much of the criticism runs counter to
traditional welfare economics and to BCA. He further cites
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20 years of professional development (and scrutiny) of CV
as testimony to its fitness as a measure of nonmarket

values. He summarizes by supporting the Imber et al.
(1991) study's attention to sampling, survey design and
econometric issues.

In the U.S., a recent New York Times article
(Passel]., 1993) and a series of articles in Choices

(Carson, Meade and Smith, 1993; Desvousges, Gable, Dunford

and Hudson, 1993; and Randall, 1993) debate the role of CV
in environmental damage litigation. Although CV has been
chosen as the proper damage assessment technique by
federal agencies, questions remain with economists, policy

makers and others as to its veracity and applicability.
The criticism in the U.S., though similar to that cited
above in Australia, focused primarily on CV estimates for
nonuse values.

Arrow et al. (1993) have provided a critique of CV.

Their conditional approval of CV shapes the direction and
content of future CV analysis and discussion. Their

conclusion is that CV estimates of nonmarket values
provide a starting point for assessing monetary damages
arising from environmental accidents but that certain

rules must be followed to obtain credible estimates.
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Bias Problems in Eliciting Nonmarket Values

The CV literature contains frequent mention of bias
(for general reference see Cummings et al., 1986; Smith

and Desvousges, 1986; Peterson et al. 1988; Mitchell and
Carson, 1989; and Johnson and Johnson, 1990). Bias, or the
potential for it, appears in many phases of the CV
method.

One way of categorizing biases is by the type of

valuation format used. The continuous bidding approach
permits a precise WTP estimate to be obtained. Yet it is
potentially a biased estimate due both to strategiO
manipulation of the bidding and to the potential for
starting point bias (Mitchell and Carson, 1989). The
Dichotomous Choice-Contingent Valuation (DC-CV) format is
free of strategic and starting point bias but yields a

less precise WTP estimate (Hoehn and Randall, 1987). New
developments in valuation formats combine the strengths of
the two techniques (see Bergland and Kriesel, 1991; and
Hanemann, Loomis and Kanninen, 1991).

The IR-CV format involves asking a follow-up question
to the initial bid question. The IR-CV format has been
shown to provide estimates of WTP that have reduced
standard errors (Bergland and Kriesel, 1991; and Hanemann
et al., 1991). However, little is known concerning the
validity or .unbiasedness of this new estimator.
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Thesis Purpose
The central research question is to determine if the
initial bid influences the response to the follow-up bid.

If the respondent's distribution of WTP shifts (or is
nonconstant) between the offered bids, then the estimates
of WTP using current IR-CV practices may be biased. A
test, based on a Bayesian approach to decision making, is
developed in this thesis. It will permit a statistical
verification of changes in respondent WTP from her
response to the initial bid to that of the follow-up bid.
It may be that by asking a second valuation question, some

nonrandom relationship arises between the initial bid and
follow-up responses.

Carson (1991) speculates that the initial bid is
taken as the baseline offer to the respondent. The initial
offer may be seen as an indication of the cost of
implementing the policy. The follow-up bid casts doubt on
the true cost associated with the policy in the
respondent's mind, i.e., government wants citizens to pay
as much as possible in order for the policy to be
implemented. If the initial bid is accepted, then the
second bid is refused because the respondent believes the
policy change could be obtained at the initial "price." If
the initial bid is refused, then the follow-up is refused
since the respondent is uncertain that the policy change
will be implemented at any price. Therefore the second bid
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will be systematically refused if the initial bid is
accepted or rejected.

Cameron and Quiggin (1992) indicate that the decision
to accept or reject the follow-up bid is dependent on the
first decision. Hence the two decisions are intimately
joined and cannot be analyzed as independent. These biases
or correlations may be related to the initial bid bias
associated with the iterative bidding approach. Further
discussion on these and other concerns are provided in
chapters two and three.

Organization of the Thesis
A review of the survey research (SR) literature
provides insights relevant to the contingent valuation
literature. Obtaining information through the use of
surveys represents problems in design and interpretation.

Both groups of literature indicate that more research is
needed concerning preference formation and reporting.

Survey respondents appear to lack familiarity with the
valuation of norunarket goods. Different choice or consumer

experiences and decision mechanisms may occur when the WTP
for nonmarket, as opposed to market, goods is solicited.

Allocation of nonmarket goods decisions may also resemble
those made in political markets such as when respondents
vote on political referenda. The use of the political
market framework in contingent valuation is gaining

9

popularity among practitioners. This popularity stems from
the level of realism achieved in the contingent scenario.

The SR literature yields useful insights concerning
the sources and types of survey bias. A category of bias
known variously as starting point, anchor or range bias
receives particular attention. These biases serve as a

point of departure for investigating the validity of the
IR-CV format. A Bayesian model of adaptive response to new

information provides a means of testing the potential bias
hypothesis.

The thesis has three research objectives:

A discussion of the biases will be provided in order
to define the place in the literature wherein the
potential bias associated with the IR-CV format occurs.
The discussion provides a bridge between the SR and CV
literature on survey bias.

A refutable test for the initial bid bias will be
constructed. The test assumes that individuals behave like
Bayesian decision makers. Alternative data sets where the
IR-CV format has been used will be themselves be used to
provide a testing ground for the initial bid bias
hypothesis.

Welfare benefits measures will be estimated. The
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effect that different dichotomous choice valuation formats
have on WTP will be assessed. This provides a means to
examine how the potential bias may affect estimated WTP.

The following chapter lays out the difficulties with
the design and analysis of surveys. It examines the shared
nomenclature of the survey research literature and the CV
literature. The biases associated with survey analysis are
defined and remedies for each are presented. A
satisfactory BC indicator of CV is then proposed and
discussed.

Chapter three presents a potential improvement on the
satisfactory BC indicator. Previous studies using the IRCV format are examined in depth to indicate the place this
thesis takes in the greater context of CV research. The
strengths and weaknesses of the IR-CV format are
presented. A model for respondent reaction to the IR-CV
format is suggested. This model draws on a Bayesian method
of decision making to establish a test for the validity of
the WTP estimation technique. The central hypothesis is
then presented and the means for testing it is outlined.

Chapter four presents the results of the empirical
work. Data sets are introduced and discussed. Maximum
likelihood estimation techniques are discussed, with
particular attention being paid to the nonlinear methods
used with discrete response data. Test results on the
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various data sets are presented. Bootstrapping is
discussed in order to simulate distributions for the WTP
estimates.

Chapter five provides an interpretation of the

results and suggests future research in this area. The
next step in this line of inquiry is to assess the amount
and direction of the initial bid bias. The bias needs to
be tested for on a data set by data set basis. Once
detected, it should then be accounted, or corrected, for
in the welfare benefits measures.

The discussion throughout emphasizes the central
research question:

Do respondents perceive CV bids as information that they
can use to shape their WTP for a given nonmarket good?
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CHAPTER TWO: A REVIEW OF THE SURVEY BIASES IN THE SURVEY
RESEARCH AND CONTINGENT VALUATION LITERATURE

Chapter two serves several purposes. A set of
criteria for interpreting survey results is defined. A

discussion is given of several proposed mechanisms for the
formation of values. Value formation is relevant here as
the basis for respondent decision making.

Chapter two describes the extent of response effects
or biases associated with survey data. It seeks to
incorporate the relevant issues from the SR literature
into the CV discussion of survey bias. From this general

discussion of CV survey design problems, five types of
bias are identif led.

Chapter two links the valuation formats of CV with
the type of bias most likely encountered with each.
Information bias is scrutinized as it leads to an

understanding of starting point and related biases. Tests
for starting point bias are summarized and evaluated. A

valuation technique (DC-CV) is identified as being
superior to the others and examined in the context of
market and nonmarket good preferences. Chapter two
prepares the reader for the discussion of the IR-CV format
and the questions concerning its validity presented in
chapter three.
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The Survey
The survey data collected by SR and CV researchers
comes from a telephone, personal or a mail interview. It

is, as V.K. Smith (1993, p8) puts it, "...a structured
conversation..." This conversation is carried out to
obtain information about political, product or policy
preferences from a sample of respondents.

Information is given to the respondent concerning the
researcher's topic of interest and the respondent is
stimulated to reply. Information not only flows from the

respondent to the researcher (the replies), but from the
survey instrument to the respondent (descriptions and
questions) as well. Opportunities exist for

miscommunication and misinterpretation in both directions
of the information exchange.

Consider the CV survey. First, individuals receive
information about a proposed change in the provision of a
nonmarket good. The information provided includes a
description of the good and the amount of change proposed.
Second, the provision of the good is discussed. The survey
indicates the institutional rules for the policy change:
how it shall be implemented and how it shall be funded.
Third, bids, prices for nonmarket goods, are presented or

solicited by means of a question. Respondent preferences
are sought by means of a valuation elicitation. Fourth,
information about the respondent is collected, co-
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variates, or explanatory variables, of the respondent's
WTP/WTA. In each of these steps respondents can

misunderstand the researcher's intentions. Individuals may
provide unusable or inaccurate responses.
The survey is a structured question and answer
exchange. The respondent engages in the survey consenting

to answer questions. The respondent's decision to
participate determines the content of the sample set
available for analysis. The decision to participate may be
based on a desire to influence the policy decision defined
by the CV survey. Self selection bias, participation by
only those interested in the policy process or the CV

good, can lead to incomplete survey samples (Edwards and
Anderson, 1987).

Consider the question and answer process from the

respondent's perspective. If the questions have explicit
choices the respondent is bound to answer from the choices

provided. This obligation can stimulate attitudes and
subsequent expression regardless of the respondent's
familiarity with the subject. Research concerning
responses to fictitious subjects indicates that some
responses may be the artifacts of interviewer probing
(Bishop et al. 1986). Responses to fictitious subjects are

troubling if one considers the hypothetical nature of CV.
The above situations are examples of the possible
problems the researcher encounters in obtaining survey
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data. The CV method is a relatively new research program
that relies on survey instruments for data collection.

Survey instruments require reviewing, testing and
refinement in order to provide useful economic and policy
relevant information. A body of existing survey research
exists. cv practitioners may avoid many survey design
problems by consulting the SR literature.

Interpreting the Survey
CV studies appear primarily in the economics

literature. However, topics in CV research overlap into
topics in the social psychology or SR literature. The SR

literature documents numerous biases associated with
survey-collected data. This section provides a discussion
of the treatment of bias in the SR and CV literature; it
offers a general classification of survey bias relevant to
Cv.

When interpreting survey results, two concepts guide
the reader: validity and reliability. The concept of the
valid measure rests on either the assumption that true
values exist or the acceptance of some set of measurement
procedures (for further discussion see Bailar and Frankel,

1984). A valid measure captures the phenomena of interest
and no other. Divergence from the true value occurs in the
presence of systematic errors (Bailar and Frenkel, 1984).
Biased results arise from a procedure that repeatedly
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over- or under-estimates the phenomena of interest (Sudman
and Bradburn, 1982). The concept of validity in survey
measurement appears analogous to the econometric
definitions of unbiasedness (where E(15) = 15) or
consistency (limT

E(15)

= 15), (Kennedy, 1984). The survey

yields more valid results when bias is minimized.
Satisfied with the validity of the survey results,

the reader then examines the reliability of the results. A
study yields reliable results in inverse proportion to the
variation of the estimated results. Reliability consists
of the degree to which various measures of the same
phenomena coincide (Sudman and Bradburn, 1982). Borrowing
from econometrics, reliability may be thought of as the
precision or efficiency of a measure (minimum variance)
whereas validity indicates unbiasedness or consistency.

The validity of CV estimates is the central topic for this
paper.

The Response Process
The survey provides an environment for stimulus and
response. The survey uses topics of interest to prompt
replies in order to better understand public opinion.
Interest arises as to the nature of stimulus and response.

Assessing the validity of survey responses requires some
knowledge of how the stimulus is perceived and how the
response is formed.
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Value Formation
The CV survey is used to elicit responses indicative
of personal preferences concerning a nonmarket good. The
CV response consists of two parts: value formation and
value response (Randall, 1986; and Randall and Kriesel,

1990). The CV survey elicits valuation: so much payment
rendered or accepted for a change in a nonmarket good. The
sought-after values in a CV context are WTP and WTA. These
indicators of preference can be interpreted as individual
terms of exchange (dollars for nonmarket goods and
services) if a market actually existed.

When considering WTP/WTA, it is important to examine
two sorts of values: held and assigned values. First,
consider held values. Held values are preference-related

concepts of value (Brown, 1984). They may arise from an
individual's endowment and from individual tastes and
preferences. Held values indicate principles that have
intrinsic personal worth. If held values are essentially

immutable they would be the responses that investigators
seek in order to obtain reliable CV results. However, held
values are expressed as assigned values.

Assigned values occur as the result of the
interaction between the value context, one's state of mind
and held values.

The state of mind consists of the

person's present emotional state and of their memory of
recent events. The context is characterized by an
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individual's interaction with the object of value.

Assigned values indicate the standing an object has
relative to other objects (Brown, 1984). These values
impart information via some expressed mode, scale or
measure of intensity. The assigned values are an
expression, an attitude, that may be transient or stable.

In cases where the circumstances demand interpretive
effort due either to vagaries or to choices involving
tradeoffs, the context of the choice takes the dominant
role in shaping attitudes (Brown and Slovic, 1988).

The vivid nature of certain events represents what is
salient in the individual's mind. An example might be the
newspaper and television coverage of oil-soaked seabirds
and otters that originated from the 1989 oil tanker spill
in Prince William's Sound, Alaska. The more recent oil
spill receiving extensive media coverage would be the 1992

wreck of the oil tanker on the Shetland Islands, Scotland.
Hence the Shetland spill may be more salient. Both the
saliency of certain events and the person's emotional
state create the basis for assigned values (Brown and
Slovic, 1988).

The link between attitude and behavior is problematic
and is discussed later in this paper. Assigning value to
an event or object can serve as the basis for some action
or behavior. However, assigning values are not as strong
of an indication of preference as making a charitable
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contribution or a consumer purchase. Value formation
juxtaposes the existing basis for choice (held values)

with the circumstances (requiring attitude formation) of
the survey question provoking response.

Arguments differ as to the extent that attitudes are
dominated by held values in decision making. One such
argument indicates that held values serve as the

foundation for preference orderings. Attitudes obtained
from new experiences are partially incorporated into the
belief structure. Preference orderings may change but only
slightly in response to new information. The held values
persist even in the face of compelling contrary
information (Akerloff and Dickens, 1982). In this view,

the attitudes only minimally result from the salience of
an event and from an individual's state of mind.

Norton (1987) depicts value formation as a taxonomy
of value types. There are two kinds of preferences that
underlie his taxonomy: considered and felt preferences.

Considered preferences result from the deliberation in
making a decision consistent with an individual's personal
world view. This world view consists of defensible
theories, interpretation of the theories and moral idea:Ls.

These preferences are formed through a lengthy process of
thought and education. Felt preferences come from the
satiation of wants and desires through an experience.

Norton describes values as of the demand or of the
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transformative type. Demand values are assigned to an
object that fulfills a felt preference. Transformative
values are assigned to that which leads one to redefine
felt preferences. Reading a book or visiting Paris may
lead one to alter the fulfillment of her wants.

Norton's typology offers two interesting outcomes
relevant to this discussion. First, considered preferences
serve as a standard for the evaluation of felt
preferences. Individuals have some well defined basis for
ranking or comparing felt preferences. Second, experiences
play an important role in changing preferences.

Alternative approaches to value formation hinge on
the depiction of decision-making. CV offers the
opportunity for respondent choice. Choice can be viewed as
the culmination of a multi part process. Initially
perception skills permit problem identification. These
skills result from personal conditioning and experience
much like the use of flash cards to teach multiplication.
Secondly, comparison skills enable ranking to occur. Such
skills originate from activities associated with the
socialization process such as shopping or voting. Finally
choice requires some awareness of costs and of budgets.

The relative costs of additional deliberation versus the
possibility of choosing poorly enters into the choice
process. The choice is further modified by the constraints
of a given opportunity set. If the particulars of the
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above choice process vary then choice outcomes can change
(Boulding and Lundstedt, 1988).

Kahneivan (1986) purports preferences to be molded by

the valuation elicitation process. It appears that
individuals may rank activities, fishing over hiking, when
deciding on a recreational pursuit. When it comes to
valuing nonmarket amenities, and the task of trading
income for environmental quality, the usual method of

ranking falters, comparing dollars and environmental
amenities could be perceived as comparing apples with
oranges, i.e., they are imperfect substitutes. A reply to
a CV question requires the respondent to reflect and to
sort her preferences. The act of posing a CV question
prompts the respondent to engage in an activity, making a
comparison, that she would not otherwise do. The
respondent then provides a nonmarket valuation to fit the
survey rather than one that indicates their true
preferences.

Kahneman and Tversky (1979) and Slovic, Fischoff and
Lichtenstein (1980) question the ability of individuals to
provide meaningful answers to questions involving complex
policy issues. Their argument is based on the information
processing capabilities of a respondent. The economic
version of individual decision making holds that decisions
are based on the equal marginal rule. The rule requires
knowledge of both costs and benefits of any choice. This
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may put too large of an information processing burden on
the individual. Alternatively, decisions may be made using
heuristics or rules of thumb in order to simplify complex
problems.

Magnussen (1992) provides some additional work on
decision short cuts that is relevant to CV research. When
individuals attempt to assign money value to environmental
values, they may be drawing on mental accounts. Mental
accounts are preferences for classes of goods. When a
respondent is confronted with a multi-attribute option,

she relies on a mental account to compare the option to
the referent class. The evaluation of the option considers
only direct consequences as important and proceeds in a
limited or simplified fashion. Choices are made based on
losses or gains of the option with respect to the referent
class of goods.

There are several concepts on which mental accounts
are based. Individuals do not have particular values for
particular goods. Money is not continually substitutable
between different goods. Money values are associated with
expenditure categories and not particular goods. Given
individuals operating with mental accounts there would be
difficulties comparing valuations of specific goods with
classes of goods: each equally satisfies the demand for
that kind of good. Magnussen concludes that CV estimates
are interval values for some level of environmental change
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and that marginal changes in environmental goods do not
yield precise WTP values.

The use of decision short cuts suggests two points
relevant to CV. CV scenarios are inherently complex, and
unfamiliar to most individuals. People have limited
information processing abilities. Held values, memories,

emotional states and choice circumstances all need to be
assessed in order for a decision to be made. The amount of
information presented in a CV survey induces respondents
to resort to choices governed by a rule of thumb (Harris
et al. 1988; and Bergstrom et al. 1990). Rather than
surveying the expanse of their preferences, individuals
rely on the most salient or recent events to serve as
choice guidelines.

How values are formed and choices are made is open to
interpretation. The degree to which a model of unwavering

and well-defined preferences can be usefully extended to
CV remains unclear. External forces, such as recent events
or choice circumstances, influence an individual's
assigned values. Such forces may shape individual
preferences for goods and services. Any solution to the
problem of eliciting stable preferences must start with
providing a familiar arena of decision making for the
respondent.
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Value Reporting
Previously a distinction was made between value
formation and value reporting. Proceeding with insights
derived from the SR literature, value reporting bears
examination. Once the respondent forms a value, she then
checks the prospective reply. Some sort of motivation
serves as a criterion for the internal check prior to the
formal response (Delamater, 1982).

Several sources of motivation relevant to the

respondent have been identified. The respondent may answer
in order to please either the interviewer or the project
sponsor. This response predilection takes the name of
acquiescence or yea-saying (Sudinan and Bradburn, 1982). In

this case any difference between what the respondent
personally values and what the respondent believes the
external agent values is diminished.

Responses may be given in order to comply with the
existing social or legal framework. This form of
acquiescence may also be a form of social desirability or
yea saying bias. Social desirability bias will be
discussed further in the section on contextual effects. If
respondent preferences are unformed or changeable, then
the possibility of external forces shaping an individual's
preferences cannot be dismissed.

The respondent may submit a value to terminate a
difficult decision-making process (Boyle et al. 1985). The
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individual may answer to fulfill the question and answer
obligation in order to avoid putting forth the effort to
search her preferences (Delamater, 1982).

Value reporting may include deliberate

misrepresentation of valuation such as a strategic
response. strategic response will be discussed with the
section concerning biases found in the CV literature.

An Overview of Response Effects
Several types of effects associated with survey

responses emerge from the SR literature and are comparable
to the CV bias. These effects are covered by an umbrella
category: the response effect. The response effect
includes contextual effects and framing effects. Response
effects appear to be the SR equivalent of CV bias leading
to biased WTP estimates. The important unifying attribute
of response effects and bias is that the analytical
results are invalid, i.e., not accurate measures of the
underlying behavior or preferences.
Response effects cover a range of possible biases.
Sudinan and Bradburn (1982) identify differences in

responses that are due to the context, the wording or the
administration of a survey. They describe the appropriate
subset of response types as dealing with intentions
(attitudes) and not behaviors. The difference between

attitude and behavior is determined by the existence of
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some external criteria for verification of the latter,
i.e., an observable action or market behavior.

