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A comparison of alternative contingent
valuation elicitation treatments for the
evaluation of complex environmental
policy

M. Christie

Attempts to evaluate the economic benefits associated with complex environmental policies, using the
contingent valuation (CV) method, have been dogged by controversy. In particular, debate has centred on
the influence of embedding and related effects on the validity of CV willingness-to-pay (WTP) estimates. This
paper discusses these effects in the context of identifying the most appropriate WTP elicitation treatment
to evaluate the willingness to pay for the various elements of a multi-dimensional environmental policy.
The findings of an empirical experiment demonstrate that a top-down allocation treatment, which uses
independent sub-samples for individual policy components, provides the most reliable treatment to value all
aspects of a multi-dimensional policy, whilst also overcoming embedding bias problems.
 2001 Academic Press
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Introduction

Contingent valuation (CV) studies have
traditionally focused on the evaluation of
willingness-to-pay (WTP) for either a sin-
gle policy programme or a composite pack-
age of policy programmes. Although the
results of these studies can provide use-
ful information for policy formulation, it
is argued that better policy decisions can
be made if data on the economic value of
both the policy package and its component
programmes are available (Christie, 1999;
Hoehn, 1991). However, attempts to simul-
taneously evaluate both of these dimensions
of complex, multi-dimensional policies within
a single CV instrument have often been influ-
enced by embedding bias and related effects
(Brown and Duffield, 1995; Hoehn, 1991).
Embedding effects have been the subject of
debate and controversy over recent years;
both in terms of the exact definition of the
term ‘embedding’ (Carson and Mitchell, 1995;
Hanemann, 1994) and its influence on the
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validity of the CV method (Kahneman and
Knetsch, 1992; Hanemann, 1994). This paper
aims to investigate further the influence of
embedding and related effects on the validity
of three WTP elicitation treatments that are
used to evaluate a multi-dimensional policy
that provides improvements to recreational
opportunities in the Scottish countryside.
Here, we first identify three alternative WTP
elicitation approaches to the valuation of
multi-dimensional policies. We then attempt
to clarify some of the confusion surrounding
the embedding debate and propose a series
of hypotheses that are then used to test
for these effects. Based on the findings of
the empirical experiment, recommendations
regarding the validity and reliability of three
elicitation strategies for the evaluation of
multi-dimension policies are made.

Elicitation strategies for
multi-dimensional policies

Multi-dimensional environmental policies
may be considered at two distinct levels: the
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overall policy package1 and its component
programmes, where each programme is a
nested subset of the package (Kahneman
and Knetsch, 1992). Policy-makers may be
interested in the overall impacts of a policy
package, as well as the impacts of individual
component programmes. Attempts to elicit
values for both levels of multi-dimensional
policies have predominantly required CV
researchers to undertake several studies to
evaluated each component separately (Boyle
et al., 1990). It is clear that the requirement
to undertake multiple surveys is expensive
and time-consuming (Hoehn, 1991). A more
efficient option is to undertake a single study
that evaluates both the package and compo-
nent programmes (Hoehn, 1991; Brown and
Duffield, 1995).

Carson and Mitchell (1995) identify two
basic WTP elicitation strategies that enable
simultaneous evaluation of all elements of
multi-dimensional policies. The first strat-
egy involves the evaluation of the benefits
associated with the individual component
programmes, which are then aggregated to
estimate the value for the policy package,
i.e. a bottom-up (BU) approach.2 The second
strategy involves the evaluation of the total
benefits of the policy package, which is then
disaggregated into the component values of
each of the policy programmes, i.e. a top-
down approach. Two discrete variants of the
top-down approach can be identified. The first
variant asks respondents to state their WTP
for the composite policy package, followed by
their WTP for only one of the component pro-
grammes. Independent sub-samples are used
to value each component programme. This
approach will be referred to as an allocation
using sub-samples (AS) method. The second
variant also asks respondents to state their
WTP for the composite policy package. How-
ever, it differs from the AS method in that the
respondents are then asked to disaggregate
their WTP for the composite among all of the
component programmes. This approach will
be referred to as a disaggregative allocation
(DA) method. The empirical work undertaken

1 Other authors have referred to the overall package
of policy programmes as the policy agenda (Hoehn and
Loomis, 1993) or the composite good (Brown and Duffield,
1995). In this paper, we shall refer to this grouping of
policy programmes as the policy package.
2 Hoehn (1991) refers to this conventional approach as
independent valuation and summation.

in this research examines the validity of the
bottom-up and the two top-down elicitation
strategies.

Brown and Duffield (1995) argue that the
approach used to pose the WTP elicitation
question within a CV survey may influence
the instrument’s susceptibility to part-whole
bias, which in turn will impact the resultant
evaluations of the policy package and its com-
ponent programmes. They identify two main
causes of part-whole bias. Value allocation
bias relates to the situation where ‘respon-
dents simply misinterpret the description of
the good’ (Brown and Duffield, 1995:2342).
Although being an issue of concern for an
individual CV study, Brown and Duffield
argue that such bias effects may be overcome
by more clearly specifying the valuation path,
and therefore they argue that value alloca-
tion bias does not present a major threat to
the validity of the CV technique. The second
type of part-whole bias identified by Brown
and Duffield is embedding bias. Embedding
bias is defined as the differences in the scale
or scope of the policy that occur ‘when the
respondent values a larger entity symbolised
by the specific good described in the survey’
(Brown and Duffield, 1995:2342). Kahneman
and Knetsch (1992) argue that embedding
bias effects may threaten the validity of an
individual CV study, or indeed the CV method
as a whole. It is therefore apparent that inves-
tigations of alternative elicitation approaches
for the evaluation of multi-dimensional poli-
cies are required to consider the influence of
embedding bias effects.

Embedding and related effects

The term embedding was first introduced by
Kahneman and Knetsch (1992) to describe
the phenomenon where the WTP for a partic-
ular good may vary ‘over a wide range depend-
ing on whether the good is assessed on its own
or embedded as part of a more inclusive pack-
age’ (Kahneman and Knetsch, 1992:58). Kah-
neman and Knetsch argue that such effects
pose a major threat to the validity of CV
studies; a conclusion supported by a number
of other CV researchers (Desvousges et al.,
1993; Diamond et al., 1993; Hausman and
Diamond, 1994). Furthermore, the NOAA
panel, in its review of the CV technique, con-
cluded that embedding poses potentially ‘the
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most important internal argument against the
reliability of the CV approach’ (Arrow et al.,
1993:4607).

However, other researchers argue that
Kahneman and Knetsch’s definition of the
term embedding was loosely defined and that
the Kahneman and Knetsch’s (1992) results
were influenced by other related effects which
do not pose such a major threat to the validity
of the CV technique (Hanemann, 1994; Car-
son and Mitchell, 1995). Hanemann (1994)
argues that the term embedding has come
confusingly to mean several different things.
To clarify the situation, he identifies three
distinct notions related to embedding effects:
‘scope’ effects relate to situations where the
extent of a change in WTP values do not cor-
respond with changes in scale or scope of the
item being valued; ‘sequencing’ effects where
the WTP of a good when placed first in a
sequence will be higher than when placed
later in the sequence; and ‘sub-additivity’
effects where the WTP for a composite change
in a group of public goods may be less than
the sum of the WTPs for the individual
changes valued separately. With regard to
scope effects, Hanemann argues that Kahne-
man and Knetsch’s findings are the exception
to the norm and that a large number of other
CV studies have shown sensitivity to scope
effects. Hanemann continues by arguing that
the perceived scope insensitivity found by
Kahneman and Knetsch may have, alterna-
tively, been induced by poor survey design.
Hanemann also suggests that the other two
concepts (sequencing and sub-additivity) are
to be expected and can be explained by eco-
nomic theory in terms of substitution effects
and diminishing marginal rates of substitu-
tion. Therefore it is argued that sequencing
and sub-additivity effects pose no real threat
to the validity of the CV method. Further sup-
port for the argument that the sub-additivity
effect is consistent with economic theory
is provided in (Brown and Duffield, 1995;
Hoehn, 1991; Hoehn and Loomis, 1993).

Carson and Mitchell (1995) also attempt to
clarify the embedding confusion by propos-
ing a framework where true embedding and
sequencing effects can be separated from
amenity misspecification bias effects. They
suggest that amenity misspecification biases,
which include symbolic, part-whole and prob-
ability of provision biases, may produce an

embedding-like effect as a result of poor sur-
vey design. They argue that such effects may
be overcome by improving survey design and
have proposed a set of standards to min-
imise these biases (Carson and Mitchell,
1995:171). To establish the presence of true
embedding and sequencing bias effects Car-
son and Mitchell propose three tests: an
embedding effect test; a nested sequence test;
and a test of component sensitivity (Carson
and Mitchell, 1995:158–160). The adoption
of these tests enables a systematic assess-
ment of the sensitivity of a CV instrument
to the scope of an environmental policy, and
therefore provides a useful assessment of the
validity of that particular instrument.

The research aims

The above review has brought together much
of the recent literature relating to embed-
ding bias. In doing so, it has attempted to
clarify the definition of embedding bias and
related effects. Through the identification of
the causes of these bias effects, conclusions
may be made regarded the impact of these
effects on the validity of the CV instrument.
Although significant progress has been made
to clarify this issue during recent years, one
question that remains unanswered relates
to which WTP elicitation strategy is least
likely to be affected by embedding effects, and
therefore which strategy produces the most
valid WTP estimates for multi-dimensional
policies. It is this question that the research
reported here addresses.

Research test hypothesis

The validity of the three alternative elicita-
tion treatments are tested in this research
through a series of seven hypotheses that
examine the consistency of WTP estimates
between treatments and also tests for the
presence of embedding and related effects.
However, before examining these hypothesis,
it is first useful to outline the nomencla-
ture that is used in this paper. The value
of the policy package is denoted as v.P/,
while three nested programmes are denoted
by v.a/, v.b/ and v.c/. Where required, a
subscript is used to indicate the elicitation
treatment used, while a superscript is used
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to indicate the position of the WTP elicitation
question within the elicitation sequence.

The first hypothesis (Equation (1)) exam-
ines the equality of WTP estimates for the
policy package v.P/ between the AS and DA
treatments.3 The null hypothesis .H0/ is that
there is no significant difference in the WTP
for the policy package between treatments.
A priori it is expected that the null hypoth-
esis will not be rejected since the two CV
questionnaires were identical up until this
point:

H0 : v.P/ASDv.P/DA .1/

Where v.P/ represents the WTP for the
policy package measured using AS and DA
elicitation treatments.

The second set of consistency tests (Equa-
tion (2)) examines the equality of WTP for the
policy programmes v.a/, v.b/ and v.c/ mea-
sured using the different elicitation treat-
ments:

H0 : v.a/IDv.a/II .2/

Where v.a/ represents WTP for a policy
programme measured using two alternative
elicitation treatments I and II.

Although it is difficult to speculate the
exact outcome of these tests, the following
predictions can be made. Where the elicita-
tion questions are posed at the same posi-
tion in the elicitation sequence, i.e. as in
the AS and DA treatments, it is expected
that the equality null hypothesis would not
be rejected. However, where the elicitation
question is embedded at different positions
within the elicitation sequence, as is the case
in the comparison of the AS and DA treat-
ments with the BU treatment, rejection of the
null hypothesis may demonstrate the exis-
tence of an embedding effect. Details of this
embedding effect test are discussed later in
Equation (5).