The distinction between intention and behavior is an
important one in CV analyses. Behavior consists of actions
by an individual that can be verified by another party.

Intentions consist of statements concerning proposed
behavior or action in a situation yet to occur. Ajzen and
Fishbein (1977) constructed and tested a model concerning
the intention-behavior relation. Replies to the same
questions (using synonymous terms that differed only in
level of generality for the question object) often
differed depending on the specific object of the question.

They conclude that the stronger the target, i.e., the more
relevant and clearly described scenario, the better that
intention predicted behavior.

Behavior is inferred ex post from market choices

while for CV intention is obtained ex ante, prior to any
opportunity for action. The implications of Azjen and
Fishbein's research point to the importance of clearly and
relevantly describing the commodity in CV research. If the
above can be accomplished, then respondent intentions
(valuations) will provide an adequate prediction of
behavior.

Response effects include many valuation distortions.

Measurement of the effects of variables other than those
originating from the respondent's opinion constitute the
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response effect (Delamater, 1982). Just as for bias, the
response effect consists of a nonsaxnpling error that

obscures, or substitutes for, the desired estimates.
Berrens (1993) provides an interesting summary of

research describing how individuals' responses to
valuation questions are formed. Most notably a model by
McCain (1992) explains that a variety of motivations enter
into the valuation process. These motivations are distinct
and may lead to a range of valuation outcomes. The

importance of Berrens' summary is to provide structure to
the various, and perhaps competing, motives a respondent
possesses in fashioning a CV reply.

Drawing from the SR literature, Mitchell and Carson
(1989) identify three types of response effects. One is

the respondent's intentional misrepresentation of her true
valuation, termed strategic response. A second consists of
implied value cues. The individual attempts to connect the
value of the good in question with information given in
the survey or with some related good. The last sort
pertains to the vague or misleading description of either
the nonmarket good or the institutional arrangements for
its provision. For an in-depth treatment of response

effects in the SR literature consult Lindzey and Aronson
(1985); Rossi et al. (1983); Turner and Martin (1984); or
Dijkstra and van der Zouwen (1982).
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Context Effects

The context effects described in the SR literature
concern effects similar to those Mitchell and Carson
(1989) term ". . . implied value cues... (p. 236) ." CV surveys

attempt to prompt nonmarket values from a randomly
selected individual. The various details of the survey
setting, the question ordering, the scenario description
and the survey instructions given to the respondent,

together or individually, may provide cues to the
respondent. These various cues represent the survey
context.

The social context of the survey invokes claims of
bias (Bishop et al. 1983; and Smith and Desvousges, 1986).

The desirable survey attributes of detachment and
reflection counterbalance against pervasive social
influences. The social framework creeps into the response
formation obfuscating the individual nature of stated
preferences. Out of fear of censure or punishment,

individuals may temper expressions that are contrary to
existing social values (Boulding and Lundstedt, 1988). The
SR literature labels extreme forms of the above phenomena
as social desirability bias. This bias conveys the
obligation that the respondent feels in giving a socially
acceptable response rather than her personal preference
(Grove, 1982; and Demaio, 1984).
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The placement of a question within the overall survey
conveys meaning to a respondent (Schuman, 1984). The
proximity of questions also suggest unintended
associations to the respondents (Turner, 1983). The
sequence of information in addition to the quantity and
quality of information may guide the respondent in
unexpected ways (Cummings et al. 1986). Choices, decisions
or contingent valuations proceed from a context just as
the context of a written passage gives specific meaning to
words and phrases.

Several CV practitioners indicate that the unique
nature of nonmarket valuation promotes contextual effects.

Values associated with the environment depend on the
context in which they are requested (Chestnut, 1988).
Stevens (1991) describes noninarket values as volatile. He
purports that respondents construct noninarket values

during the course of the CV interview. Hoehn (1991) argues
that environmental values are highly responsive to
substitute or complement amenity bundles which may or may
not be known to the researcher.
CV relevant preferences may be poorly or incompletely
formed. In this case, researchers may find that context
effects assist the respondent in making her choice. The
response options offer the opportunity for the respondent
to infer an answer. Such options include whether the
question is open or closed. If the question is open, then
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implied value cues associated with the question do not
guide respondents. The SR literature suggests that open
questions stimulate less reliable responses than do closed
questions. Open questions do not establish enough
structure for respondents to provide an exact (reliable or
precise) reply (Sudman and Bradburn, 1982). If the answer
is closed then the number and type of answer choices, the

order of choices and the relative magnitude of choices
offer aid to the uncertain respondent. The less certain
the respondent is of the CV market, the CV commodity or
her own preferences the greater the role context plays
(Brown and Slovic, 1988).

Framing Effects
Framing effects overlap into those of contextual

effects. They could aptly describe the material in the
above paragraph. Framing alludes to the

meaning conveyed

by a question considered by itself. Framing usually
appears in three ways. Framing may indicate the asymmetry
in value when a respondent juxtaposes losses and gains, as

described in prospect theory (Kahneman and Tversky, 1979).
It may consist of the case where a respondent rejects a
proposed set of property rights and sees, for example,
that

compensation

rather than payment is the appropriate

scheme. Finally framing effects are indicative of question
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wording, length or even the way in which the subject of
the question is conveyed (Molenaar, 1982).

The manner in which a nonmarket good or service is
described constitutes framing. The description covers the
amount of information provided in a given question as well
as the use of visual aids such as film or photographs
(Smith and Desvousges, 1986). The CV literature contains

at least 10 years of ongoing discussion concerning the
validity of compensation (WTA) versus payment (WTP)

measures with regard to environmental change (for in-depth
discussion see Cummings et al. 1986; Peterson et al. 1988;
Mitchell and Carson, 1989; Knetsch, 1990; and Hanemann,
1991).

Surveys require careful construction in order both to
convey the intended meaning and to obtain the information
of interest. A thorough understanding of the difficulties
in interpreting a poorly designed survey serves to
stimulate interest in survey designs. The SR literature
presents classes of biases which seem to overlap.

Regardless of how situation specific or conversely how
general these survey biases seem they relate directly to
the survey design issues of CV.

Having touched generally on bias in the SR
literature, it is useful to look
discussion of bias in CV.

more specifically at the
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Bias In The CV Literature
CV biases range from topics concerning mechanisms for
allocating public resources to econometric issues. Several
typologies exist for defining and grouping CV bias. Walsh
(1986); Smith and Desvousges (1986) and the most ambitious

effort in Mitchell and Carson (1989) offer extensive lists
and definitions of CV bias. They provide assistance
identifying both bias and bias remedies. In general a

combination of biases could occur in any CV study. In this
thesis the most likely biases are coupled with particular
CV survey design features.

Five general types of CV bias exist, corresponding to
the following questions:

Do respondents purposely misrepresent their WTP in
order to

influence the study outcome?

[Strategic Bias]

Do respondents take a responsible approach to the CV
opportunity? Do they comprehend the policy
implications of the contingent scenario?
[Hypothetical Bias]

Do respondents assent to the means of provision of
the good? [Payment Vehicle Bias)

Do respondents accept the property rights framework
inherent in the valuation? Does the contingent scenario
offer the intended good? [Framing Bias]
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5.)

Do respondents understand what the good or service is

that they are asked to value? Do they understand how, or
by what means, they are to value it? [Information Bias]
Descriptions of what the biases are and what other
researchers have discovered about them follow.

Strategic Bias
Strategic bias arises from the attempt to prompt a

truthful revelation of preference (and payment) for a
nonmarket good from a respondent. Samuelson (1954; 1969)

provides the

widely-cited analysis concerning the optimal

provision of a public good. Individuals may be moved to
offer less than their true WTP. They "free ride" due to
their beliefs concerning others' level of payment, the

certainty of the goods provision and the desire to reduce
their own payment obligation. Bohm (1979; 1984) examines
the phenomena of strategic behavior in a series of
experiments. He identifies a weaker form of Samuelson's
strategic behavior as reflected in instances of "mild"

under- or over-reporting. The possibility of free riding
emerges due to the absence of a workable and accurate
means for obtaining true WTP.

Strategic bias has been defined as an individual's
deliberate misrepresentation of her WTP (Schuize et al.
1981; Bishop and Heberlein, 1990; Kristrom, 1990). The

reasons why, and means by which, true preferences are
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falsely reported vary. Individuals may hold strong

preferences for levels of nonmarket good provision. In
this case they engage in under or over reporting to alter
both the level of per capita contributions and the
probability of the good being provided (Johnson et al.
1990).

Daubert and Young (1981) identify strategic

behavior occurring with respect to the means of payment
for a CV commodity. They contend that individuals act
strategically in order to influence the type of payment
vehicle.

Strategic behavior may arise as an attempt to capture

any available consmuer surplus. Individuals under-report
their WTP to get a "price" for the nonmarket good below
their true WTP. According to Bergstrom and Stoll (1989)
there are outlays associated with the efforts to secure

consumer surplus. These costs originate from the effort
expended in constructing replies to CV and from the
possibility of the good not being provided. Finally
strategic bias has been equated to either a sort of
framing or contextual bias. This issue arises from vaguely
worded valuation questions. The respondent senses the
opportunity to manipulate the study outcome due to
inadequate survey design (Smith and Desvousges, 1986).

The CV literature offers little substantiation of
strategic behavior. An exception is found in Throsby and
Withers (1986) who infer free riding behavior from their
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study concerning demand for the arts. They indicate that

certain joint goods, having both public and private
characteristics, are valued strategically by individuals

when considering the public part. Brookshire et al.
(1976); Rowe et a]... (1980); and Walsh and Gilliam (1982)

all tested for the presence of strategic behavior in their

CV analyses of nonmarket goods. All of the studies did not
reject the null hypothesis, i.e., strategic behavior was
not present. Milon (1989) conducted CV experiments and
tested for strategic bias using several elicitation
techniques. The study concludes that respondents try to
provide truthful responses to the best of their abilities.

Both Schuize et al. (1981); and Walsh (1986) suggest
visual inspection of CV data as a check for strategic
behavior. If strategic bias exists then the data should
reveal a bimodal distribution corresponding to over- or
under-pledging. A visual inspection of the data provides
useful information only in the cases where the researcher
knows the true or population distribution of the data
(Rowe and Chestnut, 1983).

V.L. Smith (1977) discusses the incentives for and
evidence concerning strategic bias. He sees strategic bias
involving costs of planning, calculating and reporting.

Strategizing is costly in terms of time. On a broad scale
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it may lead to public disagreement thereby reducing the
chance of the nonmarket good's provision. He goes on to
state:

"....Thousands of buildings have been purchased
by religious organizations, clubs, art associations
and private societies through member voluntary
contributions....jf contributions do not cover the
cost of the proposed project, the project dies..
....(p. 1135)"

Given a well-defined project and a knowledgeable group of
potential patrons, Smith indicates that strategizing is
less than optimal behavior.

Both Mitchell and Carson (1989) and Smith and

Desvousges (1986) de-emphasize the role of strategic bias
due to the lack of documented influence. Strategic bias
appears to be an influence that can be minimized by survey
design.

Hypothetical Bias
Hypothetical bias appears as a bias peculiar to CV.

The preferences indicated by valuation in the case where
no currency exchanges hands has been presented as a
different exchange than an actual market transaction. CV

depicts a market where none existed previously. Its lack
of realism follows from this described market (Rowe et al.
1980; and Schuize et al. 1981).

Cummings et al. (1986) identify a second source of

hypothetical bias. Not only is the valuation scenario
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hypothetical but the respondent is unfamiliar with the
described commodity. The lack of respondent familiarity
appears to be a substantial source of bias. CV offers
complex scenarios with various policy implications in a
market setting novel to most respondents. Hoehn and

Sorg-

Swanson (1988) note the difficulty respondents have in
comprehending the consequences of environmental change. A

respondent's lack of familiarity with the commodity has a
greater impact on survey results when individuals have
unformed preferences (Bishop et al. 1983). When
respondents are unfamiliar with the CV commodity they have
little motivation to sort out their preferences (Johnson

et al. 1990). The lack of motivation increases due to the
time and effort required for respondents to search their
preferences.

Respondents may also experience cognitive

difficulty in determining how much money to trade for a
nonmarket good.

Boyle, Welsh and Bishop (1993) compared different
white water rafting groups based on their previous river
experiences. Using an intercept survey, two valuations
were conducted: one for a river flow scenario and another
for the just completed raft trip. The parameter estimates
of the maximum likelihood equation for the two groups
(experienced and unexperienced) differed statistically.

Those experienced with the resource provided more
consistent and precise responses for the two valuations.

38

The respondent's familiarity with a nonmarket good plays

an important role in determining the validity and
reliability of a valuation.

Several studies test for hypothetical bias. Bishop
and Heberlein (1979) queried different subsamples about
their respective WTP for hunting permits. One subsample

responded to CV questions while the other displayed their
preferences in actual transactions. The estimated WTP
differed between the subsainples. Mitchell and Carson

(1989) indicate that the differences Bishop and Heberlein
found were influenced by outliers. Dickie et al. (1987)
tested the difference in valuation between a simulated and
a contingent market. They did not find any statistical
difference between the two market values. Kealy et al.
(1988) did infer a difference between the simulated and CV

valuation. They conclude that the intention and the
behavior were not the same.
Although hypothetical bias is often presented as a
specific bias it may actually represent a family of
effects inherent to CV (Arrow, 1986). These effects can be

reduced by carefully describing a nonmarket good and its
provision in a manner similar to some known policy
package. Examples of such description are found in Carson
and Mitchell (1991) for water policy; and Magnussen (1992)
for ocean pollution. The key to diminishing the potential
of hypothetical bias is to incorporate realism into the CV
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scenario. CV is intrinsically hypothetical due to its ex
ante nature. The hypothetical nature of CV reflects its
flexibility and potential widespread application in
benefit or damage assessments.

Payment Vehicle Bias
Payment vehicle bias arises from respondent
dissatisfaction with the funding mechanism for a CV

commodity (Walsh, 1986). The method of payment (described
in the CV survey) may appear controversial or even
inequitable to respondents (Johnson et al. 1990). The
dissatisfaction emerges in the valuation process as a

systematic effect. Payment vehicle bias indicates that
respondents have preferences that are sensitive to the
institutional arrangements for CV commodity payment
(Johnson and Adams, 1989). The policy framework within

which the commodity is provided is fundamentally related
to the mode of payment (Arrow, 1986).

The evidence concerning the presence and effects of
payment vehicle bias is mixed. Bergstrom et al. (1985) and

Brookshire et al. (1980) found no evidence of such bias in
their respective CV studies. Daubert and Young (1981) and
Bergstrom and Stoll (1989) indicate the presence of
payment vehicle bias when bids are compared between
subsamples employing different payment approaches.
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Consider paying for an improvement in a reservoir's
water quality from boatable to fishable conditions. The
candidates for payment type are either a general increase
in taxes and prices or a donation to a not-for-profit

environmental trust. A given individual may prefer not to
pay increased taxes. Possibly she suspects that tax
revenues will be reallocated to other programs reducing
the likelihood that measures to improve water quality will
be implemented. Perhaps individuals object to higher
prices as a blanket penalty. Contributions to the trust
may provide a more direct link between the payment and the
nonmarket good. The extent to which payments are dedicated
to the nonmarket good may drive respondent acceptance of a
given payment vehicle.

Ready (1993) presents a conceptual piece concerning
the relationship of project financing with the risks
associated with project outcomes. He contends that
separate BCA should be conducted for different financing
methods. He demonstrates how the type of financing may
influence the level of financing which citizens will
provide. The insights from this analysis are readily
adaptable to CV survey design. The payment vehicle is a
form of hypothetical (ex ante financing) payment for a
policy to be implemented in the future. One should expect
some degree of uncertainty to enter into the respondent's
perception of the CV exercise.
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The existence of respondent aversion to certain types
of payments constrains the application of economic theory
to CV. Use of unpopular payment vehicles distorts
continuous marginal tradeoffs of income for levels of the
nonmarket good.

In this case the nonmarket good must be

bundled with its form of financing; scenarios with
different payment vehicles imply different policy bundles.

Framing Bias

Another criterion for bundling nonmarket goods
pertains to whether the respondent would pay or be
compensated. The choice between compensation and payment
characterizes one aspect of framing the valuation issue.

Consider the following example pertaining to CV. In one
survey, an individual is asked how much she would be
willing to pay to avoid a 25 percent reduction in air
quality. In another case an individual is asked how much
she would be willing to accept to forego a 25 percent
improvement in air quality. Several points arise in
conjunction with the example.

The above example frames environmental change in
terms of prospect theory (Kahneman and Tversky, 1979).

Prospect theory indicates an asymmetry in valuation
between losses and gains of similar magnitude. The

difference arises from individuals willing to take risks
to avoid large losses while unwilling to take the same
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risk to obtain an equal sized gain. Prospect theory has

been used in the attempt to explain the sizable
differences between WTP and WTA estimates (Fisher et al.

1988).

The proposed increment and decrement requires

welfare analysis involving three separate indifference
curves (a three state problem with an intermediate initial
state) in considering the appropriate compensating
variation and equivalent variation measures. However, the
typical CV survey considers the WTP to obtain (to avoid) a

gain (a loss) and the WTA to forego (to accept) a gain (a
loss). This suggests welfare analysis involving two
indifference curves (a two state problem directly
comparing levels of utility). The increments and

decrements of the two and three indifference curve
analysis differ. For further discussion on this issue see

Randall and Stoll

(1980);

and Hanemann

(1991).

Again consider the air quality example. The question
concerning WTP to avoid a loss makes sense if the
respondent agrees with the implied rights. However the
individual may reject the implicit assignment of property

rights. The rejection could be based on the respondent's
belief that she is entitled to clean air and should not
have to pay for it. Hence the individual rejects the

valuation procedure and enters a protest bid or no bid at
all. Similarly, an individual may reject the property

rights inherent in the WTA question on the basis of the
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right to clean air. In both cases the refusal to provide a
positive bid alters the data sample and may bias the
estimation. Mitchell and Carson (1989); Edwards and
Anderson (1987); and Carson and Mitchell

(1991) provide

descriptions of, and tests and remedies for, the item

nonresponse and protest bids associated with implicit
property rights.

Information Bias

Much like context effects, information bias accounts
for the use of survey cues by respondents to assist in
their valuation formation. Respondents may incorporate a
variety of intended and unintended cues from the survey
into their valuation. They may interpret numerical
information in a manner contrary to that which the

researcher proposed, i.e., a bid given to a respondent
might be seen as the cost of the policy or at least as a
number endorsed by the researcher or the research
institute. The survey interview consists of instruction,

description and questions. Much information both explicit
and implicit passes between interviewer and respondent in
the course of the interview.

Boyle (1989) describes the CV interview as a
situation of information transfer. The interviewer

describes the CV commodity and the institutional framework
for its provision. The respondent interprets this
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information and then provides a valuation in reply. The
information transfer then proceeds in reverse with the
interviewer involved in interpretation. Potential problems
exist in the information transfer process. The respondent

may be reacting to unintentional cues. She may not
understand the CV commodity or the valuation approach as
the researcher intended (Boyle, 1989).

The CV survey may not provide enough information or
the proper type of information for an individual to

respond meaningfully (Cummings et al. 1986). The type,
sequence and amount of information defines the choice set
for the respondent. Changes in the choice and its
attributes lead to changes in respondent's valuations
(Rowe and Chestnut, 1983).

The CV survey attempts to elicit valuation
information based on information provided to the
respondent that is necessary to forming values. Commodity
specification, description and intended provision present
a context full of potential biases (Cummings et al. 1986;
and Mitchell and Carson, 1989). These researchers describe
information bias as a collection of biases.

Information bias is a misnomer; rather it points to

an issue fundamental to CV in two ways. Questions have
been raised previously, concerning the cognitive capacity
as well as the information processing capabilities of
individuals. Information overload ties in with the use of
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decision making shortcuts (Bergstrom and Stoll, 1989). A
survey design obstacle arises in CV data collection. A
standard for both the amount and the type of information

to provide does not exist. The CV acts as a stimulus to
prompt individuals to search out their true preferences.
Yet the same survey may disclose new information to

respondents and influence or even alter their preferences
(Samples et al. 1986). Ideally the CV survey balances the

information needs of the respondent against their
information organizing capabilities (Cummings et al.
1986).

Two studies indicate the importance of different
information sets to the valuation outcome. Samples et al.
(1986) provided different information to different

subsamples in a CV study concerning endangered species.
They observe that information changes concerning the
description of an animal led to differences in
preservation bids. Bergstrom et al. (1990) use an
experimental setting to test for effects linked with
alternative sets of information. They indicate that the

type and amount of information provided has a measurable
effect on the consumer valuation

process.