The third proposed test examines the con-
sistency of the WTP for the policy package
v.P/, with the aggregate of the WTPs for the
component policy programmes; v.a/Cv.b/C
v.c/. The null hypothesis (Equation (3)) indi-
cates that there is no difference between the
WTP for the policy package and the aggregate

3 v.P/ was not estimated using the BU treatment, and
therefore no comparisons of v.P/ were made against this
treatment.

value of the individual programmes.

H0 : v.P/Dv.a/Cv.b/Cv.c/ .3/

Where v.P/ and v.a/, v.b/ and v.c/ are
the values of the policy package and three
component programmes measured using the
same elicitation strategy.
The alternative hypothesis to Equation (3)
can be used to predict the presence of sub-
additivity effects if it is demonstrated that
the aggregate WTP value of the three policy
programmes is significantly greater than
the value of the policy package (Hanemann,
1994).

The final consistency test examines whe-
ther the proportion of total WTP allocated
to an individual programme is consistent
between treatments. The null hypothesis
(Equation (4)) predicts equality in the rel-
ative allocation of WTP to an individual
programme between treatments. Rejection of
the null hypothesis would indicate that the
treatments were inconsistent with respect to
the allocation of WTP among the policy pro-
grammes:

H0 :
v.a/I

v.a/ICv.b/ICv.c/I

D v.a/II
v.a/IICv.b/IICv.c/II

.4/

Although no predictions can be made with
regard to the outcome of this test, failure
to reject the null hypothesis would indicate
that the various elicitation treatments were
consistent in the way in which they propor-
tionate WTP among the component policy
programmes.

In addition to the consistency tests out-
lined above, three further tests (proposed by
Carson and Mitchell, 1995) were conducted
on the survey data to establish the sensitiv-
ity of the alternative elicitation treatments
to the individual components of the multi-
dimensional policy.

Carson and Mitchell’s (1995) ‘embedding
effect’ test (Equation (5)) is an external test
that examines whether the WTP for a policy
programme is reduced as that programme is
embedded further into the sequence of WTP
elicitation questions. The null hypothesis, H0,
is that there is no significant difference in the
WTP estimates. The alternative hypothesis,
H1, indicates that an embedding effect exists
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when the inequalities described in Equation 5
are found:

H1 : v.a/2I<v.a/1II .5/

where: v.a/ represents the WTP for a specific
policy programme, the superscript denotes
the position of the elicitation question within
the sequence, the subscript represents the
sub-sample used.

Carson and Mitchell’s (1995) ‘nested sequ-
ence test’ is an internal test of consistency
within the valuation of nested goods (Equa-
tion (6)). The alternative hypothesis, H1,
predicts the following inequalities:

H1 : v.P/1I>v.a/2I .6/

where: v.a/ represents the WTP for a policy
programme that is nested within the policy
package v.P/. The superscript and subscript
numbers are the same as in Equation (5).

The presence of the inequality shown in
Equation (6) indicates that responses are
consistent with economic theory in that
respondents were willing to pay more for
the policy package v.P/ than for the smaller
nested policy programme v.a/. Therefore
acceptance of H1 demonstrates that the
elicitation treatment under investigation is
internally consistent.

The final test proposed by Carson and
Mitchell (1995) is the ‘test of component
sensitivity’. This test examines whether the
CV instrument is sensitive to different levels
of the good (quantitative nesting) or the level
of inclusion (categorical nesting). Essentially,
this test is similar to the nested sequence

test, the main difference being that the test
of component sensitivity is an external test,
in that the comparison is made between
sub-samples rather than within the same
sub-sample:

H1 : v.P/1I>v.a/1II .7/

Acceptance of the test of component sensitiv-
ity (Equation (7)) can be used to support the
validity of a CV instrument since it demon-
strates that the instrument is sensitive to the
scope of the environmental policy. The null
hypothesis, which predicts no difference in
WTP values, is the test of component insensi-
tivity. Carson and Mitchell (1995) argue that
failure to reject the null hypothesis may indi-
cate that the CV instrument used is invalid
as it is not sensitive to the scope of the envi-
ronmental policy.

The empirical study

The multi-dimensional policy investigated in
the empirical experiment examined public
WTP for improvements to recreation opportu-
nities in the countryside of Grampian Region,
Scotland. The recreation improvement policy
package v.P/ comprised three nested pro-
grammes: a path improvement programme
v.a/, a path creation programme v.b/, and
a provision of facilities programme v.c/. The
specifications of the policy package and the
three nested programmes (see Table 1 for a
summary description of recreation improve-
ment scenarios) were constructed following

Table 1. Summary descriptions of recreation improvement programmes

Repair of countryside Creation of new paths Provision of countryside
paths programme programme facilities programme

v.a/ v.b/ v.c/

Policy
programmes

Repair the surface of
paths and the soil and
plants next to the path

Creation of short distance
circular paths in popular
recreation areas

Provision of more car parks,
bins, seats, information
boards and sign posting
where appropriate

The use of steps, wooden
boardwalks, seats and
signs to upgrade paths
where appropriate

Creation of long distance
routes that link popular
areas together

Provision of more toilets,
picnic areas, children’s
play areas and visitor
centres where appropriate

Policy package The policy package includes
all components of the
above three improvement
programmes
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focus group discussions with members of the
public and experts in countryside recreation.

The CV questionnaire comprised three
sections. The first section aimed to estab-
lish respondents’ use of the countryside, the
problems that they had encountered and
the potential solutions to these problems.
Standard checklists were used within this
section to ensure that respondents were
made aware of the full range of recre-
ational opportunities available in Grampian
Region.

The second section dealt with the WTP
elicitation question. Here, respondents were
split among the three alternative elicita-
tion treatments. Respondents were presented
with descriptions of the policy package and
component programmes relevant to the treat-
ment investigated, before being asked to
state their WTP for the policy components.
The three WTP elicitation treatments used
in the research were the bottom-up, the
allocation using sub-samples and the dis-
aggregative allocation treatment (Figure 1).
The BU treatment aimed solely to estimate
respondents’ WTP for a single improvement
programme. Respondents of the BU treat-
ment were therefore split into three inde-
pendent sub-samples, with each sub-sample
being presented with only one of the three
improvement programmes. Throughout the
CV questionnaire, the respondents’ attention
was focused entirely on the single programme
under investigation. This treatment, there-
fore, aimed to provide an unbiased, sepa-
rately assessed WTP estimate for each of
the three policy programmes. Respondents of
the AS treatment were also split into three
sub-samples. Initially all respondents were
asked to state their WTP for the composite
policy package, before being split into dis-
crete sub-samples and asked to indicate their
WTP for only one of the policy programmes.
Only one sample was used for the DA treat-
ment. Here, survey respondents were asked
to indicate their WTP for the policy package
and then asked to disaggregate this value
among all three component programmes. It
should be noted that the main difference
between the two top-down treatments was
that the AS treatment allowed respondents
to freely state their WTP for both the pol-
icy package and the component programmes,
whereas in the DA treatment, the respon-
dents’ WTP bids for the three programmes

were restricted by the budget constraints set
in the valuation of the policy package. The
DA treatment, however, had the additional
advantage of requiring a much smaller sam-
ple, since only one sample of respondents was
required.

The actual WTP elicitation questions used
in the study were posed in two stages. First,
respondents were asked ‘would your house-
hold be prepared to pay towards a [specified]
programme.’ If the respondent stated ‘yes’ to
this question, they were then asked to state
‘What is the maximum amount your house-
hold would be prepared to pay as increases
in Council Tax over a five year period’ for the
improvement policy under consideration.4 An
open-ended elicitation format was adopted
since this enabled a series of elicitation ques-
tions to be posed to a single respondent
without inducing implied value cues such
as starting point bias (Mitchell and Carson,
1989). Respondents were made aware of their
personal budget constraints and also asked
to state how they came to their WTP value,
or in the case of zero bids the reason for
non-contribution towards the improvement
policy. The responses to these questions were
used to assess the validity of WTP bids and
also enabled protest bids to be identified.
Protest bids were subsequently removed from
the analysis.

The final section of the CV questionnaire
established respondents’ socio-economic de-
tails. This information was used to assess
the extent to which the survey sample was
representative of the Grampian population
and also to analyse of the validity of WTP
responses.

The CV questionnaire was developed and
tested through a series of pilot studies that
examined the questionnaire for comprehen-
sion, biases and reliability with respect to the
description of the improvement programmes
and the elicitation treatments. The actual
CV survey was implemented using a postal
format, with respondents being chosen ran-
domly from the electoral roll. Dillman’s (1987)
‘Total Design Method’, which advocates good
practice in questionnaire design and employs
a series of follow-up mailings, was employed
to maximise survey response. A total of

4 The Council Tax is a local government tax that is levied,
partly relating to property but independent of income, to
fund public service provision.
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Figure 1. Diagrammatic illustration of the design of the CV experiment.

1850 Grampian households were included
in the study. The distribution of respon-
dents between the treatments is outlined in

Figure 1. A full account of the development
and implementation of the CV questionnaire
may be found in Christie (1999).
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Results

Of the original 1850 questionnaires mailed
to Grampian residents, 931 (50Ð3%) were
returned in a usable format (Table 2). Three
types of response to the WTP question
were recognised: positive bids, zero bids and
protest bids.5 The distribution of response
type within the AS and DA treatments
were found to be similar .c2D0Ð22,PD0Ð89/;
however, significant differences were found
between the types of response found in the
BU treatment than with the DA and AS treat-
ments (c2D12Ð65,PD0Ð00;c2D18Ð43,PD0Ð00,
respectively). Although the data collected did
not enable the reason for this difference to
be determined, it was considered that the
lower level of positive bids found using the
BU treatment may be due to the fact that
respondents were less willing to contribute
towards a single programme compared to the
composite package.

Chi-square comparisons of the socio-eco-
nomic characteristics (gender, age, income,
employment status and recreation partici-
pation behaviour) indicated no significant
difference at the 5% level between the
respondents of the three treatments, thus
supporting the comparability of sub-sample
populations. A similar comparison of the
survey sample’s socio-economic characteris-
tics with those from the Grampian census
indicated that the survey sample was repre-
sentative of the Grampian population as a
whole. Details of these test may be found in
Christie (1998).

5 The protest bids were identified, principally, as those
respondents who protested about the payment vehicle,
i.e. respondents stating that they did not want to pay
increases in Council Tax.

Consistency tests

The mean and truncated6 mean WTP bids
for the policy package and associated pol-
icy programmes elicited using the three
elicitation treatments are summarised in
Table 3. The truncated mean WTP values
(positive and zero bids) elicited for the com-
posite policy package v.P/ were £7Ð22 and
£5Ð72 per household using the AS and DA
treatments, respectively.7 Regression anal-
ysis, which is used to test the validity of
WTP responses, indicated that the bid curves
behaved as expected, with WTP increasing
in line with various socio-economic attributes
including income and membership of environ-
mental/recreational organisations. Details of
this analysis can be found in Christie (1999).
The equality of the AS and DA estimates
of WTP for the policy package was tested
as proposed in Equation (1). Both a t-test
and a Mann-Whitney U test8 (bottom row
in Table 4) demonstrate no significant differ-
ence .P>0Ð05/ between these two estimates
of v.P/, thus the consistency null hypothesis
was not rejected. This finding was expected
since the two surveys were identical up to

6 A 5% fixed factor truncation technique, recommended
by Mitchell and Carson (1989:227) was used for the
removal of outliers. Although it was evident that
truncation reduced the mean WTP, it was considered
that the truncated data set was the preferred data set
for analysis since it was evident that a small number
of very high bids were greatly influencing the resultant
mean WTP values. Therefore, the removal of these bids
removed the adverse effect of the outliers.
7 A value for the composite package was not elicited
using the bottom-up treatment as this version of the
survey aimed only to address individual programmes.
8 Following other researchers (e.g. Frykblom, 1997), the
non-parametric Mann-Whitney U test was also used in
the analysis to confirm the results of the t-test since
some of the datasets only demonstrated weak normality
characteristics.