Loomis and du Vair (1993) obtain WTP estimates for
the reduction of the risk of exposure to hazardous waste.
Two treatments were constructed, a risk ladder and a risk

pie, to communicate the levels of risk reduction. The two
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subsamples were offered equivalent sets of reduced risk
levels. A significant difference was found between the
valuation responses for the respective risk communication
devices. This study is important in that it identifies the
impacts that the means of providing information has on the
valuation.

CV responses and estimated WTP are sensitive to
information changes. It would be expected that respondents
react to differences in commodity descriptions much like
different commodities (Randall, 1983). Uniformity of

information as well as concise description facilitates
both comprehension and valuation by the respondent. These

provisos pertain both to survey design and to comparison
of survey results.

Individuals may have incomplete information about, or

weak preferences for, a nonmarket good. Couple this with
the lack of familiarity people have with comparing dollars
and nornnarket goods and information bias becomes a

problem. Description and questions must be communicated as
clarification of the CV exercises. Bids must be presented
as a stimulus designed to initiate, not suggest, a
response.
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Survey Design: Summary
All of the biases potentially associated with the CV
effort can be alleviated to some extent through survey
design. Structuring the flow and order of instructions,

the information and the questions clarifies the issues and
tasks for the respondent. A clear definition of property
rights and of the contingent scenario and its policy
consequences reduce the possibility of unintended
interpretation by respondents. It is especially important
to clarify how and by whom the policy change will be
carried out.

The collection of sociodemographic data, e.g. the
respondent's age, place of residence, level of education,
income and even attitude toward the type of policy

proposed in the contingent scenario, is important. It
assists the investigator in understanding differences in
tastes and preferences expressed towards the contingent
scenario. Prompting respondents to explain why they gave
protest responses (nonpositive values for the contingent
scenario) provides some feed back to investigators about
the perceived property rights and clarity of the
contingent scenario.

Finally, whenever possible a pilot survey should be
administered with a focus group (i.e., some number of
volunteers willing to provide feedback) in order to get an
idea of the range of WTP associated with the proposed
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policy change and the overall clarity of the survey.
Readers should see Mitchell and Carson (1989);

Fischoff and Furby (1988) and V.K. Smith (1992) for
further discussion related to the CV survey design.

A panel of economists recently designed stringent
guidelines for survey design and implementation. The
guidelines are a useful summary of CV research and serve
as a map for future CV study (Arrow et al. 1993).

Of the families of biases, information bias is a
potential problem associated with all valuation formats.

It is explored further in this thesis with particular
attention paid to the numbers given to respondents.

Respondents may find it easier to accept or reject offered
bids than to determine how much they would do without for
a nonmarket good. The choice of bids and the manner in
which they are communicated are crucial in obtaining good
survey data. Survey instruments must be pretested and
refined to avoid respondents using bid amounts as a means
of calibrating their own WTP.

The researcher may be able to control for the
documented sources of CV bias. However, undocumented
sources of bias represent new, and yet uncontrolled for,

challenges for accurate WTP estimation. The next section
summarizes known biases key to specific valuation
techniques.
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Valuation Elicitation Formats
As has been shown individual choice reflects the
effects of social influence, of question context, of
answer options, of decision heuristics and of various CV
biases. These phenomena indicate the need to re-evaluate
the market interpretation of CV.

An explanation alternative to the market valuation of
nonmarket goods exists for CV. Before discussing the
alternative, a brief summary of valuation formats deserves
mention. Contingent values are elicited via four types of
methods: open-ended, continuous bidding, payment card, or

DC-CV and variants of each type. Open-ended valuation
consists of the respondent being asked directly for her
maximum WTP for a change in the level of a good (Cicchetti

and Smith, 1973). The continuous bidding approach starts
with a predetermined bid and proceeds by increments or
decrements to some convergent maximum WTP (Randall et al.

1974). The payment card method allows respondents to
choose from a range of bids printed on a card (Hammack and
Brown, 1974). The DC-CV format presents a single bid,

drawn at random from a distribution of bids, to the
respondent. The respondent either accepts or rejects the
bid (Sellar et al. 1985). Each of the formats resembles
some form of market or auction valuation (Cummings et al.
1986).
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The CV literature labels the DC-CV format as the
dichotomous choice or as the referendum (here DC-CV is
used to differentiate the CV elicitation from actual
political referendums) format. The latter name points to
an alternative basis for designing and interpreting CV.

Accepting or rejecting an offered bid resembles voting for
or against a ballot measure. This interpretation has
appeal due to the nonmarket good, nonrival or

nonexciusive, qualities associated with the typical CV
commodity. From a policy perspective, individuals commonly
participate in deciding on the provision of nonmarket
goods through the voting booth. The DC-CV format, by
implying a policy referendum, offers a familiar choice

process for CV respondents. Regional differences exist
concerning the structure of ballot measures in the U.S..

Policy referendums do not frequently occur outside of the
U.S.. Response bias is a potential problem whether the DC-

CV is described as a political choice or as a private
market decision.
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Table 1:

Valuation Elicitation Formats and Important

Biases
Format

Biases

Open-ended

Respondent lacks

motivation to thoroughly
search preferences.

Bidding

Starting point bias and
compliance bias.

Payment Card

Anchor and range bias.

DC-CV

Yea-saying.

Table 1. indicates the biases most frequently associated
with specific valuation formats. A bias frequently
encountered regardless of the valuation format comes from
the respondent's use of numerical information found in the
valuation question(s) or elsewhere in the survey. Further
discussion of the collection of biases known as
information bias is relevant to the central issue of this
thesis.

Information and Valuation Elicitation

Information bias comprises many specific biases. One
arises from implied value cues presented in the CV survey
(Nitchell and Carson, 1989). These biases originate from

CV bids used either to commence a bidding procedure or to
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provide the framework for a payment card. They are called
starting point, anchor or range bias. Each name implies a
particular effect that the cue has on the respondent.

Starting Point Bias
Starting point bias (SPB) stands for a particular

contextual effect. An initial bid used to begin a CV
bidding game provides information to the respondent (Hoehn
and Sorg-Swanson, 1988). These cues, or bits of

information, cause a bias by virtue of their influence on
a respondent's reported WTP (Walsh, 1986).

SPB is a problem in that it undermines the validity
of CV information. CV estimates could then be seen as the
result of survey probing. SPB leads to an errors in
variables problem which leads to biased WTP estimates.

Biased estimates can lead to incorrect tests of
hypotheses. They reduce the policy-relevant content and
conclusions of the CV research.

Various causes of SPB have been presented in the CV
and SR literature. The respondents may attempt to please
the interviewer or the study sponsors (Mitchell and
Carson, 1989) or to conform to some prevailing social view
(Demaio, 1982). Schuize et al. (1981); and Samples (1985)

both suggest that respondents accept an initial bid
because they are put of f by bidding games. Both groups of

researchers also indicate that this bias arises due to the
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respondent's rejection of, or confusion with, the CV
scenario. Any of the above descriptions of SPB imply that
the respondent must take some time and expend some effort
to reply. There is an opportunity cost of time associated
with pinpointing one's WTP for a change in some
environmental amenity (Randall et al. 1978).
Boyle et al. (1985) suggest several causes of SPB.

Respondents may accept a bid close to the initial one due
to a poorly defined CV commodity. They may truncate a
bidding process (near the starting bid) due to boredom.

Finally initial bids may be viewed as market information
or at least as a number suggesting the commodity's value.

This latter reason is particularly relevant to the problem
studied in this research.

Individuals infer information from the survey often
in a manner unintended by the researcher. Individuals may
be "clutching at straws" due to their inability to answer
questions in the CV framework. When considering
environmental amenities, respondents may be at the bottom
of their learning curve (Kahneman, 1986). They may not
have previously sorted their preferences in a manner that
coheres to the dictates of the CV survey (for an
interesting view of SPB see Kahneman, 1986).
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Anchoring and Range Bias
SPB, anchor and range bias resemble one another. Both
anchor and range bias tend to be associated with the use
of one of the various payment card valuation formats.

Range bias occurs when the respondent assumes that the
payment card gives "the appropriate" range for the
valuation (Randall et al. 1978). One form of payment card
shows per capita (household) expenditures on food,

utilities, the military or housing for the purpose of
comparison. A second type of payment card has WTP
intervals to indicate the valuation choices.

Anchor bias arises from choices being inadvertently
anchored or conditioned on numerical information on the
payment card (Kahneman, 1986). Jones-Lee et al. (1985)
conclude that given a range of numerical choices,
individuals tend to anchor their valuation on the

intermediate or mid point values. The implication of these
biases, distinct or synonymous, is that they affect the
mean and the shape of the distribution of the respondent's
valuation (Desvousges et al. 1987).

Anchoring is also described as a bias that results
from a contradiction between the outcome of judgement and
that of choice (Slovic et al. 1988). Judgement is the
activity of evaluating single events. Choice occurs when
two or more events are compared. A natural starting point
serves as the anchor for judgement. When choice takes
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place the anchor is adjusted in consideration of the
additional events. The bias occurs when the adjustment
under or over compensates for the importance of the new
inforinat ion.

The example the authors present is a choice between

two pairs of gambles. Bet Ahas a 11/12 chance to win 12
chips and 1/12 to lose 24. Bet B has 2/12 chance to win 79
chips but 10/12 to lose 5. Respondents first choose
between bets A and B. Later they are told to assume that
they own a ticket to play each bet and then to state the
lowest price for which they would sell each ticket.

Although it is assumed that the more attractive gamble
would incur a higher price, the contrary proved to be the
case. The bets were chosen equally but of those who chose
A, 87 percent placed a higher price on bet B. Recall that
bet B had a higher absolute payoff even if it was less
probable. Note that the expected payoffs of the two bets
are equal. It appears that many respondents anchored on
the large size of bet B's positive payoff. Supposing risk
neutral preferences predominate, it would be anticipated
that the bets would command equal prices if equally
preferred (Lichtenstein and Slovic, 1973).
Slovic et al. (1988) identify two sources of

anchoring bias. They stipulate that between judgement
(evaluation) and choice (comparison) an individual may

employ different cognitive strategies. In the bet A and B
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example different strategies were used between choice of
bets and judgement of price: the former is based on the
probable outcome and the latter on the size of the payoff.

The size of the payoff is the anchor: it is the dominant

criterion shared bybets A and B. The above explanation
sheds some light on the decision-making behavior of an
individual when confronted with an uncertain choice. Means
by which anchoring might be tested in a CV framework may
provide insights into improved survey design.

The judgement and choice paradox is also known as
preference reversal. Preference invariance is a concept
found at the core of expected utility theory (von Neumann
and Morgenstern, 1944). Various experiments have noted
instances wherein a high percentage of sampled individuals

ranked high probability-low payoff bets over low
probability-high payoff bets, when decisions based on the
expected values of the bets would have led to the opposite
choice. When asked to value the two bets, these same
sampled individuals would subsequently place a higher
value on the low probability-high payoff bet.

Grether and P1tt (1979) reviewed a large sample of
psychological studies that purported to document choices
that were inconsistent with economic preference theory.

They controlled for a variety of factors that reduced the
incentives for subjects to provide their best answers.
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They noted that even after careful experimental design the
preference reversal phenomenon remained.

Brown and Slovic (1988) identify preference reversals

lfl

CV research. They indicate, that individuals tend to

rank states of the world in a manner contrary to the
dollar value they place on them. They state that true
preferences are a misnomer in that assigned values are the
result of the particular choice context. They conclude
that in order to induce well-considered responses, surveys
must be designed so that the context for expression of
attitude is very similar to that of behavior.
Tversky and Thaler (1990) point to the

incompatibility of choice and pricing. They see choice
context as the stimulus for individuals to construct
preferences in order to make a choice.

The

incompatibility arises from the stimulus and response
being on different scales. They cite, as an example, a

four burner stove that is more easily controlled by a
square, rather than a linear, array of dials.

Anchoring arises from a process wherein the
respondent uses the information context, i.e., ordinal or
cardinal information, which is most suited to the
specifics of the choice. When asked to provide cash
equivalents of various bets individuals tend to anchor on
the payoff and disregard the probability of the bet. Some
work has been done concerning alternative valuation
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criteria. Preference reversals dropped when nonmonetary
outcomes to the bets were used as payoffs (Tversky and
Thaler, 1990).

The Tversky's and Thaler's idea of incompatibility
can be extended to CV. Respondents may associate the
comparison of alternative policy scenarios with a ranking
procedure. Ranking would require some common set of
criteria to serve as a standard. Suppose that some

criteria is used that is not compatible with the act of
assigning dollar values. Individuals using this ranking
criteria would have difficulty assigning dollar values to
nonriva]. and nonexclusive goods. It would not proceed in

the same manner as one assigns prices to rival and
exclusive goods such as bread or shoes.

As noted, problems exist for the respondents in their
attempts to interpret the survey valuation procedure. When
eliciting values from a respondent any value provided at
the outset potentially represents information to the
respondent. Tests exist to determine if SPB is a problem
for most CV formats. Steps must be taken to prevent
respondents from ranking policy changes in a different
order than they would value them. Inconsistencies in
respondent's preferences for a given policy change reduce
the value of the CV analysis. The next section examines
several testing procedures for continuous data.
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Tests For Starting Point Bias With Continuous Data
Many CV studies have defined, and tested for SPB. It
helps to review several of the notable ones in order to
assess how SPB is being approached. Brookshire et al.
(1976) use a means tests for SPB while obtaining values
for visibility. A bidding game format with various

starting bids is employed. They indicate that SPB exists
in 16 percent of the tested sample sets. Roberts et al.
(1985) use a bidding approach to assess recreation
benefits from diving near oil rigs in the gulf of Mexico.

They group respondents according to five different
starting bids. They find that the average final bids are

statistically different across groups. On removing bids
that equal the starting bids they find that the mean WTP
are statistically equivalent.

Samples (1985) utilizes a bidding approach to test
for SPB for a study of recreational fishing in Hawaii.

Each sample is divided into subgroups facing different
starting bids ($1 or $800 for the day and $1 or $8,000 for

the season). SPB is suspected due to the statistical
difference revealed in a means test between subgroups. A

regression is estimated and the initial bid has a
significant coefficient for each of the four regressions.
The means test implies invoking assumptions

concerning the distribution of the WTP. Either the
distribution is "known" or asserted to be of a certain
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type from which the mean is inferred. Also little can be
said about the extent of the interaction between the
initial and the final bid. A behavioral model explaining
how individuals respond to the presence of starting values
is lacking. This thesis offers a behavioral model which is
developed and reviewed in chapters three, four and five.

Regression analysis has been employed by other
authors to test for SPB. Walsh (1986) suggests a general

test using the starting bid as the only variable
explaining a respondent's reported bid. Statistical
significance of the initial bid's coefficient would
indicate the presence of SPB. The final bid (FBID) would
be modelled as a function of the starting bid (SBID) as
follows:

FBID = a + 5(SBID) with
Ho:

= 0 and

Ha:

< or > 0.

Brookshire et al. (1980) use a continuous bidding approach
to estimate WTP for elk hunting. They indicate that SPB

can not be inferred as the coefficient for the starting
bid is insignificant.

Boyle et al. (1985) examine three CV studies for the
presence of SPB. Using a model like Walsh's they estimate
coefficients for the initial bids. The initial bid
coefficients estimated for each were statistically
different from zero indicating a correlation between the
level of the final bid and the initial one.
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Johnson and Adams (1989) use CV to assess an Oregon
steelhead fishery. They elicit WTP via a DC-CV format and
an open-ended question. The model sets
FBID = a + P(FEE)

where FEE is obtained from the DC-CV format,
FBID comes from the open ended question and
Ho is

13

= 0.

Here Ho is not rejected, i.e., the starting point effect
is not significant.

Thayer (1981) develops a theoretical basis for the
regression test for starting point bias that permits
recovery of the true bid.
BIDR = a + tS(BIDs)

here BIDR = the reported bid and BIDE = the starting bid.

The reported bid is hypothesized to depend on both the
true bid (BIDT) and the starting bid as follows:
BIDR = (y/(y

6)) BIDT + (6/(y + 6)) BIDs

where a = (y/(y + 6)) BIDT,
15

= (6/(y + 6)) and it is assumed that a,

15

> 0.

Solving for the true bid yields
BIDT = (a(BIDR))/[a - IS(BIDR

BIDs)).

(1)

The above assumes that the respondent has a nonstochastic
true
bid.

Thayer's model is tested for the WTP to prevent

environmental damages from geothermal development
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occurring in New Mexico. He concludes that the starting

bid has no influence on the mean of the reported bid for
either the subsantples of area users or the entire sample.

Carson, Casterljne and Mitchell (1985) state that
Thayer's approach to correcting for starting point bias
has merit. They argue that assuming a nonstochastic true
bid limits the applicability of Thayer's technique, i.e.,

the respondent knows her true WTP with precision and
accurately reports it. Furthermore, suppose that the

starting bid equals the reported bid

BIDR

BIDs.

Solving for the true bid using Thayer's formulation (1)
yields
BIDR - BIDs = 0 and
BIDT = BIDR [

BID5].

This relation implies that any individual who assents to
the initial bid is stating her true WTP and providing an

unbiased bid. Furthermore, Thayer's approach is limited to
cases where the various bids are linearly related. The
latter observation is crucial for the iterated DC-CV
format since the estimation is nonlinear.

In the above cases, tests have been given for
continuous data sets. These data are obtained from bidding

games or payment cards. Due to the potential existence of
SPB and other biases, continuous bidding games and payment

cards constitute the riskier valuation alternatives.
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At either the market place or the polling station
individuals are presented with a price or ballot issue and

asked to "take-it-or-leave it." The next section
illustrates the advantages and difficulties with using
this approach for valuation elicitation in CV.

A Satisfactory BC Indicator: the Discrete Choice Format
This thesis uses a valuation format that improves
upon the DC-CV format. This section provides important
background for the IR-CV technique. This background
presents the DC-CV as the foundation for the IR-CV format.
The DC-CV format provides increased realism on two
accounts. It mimics the consumer reaction to a market

price and it simulates the voter reaction to a ballot
measure. One framework permits a familiar market
experience (buy or do not buy) * The other is like a ballot

measure (vote for or against). This is a notable
refinement in CV since valuing nonniarket goods is a unique

activity for respondents.

Hoehn and Randall (1987) demonstrate that the DC-CV
format is a satisfactory BC indicator, if Hicksian
compensating measures of welfare change are used. The
format is satisfactory in the following ways:
1) the expected estimated measure does not exceed the
ideal expected measure; hence, the estimated measure is a
conservative benefit cost measure and
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2) the DC-CV format identifies some potential Pareto
improvements (PPI) as having positive value and all non
PPI as having negative value.

They demonstrate that truth telling is the dominant
response strategy for the DC-CV format. In that the DC-CV
format is free from strategic bias, interviewers can
exhort respondents to carefully consider their responses
and its effects on the provision of the nonmarket good.

Following Hoehn and Randall (1987) the individual has
an initial level of utility, u0, written as
= v(p, z0, y) and

v(p, z, y) = max(u(x, z): px

.

y} where

v(.) is the indirect utility function,
p is a vector of market prices,

z0 is the initial level of the nonmarket good,
y is the initial income level and
x is a vector of market goods.

The nonmarket good of the contingent scenario policy
presents an increased level of the nonmarket good at 21.
The Hicksian compensating (H) measure is then given as
H(z0,

e(p,

z1, U0)

Z,

=y-

e(p, z1, U0) where

u0) = min{px: u(x, z)

u0}

is an element of the expenditure function e(.).

For H and

an expenditure level equal to y - H, the individual is at
utility level u° after the nonmarket good is increased.
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Thus
v(p,

z1, y - H) = U0.

Under the ideal conditions of no bias in the entire CV
exercise, the WTP of the respondent for the increased
level of the nonmarket good is H. H is the decrement in
income (intended payment) to obtain z1 that would leave
her as well of f as she was prior to the increase in the

level of the nonmarket good. Hence, H is the expected
value of WTP and the one that Hoehn and Randall

demonstrate would not be exceeded by the value reported by
the respondent.

Randall and Kriesel (1990) provide a helpful
explanation of Hoehn and Randall's above-cited work.

Respondents are told that they are part of a sample of
individuals participating in a study. The respondents are

assumed to believe that the results of the valuation
undertaking will affect the implementation of the
described policy. On the basis of this assumption
individuals are thought to expend effort in constructing a
response to the valuation question. Due to the time and
effort constraints of the survey, the valuation by the
respondent may be imprecise.