Table 2. Distribution of response type to the CV surveys

Treatment used Number of returned Positive bids Zero bids Protest bids
u̧sable questionnaires (%) (%) (%)

Bottom-upa 173 out of 450 24Ð3 67Ð0 8Ð6
(38Ð4%)

Allocation using 582 out of 1100 34Ð0 48Ð9 17Ð0
sub-samplesb (52Ð9%)

Disaggregative 176 out of 300 32Ð4 49Ð4 18Ð2
allocationb (58Ð7%)

aThe response type reported here relates to the WTP of the policy programme.
bThe response type reported here relates to the WTP of the policy package.
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Table 3. The mean WTP (positive and zero bids) for the policy package and policy programmes using the
three measurement treatments

Policy component 5% truncated Untruncated

Mean WTP SE N Mean WTP SE N
(£) (£)

A. ‘Bottom-up’ treatment
Path improvement programme; v.a/1BU 3Ð81 1Ð10 51 7Ð82 3Ð00 54
Path creation programme; v.b/1BU 2Ð42 0Ð93 49 4Ð28 1Ð58 51
Provision of facilities programme; v.c/1BU 5Ð00 1Ð61 52 8Ð98 3Ð21 55

Aggregate value of programmes; v.aCbCc/BU 11Ð23 3Ð64 152 21Ð08 7Ð79 160

B. ‘Allocation using sub-samples’ treatment
Recreation improvement policy package; v.P/1AS 7Ð22 0Ð59 416 11Ð19 0Ð95 443

Path improvement programme; v.a/2AS 4Ð31 0Ð55 181 6Ð65 1Ð02 190
Path creation programme; v.b/2AS 2Ð67 0Ð48 117 4Ð56 1Ð07 129
Provision of facilities programme; v.c/2AS 3Ð36 0Ð57 118 5Ð82 1Ð39 124

Aggregate value of policy programmes; v.aCbCc/AS 10Ð34 1Ð60 416 17Ð03 3Ð48 443

C. ‘Disaggregative allocation’ treatment
Recreation improvement policy package; v.P/1DA 5Ð72 0Ð85 131 7Ð96 1Ð17 137

Path improvement programme; v.a/2DA 2Ð08 0Ð32 131 3Ð03 0Ð48 137
Path creation programme; v.b/2DA 1Ð77 0Ð31 131 2Ð50 0Ð42 137
Provision of facilities programme; v.c/2DA 1Ð91 0Ð33 131 2Ð43 0Ð38 137

Aggregate value of policy programmes; v.aCbCc/DA 5Ð72 0Ð96 131 7Ð96 1Ð28 137

this point. This consistency helps to support
the credibility of the CV questionnaire.

The WTP values estimated for the individ-
ual improvement programmes v.a/, v.b/ and
v.c/ were also tested for equality between
treatments (Equation (2)). No significant dif-
ferences were found between the WTP values
for the three policy programmes elicited using
the BU and AS treatments (Table 4). How-
ever, some significant differences were found
between the DA and BU estimates (Table 4).
The implications of these findings are dis-
cussed more fully in the analysis of the
Carson and Mitchell tests.

The tests analysing the consistency of
policy programmes elicited using the AS
and DA treatments indicate that signifi-
cant differences .P�0Ð05/ were found in
almost all of the comparisons.9 This find-
ing was not predicted and indicates that
even although the elicitation questions were
posed at the same position in the elicita-
tion sequence, the two treatments appear to
produce inconsistent estimates of WTP for
nested policy programmes. The additional
fact that no difference was found in the same

9 The only exception to this was in the t-test comparison
for the path improvement programme v.b/.

treatment comparison for the policy package
v.P/ make this finding of particular interest
since it indicates that the elicitation treat-
ment adopted in a CV study had a marked
effect on the elicited WTP values for the
nested programmes.

The findings of the sub-additivity test
(Equation (3)) are reported in Table 5. The
null hypothesis that predicted equality was
not rejected for the DA treatment test.
This finding was expected since v.P/ was
directly allocated among the three compo-
nent programmes. The null hypothesis was,
however, rejected in the AS test, therefore
indicating the possible presence of a sub-
additivity effect (Hanemann, 1994). Since
v.P/ was not established for the BU treat-
ment, a direct comparison could not be made.
However, a comparison of the aggregate of
v.a/BUCv.b/BUCv.c/BU with both v.P/AS and
v.P/DA rejected the equality null hypothe-
sis. Again, this suggests the presence of
sub-additivity effects. Therefore, it would
appear that elicitation treatments that rely
on the aggregation of WTP values of pol-
icy programmes for the estimation of the
WTP of the composite policy package are
likely to be affected by sub-additivity effects.
Once again these findings support Brown
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Table 4. Tests of consistency of mean WTP estimates for improvement programmes using the different
measurement treatments. prob.Dprobability

Programme ‘Bottom-up’ ‘Allocation using t-testa Mann-Whitney
treatment sub-samples’ U test

(Mean WTP) treatment t-value (prob.) Z-value (prob.)
(Mean WTP)

v.a/BUDv.a/AS 3Ð81 4Ð31 �0Ð42 (0Ð675) �0Ð343 (0Ð732)
v.b/BUDv.b/AS 2Ð42 2Ð67 �0Ð26 (0Ð793) �0Ð263 (0Ð279)
v.c/BUDv.c/AS 5Ð00 3Ð36 �1Ð19 (0Ð234) �1Ð769 (0Ð077)

Programme ‘Bottom-up’ ‘Disaggregative t-testa Mann-Whitney
treatment allocation’ U test

(Mean WTP) treatment t-value (prob.) Z-value (prob.)
(Mean WTP)

v.a/BUDv.a/DA 3Ð81 2Ð08 0Ð58 (0Ð562) �2Ð770 (0Ð006)
v.b/BUDv.b/DA 2Ð42 1Ð77 0Ð85 (0Ð397) �3Ð401 (0Ð001)
v.c/BUDv.c/DA 5Ð00 1Ð91 2Ð71 (0Ð007) �4Ð183 (0Ð000)

Programme ‘Allocation using ‘Disaggregative t-testa Mann-Whitney
sub-samples’ allocation’ U test

treatment treatment t-value (prob.) Z-value (prob.)
(Mean WTP) (Mean WTP)

v.a/ASDv.a/DA 4Ð31 2Ð08 2Ð51 (0Ð012) �4Ð834 (0Ð000)
v.b/ASDv.b/DA 2Ð67 1Ð77 1Ð61 (0Ð110) �4Ð289 (0Ð000)
v.c/ASDv.c/DA 3Ð36 1Ð91 2Ð26 (0Ð025) �4Ð876 (0Ð000)

v.P/ASDv.P/DA 7Ð22 5Ð72 1Ð320 (0Ð193) 0.448 (0.654)

aTwo-tailed independent samples t-test.

Table 5. Sub-additivity test

Null hypothesis v.P/ v.a/Cv.b/Cv.c/ t-value Probability

v.P/ASDv.aCbCc/AS 7Ð22 10Ð34 �2Ð76 0Ð007
v.P/DADv.aCbCc/DA 5Ð72 5Ð72 0 1Ð00
v.P/ASDv.aCbCc/BU 7Ð22 11Ð23 �2Ð17 0Ð031
v.P/DADv.aCbCc/BU 5Ð72 11Ð23 �2Ð86 0Ð005

and Duffield’s (1995) argument that the
elicitation treatment adopted in a CV study
has a significant influence on the resultant
WTP values.

In addition to examining the absolute
WTP values, the relative allocation of WTP
bids between the three policy programmes
was investigated (Equation (4)). This test
indicated that the elicitation treatment
adopted did not significantly .P>0Ð05/ affect
the relative allocation of WTP among the
three programmes (Table 6). This finding
was of particular interest since significant
differences in absolute WTP for the pol-
icy programmes were found between the
DA treatment and that from the BU and
AS treatments (Table 4). A possible expla-
nation for this is that both the BU and
AS treatments are affected by sub-additivity

Table 6. Allocation of WTP value of the policy
package allocated to the improvement programmes

Improvement BU AS DA
programme treatment treatment treatment

(%) (%) (%)

v.a//v.aCbCc/ 33Ð9 41Ð7 36Ð3
v.b//v.aCbCc/ 21Ð5 25Ð8 30Ð9
v.c//v.aCbCc/ 44Ð5 32Ð5 33Ð4

100 100 100

Friedman test: c2D4.667 PD0Ð097

effects that lead to higher absolute WTP
values for the policy programmes than the
DA treatment which is not affected by such
effects. It should, however, be noted that even
although the absolute values may differ, the
fact that the relative allocation of WTP is
similar among all treatments is significant
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in that it suggests that the three treatments
are capable of producing comparable WTP
results.

Embedding, sequencing and
component sensitivity tests

To examine further the cause of the inequali-
ties identified above, the embedding, sequenc-
ing and component sensitivity tests proposed
by Carson and Mitchell (1995) were used
to analysis the survey data. The embed-
ding effect test (Equation (5)) examines the
influence that the placement of a WTP ques-
tion within the elicitation sequence has on
the resultant WTP values. The null hypoth-
esis, which predicts no significant differ-
ence between WTP values, was not rejected
.P>0Ð05/ in all of the embedding effects
tests that examined the WTP values in the
BU (first in the sequence) and AS (sec-
ond in the sequence) treatments (Table 7).
These findings infer that embedding bias does
not significantly affect valuations obtained
using the AS treatment. It also infers that

respondents were able to recognise the scope
of the individual programmes both with
and without reference to the overall policy
package. The null hypothesis was, however,
rejected by the non-parametric tests in the
comparison of the DA and BU treatments.10

This suggests that embedding-like effects
may be induced when the DA treatment is
adopted. However, rather than being caused
by embedding bias, it is more likely that lower
WTP values elicited using the DA treatment
were a direct result of the budget constraints
associated with the DA treatment which do
not allow sub-additivity or substitution to
take place.

The equality null hypothesis (Equation (6))
was rejected in all of the nested sequence
tests undertaken (Table 7). This finding
provides evidence that the respondents of
both AS and DA treatments were able to
distinguish between the policy package v.P/
and the nested programmes v.a/, v.b/ and

10 The null hypothesis was also rejected for v.c/ using
the t-test, although no difference was found for the other
two programmes.