Given the use of Hicksian compensating welfare
measure, the direction of the imprecision can be
determined. The individual must find a minimum level of
expenditure that will keep her utility constant. The
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direction of the imprecision is found from a greater than

minimum expenditure and consequently an underestimation of
respondent WTP. Thus with understated WTP, the DC-CV
format is a conservative and satisfactory BC indicator.
The DC-CV format is not without its difficulties.
Because it is a discrete indicator of WTP, strong
assumptions are required

concerning

both the mathematical

format of the valuation function and the error structure
(Hanemann, 1984). It is both a data and computationally

intensive means of estimating WTP.

Attention

must be paid

to the sampling of the proposed bids (the DC-CV levels or
stimuli). Since the estimates are either the median or
mean WTP, the range and the distribution of the bids are
crucial to obtain an accurate WTP estimate (Carson, 1991
c).

There are several ways to model DC-CV data that are
compatible with economic utility theory. Bishop and

Heberlein (1979) propose a random utility model (RUM)
which includes an error term. The error term signifies

errors investigators might have in interpreting or
observing respondents' preferences.

Hanemann (1984) provides a stricter interpretation of
the RUM. He sets up limits of the functional form of the
indirect utility function so that they are compatible with

utility theory (for a practical application see Sellars et
al. 1986). Hanemann's approach presents the decision
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making process in terms of two levels of indirect utility.
The difference between the benefits associated with the
proposed policy change and with the status quo can be seen
as a difference between two levels of utility. The
estimators of WTP that he obtains are indicators of
central tendency of the sampled respondents.
The WTP estimates are calculated from variables with
Unknown distributions. The WTP estimates hence do not come
from known distributions. In order to ascertain the

precision of the WTP estimate (i.e., standard errors)
resampling techniques are required (e.g. bootstrapping).
This practice is computationa].].y intensive.

It also

requires assumptions about the error structure of the
unknown distribution of the WTP estimate

(for an example

see Bergland et al. 1992; or Sexton and Kling, 1990).
Cameron (1988) models DC-CV WTP responses as the

difference between two expenditure functions. She is then
able to circumvent the unobservable utility argument and
estimate a WTP function directly. According to Cameron's

technique, the WTP estimates are based on an underlying
WTP function. Asymptotic standard errors can be obtained
from the negative inverse of the information matrix of log
of the likelihood function. The WTP is estimated from a

probability distribution function restricting E(WTP)

0.

A comparison of the Hanemann and Cameron approaches
can be found in McConnell (1990). McConnell. shows the two
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approaches to be differences in the type of "

response

function....(p.20)" He summarizes each approach using the
DC-CV bid format. Following McConnell, suppose a random

utility function of the form

u = v(y) + e

where

j = 0 for an initial level of the nonmarket good,
j = 1 for an increased level of the nonmarket good,
v(.) is the indirect utility function,

y is income and
e is the error term.

A respondent will accept the bid, t, if
v1(y - t)

v0(y) + e1 - e0.

In the Hanemann approach "...the response function is the

difference in the indirect utility functions

(p.20)"

McConnell goes on to outline the Cameron approach. He
posits

m(u0) +

as the amount of money it takes the

individual to reach U0 where
is the error term,

j = 0 for an initial level of the nonmarket good and
j = 1 for an increased level of the norimarket good.
If the respondent accepts the bid, t, then
t < m1(u0) - m0(u0) +

-

C0.

The response function is just the difference in WTP
associated with the change in the level of the nonmarket
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good when compared to the offered bid t. For more on the

comparison of the two approaches see McConnell (1990).
Mitchell and Carson (1989) present an alternative to
the private market perspective of the DC-CV format. They
discuss the usefulness of the political market
interpretation of the DC-C1! format. They question the

extent to which individuals are utility maximizers, in
that many market decisions are made using heuristics. They
also indicate that public regarding preferences
(preferences that are not solely self regarding) may be

the basis for decisions concerning nonmarket goods. The
political market interpretation offers voting, rather than
buying, as a more "...coinplex and realistic model of

decision making... (Mitchell and Carson, 1989, p. 94)."

The ballot referendums call for an allocation of funds
from some group of individuals to some public project,
often to achieve a multiplicity of goals. Voters decide
individually, with imperfect information, to make a

collective payment for the provision of some nonmarket
good. DC-CV has the advantage of a wider sampling of
respondents than registered, or participating, voters. The

DC-CV format still retains the simplicity of choice and,
as indicated by Hoehn and Randall (1987), is incentive
compatible.
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Preferences Associated with the Valuation of Nonmarket
Goods

CV has been well documented as a technique from which

preferences for nonmarket goods may be inf erred. It is
important for this CV study to explore some discussion of
the nature of respondent preferences for nonmarket goods.
What the researcher is attempting to measure needs to be
identified in order to give meaning to the measurement.
The DC-CV format may be more understandable, for a
respondent trying to value a nonmarket good, if the

activity is likened to a political market where one casts
votes instead of dollars. This approach is useful in
democracies, less so in countries with other forms of

government. The political market interpretation has appeal
for several reasons. Private markets generally undersupply nonmarket goods which is one reason why public
institutions have the responsibility of supplying such
goods. Respondents are familiar with it in that they are

frequently asked to approve school or municipal levies.
Therefore they have incentives to take a DC-CV seriously
much as they do their obligation to vote.
The use of the political market can also be supported
based on its differences from private markets. Anderson
(1990) outlines criteria for various goods and services

that define the extent to which they can be provided by

private markets. The criteria include impersonality and

7]-

freedom of consumer choice; the exclusivity and rivalness
of private goods; market choices as want regarding that
are strictly a matter of taste rather than need; and that
consumers exit the market if they are dissatisfied with
the provision of the good. She indicates that often market
and personal relations are combined. Yet, she stipulates

that the market is insensitive to differences between gift
and exchange values and between shared and divisible
goods. She goes on to argue that the market is insensitive
to the difference between the objects of need and those of
desire.

Anderson points out that where goods are provided out
of pooled resources the seller and buyer transactions are
blurred. The market does not optimally provide nonmarket
goods due to their nonexclusive and nonrival
characteristics. In a democracy goods are shared by the
functioning of shared principles. Policy decisions must be
explained just as debate precedes voting. The discussion
of decisions, e.g. the allocation of shared resources,

yields some purpose or reason for the decision. The vote
is simply not a "take-it-or-leave-it" proposition, as

price per unit offered is in the market. It is Anderson's
assertion that some goods must be provided outside of the
market, according to nonmarket norms.
Fischoff and Furby (1988) bring out some points

relevant to a political market interpretation of the DC-CV
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format. In the policy arena of CV, the hypothetical

transaction should be the correct one for the contingent
scenario. It should create the appropriate market and
offer the intended good. The value of each good has a
substantive quality, why it is valuable, and a formal
quality, how much it is valued. The nonrival and

nonexclusive goods often targeted for CV analysis have
widespread or social values quite different from the
exclusive, rival goods offered in private markets. As
such, expressions of value are linked to the good's value;
hence, nonmarket values are attached to nonmarket goods.
The role of the respondent in the CV transaction is
of particular importance. Fischoff and Furby (1988)
stipulate that the respondent may represent many interests
or parties. The respondent in attempting to value a
nonmarket good may represent herself, her household,
subsequent generations (bequest values) and other members
of society (altruistic values). Brown (1984) describes the

above representation problem as the "constituency
problem."
The valuation process, in a manner quite different
from the social desirability bias, has a social context.

This context has an influence on how a respondent
evaluates the contingent scenario, how the respondent

views the resolution mechanism for the transaction
(distributive effects and funding mechanisms) and a
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consideration of the possible externalities created by the
proposed change.

The political referendum has many social dimensions
and reflects the democratic process. In setting up a
ballot referendum, signatures from a cross section of the
relevant population are collected, i.e., the petition

process. The referendum as a ballot measure is then
contested with competing sides educating and mobilizing
the public. Such referenda are often punctuated with
appeals to public responsibility or community spirit.
Gauthier (1986) indicates that morality has a
contractual nature, a ". . . morals by agreement..." He

mentions that sociability is a means of enriching life
whereby the individuals are voluntarily willing to join
others in a venture with the expectation of increased
fulfillment. The contractarian 'approach is the action of

maximizing utility subject to a binding social constraint.
This constraint is the goal of mutual benefit. The
constraint implies a yielding to reasons which overrule
the reasons of pure self interest.
Sen (1987) makes a distinction between the types of

preferences individuals might seek to fulfill. He speaks
to a well being aspect which includes activities for
solely personal advantage. He also presents an agency
aspect where activities are pursued beyond personal

advantage. Examples of agency preferences are things one
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would like to see happen such as a state of the world or a
type of community.

Sen purports the twofold nature of preferences as a
more realistic depiction of human nature than the
utilitarian model. His reasons are that desire is an
inadequate reflection of value. Finally, he conceives of
preferences leading to actions based on the recognition of
others' goals and the mutual interdependencies involved.
Eliciting preferences for noninarket goods, typically
nonrival, nonexclusjve goods, brings to mind the ideas of
the plurality of individual and social preferences of Sen.
It may be that the valuation of nonrival, nonexciusive
goods speaks to respondents' social (agency) preferences.
This argument is relevant in supporting the unique and
useful characteristics of the DC-CV format.
Arguments resembling Sen's agency preferences have
appeared in the CV literature as "good cause dumping" or
"the purchase of moral satisfaction." The topic is largely

unexplored and unresolved. The discussion about "good
cause dumping" or "the purchase of moral satisfaction"
arose in conjunction with the bias associated with

embedding effects (Kahneman and Knetsch, 1992; V.K. Smith,
1992; Harrison, 1992; and Loomis et al. 1992). Embedding

effects may also result from respondents using mental
accounts (Strand and Taraidset, 1991; and Magnussen,
1992).
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Summary

The SR and CV literature provide similar insights
into the validity of survey responses. Response effects
and survey bias have been defined and explained.

As surveys provide information to respondents care is
needed in interpreting how individuals construct their
values. Numerical information given in the valuation
elicitation portion of a CV survey may be viewed as
information by respondents. Efforts are needed to assist

responden s in making consistent and precise valuations.
The

C-CV format has been demonstrated as a

satisf act I) ry benefit/cost indicator. It is amenable to

both a ma ket and a noninarket good interpretation. The

valuation of nonmarket goods is decidedly problematic. The
DC-CV for at offers an appealing and defensible means at
getting a

preferences for nonmarket goods. Chapter three

offers di cuss ion on an improvement on the DC-CV format

and an im roved structure f or modelling decision making.
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CHAPTER THREE: THE IR-CV FORMAT AND TESTING FOR ITS
VALIDITY

This chapter discusses an iterated dichotomous choice
CV. The IR-CV format asks a follow-up valuation question
based on the response to the initial bid. The additional
bid yields a more precise estimate of WTP than a single
discrete choice format. The DC-CV format is regarded as
being relatively free from bias in comparison to other
valuation approaches. It is unclear if the IR-CV format is
also unbiased. Summaries of the research conducted with
the IR-CV format are provided.

A test is proposed to determine the validity
(unbiasedness) of the IR-CV format. The behavioral model

used for the test casts respondents as Bayesian decision
makers. If Bayesian updating occurs, due to the initial
bid, one would expect to detect a shift in respondents'
distribution of WTP.

Introduction to the IR-CV Format

As has been discussed in chapter two, the DC-CV
format is an incentive-compatible technique for eliciting
rtomnarket valuation. It corresponds both to the political

referendum and private market choices. An interesting
modification of the DC-CV has been proposed and put to
use.
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The IR-CV is a DC-CV format that includes a follow up
bid conditioned on the reply to the initial bid. The
second bid yields more valuation detail in the CV
estimation. An iterated-DC-CV format of value elicitation
has been proposed and utilized (Bergland and Kriesel,
1991; Carson and Mitchell, 1991; or Haneinann et al. 1991).

Carson, Hanemann and Mitchell (1986) indicate

conditions by which the IR-CV should be an incentivecompatible BC indicator. Bids should be constructed so
that a large difference occurs between the initial and
follow-up bids. The follow-up must be presented as a
hypothetical payment for the policy change.
Mitchell and Carson (1989) provide a statistical

format for IR-CV estimation. The follow-up changes the DCCV estimator from a single-bounded to a double-bounded
estimator. Hence the responses to the offered bids fall
into one of four categories. This estimator is the outcome
of a Neymann double sampling procedure. The estimator
provides a reduction in variance over the single sampling
approach (Cochran, 1977, p. 341).

Theoretical Background for Modelling Individual Discrete
Choice
The following section lays the groundwork for
understanding the IR-CV valuation format. The initial
subsection defines the theoretical basis for the valid
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welfare estimator given a utility maximizing individual.

The second subsection provides the basis for the model of
the specific choice context.

Individual Choice and the Valid Welfare Estimator

Consider the individual choice opportunity. The
preferences of an individual for nonmarket and market
goods are described by a utility function of the form
u(x, z)

where x is a vector of market goods and
z is a vector of nonmarket goods.

Given income, market prices and the nonmarket goods,
indirect utility can be obtained as
v(p,z,y)

max

{u(x,z): px

y}

(2)

where v(.) is the indirect utility function
y is income and
p is a vector of market prices. The indirect utility
function expresses individual well being in terms of
observable arguments. For a given level of nonmarket goods
and income (z° and y°) the given level of utility is

U° = v(p, z°, y°)

(3).

The individual's expenditure function is minimized for a
given level of utility as follows
e(z,u)

= mini

{px: u(x,z)

u°}

(4)

with the market price implied. For the initial level of
nonmarket goods (z°) the initial level of y° supports the
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initial level of utility as
y° = e(z°, U°)

(5).

Substituting from (3) the expenditure function in (5) can
be rewritten, with market prices implied, as
y° = e(z°, v(z°, y°)

(6)

Consider an increase in a single nonniarket good from

z° to z1. The amount of income paid by the individual to

remain at the initial level of utility for the increase in
the nonmarket good is the Hicksian compensating measure of
welfare (H). It can be written as
H = y° - e(z1, U°) or
H = y° - e(z1, v(z°, y°))

(7)

and can be interpreted as the amount that leaves the
individual indifferent between the initial and increased
level of the nonmarket good. Again notice that the level

of individual well being is conveniently expressed in
terms of observable attributes.

Equation (7) can be modified to include arguments for
sociodemographic characteristics. This is particularly
relevant for policy valuation, in that the determinants of
estimated WTP indicate who does or does not prefer a given
policy. In the DC- or IR-CV format bids are used to probe
individuals as to their threshold payments, H as WTP, for
a proposed improvement in environmental quality.
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The Structure of the IR-CV Format
Since the IR-CV is a modification of the DC-CV, it is
useful to examine the similarities between the two
formats. Following Cameron (1988) the DC-CV WTP estimates
are based on an underlying WTP function. Cameron's WTP
function is as follows:

+ Di

Yi =

where Y1 is WTP, for respondent 1, x1 is a vector of
respondent characteristics,
and u

is a vector of coefficients

is an error term. Because the respondent's WTP is

not observable, an indicator variable (I) takes on the
values:
= 1,
0,

if Y >
otherwise.

where r1 is the stimulus value or tendered CV bid. The
probability that the respondent will accept the bid is
given as:
Pr(I

= 1) = Pr(Y
=

> r)

Pr(P'X

= Pr(u

> r)

+
>

= 1 - Pr(u

-

- P'x1)

This gives rise to a two part log-likelihood function
corresponding to the two disjoint sets where I

equals

either one
or zero (dispensing with the i's for simplicity of
notation):

8].

E(I)ln(r(r -

£

IPx)]

+ E[(1 - I)ln(1 - r(r -

IPx))],

where the summation is over all the observations.

r

signifies the cumulative distribution function

associated with the error term. £ can be optimized
directly yielding the WTP and the maximum likelihood
estimation (MLE) yields an inverse Hicksian demand
function. Asymptotic standard errors can also be obtained
from the negative inverse of the information matrix of the
log of the likelihood function. The WTP is estimated from
a probability distribution function that restricts
E(WTP)

0.

Following Bergland and Kriesel (1991) the respondent
answers two questions for the IR-CV with the final reply
falling within one of four bid categories:
1 if

2 if

= 3 if

L2 < Y <
< Y < H2

4 if

where y

Y < L2

H2 < Y,

is the observed response,

L2 is the low second bid (first response is
"no") and

H2 is the high second bid (first response is
"yes").
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The four response categories give rise to a four part
log-likelihood function:
£ =

E1lnr(L2 -P'x) +

E21n{r(r -

P'x) -

E31n{r((H2 -

;ln(]. -

'x)

(L2 - 13'x)

-lnr(r -

+

'x)} +

(L2 - 13'x)).

(8)

The summation is over the observations by response
category, i.e., E1 for the no/no responses. £ can be

maximized using MLE techniques with the appropriate second
derivatives equaling the standard errors for the
parameters.

A Survey of Studies that have used the IR-CV Format
Bergland and Kriesel (1991) estimate WTP using the
IR-CV format. The contingent scenario pertains to changes
in national environmental policy that would reduce air and
water pollution. The model was estimated with the initial
distribution of bids and then with the iterated
distribution. The standard error for the average WTP was
reduced by nearly 75 percent for the iterated approach
when compared to the DC-CV. By iterating the DC-CV an
additional round Bergland and Kriesel maintain that
"...tighter upper and lower bounds (can be obtained) on
each participant's WTP...." (p. 5).

Carson and Mitchell (1991) have used the IR-CV format
to find WTP values from Californians for an improved water
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supply. Techniques often employed in bioassay work were
used. The bioassay consists of establishing a dose-

response function from the mortality rates of test
specimens subjected to various levels of some stimulus.
The mortality rates are the equivalents of "no" answers to
the CV bid levels. They state that the technique

provides

efficient estimates of willingness to pay to avoid water
shortages for the sampled individuals.
Hanemann et al.

(1991) use the IR-CV to estimate

Californians WTP for wetlands in central California. They
construct maximum likelihood equations for the DC-CV and
IR-CV assuming a logistical error structure. They assume

that the respondent views the initial bid of the IR-CV as
identical to the DC-CV. They then show how the additional

bid should lead, a priori, to gains in asymptotic
efficiency. Hanemann et al. (1991) indicate that the IR-CV
format demonstrates a higher level of statistical

efficiency than the single bid DC-CV. They further show
the size of the gains in parameter efficiency ranging from
100 to 400 percent. Their contribution is to derive
efficiency gains and to verify such gains empirically.
Three studies headed by Whittington use the IR-CV to

obtain WTP for improved water services in developing
countries. Whittington, et al. (1990) estimate WTP for
improved access to water for households in rural Haiti.

They conclude that the IR-CV structure was familiar to
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respondents in that it was comparable to the "...ordinary
kind of bargaining that goes on in local markets of rural
Haiti...." (p. 302). Whittington, et al. (1992) estimated
rural Nigerians' WTP for public water taps and improved
private water connections. A maximum likelihood estimation
is employed for the double-bounded estimator which assumes
a normal error structure. Whittington, et al. (1993)

estimate WTP for improved sanitation services in rural
Ghana. Their estimation procedures follow Whittington et
al. (1992). They conclude that the CV estimates of WTP for
the services "...reflect households' perceptions of the
value of improved sanitation options...." (p. 1553).

McFadden and Leonard (1993) provide the most
comprehensive testing and estimation of the IR-CV format
to date. The nonmarket good analyzed is the WTP to prevent
U.S. wilderness areas from being developed. They use
various subsets of wildernesses and of respondents in
order to conduct a range of experiments. A brief summary
is provided for the more important results.

McFadden and Leonard compare the IR-CV estimates of
WTP with those of the open-ended and DC-CV formats. They
test for the equality of the distributions of WTP. They
reject the hypothesis that the different valuation formats
provide equivalent distributions of WTP. They conclude
that at least two of the three valuation formats "...must
be erroneous..." (p. 190).
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A second result consists of comparing the different
estimates and their standard errors with each other. The

standard errors of the DC-CV WTP were 50 to 75 percent of
the size of the estimates. Those for the IR-CV were 25 to
30 percent of estimated WTP. Furthermore the estimates of
WTP for the DC-CV format were over double those of the IRCV. The IR-CV estimates appear to be more conservative and
more reliable.
The IR-CV has been used to value noninarket goods. It

has been shown, theoretically, to exceed the precision of
the DC-CV estimator. The a priori expectations of improved
reliability through the use of the IR-CV have been
verified in several studies. Computational difficulties in
the estimation of the categorical data have been addressed
with improvements in statistical software for the personal
computer, e.g. SAS (SAS Institute, 1990), SHAZAN (White,
Haun and Horsman, 1987) and TSP (TSP International, 1992).

The IR-CV format has also reinforced the realism of the CV
undertaking: respondents are familiar with successive
take-it-or-leave-it price offers.