Table 7. Embedding, sequencing and component sensitivity tests

Embedding effect testa

H0 :v.a/2ASDv.a/1BU
tD0Ð42 ZD�0Ð343 H0 :v.a/2DADv.a/1BU

tD�0Ð58 ZD�2Ð770
.PD0Ð675/ .PD0Ð732/ .PD0Ð562/ .PD0Ð006/

H0 :v.b/2ASDv.b/1BU
tD0Ð26 ZD�0Ð263 H0 :v.b/2DADv.b/1BU

tD�0Ð85 ZD�3Ð401
.PD0Ð793/ .PD0Ð279/ .PD0Ð397/ .PD0Ð001/

H0 :v.c/2ASDv.c/1BU
tD�1Ð19 ZD�1Ð769 H0 :v.c/2DADv.c/1BU

tD�2Ð71 ZD�4Ð183
.PD0Ð234/ .PD0Ð077/ .PD0Ð007/ .PD0Ð000/

Nested sequence testb

H0 :v.P/1ASDv.a/2AS
tD4Ð97 ZD�4Ð763 H0 :v.P/1DADv.a/2DA

tD6Ð27 ZD�3Ð065
.PD0Ð000/ .PD0Ð000/ .PD0Ð000/ .PD0Ð002/

H0 :v.P/1ASDv.b/2AS
tD2Ð87 ZD�4Ð526 H0 :v.P/1DADv.b/2DA

tD6Ð53 ZD�3Ð624
.PD0Ð005/ .PD0Ð000/ .PD0Ð000/ .PD0Ð000/

H0 :v.P/1ASDv.c/2AS
tD4Ð142 ZD�4Ð274 H0 :v.P/1DADv.c/2DA

tD6Ð67 ZD�3Ð827
.PD0Ð000/ .PD0Ð000/ .PD0Ð000/ .PD0Ð000/

Test of component insensitivityc

H0 :v.P/1ASDv.a/1BU
tD1Ð98 ZD�2Ð163 H0 :v.P/1DADv.a/1BU

tD1Ð25 ZD�0Ð885
.PD0Ð048/ .PD0Ð031/ .PD0Ð213/ .PD0Ð376/

H0 :v.P/1ASDv.b/1BU
tD2Ð76 ZD�0Ð862 H0 :v.P/1DADv.b/1BU

tD2Ð19 ZD�0Ð1389
.PD0Ð006/ .PD0Ð389/ .PD0Ð029/ .PD0Ð903/

H0 :v.P/1ASDv.c/1BU
tD1Ð26 ZD�0Ð078 H0 :v.P/1DADv.c/1BU

tD0Ð43 ZD�0Ð926
.PD0Ð207/ .PD0Ð938/ .PD0Ð671/ .PD0Ð354/

aThe statistical tests used in the Embedding effect test were a parametric two-tailed independent samples t-test and a
non-parametric Mann-Whitney U test.
bThe statistical tests used in the Nested sequence test were a parametric one-tailed paired t-test and a non-parametric
Wilcoxon Signed Rank test.
cThe statistical tests used in the test of component insensitivity were a parametric one-tailed independent samples t-test
and a non-parametric Mann-Whitney U test.
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v.c/. This finding supports the validity of
both treatments since they confirm that
respondents were internally consistent in
their responses to the nested sequence of
WTP questions (Carson and Mitchell, 1995).

Carson and Mitchell’s test of compo-
nent sensitivity (Equation (7)) examines the
inequality of WTP for the policy package and
its component programmes when both ele-
ments are valued in the same position within
the elicitation sequence. The null hypotheses
(component insensitivity) was only convinc-
ingly rejected in the v.P/ASDv.a/BU com-
parison (Table 7). Thus, five of the six
treatment comparisons demonstrated insen-
sitivity to scope effects. Although, Kahneman
and Knetsch (1992) argue that scope insensi-
tivity invalidates the findings of a CV study,
Carson and Mitchell (1995) take the oppo-
site view and argue that such effects may
alternatively be the result of weaknesses
in the design of the CV instrument. It is
unfortunate that the exact cause of scope
insensitivity could not be determined from
the data collected. However, the lack of statis-
tical power resulting from the small sample
size used in the BU treatment would have
contributed towards the insensitivity (Carson
and Mitchell, 1995).

Discussion

The data from the empirical experiment
have indicated a number of inconsistencies
between the WTP estimates obtained using
the different elicitation treatments. These
inconsistencies infer that at least one of the
elicitation treatments results in unreliable
WTP estimates. We now re-examine the
empirical findings to assess which elicitation
method provides the most robust estimation
of WTP for both the policy package and its
component programmes.

The validity of policy package
evaluations

The value of the policy package v.P/ was esti-
mated both directly (AS and DA treatments)
and indirectly through the aggregation of
the component programme values (BU and
AS treatments). Intuition would suggest that

direct valuation approaches are more likely to
provide valid estimates of WTP than indirect
approaches since direct approaches specifi-
cally address the composite package. In our
experiment, equality was found between the
direct estimates of v.P/ established using the
AS and DA treatments. Hoehn states that a
valid valuation design is one where the ‘val-
uation of a policy change is unique’ (Hoehn,
1991:298). It is therefore argued that these
two direct approaches appear to produce valid
WTP estimations of v.P/.

The indirect estimates of the policy
package, established in the BU and AS
treatments by aggregating the value of
component programmes, were found to be
significantly higher than the direct valuation
of v.P/ (Table 5). Although the indirect
valuation approaches appear to produce
over-estimations of the actual WTP for
the policy package v.P/, Hanemann (1994)
argues that this over-estimation is expected
and is due to sub-additivity effects. Hoehn
also argues that this over-estimation is
consistent with economic theory if the goods
valued are substitutes. It is clear that the
programmes investigated in this study, i.e.
path repair, path creation and provision of
countryside facilities, are likely substitutes
of each other. Therefore it is argued
that although the aggregation approaches
appear to overestimate the assumed ‘true’
value of v.P/, these overestimations do not
provide legitimate grounds to invalidate
these elicitation treatments. Based on these
empirical results, it is concluded that the
direct valuation approaches (AS and DA
treatments) produce most reliable estimates
of WTP for the composite policy package,
while the indirect aggregation approaches
appear to over-estimate WTP.

The validity of policy programme
evaluations

Estimates of WTP for individual policy pro-
grammes were established using all three
elicitation treatments investigated. Of these
treatments, it was only in the BU treat-
ment that respondents’ attention was focused
entirely on a single policy programme;
respondents of the other two treatments
were also asked to evaluate the composite
policy package. Since the WTP bids made
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using the BU treatment were not influenced
by information on other programmes, it is
argued that the BU approach is likely to
provide the most reliable estimates of WTP
for the individual policy programmes. Based
on this assumption, the validity of WTP
estimates measured using the other two
treatments was tested through comparisons
with those elicited using the BU treatment.
These tests (Table 4) demonstrate consis-
tency between the WTP estimates for the
policy programmes elicited using the AS and
BU treatments, inferring that the AS treat-
ment can also produce valid and reliable esti-
mations of WTP for the policy programmes.
This conclusion is supported by Loomis et al.
(1993) who similarly found consistency in
WTP for the preservation of 6000 ha of forest
in SE Australia when evaluated by itself (i.e.
BU approach) or as a proportion of a larger
area of forest (AS approach).