The IR-CV has additional benefits. It remains, as
does the DC-CV format, free from strategic bias. As Hoehn

and Randall (1987) have demonstrated, truth telling
(revealing one's true WTP) is the dominant strategy in a

DC-CV given three provisos. First, the respondent must
believe in the CV exercise. The CV good, means of payment
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and policy relevance to the respondent choice must be
realistic enough for the respondent to take it seriously.
This is a condition for the validity of all CV formats,
including the IR-CV. Second, the respondent must be
informed that the bid level she accepts will equal her

payment when the policy change occurs. Third, the policy
will only be implemented by the consent of a majority.
Bergland and Kriesel (1991) add that as long as the

respondent does not know at what iteration the bidding
ends, the IR-CV format is free from strategic behavior. If

the respondent recognizes the bidding pattern, then
refusals to the follow-up bid may predominate. The
respondent may attempt to protect her consumer surplus.

With a single follow-up bid respondent recognition of the
bidding pattern is unlikely.

This study examines the presence of initial bid bias
in the IR-CV. At present few studies appear in the CV
literature that test for potential biases associated with
the IR-CV format.

A Review of IR-CV Validity
Although the IR-CV has some advantages over the DCCV, it has received cautious approval in the literature.
Mitchell and Carson (1989, p. 158) question several of

Hoehn and Randall's conclusions concerning the
unbiasedness of the IR-CV format. The former do not agree
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that since a DC-CV is incentive-compatible the IR-CV
format has the same properties. They contend that the
iterations must be viewed by respondents as independent
valuations in order for the IR-CV to be free from
strategic manipulation.

Hanemann et al. (1991) explicitly assume that
respondents' successive valuations are independent. This
implies that the individuals' distribution of WTP

underlying their valuations does not change from the
initial to the follow-up bid. This critical assumption
must be made explicit for an accurate interpretation of
IR-CV estimates.

Whittington et al. (1990) test for strategic bias in
the IR-CV format. They split their sample with each
receiving a different explanation of the study. One group
received a more explicit contingent scenario for the
policy proposal, the other a more general one. The
hypothesis under examination expected the latter group to
offer a lower WTP level due to the uncertainty associated
with payment levels. The researchers found no statistical
difference between the mean WTP for the two groups.

Since the IR-CV has only two iterations, it appears
safe from the strategic behavior associated with multistep

continuous

bidding games. As indicated in chapter

two, strategic behavior does not tend to be a problem in
CV work. Questions remain concerning how the respondent
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views the relationship between the first and second
offered bids. As yet it is unclear if the initial bid is
perceived as the cost of policy implementation or as
benchmark information for the respondent. This latter
statement is the motivation for the behavioral model
employed in this thesis.

Dependency of Responses between Bids in the IR-CV
The IR-CV studies cited assume that respondents both
view the two bids as independent and respond to them
separately. Respondents are assumed to maintain identical
preferences and policy valuations when confronted with two
different bid levels. Cameron and Quiggin (1992) assert

the opposite. They hold that since the second bid offered
depends on the response to the initial bid the two bid
levels are dependent. In their words "...The second

offered threshold (WTP

L2 or H2) is clearly not

independent of information which the respondent has

revealed in answering the first WTP question...

H

(p. 6).

They contend that identical respondent preferences or WTP
functions across both bids is a restrictive and incorrect
assumption.

Their solution to this identified problem of the
endogeneity of the follow-up bid is to utilize an error
structure alternative to the logistic error. They use the

bi-varjate normal error (BVN) structure for the maximum
likelihood estimation. The BVN explicitly allows for

89

nonzero covariance between errors associated with r and L2
or H2. The estimation then proceeds using a systems of
equations approach.

Cameron and Quiggin separate the WTP responses to the
initial and follow-up bids. Let y1 and y2
systematic components

132x

be estimated by

and random components i, u

respectively. The two WTP functions are written as
=

+ u1 and

= I2X +
Where y1 > r, the respondent accepts the initial bid. This
inequality can be standardized and rewritten as
>

('r -

P1X)/a1

where u1/a1 is a standard normal variable. By similarly
transforming y2 and L2 or H2 one obtains

u2/c2.

Let z1 = v1/a1 and z2 =

The bi-variate standard normal density function then
becomes
f(z1,

z2) =

(l/2,r) exp{-(2-2p21 [z2 - 2pz1z2 +
where p is the coefficient of correlation for z1 and z2.
The log likelihood function can be found in Cameron and
Quiggin, 1992, p.9 where the pdf is integrated twice, once
for each bid to obtain the cdf of the BVN. There are four

double integrals which differ only in the limits of
integration, the limits themselves being based on the
possible responses to the successive bids.
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Cameron and Quiggin estimate WTP with their model

using a data set from Imbler, et al. (1990). The data
pertain to the management of a region in northern
Australia. Due to aboriginal land claims, uranium and gold
mining opportunities and the fact that the region is a
wilderness, the management issue has resulted in a
divisive national debate. Imbler et al. discover a large
range in the WTP estimates, reflecting the development
versus preservation conflict. The outcome of the Imbler et
al. study prompted questions as to whether a voting,
rather than a CV, model was the appropriate approach.

The BVN systems approach of Cameron and Quiggin
produces two results. First, as this data set appears to
be bimodal (many responses falling in the No/No or Yes/Yes
categories), the endogeneity (dependency) bias is severe.

In this case one could accurately predict the response to
the follow-up bid based on the response to the initial
bid. Second, the error correlation between the first bid
and second bid valuations is 0.95. A correlation of 1.0
would mean that the distribution of WTP is identical and
constant in both valuations. The researchers conclude that
for most data sets this level of endogeneity would not be
a problem, i.e., would not invalidate the estimators.

Cameron and Quiggin state that starting point bias
may be present and could pose a problem when identical
valuation functions are assumed. They test their
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hypothesis by constructing dummy variables associated with
the initial bids. The dummies prove not to be
statistically significant.

They contend that "...there is

weak evidence in the point values suggesting that the
implied mean of the value distribution may vary inversely
with the magnitude of the starting bid..." (p. 21). They

conclude that the mean WTP does not vary appreciably
across the two valuations but that the variation of
valuations increases for the second bid. This appears to
be a result stemming from the bimodal data set.

Their research proposes that the dependence of the
bids necessitates the use of the BVN error structure. They

do not provide any explanation as to why the proposed
econometric endogeneity may exist. A certain dependence
exists between the valuations due to the bidding

structure. If a respondent accepts the first bid, then
they definitely receive a higher follow-up bid. They do
not receive a bid drawn at random that may be higher or
lower than the initial bid. However, this does not
necessarily imply that the valuation response to the
follow-up bid depends on the response to the initial bid.

The analyst can not necessarily predict whether the
respondent will accept or reject the follow-up bid based
on the response to the initial bid.

It is curious that they do not explicitly test for
the correlation of the response to the initial bid with
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that to the second bid, i.e., initial bid bias. Aside from
examining the estimates of the covariance between
valuation iterations, they do not employ any other
procedures to analyze for shifts in respondent's

distribution of WTP. They do not provide any insights into
the decision making process in the form of a behavioral
model that would cause the respondents' WTP distribution
to shift across bid levels. The strength of their initial
assertions is not borne out by their empirical

conclusions. They appear to be severely constrained in
their analysis by the data set they examine.

Tests For Initial Bid Bias With Discrete Data

Several researchers have examined the possibility of
initial bid bias in the IR-CV. Hanemann, et al. (1991)

mention that initial bid bias is unlikely with one followup bid. Since follow-up bids tend to differ greatly from
the initial bids, anchoring probably is not a problem. For
example, they do test for "yea-saying." They find that
respondents who accept the initial bid are less likely to
accept the follow-up bid than would be expected a priori.

The details of their test is not included in their paper.
It is important to note that strategic bias is not
the only relevant bias associated with the DC-CV format.

"Yea saying" is the dichotomous choice equivalent of SPB
in continuous data CV'S, but with a positive direction to
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the bias. WTP estimates where "yea saying" is occurring
tend to be inflated. This potential bias was suggested
earlier both by Arndt and Crane (1975) in the SR and
Hanemann (1984) in the CV literature.

Berrens (1993) has documented the existence of
compliance bias or "yea saying" in a CV study using the
DC-CV. The nonmarket good valued was an improvement in a
cultural center at Oregon State University. He used a
split sample approach. One part of his sample responded to
a DC-CV format. The other subsample responded to a

randomized response format for the DC-CV. The latter
treatment provides the respondent with a greater sense of
anonymity while still providing useful WTP information.

Berrens finds that the estimated WTP for the regular DC-CV
exceeds that for the randomized response subsample. He
concludes that this is evidence of yea-saying. He goes on
to observe that if yea-saying is found in the DC-CV
format, then the IR-CV format should not be expected to be
free of this bias.

Kanninen (1993a) discusses the case for yea-saying in
the DC-CV and IR-CV formats. She looks at WTP for
improvements to wetlands in central California. She
examines the bid designs used and the frequency of
outliers in the sample of responses. The level of

acceptance of high bids indicated that those responses
were not merely outliers. She notes that yea-saying would
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lead to higher than anticipated positive response rates to
the higher offered bids. An alternative model is
constructed that accounts for the possibility of yeasaying. The probability form of the model includes a
variable that measures yea-saying in a fixed proportion.

Kanninen offers evidence of systematic bias in the
DC-CV, as well as in the IR-CV, format. She concludes that
not accounting for yea-saying leads to over estimated WTP.

Her IR-CV models, both with and without a yea-saying
variable, provide a significantly lower estimate of WTP
than the DC-CV model.

Carson (1991b) suggests that IR-CV estimation may
exhibit a downward bias. Respondents may view the initial
bid as a cost threshold for the policy change and would be

reluctant to pay more than this threshold. Hence the
acceptance of the higher second bid would occur less than
anticipated.

Carson's suggestion is incorporated in Whittington et
al. (1992). They observe that the higher second bid is
refused since respondents perceive that the policy change
is available at the initial price. The researchers

speculate that the initial bid modifies the respondent's
view of the follow-up.

Whittington et al. (1990) compare starting bids with
the mean WTP. They split their sample into three
subsamp].es with a low and a high initial bid level in
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each. They are unable to reject the hypothesis that the
three subsamples are from the same population.

Whittington et al. (1993) examine their IR-CV
estimates for initial bid bias. They use dummy variables
to indicate high or low initial bids. The dummy variables
are positive and significant in the estimates for three of
five water sanitation packages. These results indicate
that a high starting bid raises mean WTP by 13 percent.

They compare mean WTP for the high and low initial bids
with the use of a bar graph for the five packages. In each
case the mean WTP for the high initial bid exceeded that
of the low initial bid. The individual WTP values tended
to cluster around initial bid points.

McFadden and Leonard (1993) test for the consistency
of preferences in the IR-CV format. They hypothesize that
responses falling in the same valuation interval should be
equally probable. Their bids consist of initial bids, X,

and both high, U, and low, L, follow-up bids with the
following structure

H=2X

and

L=X/2.

For example, if an individual says yes to $40 but no to
$80, then this should be as equally probable as a no to
$80 and a yes to $40. Similar valuations are used to
conduct their test.

McFadden and Leonard reject their null hypothesis.

They offer two possible conclusions. First, the responses
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to the initial bid could be accurate but the follow-up
responses are then biased by "...'inoods' induced by the

first-choice problem..." (p.190). Second, the initial

responses could be biased due to the CV context and the
follow-up responses are then more accurate as the

individual "..learns about her true preferences by talking
them out..." (p. 190). The outcome of their hypothesis

could be explained by Carson's (1991b) observation that
respondents tend to decline the follow-up bid regardless
of their initial response.

Whittington's and McFadden and Leonard's analyses
provide some evidence of initial bid bias in the IR-CV
format. This is a first step to ascertaining the validity
of IR-CV estimates. A statistically rigorous test for
shifts in respondent WTP from the initial bid to the final
bid has not been developed. A rigorous test should be
applicable to any IR-CV estimation and conclusively verify
whether initial bid bias is present. The above cited
analyses are the initial phases of inquiry into this
potential bias. The following section presents a model for
individual decision making. This model will be adapted to
the purpose of testing for bias resulting from shifts in
respondent WTP.
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Modeling Individual Decision Making for IR-CV
Work has begun on a model for CV responses to
successive bid levels. Randall and Farmer (1992) propose
four models that relate the expected value of WTP to the
initial bid. All such models use a discrete choice
followed by an open ended valuation or an iterative
bidding game.

Two of the models are appealing in that they describe
adjustment mechanisms to the initial bid and subsequent
bids. They assume that the responses to the initial bids

are accurate, i.e., no bias is associated with the initial
reply. The authors hold that, where reported WTP does not
equal the initial bid, respondents are devising their WTP

using the initial bid and some valuation formulation
mechanism.

In the Incomplete Adjustment (IA) model the
individual perceives that the initial bid offers some
information about the value of the proposed policy.
Individuals "search" for their true WTP but, since this
requires time and effort, they stop short. The reported

WTP falls below true WTP for initial bids lower than the
true WTP. The opposite is the case for first bids greater
than true WTP. The initial bid dampens the respondent's
search for their true WTP.

In the Incomplete but Rational Adjustment (IRA) model

respondents use a decision rule. The decision rule sets
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reported WTP less than or equal to their true WTP. They
adjust their reported bids upward but not beyond their
true WTP and downward at least as far as their true WTP
depending on whether they receive a high or low initial
bid. The appeal of the IRA model is that individuals use a
decision making criterion that encourages endorsement of
policies where benefits exceed costs for that individual.
The importance of these models is threefold. One,

respondents view the initial bids as related to the cost
of the policy change. Two, respondents do not readily know
their true WTP for a nonmarket good or service and must
search for it. Lastly, both models should empirically
reveal statistical evidence of starting point effects.

Randall and Farmer provide insights that are useful in
developing a test for initial bid bias. Their work, though
not applied to the IR-CV format, is a good beginning for
exploring the respondent's valuation behavior. A more
complete and versatile model follows.

A Model of Respondent Decision Making
One way to view the valuation exercise f or the

respondent is as decision making under uncertainty. The
respondent may have imperfect prior information about the
noninarket good to be valued. Thus her WTP for the

nonmarket good is not well defined. This is a plausible
view of the respondent and was discussed in chapter two.
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Expected utility theory has been developed to model
decision making under uncertainty (von Neumann and
Morgenstern, 1944; and Luce and Raiffa, 1957). Individuals
construct probabilities for the outcome of alternative
states, attach payoffs with each state and the expected
value of the alternatives can be assessed. Alternatives
to, and extensions of, expected utility theory appear
throughout the economic literature (for a summary see
Viscusi, 1989; and Smith and Desvousges, 1988).
One notable extension of expected utility theory

deals with the possibility of individuals revising their
initial probabilities in light of additional information.

A Bayesian model provides a framework for incorporating
new information into the set of prior information. The
Bayesian framework suggests that probabilities posterior
to an event are constructed from prior probabilities
associated with the outcome of the event and from
information collected relevant to the event. Hence the
probabilities are updated or revised according to the
additional information. For basic references on Bayesian
decision making see Winkler (1972) and Smith (1988).

Dobbs (1991) identifies where Bayesian decision
making leads to differences between ex post and ex ante
choices. Priors can be seen as the initial basis for
decision making. The priors are revised as new information
is received. Dobbs' contribution is to define different
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attitudes toward uncertainty and incorporate them into
structural alternatives in an economic model.
Smith and Desvousges (1988) present the formation of

perceptions of risk as a Bayesian problem. They survey
households concerning the latter's response to the health
risks linked to household levels of radon gas. The
households are divided into different subsainpies based on

the amount of information each receives concerning the
causes and effects of various levels of radon gas. The
researchers conclude that prior risk assessments are
updated. The risk updating performed by the respondents is
sensitive to the content and format of the provided risk
information.

Viscusi and O'Connor (1984) develop an approach for
testing a "...Bayesian learning model of adaptive job
choice...." (p. 956). They use their analysis to test for
changes in workers' assessment of occupational risk. They
measure workers' adaptive response to chemical labelling
information. They find that workers reformulate their
initial perception of their occupational risk upon

receiving new information. For the specifics of this study
please see Appendix 1.

Bayesian models have been constructed to estimate the
impact that additional economic information has on the

revision of prior beliefs. Models have been constructed
for ascertaining the effects of product risk information
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on consumer purchases (Viscusi, 1985); of extension
information on livestock management (Knight, Johnson and
Finley, 1987); of the sequential adoption of agricultural
innovation by farm operators (Leathers and Smale, 1991);

of pesticide information on crop management (Pingali and
Carlson, 1985); and of changes in producer behavior on the
design of policy mechanisms regulating nonpoint source
pollution (Cabe and Herriges, 1992). However Bayesian
models have not been widely used in CV analysis.

The next section discusses a Bayesian framework for
respondent decision making as adapted from the risk
literature. Certain aspects are useful as a basis for
incorporating the possibility of respondent updating
between iterations of the IR-CV.

The Prospective Reference Theory: Applications and
Conceptual Framework
One particular study provides a starting point for
constructing a CV relevant model for Bayesian decision
making. Viscusi (1989) formalizes his previous empirical
work as a modification of expected utility theory. His
framework, the prospective reference theory, is a way of
analyzing decision making under uncertainty. He changes
the way that probabilities enter the expected utility
model by including parameters that reflect a level of
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precision in the probabilities. Information is viewed as
imperfect and is reformulated in a Bayesian manner.
Viscusi identifies the observed exceptions to

expected utility theory. He demonstrates how these
anomalies can be explained in the context of individual
rationality. Prospect reference theory replaces the actual

probabilities of expected utility theory with perceived
probabilities. The perceived probabilities enter into the
utility function with various degrees of precision. The

use of perceived probabilities allows Viscusi to explain
why low probability events with large payoffs are
frequently overvalued. Other anomalous behavior such as

Tversky and Kahneman's (1982) representative heuristic can
be predicted by the prospective reference theory. His

previous empirical work, estimating changes in risk
perception, substantiates his claims of the predictive
potential of the prospective reference theory.

The structure of Viscusi's prospective reference
theory is given by the following conceptual model:

p* = (yq +

p)/(y +

)

where

p* = the posterior probability of the
outcome of interest,

q = the prior probability of the
outcome of interest,

= an estimable parameter indicating
the precision of the prior,

(9)
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= the precision of some relevant
observed information and
p

= the observed proportion of occurrences
of the outcome of interest.

The Behavioral Model: Bayesian Updating in the IR-CV
Format
An approach for testing the validity of the IR-CV
format can be drawn from Viscusi's prospective reference
theory. His theory may imply that respondents view the
initial bid as information and not as a stimulus to reveal

their already constructed WTP. An application to the IR-CV
format may arise from the

combination

of arguments

embedded in equation (9). Following equation (9), let the
precision of the prior multiplied by the prior
probability, yq, be the initial WTP. Similarly suppose
that initial bid offered, r1, takes the place of

p as

additional information. The reported WTP can be

constructed from the initial WTP and the initial bid. The
Viscusi model provides some insight

concerning

how

individuals respond to new information, or in this case
the stimulus of the initial bid.

A relationship between the initial bid, the initial
WTP and the updated WTP can be constructed. The potential
for respondent updating can be modelled utilizing a
Bayesian adaptive response approach. This process is best
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shown for the IR-CV format as follows:
= (0Y0 +

r)/(8 +

(10)

).

The above can be re-written, setting

= 1 since r is

known precisely, as
= (0/(1 + 0))Y0 + (1/(1 + 0))r

where Y

(11)

= the updated WTP,

0 = the precision of the initial WTP,
= the initial WTP,

= the precision of the new information
(initial bid) and
r = the initial bid.

This procedure holds implications for the four previously
mentioned bid groups formed by the responses to the
initial and second bids.
1 if

(Y0 < r) and

(y*

2 if

(Y0 < r) and

(y*

y=3 if
4 if

where y

< L2)
> L2)

(Y0>r) and (Y*<H2)
(Y, >

rL) and

(y*

> H2)

is the observed response, L2 is the low second

bid
(first response is "no") and H2 is the high second bid
(first

response is "yes"). The above 4 expressions are all
conditional probability statements.

In examining the IR-CV format the standard assumption
is that the respondent's valuation is not altered by the
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size of the bids presented to her. It follows that if the

probability of a given response to the initial bid is
independent of the response to the second bid, then the

WTP of the respondent has not been influenced by the
initial bid. Written as probability statements one would

have for responses in category y = 1 (NO/NO):
Pr {(Y0

< T)

and

(y*

<

(12).

L2)}

Substituting the right hand side of equation (11) for Y
(an unknown) the following is obtained

Pr {(Y0 < r) and
[(O/(1 +

O))Y0 + (1/(1 + O))r] < L2}

(13).

By manipulating the second half of the probability
statement the following is obtained
Pr {(Y0 < 'ri) and (Y0

< L2 - l/O(i- - L2))}

(14),

- L2) < L2)}

(15)

which is equal to
Pr {(Y0

< r)

and (Y0

+ 1/O(T

by simple manipulation. The above is a formulation of the

problem of bias detection that has as unknowns estimable
parameters.

Statement of the Test Hypothesis

The probability statement (15) arises from the
Bayesian structure of the adaptive response procedure.
Here no updating of the WTP occurs when 0 >> 1, which
implies that 1/0 is approximately equal to 0. The
resulting hypothesis is
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H0: The initial bid (1j) has no effect on the updated

WTP and consequently 0 is very large or 1/0
approaches 0.

Let 6 = 1/0. Restated the null hypothesis is as follows

H0: The initial bid does not change the initial
distribution of WTP and hence 6 equals 0.

This implies the alternative hypothesis

HA: The initial bid changes the initial
distribution of WTP and hence 6 does not equal 0.
The rejection of H0 would mean that respondents are
updating their initial distribution of WTP with the
initial bid. They are then interpreting the initial bid as
some benchmark in a way that was not intended in the

design of the CV survey. Hence such updating would lead to
biased measures of welfare benefits (WTP) in IR-CV
estimation where the updating is not accounted for in the
model.

Operationalizing the Hypothesis
The probability expression given above as (15) for

the response category y

= 1 can be rewritten in terms of

a normal cumulative distribution function, I, substituting

P'x

for Y0 as
- 6('r - L2) -

P'x)/a]

(16).
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IPx would approximate the systematic component of Y0. a
denotes the square root of the variance.

r - L2 would take

the form of an explanatory variable x0 since both of the
bids are known to the researcher.

Equation (16) can be substituted into equation (1) to
obtain a modified four part log-likelihood function:

£ = E11n4[(L2 - 6(r - L2) -

E2ln{I((r -

IPX)/a) -

E31n{sI'(((H2 - 6(r - H2)

E41n(1 -

IPX)/a] +
- 6('r
-

- L2)

- P'x)/a]} +

IPX)/a) - [(('r - P'X)/a)}

- 6(r - L2) -

13'x)/a].

+

(17)

The suiiunation is over the observations by response

category i.e, S1 for the no/no responses. £ can be

maximized using NLE techniques with the appropriate second
derivatives equaling the standard errors for the

parameters. Equation (17) is then estimated for the 15's,

6

and a.

The Importance of the Test of Hypothesis

This proposed model of Bayesian updating provides a
mechanism for decision making that has been demonstrated
in the risk literature but not in CV work. The responses
to the initial and subsequent offered bids are the
variables of interest in relation to the true bid. The IRCV estimates the probability of a response as falling into

one of four known categories. A link exists between the CV
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shifting WTP formulation and the Bayesian risk assessment.

The connection arises from the alternative hypothesis that
an ex post bid is derived from ex ante preferences and
external information or implied value cues resulting from
the stimulus of the initial bid.

If a Bayesian formulation of decision making is

appropriate, then it should be explicitly incorporated
into the estimation. This model focuses on the need to

understand better the relationship between internal
preferences and external information or stimulus. The test

proposed above for bias associated with shifts in
respondent's distribution of WTP in the IR-CV arises from
an underlying behavioral model. It is measurement based on
some plausible explanation.

The structure of the proposed behavioral model

provides a vehicle for understanding decision making.
Bayesian learning or updating, in the case of the IR-CV
estimates, would appear as a shift in the respondent's

distribution of WTP from her response to the initial bid
to that of the follow-up bid. This shift would contradict

the Hanemann et al. (1991) assumption that the
distribution of WTP is constant or identical from the
initial to the final bid response. If this assumption does
not hold, then the stated null hypothesis, H0, must be

rejected. The IR-CV estimates obtained, by holding the
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Haneinann et al. (1991) assumption, would be suspect as

correct measures of individual preferences for nonmarket
goods.

Summary
This thesis seeks to establish a way to discern the
validity of IR-CV estimates. The IR-CV estimation has been

presented. The key arguments surrounding its use are the
demonstrated improvements in the reliability or precision
of CV measurement. Questions concerning the validity of
IR-CV estimates remain. A test is proposed to ascertain
the constancy of the distribution of WTP across valuation
iterations. The null hypothesis is that the initial bid

has no effect on (does not shift) the respondent's
distribution of WTP with respect to the second bid in the
IR-CV format. Chapter four presents the data sets used in
the tests, the IR-CV estimates, the test results for each

data set and measures of welfare benefits.
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CHAPTER FOUR: RESULTS OF THE ESTIMATION AND
TEST OF HYPOTHESIS

Chapter four consists of five parts. Part one

provides an explanation of the estimation technique.
Nonlinear maximum likelihood estimation has been used.
Discussion follows supporting the choice of this
estimation technique. Part two provides a description of
the data sets used to conduct the hypothesis test. The
data sets are from the National Environmental Policy

Referendum (NPER) study and the North Sea Plan (NSP)
study. These data sets are used in studies by Bergland and

Kriesel (1991) and Magnussen (1992a) that employ the IR-CV
format. Part three presents the parameter estimates, test
statistics and an evaluation of the model's performances.
Part four gives an interpretation of the test results and
compares the various models. The explanation and
interpretation concerns implications of the test outcome

and any caveats that accompany the estimation or test. The
final part provides the IR-CV welfare benefits measures
(WTP) for the data sets, comparing them to their

respective DC-CV welfare measures. In order to compare the
WTP estimates statistically, a resampling, or
bootstrapping, technique is used.

The Estimation Technique
Discrete and categorical data require the use of
special estimation techniques. MLE is utilized since it

has performed well in previous IR-CV research. MLE yields
both asymptotically consistent and efficient estimates.
Due to the discrete nature Of the bid responses, problems
occur if ordinary least squares (OLS) estimation is used,
e.g., heteroscedasticity (Greene, 1991).

Reasons for Using the Estimation Technique
In the case of OLS estimation, the probability of the

respondent accepting the bid is unbounded. The estimated
probability of a "yes" response can fall outside the 0 to
1 probability interval. Thus the OLS estimation has no
probability interpretation.

Modelling discrete choice behavior requires the use
of nonlinear maximum likelihood estimation or MLE
(Wrigley, 1985; and Greene, 1991). The nonlinear technique

arises from the "S" or sigmoid-shaped cumulative
distribution function (cdf). This cdf is based on the
choice of the error distribution in the maximum likelihood
equation. This form of modelling the probability of a

given response leads to predicted probabilities for the
respondent accepting the bid as falling within the 0 to 1
interval for a probability distribution function
(Hanemann, 1984; and Wrigley, 1985).
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The MLE for estimating the sequence of responses in
the IR-CV format has four parts. Each part corresponds to

one of the four possible response categories. An ordered
probit may appear to be a promising modelling approach.
Note that in the IR-CV format there are multiple choices
or decisions for the respondent. Following Cameron (1988,

p.356) the dichotomous choices of the CV respondent are
ordered, based on bid values. This is dissimilar to the
mode of transportation choices often modelled by the
ordered probit. The thresholds, or stimulus levels (the

bids), are observable in the dichotomous choice CV models.
The same is not the case for ordered probit model.
The dependent variables are response variables, i.e.,

the probabilities of accepting or rejecting the initial
and the follow-up bid. The relevant ranges of each

response are bounded by one or both of the bids. As such,
the dependent variables are latent dependent variables

observed as censored variables. The ML equations are
constructed to account for both the dependent variable and
the four censored response categories.

Censored data are limited to a subset of the range of

possible values. The censored distribution (here based on
the normal errors) that applies to the sample data
combines both discrete and continuous distributions. The

discrete portion is where an indicator variable, here

y,

equals some boundary value if the variable of interest,
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here Y, falls below (or in other cases above) that
boundary value. Otherwise y1 takes the value of Y1 as in a
continuous distribution. In the IR-CV the limited
dependent variable is censored and given in Table 2.

Table 2. Censoring in the IR-CV Format

Respondent's Reply

Initial
Bid

Censoring

Follow-up
Bid

NO

NO

Censored from above by
the lower follow-up

NO

YES

Censored from above by
the initial bid and
below by the lower
follow-up

YES

NO

Censored from below by
the initial bid and
above by the higher
follow-up

YES

YES

Censored from below by
the higher follow-up

The censored distribution is accounted for by the
inclusion of the bounds in the specification of the

nonlinear MLE. More information, and with greater
precision, is included about respondent's valuations in a
four category valuation than in a two category format. For

a detailed discussion of the censored normal distribution
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for a limited dependent variable, see Greene (1990) and
Maddala (1983).

Numerical Techniques in the Nonlinear Maximum Likelihood
The error structure and the decision process in the
IR-CV format dictate the use of a nonlinear maximum
likelihood estimation approach. The estimation procedure
requires the use of numerical methods. Numerical methods
are needed as the first order derivatives are nonlinear
and cannot be solved directly. Iterative procedures, such

as Newton's method, can be employed to obtain the maximum
values.

Newton's method, used in this paper, requires
choosing initial parameter values. The iterations proceed

until a predetermined convergence criterion is met.
Newton's method is used for several reasons. It converges

faster and requires less computational time than other
nunlerica]. techniques (Hall, 1992). The convergence

criterion equals 0.001 between successive iterations. MLE
requires an algorithm that is a modification of the
standard method of Newton. For specific details of this
numeric technique, see Greene (1990).
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Tests for Statistical Significance
Tests of significance for the parameters are obtained
from the asymptotic t statistics. The t statistics are the

ratios of the parameters to the standard errors. The
overall significance of the various models is evaluated by
a likelihood ratio test. The test compares the co-variate
models with the initial (intercept only) model. The
intercept only model implicitly restricts the parameters
to zero. The test takes the following form:

A = 2*[(co_variate model) - £(intercept only))
where £ (.) is the log of the likelihood function. The
degrees of freedom for this x2 test equals the number of

parameters restricted to zero in the intercept only ntodel.
Pseudo R2's are computed for the models. This is a
statistic computed for models estimated with limited

dependent variables and is analogous to the coefficient of
determination in linear regression models. This statistic
is another way of measuring the overall significance of

the model (Greene, 1991). The statistic is given as
R2 = 1 - (((covariate model))/(

(intercept only))].
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The Test of Hypothesis
Recall that the null hypothesis is
H0: The initial bid does not change the initial
distribution of WTP and hence 5 equals zero.

A likelihood ratio test is used to evaluate two different
models. A restricted model is estimated. This model
assumes an identical distribution of WTP for the
respondent regardless of the level of offered bids. Here
Bayesian updating is assumed not to occur and 6 is assumed

to equal zero. This is the appropriate model if the null
hypothesis cannot be rejected.

An unrestricted model allows for Bayesian updating.

S

can take nonzero values. If 6 is significant and if the
unrestricted and restricted models are significantly
different, then the alternative hypothesis cannot be
rejected. Hence respondents are assumed to be updating and

shifting their WTP distributions in response to the
offered bids under the posited Bayesian behavior.
The statistic used to evaluate a significant

difference between the restricted and unrestricted models
is the likelihood ratio test. The test is calculated as
follows:

= 2*[(unrestricted) - £(restricted)]
where £ (.) is the log of the likelihood function. A is

distributed x2 with the degrees of freedom equal to the
number of restrictions (in this case one for 5).
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IR-CV Data Sets Tested for Initial Bid Bias

Two data sets are employed in the testing procedure.
One is a national environmental policy referendum also
used in Bergland and Kriesel (1991) and a pollution policy

for the North Sea used by Magnussen (1992). Each set will
be discussed in turn and subsequently analyzed to verify
the results presented in the two above studies. Finally,

each data set will be tested for initial bid bias using
the Bayesian approach adapted from Viscusi's (1989)
prospective reference theory.

Data from the National Agcregate Benefits of Air and Water

Pollution Control Survey
A national policy evaluation referendum survey (NPER)
has been administered (Randall et al. 1985). Results of
the survey are published in Randall and Kriesel (1990) and
Mitchell and Carson (1989). Individuals were asked their
WTP for a 25 percent reduction in national air and water
pollution. The contingent scenario is portrayed as a
collective good which is to be implemented through a
standardized national policy over the course of five

years. The data used in this thesis consist of the
national subsample from Randall et al.

(1985).

Respondents were asked to value packages with
different levels of environmental services rather than
reductions in concentrations of effluent and emissions.
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The difference is that respondents tend to be more
familiar with the impacts of pollution (a reduction in
environmental amenities leading to a reduction in utility)

than with the causes of the pollution. The payment vehicle
consisted of annual increases in prices and taxes to cover
the cost of the policy. Respondents were reminded that
such payments would result in their having less money to
spend annually.

Respondents were asked for data that were viewed to
be correlated with their WTP. The explanatory variables
that were used included income, price, variables related
to individual consumption technology and attitudes
concerning the environment. The price data consisted of
the bid levels presented to respondents and are given in
Table 3.

Table 3. Bid Levels for the NPER Study
Initial Bids

Follow-up Bids

Range:

$75 to 750

$50 or $1000

Number:

10

The above 2 bids

Consumption attributes relate one's ability to use goods
or services to obtain utility, including their age and
their knowledge about the environment. An attitude

variable was developed from individuals' preferences for
levels of environmental amenities and development.
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A IR-CV model was estimated with the NPER data by

Bergland and Kriesel (1991). They concur with Randall et
al. (1985) that the significant variables are income and
attitude. The sample was over represented by older
individuals, men and those with a higher education as
compared to the national population.

[See Appendix 2 for

the valuation elicitation questions].

Data from the North Sea Plan Survey
Magnussen (1992b) reports estimates of data from a
survey of Norwegians concerning the North Sea Plan (NSP).

Methodological details and study results are reported in
Magnussen (1992a). Respondents were informed about what
eutrophication was and how it occurred. Eutrophication was
then compared with other forms of pollution (acid rain and

heavy metals) to establish a broader environmental context
for respondent valuation. They were informed that Norway
was committed by treaty to a 50 percent reduction of
nutrient leaching into the North Sea. Eutrophication
impacts were further described with photographs and a
chart showing water quality descriptions and associated
water usages.

Individuals were asked their WTP for a 50 percent

reduction of inputs of nutrients into the North Sea. When
asked, the respondents indicated that environmental issues
and particularly pollution issues should be given high
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priority. Most respondents had made use of water
facilities for recreational purposes in the survey year.
The research population is split into several
samples. One of the samples was presented with the IR-CV
format for valuing the entire Norwegian North Sea region.

The remaining samples valued

various clean-up packages of

subregions in addition to the entire region. Respondents

were asked if they would pay an increase in sewage taxes
in order to achieve the policy goals. Individuals were
reminded of their budget constraints.

Data were collected that was used to construct
explanatory variables. Income, price, attitude indicators,

place of residence and other sociodemographic data such as
education level and household size were obtained for the
respondents. The attitude indicators were levels of

concern for environmental issues in general ranging from
"active" to "environmental protection is exaggerated."
The price data consisted of the IR-CV bids and is given in
Table 4.

Table 4. Bid Levels for the NSP Study
Initial Bids
Range:

100 NOK - 10,000

Follow-UD Bids
+1- 50% of the
initial bid

Number: 6

1 high, 1 low
based on the
initial bid
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Magnussen found that attitude, income,

age, education

and household size were significant explanatory variables.
The respondent sample represented the national population
in terms of age level, gender, education level and income.
[See Appendix 3 for.the survey valuation questions].

Estimation Results
The behavioral model is manipulated into a form which
is then estimable via maximum likelihood and numeric

techniques. The behavioral model is unrestricted to
explicitly account for the possibility of updating. The
standard Ir-CV model where independence between valuations
is maintained is the restricted model. The co-variates

used in this analysis are the significant co-variates
found in the work by Bergland and Kriesel (1991) [the NPER
model]

and by Magnussen (1992a) [the NSP model].

The NPER and NSP models are initially run with
intercepts only. The results are then used as the initial
intercept value (a), and error variance (a2) value, for
the restricted models. The co-variate parameter values for

the restricted model are initially set at zero. The new
a2 and co-variate parameter values obtained from the
estimated restricted model are then used as initial

parameter values for the unrestricted model. The initial
value for 6 is set at zero for the unrestricted model.

a,
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The models are then put through a second sequence of
estimations. This series of estimations follows the first

sequence of runs but uses the log of the offered bid
values instead of the bids themselves. This alternate
specification is used to determine if the statistical
significance of either the parameters, the 6, the A and/or

the A are test statistics sensitive to the functional form
of the model.

Hanemann (1984) has demonstrated that specifications
using the log of the bid are not consistent with utility
maximization.

However, since the bid levels are positive,

the log of the bid falls in the proper range and may

provide a better fit to the data (Duffield and Patterson,
1991). The estimation results of several alternative
specifications are provided in Appendices 5 and 6.

Hypothesized Results for the NPER Model
The NPER model takes the following form:

Ln £ = Ln{(Ia)(Ib)E.(W2) +
(1 - Ia) (I b)E[(wj) - I(W2)] +

(1

Where

- Ib)z[(w2) - (W1)] +
Ia)(1 - I')E(1 -

1a = 1 if Y

>

= 0 otherwise;

ib

= 1 if Y

> Bid2, (Bid2 being either L2 or H2)

= 0 otherwise where

(18)
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Wi = (r

-

P'z)/a,

W2 = (Bid2 -

I3')/a

W2 = (Bid2 +

-

in the restricted model,

P'x)/a

in the unrestricted

model
and

= Bid2 - r

in the unrestricted model.

Please note that equation (18) is written for both the
restricted and the unrestricted models. It is a more

general form of the log likelihood functions in equations
(8), the restricted model, and (17), the unrestricted

model, found in chapter three.

The NPER model has two co-variates unrelated to the
bias test. The co-variates and parameters are as follows:

IPx = a + BATT*ATT + BINC*INC
where ATT is the attitude co-variate and INC is the

annual household income argument. BATT and BINC are the
coefficients to be estimated and a is the intercept term

to be estimated. The attitude (ATT) variable indicates a
greater degree of pro-environment sentiment, the larger

the argument value. In the case of both of these
arguments, it is hypothesized that both would be
significant and have a positive sign.
The bias or updating parameter (6) is hypothesized to
have an insignificant sign. The restricted versus
unrestricted test statistic (A) is also hypothesized to
show no significant difference between the restricted and
the unrestricted model.
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The NPER Estimated Parameters
The results for the intercept only, restricted and
unrestricted models are provided in Tables 5. through 7.,
respectively.

Table 5. NPER Intercept Only Model
Parameter
a
a

Estimate

Standard
Error

t-statistic

714. 746

24. 4193

29. 2697***

551.250

23.0947

LOG OF LIKELIHOOD FUNCTION =
N = 623

-784.288

Table 6. NPER Restricted Model (6 = 0)

Parameter
a

BATT
BINC

Estimate
-291.032
33.3791
7.81563
499.544

Standard
Error
104.472
4.12622
1.11605
21.0484

t-statistic
_2.78575**
8.08951***
7.00296***

LOG OF LIKELIHOOD FUNCTION =
-732.668
Pseudo R2
=
.066
A = 103.24*** distributed x2 with 2 degrees of freedom

*

indicates that the value is significant at the 0.05
level
**
indicates that the value is significant at the 0.01
level
indicates that the value is significant at the 0.001
level
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Table 7. NPER Unrestricted Model

Parameter
a

BATT
BINC
6

a

Estimate
-576.425
46.9256
11.1011
0.40732
697.739

Standard
Error
208.527
9.10717
2.31842
0.20879
108.794

t-statistjc
_2.76427**
5.15260***
4.78821***
1.95087k

LOG OF LIKELIHOOD FUNCTION =
-728.902
Pseudo R2
=
.071
A = 110.78*** distributed x2 with 3 degrees of freedom

754**,
Statistic for Test of Hypothesis: A
distributed x2 with 1 degree of freedom

+ indicates that the value is significant at the 0.10
level
*
indicates that the value is significant at the 0.05
level
**
indicates that the value is significant at the 0.01
level
indicates that the value is significant at the 0.001
level

Several results stand out from the estimation of the
NPER models. The nontest arguments, ATT and INC, have
significant estimated coefficients with the hypothesized

signs. This result indicates that these arguments have a
positive effect on the probability that the respondent
will accept the first, if not the sequence of offered
bids. The fraction of the sample in each response category
is provided in Appendix 4. The A likelihood ratio test

126

statistics are both highly significant. This latter result

indicates that the parameters on the co-variates are
jointly different than zero. These results follow the
expected outcome regardless if the bid or the log of the
bid is used.

The R2 statistics are low. The usual range for this

statistic is between 0.20 and 0.40 (Wrigley, 1985). The
weak performance of the estimation as indicated by the R2
could represent problems for the estimation of WTP.
The likelihood ratio results for the test of the
hypothesis,

,

indicates a significant difference between

the restricted and unrestricted models. The hypothesis,
that 6 is equal to zero and that no Bayesian updating
occurs, is not supported by the test results. This outcome
is substantiated by the statistical significance of the t

statistic on 6. The use of the bid or the log of the bid
does not change the outcome of the test of the hypothesis.