Significant differences were found between
the value of the policy programmes estimated
using the DA and BU treatments (Table 4).
This inequality indicates the existence of
embedding effects (Equation (5)) which,
according to Kahneman and Knetsch (1992),
invalidates the WTP estimates obtained
using the DA treatments. Although contro-
versy exists regarding the implications of
embedding on the validity of a CV instru-
ment, it is clear from this experiment that
the WTP estimates for the policy programme
established using the DA treatment were
not consistent with the assumed true val-
ues established using the BU approach. It is
therefore concluded that the DA treatment
provides a less reliable method of establish-
ing the WTP for nested policy programmes
than the AS approach.

Conclusions

The purpose of this paper was to assess
the validity of three alternative CV elicita-
tion treatments for the evaluation of multi-
dimensional policies. It is concluded above
that only the AS treatment provided valid
and reliable estimates of both the policy pack-
age and its component programmes. How-
ever, it was also noted that the AS treatment
produced WTP estimates that were internally
inconsistent in that the direct value of the pol-
icy package v.P/ was found to be significantly

lower than the aggregate value of the three
programmes v.a/Cv.b/Cv.c/. It is clear that
this inconsistency needs further discussion
before the AS elicitation treatment can be
recommended for use.

Hanemann (1994) argues that the internal
inconsistencies found in the AS treatment
are the result of sub-additivity effects. He
further argues that sub-additivity effects are
to be expected and can be explained in terms
of substitution. Brown and Duffield (1995), in
their examination of the relationships among
multi-dimensional goods, conclude that the
precise relationship found in the AS results
reflect the situation where the component
programmes are ‘imperfect substitutes’. They
state that imperfect substitution occurs in sit-
uations where, within an overall budget con-
straint, survey respondents ‘allocate enough
to cover the separate value of [the programme
under investigation]’ (Brown and Duffield,
1995:2343). In other words, the AS treatment
allows respondents to incorporate substitu-
tion effects into their valuation of policy
programmes. The incorporation of substitu-
tion effects is clearly desirable in evaluation
studies since it ensures that the resultant
valuations reflect the total impact of an indi-
vidual programme. It is therefore concluded
that the internal inconsistencies associated
with the AS treatment are not a cause of con-
cern, although it should be recognised that
an appreciation of what causes these incon-
sistencies is desirable for the interpretation
of CV studies.

The other two elicitation treatments were
found to be less reliable. Although the BU
treatment produces reliable estimates of
WTP for individual policy programmes, the
aggregation procedure required by this tech-
nique resulted in over-estimations of the
value of the policy package. The DA treat-
ment, on the other hand, was shown to
provide valid estimations of WTP for the pol-
icy package, however, the restrictive nature
of the disaggregation procedure resulted in
underestimations of WTP for the component
programmes. In its defence, the relative allo-
cations of WTP bids between the component
programmes were found to be consistent with
the other techniques. This, and the fact that
the DA approach only requires a single sam-
ple to be used, make the DA approach a
useful and relatively inexpensive method for
the elicitation of benefit information at a level
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of reliability adequate for comparative pur-
poses. However further empirical evidence is
required to ensure that the relative consisten-
cies found in this experiment is a repeatable
finding before this treatment can be recom-
mended.

This paper also attempted to clarify, and
examine further, the influence of embedding
and related effects on the validity of the CV
technique. In the comparison between the BU
and AS treatment, the survey results demon-
strate that the position of the WTP question
in an elicitation sequence did not affect WTP
responses for the policy programmes. Accord-
ing to Kahneman and Knetsch (1992) the
equality found here indicates that embedding
bias did not affect WTP responses and there-
fore provides evidence supporting the validity
of both treatments for the evaluation of pol-
icy programmes. Survey responses were also
examined to determine whether respondents
were sensitive to the scope of the policies
investigated. The internal nested sequence
tests demonstrated that survey respondents
were able to distinguish between the pol-
icy package and its component programmes;
however, the external test of component sen-
sitivity failed to demonstrate such sensitivity.
Rather than inferring that the CV technique
is insensitive to scope effects per se, it was
hypothesised that the lack of sensitivity to
scope found in the external test may have
been induced as a result of having an inad-
equate size of sample in the BU treatment.
Although it is argued that the evidence from
this study does not support Kahneman and
Knetsch’s (1992) criticisms of the CV tech-
nique, the result can neither be used to
dismiss their concerns. It is clear that more
research needs to be undertaken to improve
understanding of this issue. Perhaps what
this paper has nevertheless demonstrated
is that the tests proposed by Carson and
Mitchell (1995) allow clearer definition of
embedding issues, which in turn allows a sys-
tematic assessment of the influence of these
issues on the validity of CV studies.

Finally, the research reported here has
investigated three alternative elicitation
treatments that can be used to value multi-
dimensional policies. Clearly, there are a
number of other potential approaches for this
type of evaluation. For example, it may be
possible to adopt an alternative bottom-up

approach that aims to elicit the value of com-
ponent programmes before establishing the
value of the policy package. With such an
approach, it would be interesting to compare
the relationships found among the policy pro-
grammes and the composite packages, with
those found in the experiment reported in
this paper. The examination of these alterna-
tive approaches may help to further clarify
the confusion associated with embedding and
related effects, as well as potentially provid-
ing another valid elicitation treatment that
enables CV researchers to successfully and
efficiently assess the economic value of multi-
dimensional policy.
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