Hypothesized Results for the NSP Model
The NSP model has the same structure as does the NPER
model. For the log of the likelihood function for the NSP
model consult equation (18).
The NSP model has seven co-variates that are not

germane to the test for bias. The model is given below:

P'x = a + BA1*A1 + BA2*A2 + BHED*HED + BSPH*SPH
BNSP*NSp + BAGE*AGE + BINC*INC.

+
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The ATT_ variables are dummies indicating levels of
concern about environmental protection. The levels are as
follows:

actively involved in environmental issues,
deeply concerned about the environment,
concerned about the environment,

not concerned about the environment and
too much environmental protection.

The ATT_ variables are categorical and ordered variables.
HED is the argument that signifies whether the respondent

has a post secondary education. SPH is the co-variate
indicating if the respondent is a single person household.

NSP is the dummy variable that equals one if the
respondent resides in the region affected by the North Sea
Plan (to reduce nontoxic pollutant flows into the North
Sea). AGE is the continuous variable for respondent age.

INC indicates which level of income

a respondent has. The

prefix "B" signifies the parameter for the associated
argument.

The parameter values for the ATT_ dummy variables are

expected to take the following form

BATT]. > BATT2 > BATT3 > BATT4 > BATT5.
With little loss in explanatory power ATT1 and ATT2
collapsed into a single argument,

Al.

are

Similarly ATT4 and

ATT5 are combined to create A3. The original ATT3 variable
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is renamed as A2. The revised parameter values are

expected to take the form
BA1 > BA2 > BA3

As one of the dummies is redundant BA3 is normalized to
equal zero leaving
BA1 > BA2 > 0.

This indicates that those respondents having a greater
concern for environmental issues should be more likely to
accept the offered bids. The parameters on post secondary
education (HED), personal income (INC) and residence in
the policy area (NSP) are hypothesized to have positive
signs. Respondent age (AGE) and single person households
(SPH) are hypothesized to have negative signs. This

inverse relation is hypothesized largely as a response to
the increase in taxes. The tax burden leads to reduced WTP
by older persons, especially retirees. Similarly, single
person households do not have others to defray living
expenses and are also thought to be adverse to a tax
increase. The tax itself is a neutral payment vehicle;

yet, it does link the WTP or "price for the policy" to the
quantity demanded of pollution reduction in the North Sea.

The Estimated NSP Parameters
The results of the estimations are provided in Tables
8. through 10., respectively.
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Table 8. NSP Intercept Only Model

Parameter
a
a

Estimate
4858.01
5556.92

Standard
Error

t-statistic

265. 057

18. 328

263.. 994

LOG OF LIKELIHOOD FUNCTION =
N = 625

-903.826

Table 9. NSP Restricted Model (6 = 0)

Parameter
a

BA1
BA2
BHED
BSPH
BNSP
BAGE
BINC
a

Estimate

Standard
Error

965. 467

1092.13

5443.85
2679.59
1511.69
-1283.97
2338.15

785. 254
735. 939

-42. 7335

14.0607
1.75111

3.86688
4827.55

618.219
638. 384
484. 175

t-statistic
0. 88402
6.932 60***
3. 64106
2. 44523*
_2.0l128*
4.82915***
_3.03922**
2.20824*

225. 610

LOG OF LIKELIHOOD FUNCTION =
-836.860
Pseudo R2
.074
=
A = 133.9***, distributed x2 with 7 degrees of freedom
*

indicates that the value is significant at the 0.05
level
**
indicates that the value is significant at the 0.01
level
indicates that the value is significant at the 0.001
level

130

Table 10. NSP Unrestricted Model

Parameter
a
BA].

BA2

BHED
BSPH
BNSP
BAGE
BINC
6

a

Estimate
-212.864
7260.81
3383.45
1807.90
-1397.81
3267.07
-62. 2414
6. 24604

0.89157
7022.99

Standard
Error
1583.59
1212.84
1070.98
884.669
913.560
727.927
20.6365
2.55277
0.18746

t-statistic
-0.134418
5.98663***
3.15920**
2.04359*
-1.53007
4.48818***
_3.01609**
2.44677*

475599***

657. 051

LOG OF LIKELIHOOD FUNCTION =
-810.457
Pseudo R2
=
.103
A = 186.7***, distributed x2 with 8 degrees of freedom
Statistic for the Test of Hypothesis: A = 52.8***,
distributed x2 with 1 degree of freedom

*

indicates that the value is significant at the 0.05
level
**
indicates that the value is significant at the 0.01
level
indicates that the value is significant at the 0.001
level

In both the restricted and unrestricted NSP models
the nontest parameter estimates all have the hypothesized
signs. The attitude parameters yield results consistent
with their expected signs. Generally, the positive signs
indicate that those arguments have a positive effect on
the probability that the respondent will accept the
initial, if not the sequence of bids. The negative signs
have the opposite effect on the probabilities of accepting
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the bid(s). The fraction of the sample in each response
category is provided in Appendix 4. The A values indicate
that both the restricted and the unrestricted models have
nonzero co-variates.

The test of the hypothesis statistic, A, indicates a
significant difference between the unrestricted and
restricted models. The result shows that the alternative
hypothesis, i.e., shifts occur in the respondents'

distribution of WTP, cannot be rejected. The statistical
significance of the t value on 6 verifies the above
outcome.

Interpretation of the Results

The estimation of the restricted and the unrestricted
models produces the significance and the expected
parameter signs. The parameter estimates are robust across
both models in the respective data sets. The parameter for
single person household, in the NSP data, is insignificant
in the unrestricted IR-CV model. Although this parameter
takes the hypothesized sign, it does not have a
significant effect on respondent's reply to the offered
bids. The overall significance of the models (the A
statistics) indicate that the models perform adequately.

The R2 statistics are low. This result may lead to
problems in the WTP estimation.

132

The test of the central hypothesis, that respondents'

WTP distributions are constant, does not support the null
hypothesis. The tests lent support to the presumed
arguments that the respondents' WTP are shifting. It has
been assumed that individuals behave as though they made
decisions in Bayesian fashion i.e., revising their WTP
between the first and second bid responses. If the
behavioral model assumptions are accepted, respondents
seem to be regarding the initial bid as a piece of

information and are using it to update their priors. This
is verified both by the t statistics on the 6's and the
likelihood ratio tests, the A's. The results are

insensitive to the functional form of the bids in both of
the data sets and to the inclusion of INC in the NSP
models (Appendices 5 and 6). Hence, respondents' replies
to the second bid appear to be sensitive to the level of
the first bid.

The valuations are fitted results of estimated
coefficients and the data sets. Following Cameron (1991)

the final models "...are assumed to approximate some wellbehaved utility function... ." The models are "...ad hoc
specifications...(p.420-1)" for the WTP function. WTP is
assumed to systematically vary with changes in the levels
of the co-variates (Cameron, 1991). The functional form of
the model provided in this analysis is assumed to
approximate some-well behaved utility function.
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Some mention must be made of the precision or

reliability of the estimated models. Some reduction in
precision exists if the distribution of follow-up bids for
the NPER study is compared to an optimal distribution of
bids. Recall there is a single high (H2) and single low
(L2) follow-up bid. Ideally a wide range of multiple bids

would increase the precision of the information gathered
from the responses to the follow-up bid. In comparison,

the NSP study has multiple follow-up bids and as such
should provide more precise estimates (a similar bid
structure is used in McFadden and Leonard, 1993). For
detailed discussion and suggestions concerning the optimal
distribution and quantity of bids in dichotomous choice
formats see Alberini and Carson (1991); Carson (1991);
Cooper (1993); and Kanninen (1993b).

Welfare Benefits Measures of the IR-CV and the DC-CV
As shown in chapter three, respondent WTP is an
estimate of the Hicksian compensating measure. There are
several ways to calculate WTP from dichotomous choice
estimations. One method is to integrate across all the
responses to the various offered bids using the cumulative
distribution function of the proposed error structure to
obtain a point estimate of mean or median WTP (see
Hanemann, 1984). Another way is to use Cameron's (1991)

approach. The WTP function can be solved for analytically
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using the probit (or logit) results or by estimation of
the MLE directly. These techniques have been used for the
IR-CV format.

The Conditional WTP
This thesis calculates the conditional WTP, which is
the expected WTP conditional on the WTP being nonnegative.

This approach is based on the assumption that the
nonmarket goods considered in the CV are valuable, ex
ante, to the surveyed individuals. Hence the calculation
for WTP is restricted to be nonnegative. This approach
utilizes the parameter estimates from the nonlinear MLE
and incorporates them into the equation for the mean of a
censored normal variable. The censored normal variable is
simply the conditional WTP given that its values are
restricted to being nonnegative

Consider the following relation for any respondent as
Y = P'x

where

Y is WTP,

IPx is the systematic component of Y with a vector of
respondent characteristics, x
parameters

with

and

u is the nonsystematic component of Y, an error term.

The error distribution above follows that which was
assumed in the MLE. Let y be an indicator of Y where
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y=

Y, if Y

0

= 0, otherwise.
Then the probability that y = Y is given as
Pr(y =

Y)

= Pr(Y

Pr(y =

Y)

= Pr(P'x + u

0) or by substitution
0).

By rearranging terms

Pr(y =

Y)

= Pr(v

P'x).

The cdf and pdf follow from the normality of the error
distribution. Using the moments of a censored normal the
pdf of the normalized parameters is given as
0(a) if Y
f(x) =

0

if Y < 0, where

0

a = (0 - P'x)Ia.

The cdf is given as

(a) if Y
F(x) =

The

13

0

if Y < 0.

and a are parameter estimates obtained from the MLE

of the IR-CV (or DC-CV).

The equation for the mean of the conditional value of
WTP is found in Maddala (1983, p. 161) and is given as
E(Y: Y

0)

= 13'z + o[Ø(a)/(1 - 1(a)))

(19).

Equation 19 is used to calculate the WTP for the
restricted and unrestricted IR-CV models as well as the
DC-CV models for the respective data sets. The DC-CV
estimation results are found in Appendix 8.
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Bootstrapping to obtain the Distribution of the WTP
The calculation of conditional WTP provides point
estimates of the welfare benefits measure. Having
calculated the WTP for the DC-CV as well as the restricted
and unrestricted IR-CV models, a means for assessing each
estimate's precision and for statistically comparing them
is needed.

The WTP estimates are themselves based on estimates
from the MLE. The estimation of the 5 and a parameters

involve nonlinear procedures using multiple random
(explanatory) variables with unknown distributions. The

WTP estimates, then, are random variables with unknown
distributions. In order to obtain the standard errors for
the WTP estimates, a bootstrapping technique is employed.

Bootstrapping is a simulation technique based on
parametric estimates of the underlying distribution of WTP
using an iterative re-sampling algorithm. This approach
substitutes assumptions concerning the distribution of the
variable in question with computational requirements. The
number of bootstrap samples to be taken is established at
the outset. The bootstrap sample consists of bootstrap
draws obtained by a Monte Carlo process of random draws
from the original sample of the observed data with
replacement. The size of each bootstrap sample is equal to
the original data sample. An error structure is then
assumed for the bootstrap draws and a vector of errors
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assigned to each bootstrap draw. The bootstrapping
technique has been developed by Efron (1979); Efron and
Tibshjranj (1986); and for a nice overview see Stifle
(1990). It has been adapted for use in nonmarket valuation

for the travel cost method (Sexton and Kling, 1990) and
for CV (Duff ield and Patterson, 1991; and Bergland et al.
1992).

For the NSP and NPER data sets the following
bootstrap procedure was utilized:
120 bootstrap samples were taken for each data set.

Each bootstrap sample consists of 620 odd bootstrap
draws.

Each bootstrap draw is taken from the original data
sets with replacement at random. Thus a bootstrap
sample could theoretically duplicate the original
data set or consist of 620 draws of the same
original observation. These latter cases are highly
unlikely.

The DC-CV, IRCVR and IR-CVu maximum likelihood
estimation are performed on each bootstrap sample.

The results of the MLEs and average values for the
covariates in each data set are used to estimate a
bootstrap WTP estimate.

There are a variety of ways to bootstrap standard
errors. The approach used here will sample directly from

138

the observed data. The standard errors are numerically
evaluated by the use of an algorithm. Following Bergland
et al. (1992), the algorithm has three basic steps:

T independent (bootstrap) draws are taken from the
original data via a random number generator,

for each draw (i = 1,...,T; each i equal in quantity to
the original sample size) the MLE is performed and
the WTP is evaluated for each valuation format and
the bootstrap WTP standard errors are calculated as
0WTP = {ET(WTP* - MWTP)2/(T -

where MWTP = (1/T)ETWTP*

and

= WTP evaluated at each sample 1.

For standard error bootstrapping T should equal at least
100 iterations. The size of the data sets used in this
thesis (N > 600) should lead to precise bootstrap standard
errors.

Estimates of WTP and their Bootstrap Standard Errors
The results of the WTP calculations for the two data
sets are given in Tables 11. and 12.

For notational

purposes define the following:

IRCVR

stands for the restricted IR-CV model and

IRCVu

denotes the unrestricted IR-CV model.
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Table 11. Estimates of WTP for the NPER Data Set jDollars)
Model

Conditional WTP

Standard Errors

DC-CV

1026.18
807.68
921.43

166.69
23.03
82.94

IRCVR
IR-CVu

T = 124 bootstrap draws
Table 12. Estimates of WTP for the NSP Data Set (NOK)

Model

Conditional WTP

Standard Errors

DC-CV

7600.33
6475.37
7690.11

486.76
289.31
495.52

IRCVR
IRCVu

T = 125 bootstrap draws

Judging from Tables 11. and 12., the use of the IRCVR
leads to a reduction in WTP when compared to the DC-CV WTP
for the two data sets. However the unrestricted model
yields WTP estimates somewhat comparable to the DC-CV WTP.

It appears that the revision of WTP by the respondent
raises the estimated WTP.

The standard errors indicate how precise the

different WTP estimates are. For both data sets the IRCVR
model provides the smallest standard errors obtained from
the bootstrap samples. The precision of the IR-CVu
exceeds that of the DC-CV WTP estimate in the NPER model
and is about the same in the NSP model.
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The IRCVR model provides the most reliable and most
conservative estimate. However, the unbiasedness of the
restricted model has been rejected. Given the MLE and
associated test of hypothesis results it is necessary to

determine whether the WTP of the unrestricted model is
statistically different from the WTP of the restricted
model. A test is needed to provide the basis for
comparison between the WTP estimates. The next section
proposes a nonparametric test to resolve this issue.

Testing the WTP Estimates: a Noniarametric APDroach

When the underlying distribution of some data is not
easily specified, nonparametric tests provide a means of

analyzing the data. The WTP estimates given in Tables 11.
and 12. come from unknown distributions. In order to
ascertain whether the WTP estimates from the DC-CV and the

IRCVR MLE differ statistically from the IR-CVu
estimates, Wilcoxon's signed rank test is conducted.

The Wilcoxon test is used to detect differences in
paired data. In the case of the WTP estimates, they will
be tested pairwise with the WTP from the unrestricted
model. Based on the plausibility of the behavioral model
and the significance of the test parameter, 6, the IR-CVu
model is proposed as the preferred model.

The Wilcoxon test requires that the differences are
independent. It assumes a symmetric distribution for each
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difference but not that each difference is from the same
distribution. The test can be used to compare estimates
from the same sample with some chosen or preferred value.

For further discussion see Steel and Torrie (1980); and
Lehman (1974). Appendix 9 provides the basic structure of
the test. The hypothesis concerning the equality of the
WTP estimates can be defined by four statements.
A.) For the NPER bootstrap sample:
The DC-CV WTP is equal to the IR-CVu

P;

The IRCVR WTP is equal to the IR-CVu WTP.

B.) For the NSP bootstrap sample:
The DC-CV WTP is equal to the IR-CVu WTP;

The IRCVR WTP is equal to the IR-CVu

The tests are conducted on the bootstrap estimates
for the WTP from the three models. There are four test
statistics calculated, two for each data set.

The

statistics have degrees of freedom equal to the bootstrap
sample size and are distributed as a standard normal. The
calculated values for the NPER and NSP models are provided
in Table 13. and Table 14., respectively.
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Table 13. Computed Values of the Wilcoxon Sign Rank Test
for the Bootstrap Estimates of WTP: NPER Models

DCCV with IRCV
5.63**

**

IRCVR with IRCVu
8.61**

Indicates that the p value < 0.001

Table 14. Computed Values of the Wilcoxon Sign Rank Test
for the Bootstrap Estimates of WTP: NSP Models

DCCV with IRCVu

IR'CVR with IRCVU

1.63*

*

**

9.46**

Indicates that the p value < 0.105
Indicates that the p value < 0.001

The nonparametric test reveals that there is a
significant difference between the IR-CVu and the other

models of CV welfare estimation, with one exception. H,
H02 and H04 can all be rejected. H03 can not be safely

rejected on the basis of the test. Recall from Table 12.,

that the estimated WTP and the size of the standard errors

are approximately equal for the IRCVU and the DC-CV
models.

The important tests of hypothesis concern the
rejection of H02 and H04. One can not determine which is

the true WTP from the discussion or the various tests

conducted. The IRCVR provides smaller WTP estimates with
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smaller standard errors. The IRCVU model includes a
parameter that indicates the presence of bias in the IRR

model. The IR-CVu is based on a behavioral model of

decision making that has been empirically substantiated
for consumer, worker and producer behavior.

Summary
The null hypothesis that respondents regard the bids
as informationai.ly neutral or as stimuli and hence do not

shift their distribution of WTP has been rejected. The
results lend support to the existence of bias in the IRCVR format, given the posited model of decision making qua
Bayesian updating.

The inclusion of a parameter (6) that can indicate
bias (for the respondent as a Bayesian decision maker) has

several effects. The WTP estimates for the two IR-CV
models are significantly different. The structure of the
IR-CVu yields an increase in the WTP estimates in both
data sets. The precision of the WTP estimates decreases
when 6 is estimated. However, the statistical significance
of the parameters is robust regardless of the presence of
6.

The results should be regarded as conditional for
several reasons. First, it is assumed that the data used
for the tests are free of any other of the many possible
biases associated with CV data. For example, there may be
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some protest (under-/over-) bidding occurring or some
individuals may not recognize the specified nonmarket good
as valuable or as exchangeable. Second, the test results
are confined to these data sets since other survey
designs, nonmarket goods or samples of respondents may
exhibit different degrees of updating. Alternative bid
structures for both iterations of bids may yield more
conclusive results. Third, the form of the hypothesis test
is linked to the behavioral model and its assumptions

concerning decision making. There could be other ways to
examine respondent behavior and bias in the IR-CV format.

Chapter five places the thesis results in a broader
policy-oriented perspective. It also defines several paths
for future inquiry.
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CHAPTER FIVE: CONCLUSIONS AND FUTURE RESEARCH

Environmental economists provide analysis about the
valuation of nonmarket goods and services to decision
makers. The use of the contingent valuation method (CVM)

permits a direct and total economic valuation of such
goods (Randall, 1987). This methodology, when properly
applied, yields an important component to benefit cost
analysis (BCA). CVM research may ultimately be used in
policy debates concerning environmental regulation and
resource management. It is important, then, that the
results of nonmarket valuation be understandable and
defensible.

The focal point of this thesis is to analyze a
preferred valuation format currently used by CV
practitioners. A Bayesian behavioral model has been
incorporated into the central hypothesis test to examine
data for the presence of bias. Shifts in the sampled
respondents' distribution of willingness-to-pay (WTP)

indicate that updating occurred. The updating led to
changes in the estimates of welfare benefits measures.

This analysis and its results indicate how different
assumptions about respondent behavior lead to different
WTP estimates. The thesis findings have important
implications for CVM, BCA and environmental policy. The
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study results are summarized here and the research
contribution is identified in a broader context.
Before commenting on policy implications, it is

helpful to briefly reviews the first four chapters
providing a short commentary on the flow of the research.

Section two explains the implications of the research
identifying the contribution this thesis makes to CV
research. Part three gives important qualifications of the
results. The final section suggests the direction of
future research based on this thesis's findings. Specific
research questions are offered as the next steps in
understanding the iterated referendum-contingent valuation
(IR-CV) format and the influence of the bias.

An Overview of the Thesis
This work has sought to provide a methodological
improvement in the nonmarket component of BCA. It is
another step in the expanding CV research field.

Environmental economists equipped with better measurement
techniques of nonmarket value should be able to provide
better input into public policy analysis.
Environmental economists, as social scientists, can

learn from the survey research performed by social
psychologists. The SR literature is an asset to be
utilized in understanding how to collect valid and
reliable survey data. It is important to have some
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understanding of how individuals might form and report
their opinions or values. If the CV researcher understands
the variety of ways response bias enters into survey data,

then both the design of CV surveys and consequently the
quality of the economic analysis should improve.

Several families of bias have been mentioned in the
CV literature. One type, information bias, can occur due
to numerical description and offered bids common to all
valuation formats. The dichotomous choice-contingent
valuation (DC-CV) format appears as the CV format least
susceptible to these biases. This format lends itself to
various kinds of nonmarket preference interpretations.

Recently, it has been found to be less precise than an
iterated DC format.

The IR-CV format is precise, but not necessarily
unbiased. By offering a second bid, it provides more
information about individuals' valuations of nonmarket
goods. Yet, it is unclear how respondents actually view
the dichotomous iterations. It is assumed in this thesis
that individuals behave as Bayesian decision makers. Under
this assumption, a behavioral model has been constructed
relevant to the IR-CV format. It presumes that individuals
enter into the CV survey with incomplete information
concerning their valuation of a nonmarket good. The bids
may provide an opportunity for respondents to reassess or
update their WTP between iterations. The updating
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indicates that using the standard IR-CV format leads to
biased maximum likelihood and WTP estimation.

A hypothesis has been proposed and a test conducted
suggesting an interpretation alternative to the estimation
associated with the IR-CV format currently found in the CV
literature. Under the behavior presumed in this thesis, if
individuals lack familiarity with nonmarket valuation,

then their prior preferences may be altered by the IR-CV
bids. The alteration leads to a shift in their

distribution of WTP for the nonmarket good. Ample evidence
exists in the SR and CV literature to suggest that
nonmarket valuation can be a novel experience to many
individuals.

Estimation under the IR-CV format was made with two
data sets. The models performed well affirming the
relevance both of respondents' attitudes toward
conservation and of household characteristics. The
hypothesis test results indicate that bias due to updating
is present in the standard IR-CV format due to the
presence of updating under the presumed Bayesian behavior.

The assumption maintained in standard IR-CV work, that
individuals' distributions of WTP do not shift in response
to the successive bids, requires further examination. That
is, if one accepts the Bayesian structure of the
behavioral model, then respondent WTP may be shaped by the
bid structure of the IR-CV.
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The model not accounting for updating (IRCVR)
yielded more precise and conservative estimates of welfare
benefits. At face value, one is left with an either/or
choice between IR-CV formats, trading potential bias for
increased precision. On a more fundamental level, the
unrestricted IR-CV model is preferred. The estimation
results that the restricted IR-CV model is biased or at
best incomplete. The unrestricted model better accounts
for the sequential nature of respondent decision making by
invoking a Bayesian framework.

By statistically accounting for respondent updating,

the IR-CVu model requires CV researchers to reassess the
meaning of initial bid bias in the IR-CV format. The size
of the difference between the two bids may represent a
change in the relative price ratio of the nonmarket good
to all other goods for the respondents. Individuals
distribution of WTP shifts in response to perceived shifts
in the "price" of the nonmarket good. This shifting .by the

respondent must be incorporated into the CV modelling when
the IR-CV format is used.

Implications of the Research
The IR-CV format is a state-of-the-art valuation
format for eliciting respondent WTP. It's referendum and
market interpretations offer a valuation environment
compatible with different kinds of preferences. It
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requires individuals to respond to successive bids. The
bids represent stimuli that are used to bound the range of
respondent WTP. If, however, respondents interpret the
bids as some sort of cue or information about the
nonmarket good, then researchers must take this into
account in their survey construction and administration.

The behavioral model posited in this thesis provides
some structure for understanding respondent behavior that
is applicable to the IR-CV format. The assumed behavioral
model is not itself tested; rather, it is a vehicle for
explaining observed responses. Hence, the Bayesian
decision maker is a "likely story" about respondents' lack
of familiarity with CV and the sensitivity of respondents
to the bid levels offered to them.

Respondents unfamiliar with CV can be characterized
as replying to CV questions with some degree of

uncertainty. Unresolved issues concerning the exact nature
of the nonmarket good, its provision, the nature of the
proposed transaction concerning the elicited WTP or even
its value to the respondent exist for that respondent.

Questions remain concerning who respondents are deciding
for, how respondents make decisions and how best to
interpret their valuations. The discussion in chapters two
and three illustrate the complexity and variety of
different aspects of value formation and decision making.
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There are many ways in which a survey can provide
invalid results. Researchers have many types of response

biases to consider while designing and interpreting
surveys. This thesis has approached one aspect of response
bias. The hypothesis test addresses the potential
fluctuation in the responses to direct valuation
questions. The respondent may enter into a CV interview
with incomplete information or incorrect information
concerning the nonmarket good. Respondents can be viewed
as Bayesian decision makers coining into the CV exercise

with weak priors. If their WTP is based on a weak prior
then the IR-cv bids provide an updating opportunity.

Evidence of shifts in the respondents' distribution
of WTP due to the IR-CV bids under the presumed
theoretical structure has been presented. The bias has
been detected in two data sets. The presence of the bias
should motivate researchers to use the unrestricted form
of the IR-CV model to detect the potential bias in other
data sets.

Caveats
The hypothesis test results and WTP estimates
provided here must be regarded as sample specific. This
comment follows for two reasons. It may be that survey
design, the distribution and range of bids offered or the
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sampling procedure may reduce or eliminate the presence of
this bias in the IR-CV format. This is a topic for future
conceptual and empirical inquiry. It must be the case that

as the MLE and WTP estimates are sample specific, the
parameter and WTP estimates cannot be extended to the
general population. There are no grounds on which to use
the specific WTP estimates for benefits transfers to other
similar norunarket goods, contingent scenarios or other

policy analysis.

It must be emphasized that the conclusions presented
in this thesis follow from the assumptions and methods.

This research has not verified that individuals are in
fact Bayesian decision makers. Rather, the work has
proceeded as if individuals behave in a Bayesian fashion.

The thesis does not confirm the type of preferences that
individuals have. Reasonable arguments have been made
concerning how decision making might proceed.

The bias detected in the current (restricted) format
of the IR-CV presents several problems. The DC-CV format
has been described as a "...satisfactory benefit cost
indicator...(Hoehn and Randall, 1987, p. 247)." This

description has been extended to the IR-CV. WTP estimates
that are the product of updating may be more satisfactory

as a benefit cost indicator. Gauging from the estimation
results of the WTP, the restricted IR-CV may provide an
overly conservative estimate of the welfare benefits
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associated with nonmarket goods. It appears to yield a
lower WTP estimate than either the DC-CV or the
unrestricted IR-CV format (see Tables 11. and 12.).

This underestimation relative to other dichotomous
choice formats requires corroboration in other research.
If confirmed then future researchers must make this
finding known to policy analysts. However it should be
noted that all three WTP estimates are well within an
order of magnitude of each other for these data sets.

The core of this thesis's findings is that regarding
people as Bayesian decision makers is potentially powerful
as a description of behavior. Researchers attempting to
design incentive compatible valuation formats may want to
account for some variant of Bayesian updating by
respondents.

Future Research
There are several possible areas of research stemming
from this thesis. The usefulness of the Bayesian model to
nonmarket valuation needs to be pursued further. It is a
particularly insightful manner by which to examine
iterative valuation in CV. It may have uses in modelling

respondent behavior in continuous bidding games, IR-CV and
dichotomous choice with open ended follow-up valuation
formats.
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This thesis has identified a type of bias. The form
of the bias requires further specification. An important
next step would be to measure the direction and the amount
of bias present in different applications of the IR-CV
format.

If the direction and the size of the bias can be

measured, an important question should be addressed. The
second bid of the IR-CV has been shown to improve the
precision of WTP estimates in the DC-CV format. A tradeoff
in using IR-CV instead of DC-CV may exist in terms of
precision gained and validity lost for estimates of WTP.

Another way of addressing the above concern would be
devising possible corrections for the bias in the IR-CV to
take advantage of the increased precision.

Chapter three presented research by Cameron and
Quiggin (1991) about possible response dependency between
the two IR-CV bids. Their method warrants additional
estimation and testing, as it may provide further insights
into statistical bias associated with the IR-CV format.

This thesis should be regarded as normal science in
the sense of Kuhn's 1962 scientific paradigm. The CV
revolution began with the Davis 1963 moose hunting study
and grew as different methods of eliciting respondent
valuation were developed. Dichotomous choice bidding
provided a more familiar format for respondents. It
exhibited less of the bias potentially found in the
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preceding methods. The IR-CV gave CV analysts more
precision from which to estimate WTP. This inquiry
examined whether some costs are incurred from the gains in
the precision of the WTP estimates. The IR-CV format is
not invalidated by this thesis. The thesis identified a
potential problem both conceptually and empirically. A
step towards solving the problem has been offered. It is a
clarification of a measurement technique with a plausible
explanation of the valuation process being measured.
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Appendix 1. The Bayesian model of Occupational Risk
Preception
The conceptual model employed by Viscusi and O'Connor
(1984) relates a posterior probability both to an initial

probability and to observed information. Define the
following:

p = prior probability of an adverse outcome,

= precision of the prior (the number of trials
the worker acts as if he has experienced when
forming his prior),

= precision of the chemical label information,

s = the fraction of the observations where injuries
occurred and

V = the informational content of the warning relative
to the prior.

The hypothesis is then whether s > p, whether the label
information raises worker probability assessments.
= (yp +
=

s/(y +

s)/(y +
)

)

+ yp/(y +

(1)

)

denotes the posterior probability after receiving a label
warning. The regression equation for each
RISK* = a +

warning

is

(RISK) + u

(ii)

where u is a random error term and RISK is p the prior
probability. The parameters are
a =

s/(y +

)

and 5 = y/(y +

).

(iii)
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They construct two further measures of the

information provided by the warning labels. The risk
level, s, can be derived as
$ = -a/(15-1)

(iv)

from the equations in (iii). The label's information
content relative to the prior perception of risk, 4, can

be constructed as
=

= (1/a)

An increase in

1

(v)

indicates a greater informational content

of the label as compared to the workers' initial risk
perceptions.

Vjscusj and O'Connor (1984) obtain estimates of postinformation earnings and quit rates. They find that as
workers perceive higher occupational risks, s, those

workers demand higher wages. They also found that large
changes in the risk perception, , coefficients lead to
changes in quit rates.
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Appendix 2. The National Environmental Policy Referendum
Valuation Ouestjons

The initial program price, r, was varied between $75 and
$750, while the subsequent program prices were fixed at
$50 and $1,000.

Suppose a nation-wide program could be adopted within the
next year that would reduce pollution by 25 percent within
five years. This would increase the amount of money spent

by households, government and industry on pollution
control, and you, the consumer, would have to pay for it.

As a result, you (or your household) would have $1 per
year less to spend on other things, beginning next year.
I. If the adoption of this national policy were put to a

referendum would you vote to accept this program?
YES (go to H2)

NO

(go to L2)

H2 Of course, we cannot be certain, in advance, about the
costs of this pollution control program. If it turned
out that this program would result in you (or your
household) having $1,000 less per year to spend on
other things, would you vote to accept this program?
YES

NO
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L2 Of course, we cannot be certain, in advance, about the
costs of this pollution control program. If it turned
out that this program would result in you (or your
household) having $50 less per year to spend on
other things, would you vote to accept this program?
YES

NO

176

Appendix 3. The North Sea Plan Referendum Valuation
Ouest ions

The initial program price, r, was varied between 100 and

10,000 NOK, while the subsequent program prices, {L2 = r 0.5r;

H2 = r + 0.5r} varied between 50 and 15,000 NOK.

I. If the costs per year per household to achieve the
indicated water quality would be,

T

NOK, would your

household be willing-to-pay this amount in increased
sewage fees?
YES (go to H2)

NO (go to L2)

H2. The cost estimates are, as indicated earlier,
uncertain.

If these measures should be more expensive than
previously thought, would your household in addition
to

the previously indicated amount, pay O.5'r NOK for
this

improvement? (That is a total of
addition to todays sewage fees.)
YES

NO

T

+ 0.51 NOK in
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L2. The cost estimates are, as indicated earlier,
uncertain.

If these measures should be less expensive than
previously thought, would your household pay
1

-

0.51 NOK for this improvement? (In addition to

todays sewage fees.)
YES

NO
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Appendix 4. The Percentage of the Total Sample in each
Response Category for the IR-CV Format.

Table 15. IR-CV Reponse Categories for the NPER Data Set
Responses
NO, NO
NO, YES
YES, NO
YES, YES

Fraction of Sample
0.09
0.23
0.37
0.31

Sample Size = 623

Table 16. IR-CV Response Categories for the NSP Data Set
Responses

NO, NO
NO, YES
YES, NO
YES, YES
Sample Size = 625

Fraction of Sample
0.23
0.17
0.19
0.41
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Appendix 5. NPER Models: Alternate Specifications

Table 17. NPER Intercept Only Model Using
the Log of the Bids
Parameter
a

0

Estimate

Standard
Error

6. 25485
1. 59028

.070401
.067402

t-statistic
88.8463

LOG OF LIKELIHOOD FUNCTION =

-800.710

Table 18. NPER Restricted Model (6 = 0)

Using the Lqg of the Bids
Parameter
a

BATT
BINC
0

Estimate
3. 32130

.096697
.023313
1. 43649

Standard
Error
.302627
.011925
324 156E-02
.061228

t-statistic
10. 9749
8. 10898
7. 19185

LOG OF LIKELIHOOD FUNCTION =
Pseudo R2
=
.066

-747.739

A = 105.94 *** distributed z 2 with 2 degrees of freedom
.

*

indicates that the value is significant at the 0.05
level
indicates that the value is significant at the 0.001
level
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Table 19. NPER Unrestricted Model Using the
Log of the Bids
Parameter
a

BATT
BINC
6

a

Estimate
1. 98723

.148699
.035972
.545820
2.18123

Standard
Error
.718492
.028136
720681E-02
.221028
.328711

t-statistic
2.76583
5. 28499
4. 99137

2.46946*

LOG OF LIKELIHOOD FUNCTION =
-740. 522
Pseudo R2
=
.075
A = 120.38*** distributed x2 with 3 degrees of freedom

Statistic for Test of Hypothesis: A = 14.44 *** ,
distributed X2 with 1 degree of freedom
*

indicates that the value is significant at the 0.05
level
indicates that the value is significant at the 0.001
level
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Appendix 6. NSP Models: Alternate Specifications
Table 20. NSP Intercept Only Model
Parameter
a

a

Estimate

Standard
Error

4745.85
5571.91

255. 165
255. 804

t-statistic
18.5992

LOG OF LIKELIHOOD FUNCTION =

-977. 568

Table 21. NSP Restricted Model (6 = 0) without
Income Variable and with Individual Attitude Categories

Parameter
a

BATT1
BATT2
BATT3
BATT5
BHED
BSPH
BNSP
BAGE
a

Estimate
2392.61
5156.96
4776.69
2341.40
-2123.48
1717.57
-2130.52
2428.94
-43.6893
4964.04

Standard
Error
959.893
1669.07

t-statistic

820. 264

2. 49258
3. 08971
5. 82336

773.767
1810.52

3.02598
-1.17286

580. 273
580. 726
476. 374
13. 3735
224. 495

2. 95994

-3.66872
5. 09880

-3.26685

LOG OF LIKELIHOOD FUNCTION =
-915.214
Pseudo R2
=
.064
A = 124.72*** distributed x2 with 8 degrees of freedom

indicates that the value is significant at the 0.001
level
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Table 22. NSP Unrestricted Model without Income

Variable and with Individual Attitude Categories
Parameter
a

BATT1
BATT2
BATT3
BATT5
BHED
BSPH
BNSP
BAGE
6
0

Estimate

Standard
Error

1951.78
7393.67
6733.22
3113.79
-2535.97
2301.27
-2693.75
3572.75
-70.6167
.992682
7479.19

1424.24
2462.57
1296.83
1159.47
2741.08
867.696
872.835
753.873
20.7489
.198934
708.635

t-statistic
1.37040
3.00242
5.19208
2.68554
-.925171
2.65216
-3.08621
4.73919
-3.40340
4.99000***

LOG OF LIKELIHOOD FUNCTION =
-883.536
Pseudo R2
=
.096
A = 188.06*** distributed x2 with 9 degrees of freedom

Statistic for the Test of H'pothesis:
= 63.34
distributed x with 1 degree of freedom
,

indicates that the value is significant at the 0.001
level
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Table 23. NSP InterceDt Only Model Usinci the

Log of the Bids
Parameter
a
a

Estimate

Standard
Error

7.80378
1.90473

0.08782
0.08472

t-statistic
88. 8587

LOG OF LIKELIHOOD FUNCTION =

-919.940

Table 24. NSP Restricted Model (6 = 0) usinq

the Log of the Bids
Parameter
a

BATT1
BATT2
BATT3
BATT5
BRED
BSPH
BNSP
BAGE

0

Estimate
6.98742
1.55100
1.51688
0.84905
-1.33599
0.64333
-0.82962
0.87868
-0.01442
1.68954

Standard
Error
0.33532
0.58584
0.28634
0.27123
0.61647
0.19814
0.20044
0.16442
0.461E-02
0.07416

t-statistic
20.8381
2.64747
5.29756
3.13039
-2.16715
3.24681
-4.13893
5.34418
-3.12582

LOG OF LIKELIHOOD FUNCTION =
-855.479
Pseudo R2
=
.070
A = 128.92*** distributed X2 with 8 degrees of freedom
***

indicates that the value is significant at the 0.001
level
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Table 25. NSP Unrestricted Model Usinq the Log of the Bids
Parameter
a

BATT1
BATT2
BATT3
BATT5
BHED
BSPH
BNSP
BAGE
6

a

Estimate
6.65730
2.55573
2.31804
1.23248
-1.91731
0.79518
-1.13361
1.34062
-0.02247
1.89422
2.61651

Standard
Error
0.49278
0.85261
0.44087
0.40158
0.94115
0.29652
0.30164
0.25622
0.7002E-02
0.25432
0.21269

t-statjstjc
13.5096
2. 99753
5. 25786

3.06906
-2.03720
2.68168
-3.75810
5. 23227

-3.20939
7. 44806

LOG OF LIKELIHOOD FUNCTION =
-771.894
Pseudo R2
=
.161
A = 296.10*** distributed x2 with 9 degrees of freedom

= 167.18***,
Statistic for the Test of H"pothesis
distributed x with 1 degree of freedom
***

indicates that the value is significant at the 0.001
level
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Appendix 7. The Percentage of the Total Sample in each
Response Category for the DC-CV Format.

Table 26. DC-CV ResDonse Cateqories in the NPER Data Set
Responses
NO
YES

Fraction of Sample
0.32
0.68

Sample Size = 623

Table 27. DC-CV Resionse Cateqories in the NSP Data Set
Responses
NO
YES

Sample Size = 625

Fraction of Sample
0.41
0.59
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Appendix 8. Estimation Results for the DC-CV Format

Table 28. DC-CV Estimation for the NPER Data Set
Parameter
a

BATT
BINC
a

Estimate

Standard
Error

-698. 985
46. 9754
13. 7038

284. 382
11. 5760

743.702

146. 161

3.50604

t-statjstic
-2.45791
4.05799
3.90862

Table 29. DC-CV Estimation for the NSP Data Set

Parameter
a

BA1
BA2
BHED
BSP}1

BNSP
BAGE
BINC
a

Estimate

Standard
Error

t-statistic

413.704
6803.49
3215.70
1785.22
-1704.99
2659.55

1509.51
1145.06
1031.66
882. 075
888. 038
701. 103

2. 02389
-1. 91995

-25. 0617
1. 92813

19.7947

-1. 26608
0. 825976

5892.58

2. 33436
561. 440

0. 274065
5. 94162

3.11702
3.79337
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Appendix 9. The Wilcoxon Sign Rank Test
The Wilcoxon test has several steps as follows:
1. Take the absolute value of the differences of the
bootstrap estimates, WTPJ.*, from the WTP of the
unrestricted IR-CV. This is done for each of the three
models, for each bootstrap sample. Let
(A* - C)2 = AC].,
(B* - C)2 = BC].,
(C* - C)2 = Cci,

where
A* = the bootstrap estimate
B* = the bootstrap estimate
WTP,
C* = the bootstrap estimate
CV WTP,
C = the unrestricted IR-cV
observed data and

for the DC-CV WTP,
for the restricted IR-CV

for the unrestricted IRWTP estimated

from

each squared difference (AC]., BC]., CC].) is taken for each

bootstrap sample. The absolute value of the above
differences are then differenced in the following manner
AC1 - CC]. = STI. and
BC]. - CC]. = ST2.

The T set of differences, ST1 and ST2, are tested as
separate sets. The same procedure is done for each.

ST_ is then ranked from the smallest to the largest
without regard to the sign.
Assign the ranks the signs of the differences
originally found in ST.
Compute the sum of the positive ranks for ST_.
The test statistic is a standard normal defined as
Z

= (V -

where
Mv =
=
V =
T =

(T(T+i))/4,

(T(T+l)(2T1)/24]'/2,
sum of the positive ranks and
number of total differences, i.e., the number
bootstrap samples.

of

